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ABSTRACT

This report describes the development of repair procedures for concrete
pavement. Two types of repair were developed: precast slab repairs, and
cast-in-place repairs utilizing a 9-sack concrete mix with calcium chloride
added for set acceleration. The procedures require full-depth diamond
blade sawing of the repair limits, removal of the distressed concrete areca
without disturbing the existing base, and installation of sealed joints be-
tween new and old slabs. '

A previously sawed concrete area, up to 12 ft long, and one lane wide, can
be replaced with a precast slaband opened to traffic inapproximately 1-1/2
hours. A similar sized area can be repaired with fast-set concrete and
opened to traffic in six to eight hours. The relatively short lane closure
time for precast slab repairs is obtained at an increase in cost as com-
pared to cast-in-place repairs.

A few experimental repairs were installed with doweled expansion joints.
On the basis of this limited experience with installation of dowels at re-
pairs, it appears that if doweled joints are to be used in conjunction with
repairs, the development of sophisticated equipment is necessary to install
properly functioning dowels on a production basis at reasonable cost. Ini-
tial evaluation measurements of undoweled joints covering a two-year period
indicate no appreciable difference in performance compared to repairs with
doweled joints. The Michigan Department of State Highways and Trans-
portation has adopted the developed procedure for undoweled repairs and
to date, repairs equivalent to approximately seven lane miles of pavement
have been made.

Because the evaluation of the repairs is not yet complete, no specific re-
commendations suggesting acceptance of these repair procedures are made.
However, for thosedesiring to implement the reported findings, a step-by-
step repair procedure, plus current Department Specifications and various
plans, are included in Appendix B.




INTRODUCTION

The consequences of closing a lane for repair on our freeway system,
state primary highways, and even on many county roads are well known to
the agencies responsible for maintaining these facilities. Lane closures
cancause traffic jams which canfrustrate both the traveler and maintenance
officials. Collisions resulting from lane repair work are not uncommon,
and the longer a lane is out of operation the greater the possibility for ac-
cidents to oceur.

To minimize the problems associated with repairs of conerete pave-
ment, a repair procedure that reduces closures to a minimum nceds to be
specified where repairs must be done under traffic. A commonmethod has
been to use bituminous repairs since they can be opened to traffic as soon.
as construction operations are completed. However, this type of repair
has not beenentirely satisfactory with respect to smoothness and long term
durability in high traffic density areas.

Therefore, in 1969 the Michigan Department of State Highways and
Transportation initiated anexperimental program to develop procedures for
repairs that were both rapidly executed and long lasting., The initial de-
velopment workresulted ina feasibility installation of precast slabs in 1970
on M 59, a lightly traveled two-lane road (ADT 3,000). On the basis of the
excellent results, a second installation was made on I 75 (ADT 48, 000) in
1371 to test the precast slabs' ability toperform on heavier traveled roads.
Departmental Research Reports R-762 and R~804 describe the M 59 and
I 75 precast slab repairs, respectively.

A letter of inquiry concerning the need for the development of rapid
repair procedures was sent to state highway departments and toll road au-
thorities throughout the country. On the basis of replies from 40 states and
four toll road commissions it was evident that the development of fast and
long lasting repairs was of national concern. Consequently, a proposal for
a Highway Planning and Research project to further develop the precast
slab repair method, and to investigate the use of fast-setting cast-in-place
repairs, was submitted to the Federal Highway Administration in March
1971, and was approved by them in July of that year. The development of
repair procedures was to be accomplished during the first three years of
the project, with performance evaluation continuing for two more years.
The contents of this report reflect the views of the author who is responsible
for the facts and the accuracy of the data presented herein. The contents
~ donot necessarily reflect the official views or policies of the Federal High-
way Administration. This report does not constitute a standard, specifi-
cation, or regulation.




This report deals with development of repair procedures and describes
the field work involved incompleting 100 lane repairs. Initial performance
results areincluded but a final report covering five years of repair evalu-
ations will be issued later. This report is divided into two main parts;
Part Tdiscusses the various aspects of the development work, and Part I
is a photographic sequence of the major steps involved in completing re-
pairs. =

| PART I
DEVELOPMENT OF REPAIR PROCEDURES

Background

Prior to beginning the search for a rapid and durable repair, the stan--
dard Departmental procedure for repairing a concrete pavement was as fol-
lows:

1) The limits of the area to he repaired were sawed 5 in. deep with a
diamond blade saw.

2) The deteriorated concrete was broken with a demolition ball or
sidewalk breaker. This process oftenresulted in the base being disturbed.

3) The concrete debris was loaded on trucks with a backhoe or similar
piece of equipment. Generally, part of the base was also removed during
loading operations.

4) The base was replaced vﬁth material in-kind and compacted with
hand compactors. :

5) The cleaned-out gap in the pavement was filled with a high-early-
gtrength concrete.

6) The repair was cured for a period of three days before the lane was
opened to traffic.

The performance of this type of repair was not entirely satisfactory.
The three~day curing period resulted in traffic boitlenecks at repair loca-
tions and collisions with barricades frequenily occurred. The partial-depth
sawing, followed by breaking the concrete, often resulted in the vertical
edge of the end limits being undercut, and cracks would form in the exist-
ing slab from the vibration and shock of the breaking tool. Compaction of
the base replacement material in small areas was apparently difficult to
obtain, as withossed by settlement and cracking of the repair slab. The




unsealed Joints between the new and old slabs would open in cold weather
and become filled with incompressible materials. Consequently, the com-
pressiveforces during the expansion cycles would be increased and failure
of nearby joints would occur prematurely.

On the basis of the shortcomings of these repairs it was evident that
an entirely new approach was necessary to decrease the lane closure time
and increase the service life of the repairs. It was also recoghized that
the repair systems developed would need to utilize existing materials and
equipment, if immediate benefits were to be achieved, because the rapid
inerease in tratfic volumes and the advancing age of many of our highways
did not allow us towait for the ideal material and equipment tobe developed.

The procedure developed for the experimental repairs was to:

1) Saw the end limits of the repairs full-depth to eliminate undercut-
ting and cracking of the existing slab,

2) Remove the deteriorated concrete by lifting the larger pieces out
by crane or fronf-end loader and hand clean the area to avoid disturbanece
of the existing base.

3) Use precast slabs to drastically reduce lane closure time. Later
onin the experiment, fast-setting concrete with accelerator added was used
for areas where longer lane closures could be tolerated.

4) All transverse joints would be sealed to prevent infiltration of for-
eignmaterials. Also, both contractionand expansion joints, with and with-
out dowels, would be tried.

Once the procedure for making the experimental repairs was set up,
work was begun on designing, constructing, and testing various devices
needed to accomplish the required tasks and modifications to existing equip-
ment were made. A literature search revealed that precast slab elements
in highway construction had been used in Germany. A summary of this
work, titled "Vorfertigung im Fahrbahns Deckenbou, " by Dr. 1. J. Eisen-
mann, is published in Strassen und Tiefbau, May 1967, Vol. 21. This re-
search was primarily concerned with highway reconstruction including the
base, rather than replacement of short slab segments. The slabs were
approximately 33-ft long by 12-ft wide and were prestressed. Support was
obtained by grouting, after the slabs were positioned, and the joints con-
tained dowels grouted inplace in oversized holes. Although the study showed
that replacement time of a slab was shortened compared to cast-in-place
slabs, the method was discontinued in 1970 because it was too expensive.




SUMMARY OF JOINT REPAIR DETAILS

TABLE 1

Tepair No. of | Repair { page Joint Filler Nom h}ﬂl
Type Repairs | Length, Support Type Material | Joint Width,
ft in.

—

- Precast 1 10 Mo rtar Contraction Mortar! 0

E Precist 1 10 Sand Contraction Mortar 0

= Precast 1 10 Mortar  Expansion  Bit. [Filler! 1-1/2

| Preeast 1 10 Sand Expansion  Bit. Filler 1-1/2

g &1 Pprecast 2 1 10  Mortar Lxpansion Bit. Tiller 1-1/2

2 4| Precast2 1 10 Sand Expansion  Bit. Filler 1-1/2

t Cast-in- Place 1 10 Ex. Basc Contraction None 0

§ Cast-in-Place 1 10 Ex. Base Expansion DBit. Filler 1-1/2

© Cast-in-DPlace 2 1 10  Ex. Base Expansion Bit. Filler 1-1/2

— Cast-in- Place 3 1 10  Ex, Basc Expansion Bit. Filler 1-1/2

L; Precast 2 10 Sand Lxpansion  Polycthylene 2

g PPrecast 2 8 Sand Expansion Polyethylenc 2

e Precast 2 6 Sand Expansion  Polycthylene 2

g & | Cast-in-Placc 1 14 Ex. Basc Expansion  Polycthylenc 2

2 & | Cast-in-Dlace b 10 Ex. Base Expansion Polycthylence 2

=2 = Cast-in-Place 2 8 Ex. Base Expansion Polycthylene 2

m s .

rg Cast-in-Place 2 6 Ikx. Basc Expansion Polyethylene 2

o Cast-in-Place 3 2 5 Ex. Basc Expansion Polycthylene 2

@ Cast-in-Place 3 2 4 Ex. Base Expansion  Polycthylenc 2
—i

g;

% Cast-in-Place 1 12 Tix. Basc Expoansion Polycthylene 1-1/3

b Cast-in-Place 1 12 Ex. Base Expansion  Bit. Filler 1

~ _ | Cast-in-Place 1 10 Ex. Basc Expansion  Polyethylene 1-1/3

B 2| Cast-in-Place 3 10  Ex. Base Expansion Bit. Filler 1

2 Q Cast-in-Place 2 ] Lx. Base Expansion TPolycethylene 1-1/3

*ga‘)‘ Cast~m-Place 4 8 Ex. Basc Expansion  Bit. Filler 1

= Cast-in- Place 4 6 Ex. Basc Expansion  Polycthylene  1-1/3

% - Cast-in-Place 4 G Ex. Base Expansion  Bit. Filler 1

—t
N—

Coniraction joints, and expansion joints constructed with bituminous filler, were
scaled with hot-poured rubber-asphalt scalant.

joint with the 1972 repair of this type is doweled.

Load transfer provided by installation of steel dowels on 12-in. centers.

These repairs have one hook-holted joint and one expansion joint. The cxpansion




It is believed that the first precast slab repair in Michigan was per-
formed in 1967 by the Macomb County Road Commission. Two 6 by 12~ft
slabs, one in each lane of a two-lane pavement, were installed. The re-
pairs were partially successful, but affer three years service severe spal-
ling along the existing pavement edge developed. The Department's initial
experimental field repair work beganin 1970 and involved precast slab in-
stallations on M 59 and I 75. Parallel with the precast slab development,
designing and testing of concrete mixes with ealeium chloride added as an
accelerator were begun in the Research Laboratory.

Repair Locations

The experimental repairs involved in this study are located on I 96 be-~ .
tween the Lowell exitand the Thornapple River in Kent County, and on tem-
porary I 69 between Shaftsburg and Perry. The 1970 ADT values were
10,500 and 11,800 forthe I 96 and I 69 locations, respectively. Both pave-
ments are reinforced with 76 1b of mesh reinforcement per 100 sq ft of
pavement, and each roadway contains two 12-ft lanes. The conerete slab
is 9 in. thick with doweled joints spaced at 99-ft intervals. The pavements
were placed on a 12-in. granular base overlaying a subgrade of generally
fair support condition. The I 69 pavement was constructed in 1957 and the
I 96 pavement was built in 1960,

Repair Description

A total of 50 joints were repaired in three sequences. Ten joints were
repaired on westbound I 96 in 1972, twenty on eastbound I 96 in 1973, and
twenty on the westbound roadway of temporary I 69 in 1974. All repairs
were full-depth and both precast and cast-in-place slabs were used. The
sawing and concrete removing operations were the same for both types of
repair. The precast slabs were supported on either cement mortar or
sand, whereas the cast-in-place slabs were poured onthe existing base.
A few contraction joints were constructed during the first repair sequence,
but otherwise expansion joints were used. The expangion joint filler mate-
rial was either premolded bituminous filler boards or extruded polyethylene
foam. Joints constructed with bituminous fillers were scaled with a hot-
poured rubber-asphalt sealant. Both doweled and wndoweled joints were
utilized and some short repairs were constructed with one hook-bolted joint
and one expansion joint. Table 1 summarizes the variables involved in
each repair sequence and a discussionof each factor involved in the repairs
follows, Figures 1 through 3 show the layout of the repairs done in 1972,
1973, and 1974.
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The 50 experimental repairs were dohe by County Road Commission
forces under authorization, In addition, the Depariment's Maintenance Di~
vigion has used these repair types since 1972 and several contracts have
also been let since then. To date, approximately 1, 000 precast slabs are
in service and the cast-in-place repairs total about 3,000. Although the
repairs done outside the scope of this project were not closely observed by
research personnel, occasional vigits to the construction sites revealed
information of importance to the overall goal of the development of these
repair methods. Throughout the following discussions, the information
recorded from both experimental and contract work will be presented.

Joint Repair Selection

All joints for repair had deteriorated to the extent that full-depth re-
placement of the slab was necessary to restore the structural integrity of
the pavement. No speeial procedure was established for determining the
areaneeded to bereplaced at each repair location. Experience has shown,
however, that the following factors should be considered when selecting the
areas to be replaced:

1) Basically, the amount of visible surface deterioration determines
the area fo be replaced. Care should be exercised fo ensure that all un-
gound concrete is within the area to be removed.

2) Sometimes the failure has distorted the vertical alignment of the
pavement outside the deteriorated surface area. Insuch cases it is neces-
sary to extend the limits to include the warped pavement in order to re-
establish the smoothness of the pavement.

3) Occasionally, only one lane of a two-lane pavement has failed. If
a repair utilizing expansion joints is to be used, it is necessary to provide
expansion space of equal amount in the goed lane. This requires either in-
stallation of an expansion joint in the good lane, or replacement of both
lanes.

4) Where there is considerable difference in the length of pavement
needing replacement in each lane, an offsef inthe repair end limits at the
pavement centerline can be used to reduce the size of the repair area. Ob-
servation of the performance of repairs with offset end limits shows that
offsets up to about 2 ft do not cause any problems. However, longer offsets
cause a crack to form in the longer repair slab in line with the expansion
joint of the shorter slah. This apparently is caused by mechanical inter-
lock in the longitudinal joint where the repair concrete was poured against
the existing concrete. To prevent interlock in this area it will be necessary
to separate the two pours as discussed under "Form Setting. "




Repair Size

The maximum longitudinal length of repairs using precast slabs is
governed by the lifting capacity of the equipment available to handle the
slabs. The transverse width is equal to the lane width., The most common
piece of equipment that maintenance agencies have available that is easily
adapted to precast slab installation is the froni-end loader. The capacity
of the loaders available for the experimental installations allowed a maxi~
mum length of 10 ft. On contractual work the use of hydraulic eranes has
allowed the installation of 12-ft slabs and in a few cases 14-ft slabs have
been used.

The minimum length of precast slabs used in both the experimental

and contract projects is 6 ft, This length is based on evidence that un--

doweled slabs of shorter length have a tendency to rock under traffic. To
facilitate casting of the precast slabs, slab length was increased in incre-
ments of 2 ft. Thus, as shown in Table 1, slab lengths of 6, 8, and 10 fi
were used in the experimental work, and 12 and 14-ft slabs have been used
successfully on contract work,

The length of the experimental cast-in-place repairs was also varied
in2-ft increments~-except for the 4 and 5-ft hook-bolted repairs--to make
performance comparisons of the two repair types simpler. Lengths of
other ecast-in-place repairs were 6, 8, 10, 12, and 14 ft. On contract jobs,
no length limits are specified, but repairs longer than 15 ff are required to
be reinforced with standard pavement reinforcement., On multi~lane road-
ways, the width of repairs may be two or more lanes. However, in such
cases a plane-of-weakness must be formed in line with existing longitudi-
nal lane joints to avoid random longitudinal cracking.

Maintaining Traffic

All repairs were required to be conducted with traffic maintained
through the repair zone, This requirement necessitated theuse of warning
signs and barricades tosafeguard both the motorist and the workers. The
signing system used conformed to the Department's Construction Signing
Manual and consisted of four sets of two 48~in. diamond shaped signs. The
signing sequence was begun approximately 4,000 ft before the repair zone
and the signs were spaced at about 1,000 ft. Onesignof eachset was erect-
ed on each shoulder, (RIGHT (or LEFT) LANE CLOSED AHEAD; BARRI-
CADE AHEAD; REDUCE SPEED;and, FORM ONE LANE). Afterthesigns,
an illuminated target arrow sign was parked in the closed lane near the
beginning of the repair area and a flagman was positioned at the arrow.

-10-
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Inaddition, onheavily traveled roads, permanent warning signs were erect-
ed at a distance of one and two miles in advance of the repair site until the
work was completed.

On the basis of contract bids on 11 joint repair projects, the average
cost of maintaining traffic with this system amounts to 16 percent of the
repair cost. To reduce this part of repair costs, the Department--when-~
ever possible--schedules repairs in conjunction with other work requiring
lane closures, and night closure of a freeway section has been used to re-
duce the maintenance problem and to provide a safer working area.

Sawing

The full-depth sawing of reinforced conerete pavement requires power-
ful saws and diamond blades designed for the hardness of the aggregates
used in the concrete. The procedure used in cutting the concrete repair
arca depends upon the site condition, equipment available, and weather
conditions. Therefore, it would be difficult to determine a method that
would satisfy all maintenance agencies. However, the following informa-
tion based onour experience in sawing the repair limits of the experimen-
tal repairs should be helpful to anyone interested in becoming involved with
repairs utilizing full-depth diamond blade sawing,

Equipment -~ The sawused for the full-depth cutting was self-propelled
with a 65-hp air-cooled engine, and used a 26-in. diameter blade. It was
equipped with a water pump and designed for mounting the blade on either
the left or right side. I thereis nopumpon the saw it is necessary to in-
stall a pump in the line between the water supply and the saw, and the fea-
ture of either left or right-hand mounting of the blade makes it possible to
avoid running the saw over deteriorated and rough surfaces.

It should be noted that each saw is designed for only one blade size.
If asmaller blade is used, it results in less surface speed of the blade and
consequently less sawing speed. Using a larger diameter blade will result
in greater surface speed than that for which the blade was designed and
could regult in breakage of the blade.

Since saws use from about 3.5 to 5 gal of water per minute, it is im-
portant to havea ready supply of water, or a tank sufficiently large to hold
a day's water supply. The amount of water delivered to the blade should
be checked periodically to verify that sufficient water is available to cool
it.

-i]=~




Diamond Blades - For best performance a diamond blade should be
designed with regard to the material to be cut. The use of improperly de~
signed blades can be both costly and frustrating. To avoid blade design
problems, it is suggested that a reputable blade manufacturer’s represen-
tative be contacted for discussion of the type of concrete to be cut prior to
ordering blades.

There are three main items that may result in reduced blade life: lack
of sufficient water, causing overheating of the steel center and loss of dia-
mond impregnated segments; when cutting out at the edge of the slab, the
compression in the slab may close the cut sufficiently to sieze the blade
before it is completely retracted; and, the blade can sustain segmert da~
mage by scraping it on the concrete surface while turning the saw around.

Information on blade life and cost is presented in Table 2. As can be
seen, the length of lineal cut obtained with each blade varies from 200 to
450 ft, with an average value of 295 ft for the 12 blades used. The values
for each year were obtained from cutting in reinforced hardened concrete
containing natural aggregates. The rather large variation obtained is be-
lieved to be related to the amount of steel cut. In some cases it was ob-
served during conerete removal that the transverse steel wirehad been cut
lengthwise for several feet; unforfunately, there is no way to prevent this,

The blade cost per lin ft of 9-in. cuts is also shown in Table 2. This
cost, of course, variesin relation tocost of the blade and blade life. How-
ever, it appears that anaverage cost of §$1. 30/1in ft of cut is to be expected
when cutting reinforced concrete containing natural aggregates. o

As with blade life and blade cost, the speed with which a blade can cut
depends upon many variables such as saw condition, blade quality, operator
experience, concrete hardness, and steel content. Several speed checks
taken during visits to the job site indicate that an average speed of 1/3 ft/
min is common under normal sawing conditions.

Repair Limit Layout - The procedures followed in establishing the lo-
cation of the end limits of the repairs consisted of measuring and marking
the length of the repair along the pavement edge and constructing a perpen-
dicular line at oneend point of the repair length by the 3-4-5 triangle prin-
ciple. The second end limit was laid out parallel to the first, and a 12-ft
-straightedge and a piece of keel were used to draw lines across the slab
(lines established by snapping a chalkline would bhe washed away by the water
flowing from the saw}. .

-12-




TABLE 2
DIAMOND BLADE LIFE AND COST INFORMATION
ON FULL-DEPTH CUTTING OF 9-in. CONCRETE PAVEMENT

. Blade Tot%lcll,;ngth Cost per Lineal
ear No. * ol tut, ft of Cut
ft
1 335 1.29
1972 2 325 1.33
3 450 0.93
1 390 0.86
' 2 250 1.34
97
1973 3 285 1.18
4 275 1.22
1 280 1.41
2 220 1.79
1974 3 310 1,27
4 200 1.97
5 335 - 0.92 _
Average 295 1.30

* All blades were 26~in. in diameter.

Sawing Procedure - The number of saw cuts used at a full-width repair
of a two-lane pavement is shown in Figure 4. The No. 1 and 2 cuts are the
end limits of the repair and, as noted on Figure 4, the distance between
these cuts should be held within a tolerance of minus 0, plus 1/2 in. in 12
ft. This tolerance is important when precast slabs are used in order to
" have sufficient clearance for installation of the slab and to minimize the
problem of unequal distribution of compressive forces at the joint between
the new and old slab?,

Y The tolerance for saw cuts No. 1 and 2 on the sawing diagram included in
the 'Special Provisions and Specifications" in Appendix A is given as
minus 0, plus 1/2 in. in 24 ft. These values were based on limited in-
formation, whereas the values cited ahove are based on numerous mea~
surements made during the experiment, Specification revisions will be
made to reflect these tolerance reguirements.

-13-
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\.ﬂ» A4* TO 6" (TAPERED)
REPAIR LENGTH™

Repair Iength as specified in the log of work or as directed by the Engi-
neer. (For precast slabs,length of repair equals length of precast slab
plus 4 in.) ‘ '

These sawcuts shall be perpendicular to the edge of the roadway. If the
repair is on a curve the cuts shall be perpendicular to a straight line ex-

tended between the limits of the repair at the cdge of the roadway.

This et is made to facilitate opening a french across the slab to relieve
compression in the pavement prior to lifting out the failed areas.

This cut is made betwecen lanes, between a lanc and a curb, and between
a lanc and a ramp.

This cut is made for the reasons given in 3 cxcept for facilitating pres-
sure relicf in the transverse direction., The cut can be omitted if there

arc no adjacent lanes, curbs or ramps.

Additional sawcuts may be made inside the repair limits to reduce weight
and size of concrete pieces to be lifted out.

The specified distance between sawceuts @ and @ shall be held within
a tolerance of -0 +1/2 in. in 12 ft.

All saw cuts to be full-depth.

Figure 4, Sawing Diagram
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Cut No. 3 is made to facilitate relief of compressive forces in the slab
prior to lifting out the distressed concrete. Cut No. 4 is made to separate
the repair from adjacent concrete. In case the repair is surrounded by
concrete, it may benecessary to make cut No. 5 to facilitate pressure re-
lief in the transverse direction. The cuts can be made in any order, but
generally were made in sequence from No. 1 through 5. At repairs where
a full-depth bituminous patch had previously been placed, it was found that
relicving compressive forces was not necessaryprior to lifting out the de-
teriorated area. The bituminous patch had acted as a pressure relief point
and, furthermore, the area would break in the bituminous material when
lifting it out. Therefore, saw cut No. 3 can be eliminated at full-depth
bituminous patches.

Although the term "full-depth cut'' is used throughout this report, 1/4 .
to 1/2 in. of uncut concrete is generally left at the slab bottom. This pre-
vents cutting into the base material and the remaining concrete is subse-
quently broken by traffic.

Becausec of compressive forces present inconerete slabs during warm -
weather, it is preferable to schedule sawing for the cooler part of the year.
However, if sawing must be done during warm weather the problem of blade
seizing, when cutting out at'an edge, can possibly be eliminated by using
two-stage cutting, The first cut, 5 to 6 in. deep, is made during the after-
noonor hot part of theday and the bottom cut is made during morning hours.
If sawing is done in warm weather, it is recommended that a generator and
an electric roto-hammeror an air compressor and jack hammer be on the
job site to prevent excessive downtime in case the blade is pinched in the
cut.

The sawing operation can be carried out well in advance of the other
repair operations or it can be done just ahead of the replacement work. In
our experimental repairs, all sawing was completed prior to beginning re-
placement operations. Buckling at the deteriorated joint, within the area
to be removed, has been experienced where the sawed area was not re-
placed before the onset of hot weather. Therefore, it is suggested that in
the summer, when severe compression in the slab is likely to occur, the
sawed areas be replaced or pressure relieved shortly after sawing.

On contract work the sawing was generally done in the same manner
as described for the experimental installations, except that some contrac-
tors pressure relieved the area to be removed by making a 4~in, cut with
a frost cutter within the repair limits. This cut was left open until the de-
teriorated concrete was removed. By making this cut, cut No. 3 on the
diagram (Fig. 4) was eliminated. Moreover, the full-depth diamond blade
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sawing was done in two stages on most projects. The first cut was through
the reinforcement using 2 small diameter blade (14 to 18 in.) and the se-
cond cut was made with a 24 or 26-in. blade. The smaller blade should be
about 0.03~in. thicker than the larger blade to provide side clearance when
making the bottom cut.

Concrete Removal

The equipment required to remove the deteriorated concrete consists
of a front-end loader or crane of sufficient capacity to lift the large con-
crete pieces, a dump truck that can accommodate the concrete slabs, air-
compressor with a pavement breaker and sinker drill, lift pins for attach-
ing to the concrete, and an assortment of hand tools. If a front-end loader
is used, four chains or cables are attached to the bucket. The air-com-
pressor should be capable of furhishing air for running the breaker and
drill simultaneously, and both a moil point and asphalt cutter should be
available as breaker accessories, The bit for the drill must be carbide
tipped to ensure proper fit of the lifting pins in the drilled holes. The 1ift
pin assembly (see drawing, Appendix A) consists of the lift pin, key, swi-
vel plate, and hex nut.

Pressure Relieving - From the first experimental repairs it was learn-
ed that in order to successfully lift out a deteriorated area of concrete it
was necessary that the frictionon all sides be reduced as much as possible.
The concrete between the tapered saw cuts and end cut was removed with
a pavement breaker equipped with a moil point, starting at the pavement
edge; the taperof the cuts tending to prevent the concrete pieces from lodg-
ing in the groove. The friction between the slab and shoulder material was
reduced by openhing a narrow trench along the slab edge using a pavement
breaker equipped with an asphalt cutter.

The trenching along the shoulder-siab interface must be done in all
cases. However, as mentioned, where a full-depth bituminous patch is
being replaced the pressure relieving in the longitudinal direction can be
omitted. It may be necessary to weaken the patch by breaking a path a-
cross the bituminous material with a pavement breaker.

Hole Drilling - Generally, four holes in each repair area were used
for 1ifting purposes. The exact locationof the holes depends upon the sound-
ness of the concrete, but normally two holes were used on each side of the
deteriorated center portion of the repair. The transverse hole spacing
should be about 8 ft, if possible. A sinker drill with a carbide tipped bit
was used for drilling the holes. The required hole diameter for proper fit
of the lift pins is 2 in. and the holes are drilled into the base 2 to 3 in. in
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order fo provide clearance for the lift pins. If reinforcing steel is encoun-
tered the best procedure is to move the hole loeation sufficiently to avoeid
the reinforcement and drill a new hole.

Lift Pin Installation - The lift pins are installed by inserting the pin in
the hole, tapping the key in place, and attaching the swivel lifting plate with
the hex nut, If apin fits properly ina hole the key should only require light
tapping to be installed, but if the hole is out-of-round, it may be necessary
to move the pin around to obtain the best fit. To protect the threads from
damage the nuf should he screwed on just until it is flush with the pin head;
during handling of the 1ift pins the top threads should be covered by the nuts
for protection.

The pins are removed by unscrewing the nut, and tapping the pin down,
releasing both the key and the pin. Sinece the pins must be pushed back
through the bottom of the slab for a short distance, it is necessary that the
slab be prevented from resting flush upon the truck bed by supporting it on
broken concrete.

Lifting Concrete - The removal of the deteriorated concrete slab nor-
mally presents no problems if it has been properly pressure relieved. How-
ever, if the slab cannot be lifted by straight upward pull on all four chains,
it can be loosened by lifting only the two pins adjacent to the shoulder or
the twopins nearest the relief trench; once the slab is free, all four chains
should be used for lifting it onto the truck. Where the center of the area
is badly deteriorated, or a bituminous patch has been installed, the slab
may break. In such cases it may be more convenient to load each piece
separately.

Final Cleaning of Repair ~ The amount of final clean-up work required
depends upon the deteriorated conditionof the area being replaced. In cases
where the area can be lifted out in one piece the amount of debris to be
cleaned out is small and can be easily donewith shovels; if the slab breaks,
an experienced front-end loader operator can remove the debris without
disturbing the existing base. All loose material should be removed o en-
sure a solid base for the repair slab.

Slab Casting

The experimental precast repair slabs were cast during the winter in
a maintenance yard near the project site. In order to provide space for a
thin leveling and supporting base, the slabs were cast 1-in, thinner than
the pavement to be repaired. The slabs were reinforced with two layers of
No. 3 bars in each direction, on 18~in. centers. For lifting purposes, four
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ingserts were cast into the surface of each slab, For slabs designed for
load transfer, a 3/8-in. thick by 4-in, wide steel plate was cast into the
transverse sides of the slabs. The plate was anchored with 12-in. No. 4
bars welded to the plate at 12-in, centers. Detailed plans for 6, §, 10, and
12 it slabs for 9 and 10-in. pavement are included in Appendix A.

Concrete Forms - The bhottoms of the slabs were formed by casting
them on a polyethylene sheet placed on a concrete floor that met the level
requirements shown on the plans. Light gage steel forms were used for
the sides. The longitudinal forms were set 12 ft apart and fastened to the
floor with expangion anchor bolts; the transverse forms were bolted to the
longitudinal forms using angle brackets. The longitudinal forms were pre-
drilled for transverse form spacings of 6, 8, and 10 ft.

Steel Placement - The steel bars were tied into mats prior to placing
them in the forms. The bottom mat was supported on chairs, the top mat
was hung from two-by-fours spanning the forms. The lift inserts were
placed in their positions and tied to the steel to prevent movement while the
concrete was poured.

Concrete Pouring — The conerete met Standard Department Specifica-
tions and was delivered in ready mix trucks from a commereial plant; it
was poured, vibrated, finished, and cured in the normal manner required
for casting concrete pavement slabs. The concrete was a high-early-
strength mix (minimum modulus of rupture of 550 psi in three days) to al-
low the slabs to be moved after two to three days curing, thus two sets of
glabs could be cast per week,

Slab Storage - A front-end loader using the same lift chainarrangement
used during the concrete removal operations transported the slabsg to an
outside storage area to provide space to continue the casting operations.

Slabs cast by the contractors for use on large scale projects were cast
using the same general methods as used for the experimental slabs. Be-
cause of the large number of slabs required, a production operation was
set up near the job site to keep transportation costs at a minimum. Two
parallel beds, each containing space for 20 to 25 slabs, were set up, con-
sisting of a compacted sand base overlayed with plywood sheets to form the
bottom of the slab. The longitudinal forms were regular steel paving forms
and the transverse forms were made of 2 by 10-in. Tumber.

Joints

Both contraction and expansion joints were used in the experimental
repairs. The contraction joints were all constructed without load transfer
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dowels, whereas both doweled and undoweled expansion joints were tried.
Expansionspace was provided by either a compressible bituminous impreg-
nated filler board or a polyethylene extruded plank filler. The contraction
joints and the expansion joints constructed with the bituminous filler board
were sealed with a hot-poured rubber-asphalt sealant after all repairs in
the sequence were completed. At five repairs, an attempt was made to
construct a tied joint by installing expansionanchors and hook-bolts. The
procedure utilized in constructing the various types of joints is discussed
in the following and the joint details are shown in Figure 5.

Contraction Joints - Three repairs were constructed with contraction
joints. Of these, two were at precast slab repairs and one at a cast-in-
place repair. The joints at precast repairs were constructed by filling the
space (approximately 1-1/2 in.) between the new and old slabs with a sand-~
cement mortar, up to about 1-1/2 in, from the surface. The mortar was
cured wnder traffic and sealed after all repairs in the sequence were com-
pleted. The joints at the cast-in-place repair were made by pouring the
concrete against the existing slab ends and, after initial surface finishing,
a 1-1/2 by 1-1/2-in, wooden strip was inserted along the edges of the exist-
ing slab ends. An edging trowel was used to round the groove edge in the
fresh concrete and the strip was removed as soon as the conerete had taken
its initial set.

Expansion Joints (undoweled) ~ About 80 percent of the experimental
repairs were constructed with an expansion joint of this type at both ends.
At precast slab repairs, made during 1972, the joints were constructed by
installing premolded bituminous filler boards in the slot between the two
slabs, Filler widths of 1, 1/2, and 1/4 in. were on hand for filling the gap;
the filler height was 7-1/2 in. for the 9-in. pavement slab. The repairs
were designed for 1-1/2-in. wide joints at each end, but hecause of vari-
ation in the distance between saw cuts, variation injoint width also resulted.
In all cases, a 1l-in, filler was installed in each slot and the remaining
space filled with narrower filler widths; openings less than 1/4 in. were
left unfilled.

The joints in the 1973 precast repairs were made by using 10 by 2-in,
extruded polyethylene planks. The design width in this case was 2 in., but
again variation in width was experienced because of variation in repair
length resulting from saw cut tolerances. One filler was placed against
the existing slab end and the precast slab installed, making sure that pres-
sure was exerted on the filler. The filler for the other joint was eut to fit
at the site and pushed into the gap. The filler extending above the surface
was cut-off flush with the pavement surface.
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The polyethylene filler weighs only 2.6 Ib/cu ft and will float out of the
joint if water can enter and the filler is insufficiently compressed. During
an installation of the precast slabs, a 2-in. rainfall occurred in a mafter
of minutes and the pavement was cooled sufficiently to contract. Conse-
quently, pressure on the newly installed fillers was lost, water entered the
joints, and the fillers floated out. This problem has also been encountered
when this type of filler is used in the fall, because the joints do not .close
enough to ensure that the filler remains under pressure during the winter
months.

At cast-in-place repairs, the fillers were held against the existing
concrete slab ends with wood stakes which were pulled out prior tostriking-
off the concrete. Where the premolded bituminous filler was used, the joint

groove was formed by placing a wood strip on top of the filler; the groove .

was edged, the strip removed, and the joint sealed as described for con-
traction joints., The polyethylene fillers were cut flush with the existing
pavement surface prior to pouring and an edging tool was used to form the
groove edge along the fresh concrete. To guard against the filler floating

out during the first winter, No. 16 nails were inserted into the filler so -

that they extended into the concrete. Twelve nails, placed in two rows, one
92-in. below the surface and one 2~in. from the bottom—-spaced at about 2~
ft intervals--were used in each 12-ft lane.

Expansion Joints (doweled) - The design selected for constructing a
doweled joint between a precast slab and an existing pavement slab con-
sisted of weldingthe dowels toa 3/8~in. steel plate cast into the transverse
sides of the precast slab. Eleven holes, 1-1/4-in. in diameter and 9-in.
deep, were drilled intc the existing slab face on 12-in. centers, allowing
12 in. from each pavement edge to provide clearance for the drill (an air-
operated sinker drill with acarbide tipped bit). To maintain the alignment
of the holes, the special frame, shown in Appendix A, was built. The drill
is supported by a hanger fitting into tubes slotted on the bottom. To pre-
vent enlargement of the hole opening, the bit passes through a template
hole. The frame can be adjusted for height by four leveling screws, one at
each corner, and it is held inposition by four horizontal bolts, one at each
corner, tightened against the slab edge.

Prior to installing the slab the dowels (9 in. by 1-3/16 in.) were in-
serted in the holes and, after the slab was positioned, were pulled into con-
tact with the steel plate and welded to it. To ensure that the dowels were
welded at their undersides, the rod was bent in a semi-circle for making
the weld at this point. The joint was completed by slotting the bituminous
filler board and inserting it info the gap.
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Holes for the 18-in. dowels used in cast-in~place repairs were drilled
in the same manner as for precast repairs, and prior to inserting them a
1-1/2-in, polyethylene foam plug was placed in each hole to allow later
closing of the joint, Holes in the bituminous filler board were punched at
the site to ensure proper fit. The filler was inserted over the dowels, a
wood strip placed on its top, and the joint was completed as described for
undoweled cast-in-place repairs.

Although only a few repairs were made with dowels, the experience
revealed several problems involved in providing load transfer at pavement
repairs. When drilling, transverse reinforcement was often encountered
causing the drill tobind and necessitating relocationof the holes. The pro-
cess was relatively slow and laborous. In order to ensure free sliding,
the holes must be drilled oversize, thus the clearance in the dowel holes
reduces the load transfer effectiveness of the joint. Therefore, if dowels
are to be installed on a production basis, and be effective in transferring
load, an efficient way of drilling precise fitting holes must be discovered.

Tied Joints - Occasionally, a deteriorated joint can be replaced with
aslab shorter than the 6—ft minimum length; however, rocking of slabs less
than 6 ft has generally prevented their use. To determine the feasibility
of using short slabs having one tied joint and one expansion joint, four re-
pairs of this fype wereconstructed. Two of the repairs were 4 ft, and two
5 ft long. Six 5/8-in. self-drilling expansion anchors, spaced at 2-ft cen-
ters, were installed in the existing slab face with anelectric roto-hammer.
The hook-bolts were scerewed into the anchors and the conerete poured and
finished; the tied joint was not sealed or edged.

Precast Slab Installation

Since the pavements under repair were constructed with a parabolic
crown and the precast slabs were cast with a flat surface, a special frame
was designed for obtaining the best fit of the slabs. This frame, shown in
Appendix A, was placed across the repair and positioned so that reference
lines on the frame would coincide with the top surface of the installed slab;
generally, the elevationof both slabs was matched in the wheel track area.
The top of the frame served as a guide for striking-off the base support to
the correct elevation.

A cement-mortar consisting of one part cement to two parts sand, with
sufficient water added to make a workable paste under existing weather con-
ditions, was used for support under some slabs, and a sand base was used
under others. The procedure developed for installing the slabs consisted
of sevenseparate operations when the joints included load transfer. With-
out load transfer, operations 1, 3, and 5 of the sequence were eliminated.
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1) Drill 1-1/4-in. diameter holes, 9 in. deep, on 12-in. centers.

2) Position frame for establishing slab elevation. Place mortar and
strike-off with screed. I asand baseis used, the sand is placed and com-
pacted to the approximate height and struck-off to the desired elevation
using the frame mentioned above.

3} Place 1-3/16 by 9-in. steel dowels in the holes.

4) Lower the precast slab into the pavement gap, taking care to lower
slowly to avoid damaging the base.

5) Pull dowels into contact with the steel plate and weld to plate.

6) Insert bituminous filler board in the joint slots. If dowels are used,
the filler is slotted from the bottom to allow insertion. In case a contrac-
tion joint was specified, the joint was filled with sand-cement mortar to
within 1-1/2-in. of the surface.

7) The joint grooves were filled to within 1/2 in. of the surface with
hot-poured rubber-asphalt sealant.

Repairs using precast slabs were opened to traffic as soon as the slab
was in position and final clean up of the area was finished, Since contrac-
tors installed 15 to 20 slabs a day, the joints in a day's work were sealed
prior to opening the pavement section to traffic.

The frame used by contractors for establishing the precast slab eleva-
tion was of a simpler design than the frame used for the experimental in-
stallations. The frame was made of aluminum channel and was desighed
for use with different slab lengths. The strike-offs (one for each slab
length) were made of 2 by 6-in. planks and steel angles. Design plans for
a similar frame for use with 6, 8, and 10-ft slabs and for strike-offs for
the same slab- lengths are included in Appendix A, It should be noted that
a frame may not be needed for slab installation in pavements having a
straight-line crown.

Fast-Setting Concrete Placement

Concrete Mix Design - Prior to ficld use, several mixes of 8 and 9-
sack cement with accelerated early strength gain attained by addition of
calcium chloride were tested in the laboratory to try and develop a mix that
would reach a flexural strength of 300 psi within six hours affer pouring. .
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The strength requirement was preseribed to ensure that the repair slab
would have sufficient strength to carry maximum legal loads without over-
gtressing. The mix designselected for the experimental repairs is as fol-
lows.

Fast-Setting Concrete Mix
(9. 0 sacks/cu yd)

Air Content - 5 to 8 percent

Slump - 2 to 4 in. before addition of CaCly
Material (Ib/cu yd)
Air enfrained cement Type 1A} - 846
Water (inel. moisture in aggregate) - 315 (approx.)
Fine aggregate (2NS sand)? . - 1017 (dry wt.)
Coarse aggregate (6A grav;_al) 3 - 1656 (dry wt.)
CaCl, (flake) :
Ambient temp, below 45 T - 36
Ambient temp. 45 to 65 ¥ - 27
Ambient temp. above 65 F ~ 13

' If not available use Type-Icement and add air-entraining agent.

2 The aggregate weights are based onspecific gravity of 2.65 and
shall be adjusted if materials used differ from this value.

3 Add to concrete mix in dry form immediately before using and
mix about 20 revolutions at mixing speed.

Form Setting - Forms for the poured-in-place repairs consisted of
wooden planks of appropriate height. The form at the shoulder edge extend-
ed a few inches beyond the concrete edge at each repair end. Wooden stakes
were driven in the ground to hold the form in position, and onlong repairs
shoulder material was added as backfill along the form to prevent it from
bending outward from the concrete pressure. Inthe first lane repair of a
two-lane road, a form was placed against the existing concrete and held in
place temporarily by a couple of wooden stakes. Assoon as sufficient con-
crete had been poured to prevent this from tipping, the stakes were pulled.
The eenter form was cut short by the thickness of two fillers in order that
the filler at each joint could extend to the concrete in the other lane, thus
preventing the form from being subjected to compression before being re-
moved during repair of the other lane. The form along the shoulder was
removed and the shoulder repaired prior to opening to fraffic.

Ag mentioned earlier, it has been noted that repairs with offsef end

limits will crack if the offset exceeds about 2 fi. The crack forms in the
long slab in line with the end limit of the short slab and is believed to be
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caused by mechanical interlock of the conerete poured against the existing
concrete. To prevent this, it is suggested that a 1/4-in. bituminous filler
board be placed against the concrete in the offset area and a wood form used
for the remaining distance. The filler is to be Ieft in place, whereas the
wood form is removed when replacing the other Iane.

Joint Filler Installation - Details of the various joints used are shown
in Figure 5, and their locations, widths, and number constructed of each
type are given in Table 1. It should be noted that all repairs constructed
under contract, and by the Department, have utilized undoweled expansion
joints.

Concrete Pouring - The special 9-sack conerete mixwas delivered in
ready mix trucks, the caleium chloride was added to the mixer according
to the prescribed amount for the existing air temperature, and the mixer
givenabout 20 revolutions at mixing speed to blend the CaClp into the mix.
To ensure that the correct amount of accelerator was added, a 5-gal pail
was calibrated in 9-1b increments; accelerator quantities for loads con-
taining' fractions of a yard were estimated using this pail. The concrete
was poured, vibrated, struck-off, and finished inthe normal manner for
concrete work of this type. Although the fast-setting concrete was placed
by standard procedures, it was soonlearned that the precautions mentioned
below are necessary to obtain satisfactory repairs:

1) The area to be repaired must be ready for the concrete before the
CaCly is added, because the initial set of the concrete generally occurs 15
to 20 minutes affer the set accelerator has been added.

2) Additionof the CaCly appears to 'wet' the concrete and an increase
in slump occurs. Since some of the CaCly sticks to the fins of the mixer,
it is necessary to rinse it off with water. The use of too much water for
this purpose, coupled with the wetting action of the CaCly will result in too
high a slump, which will slow down the early strength gain. The procedure
established to control the slump corisisted of checking the mix visually or
by slump cone before additionof the set accelerator to ensure a slump of 2
to 4 in. (If the slump appears less than 2 in., water is added to bring it
into the 2 to 4-in. range.) Once the slump requirement is satisfied, the
amount of water needed for rinsing the CaCly from the mixer fins should
be limited from 1 to 2 gal. In general, this procedure will result in a final
slump in the 5 to 6-in. range which is ideal for easier placement and suf-
ficient time for finishing the surface.

3) Because of the relatively short time available for placing and finish-
ing the concrete, it is suggested that only enough concrete for one repair
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be delivered oneach of the first few trucks to ensure sufficient time for the
pouring operations. After some experience with the mix, enough concrete
for two repairs can be delivered on the same truck and safely placed; the
first repair is struck-off and one man left to finish the surface, while the
rest of the crew pours the second repair.

4} At repairs where the joint grooves are formed by a wooden strip,
removal of the forming stripis facilitated by running a pointed steel trowel
between the strip and the fresh conerete. The strip should be removed
about 15 to 20 minutes after the pour.

Concrete Testing

Tests of the flexural strength of the concrete were conducted at 3, 4,

5, and 6 hours after pouring. Compression tests were made at 3, 7, and
28 days, and slump tests were made before and after addition of the CaCl,
to check on its effect on the concrete slump. Before discussing the test

results, it should be noted that the repairs were done in a manner identical

tonormal field procedures. No attempts were made topour a certain num-
ber of repairs at a specific temperature, with a preseribed amount of CacClsy,
and at a certain slump. Rather, the repairs were done under conditions
identical to those expected to exist onany repair project. For example, oh
some occasions the pours were made during rain, because once the deteri-
orated concrete was removed it was necessary to complete the repair re-
gardless of changes in the weather so the lane could be opened to traffic the
same day. It is believed that results obtained in this manner, although
large variations may exist, are of more value to maintenance engineers
than results obtained under conditions resembling those of a controlled
laboratory experiment.

Flexure Strength - T'our 6 by 6 by 18-in, beams were normally made
from the first and last pour of the day. The beams were cured at the site
in the same manner as the repair itself, and were tested in a portable
breaker in the field at 3, 4, 5, and 6 hours after pouring. The results of
41 beamtests made at each time interval are shown in Figure 6. The values
plotted represent tests conducted duringthe 1973 and 1974 repairs; the re-
sults of tests at four repairs in 1972 are excluded because the test time
intervals were different than the last two repair sequences.

As mentioned previously, the amount of CaCly prescribed is 36, 27,
and 18 Ib/cu yd for temperatures below 45, between 45 and 65, and above
656 F, respectively. During the 1974 repairs, the amount of accelerator
added in the 45 to 65 F range was changed to 27 1b for temperatures of 45 to
55, and 22.5 1b for 55 to 65 F, in order to gain more time for pouring the

~ 27 =




-2eD pur sanjeradwio) 0] UONIB[OI W YIBUSI)S SINXS[] ©10I0U0] ‘) 2Insld

H19N3IYLS d3IYINdIY ‘SHH § 40 ON3 LV H19N3HLlS 7
HLONIY1S HHY JovyHIAY = —=— ‘SHH 7 40 N3 LV HLDON3Y LS |

HIGWNN 37dNVS
g § v € T |

0
!
|
i 00l
|
_
I
_
!
" 002
_
|
!
|
_, 00€
!
| — ;
-
_
! - oor
!
|
_
_
t _oom
“ .69 3A08Y L .59 0L,.SP sS¥ MO138 !
_ 3ONVH 34N LVH3dN3L :
e e e e e e a—
| Q4D 48 " ‘AAD /%2 N ‘QAD/m 9E J_
|
!

HIDN3Y LS WNv3Id 3L3IHONOD

ISd

-28-



repairs when the temperature was in the latter range. This change, how-
ever, didn't produce any noticeable effect and for simplieity, the amount to
be used is suggested to be within the three temperature ranges given ear-
lier. None of the experimental repairs were poured below 45 F. Thus,
the values of flexural strength plotted in Figure 6 represent samples con~
taining 18 and 27 Ib/cu yd of CaCly; however, eight test values, at each
time interval of samples of 22.5 1b/cu yd of CaCl, are included.

Figure 6 shows that the average flexural strengths at 3, 4, 5, and 6
hours were 200, 260, 325, and 360 psi, respectively. Unfortunately, there
is considerable variation in strength at each test time interval. This vari-
ationis the result of many factors such as, temperature and weather changes
during the day, slump variations, and, to some extent, weak cross-sec-
tional areas of beams. Although no attempt was made to collect data on the
effect of weather changes on beam strengths, it was observed that decreas-
ing temperature or rain storms occurring after the concrete was poured,
generally lowered the beam strengths. Also, there was a noted lag in
strength gain of beams cast from high slump conerete compared to beams
cast from lower slump concrete. Occasionally, a test beam would break
at a lower strength than the value obtained on the beam broken an hour ear-
lier, indicating that some beams are possibly cast with a weak cross-sec-
tion,

On the basis of the beam tests, the average time necessary to obtain
300 psi flexural strength is approximately 4-1/2 hours. However, unless
test beams are taken to monitor concrete strength, it is suggested that re-
pairs with fast-set concrete, of the type discussed herein, be cloged to
traffic for 6 hours after pouring.

The reason for adding more CaCly at lower temperatures is fo accele-
rate the early strength gain, The effoct of CaCl, in relation to tempera-
ture and concrete strength is shown in Figure 7. The values are from a
contract project where repairs were made with all three rates of CacCl,
represented. On this project, the first beam was tested four hours after
the pour and if its strength was over 300 psi no more tests were made at
the repair; if insufficiently strong after four hours, an additional beam
would be brokenat five hours after the pour. Only two beams were cast at
a repair, and if the fifth hour test didn't meet required strength, additional
closing time was allowed. As can benoted, by varying the amount of CaCly
the strength can be obtained without regard to temperature. The few cases
where the strength was not reached after five hours may be due to the rea-
sons cited earlier in this section.
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Compressive Strenpgth - At six repair locations, aset of three6 by 12~
in, concrete cylinders were taken for obtaining information on the com-
pressive strength of the conerete, The results were as follows:

Repair CaCly Compressive Strength
No. Ib/cu yd :

© /euy 3 day 7 day 28 day
1 18 3840 4350 -

2 18 3930 4960 5890
3 18 3400! 4120 4810
4 22,5 5670 6300 6970
5 22.5 4990 5950 6790
6 27 56202 6050 66203

' 9-day strength
2 4-day strength
315-day strength

The samples were stored in molds and at room temperature and mois-
ture conditions until tested. .

Slump Tests - The slump is theproperty that affects the early strength
gain and workabilify of the concrete the most acutely. A low slump will
result in high strength concrete in three to four hours, buf the time avail-
able for placing and finishing the repair is very short. On the other hand,
high slump concrete allows more time for pouring operations, but sacri-
fices some of the speed in strength gain. Tn order to obtain information
with which to prescribe a slump range that would satisfy both strength re~
quirements and placement time, slump tests were made before and after
additionof the CaCly. A total of 42 beforeand after tests were made, each
pair of tests representing a load of concrete. On the basis of these tests
it was found that anaverage increase of 2 in. in the slump results from the
addition of the accelerator agent. From the standpoint of conerete place-
ment, it was found that a slump range of 4 to 6 in. allowed sufficient time
(15 to 20 minutes) for finishing upto two repairs from the same load. Thus,
a slump of 2 to 4 in., before addition of the CaCly, will result in a slump
of 4 to 6 in, of the mix as placed. The average slump of the mixes tested
was 4 in. before, and 6 in. after addition of the accelerator.

It is suggested that the slump be checked before adding the CaCly to
ensure the slump is in the correct range. Once the mix is of the right
slump, the CaCly plus water for rinsing the mixer fins will result in a2 mix
that will both be workable and gain strength as rapidly as possible.
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Tane Closure Time

Inorder to determine the lane closure time necessary to repair a lane,
the required work was divided into specific tasks and the time required to
perform each task was recorded. The time study included 20 lane repairs
(12 precastand 8 cast-in-place)each 10 ft long. The time required to per-
form each task was recorded to the nearest five minutes. The work re-
quired toreplace apreviously sawed lane repair was divided into a total of
seven tasks as follows:

1) Conerete removal - pressure relieving, drilling 1ift holes, install-
ing lift pins, lifting out deteriorated concrete, and hand cleaning of the area.

2) Base preparation - mixing and placing sand-cement mortar or sand
base for precast slabs, or setting forms and placing joint filler for cast-
in-place repair.

3) Drillingdowel holes - positioning drill frame, drilling 22 1-1/4-in,
holes, removing frame, and placing the dowels in holes.

4) Placing precast slab - positioning the slab on the prepared base.

. 5) Welding dowels - pulling dowels into contact with steel plate and
welding them to the plate (precast slabs only).

6) Joint filler or grout installation - installing joint fillers in expan-

sion joints at precast slabs or filling the joint with cement grout where a
contraction joint was used.,

7) Coneretepouring (fast-set) - additionof CaCly, pouring and finish-
ing the concrete, applying curing compound, and removing joint groove
forming strip.

The recorded average time to perform these tasks is shown in Table
3. To obtain the average total lane closure time for each type of repair,
an average curing time of 4-1/2 hours for the cast-in-place repairs has
been included in the Table. On the basis of this information, a 10-ft lane
repair done with these procedures requires on the average, 1-1/2, 2-3/4,
6, and 6-1/2 hours of lane closure time foraprecast undoweled, precast
doweled, cast-in-place undoweled, and cast-in-place doweled joint, res-
pectively.

Of course, the time required to perform the various tasks depends on
the number and experience of workers, type of equipment available, work-
ing conditions such as weather and space or lanes available for equipment
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TABLE 3
AVERAGE LANE CLOSURE TIME

Average Time (min.)
Task Precast Slabs Cast-n~-Place Slabs
Doweled l Undoweled Doweled ] Undoweled

Concrete Removal 35 35 35 35
Basc Preparation 25 25 25 25
Drilling Dowel Holes 35 - 35 -
Precast Slab Instaliation 10 10 - -
Welding of Dowels 40 -— -- -
Joint Filler or Grout Installation 15 15 R -
Conorete Pouring (Fast-Sct) - -- 30 30
Avcerage Curing Time - - 270 270
Average Lane Closure Time (hr, amd min, ) 2-40 1-25 6-35 6=-00

operation. The repairs used in the time study were performed on a two-
lane roadway with one lane open to traffic and one lane (and shoulder) avail-
able for construction operations. The repairs were installed during late
April and early May during ideal weather conditions for this type of work,
The work force consisted of seven men, one of whom was used as a flagman
at all times. All of them had some experience in this type of work, The
concrete was removed with a front-end loader, which was also used for in-
stalling the precast slabs., Altering any of these factors would result in
some change in the time required to perform a repair. It should also be
noted that the recorded times are the periods when work was actually done
and do not include downtime of any kind,

From Table 3 it can be seen that curing time inereases the length of
lane closure time by an average of 270 minutes, or 4-1/2 hours. Unfor-
tunately, very little can be done to considerably reduce the curing time,
because, as previously mentioned, arather high slump concrete is required
inorder tohave time for placement operations before the initial set occurs.
Therefore, in areas where lane closure time is restricted to less than 6 to
8 hours, the precast slab repair would be required.

The reported lane closure time represents the situation where a rela-
tively small crew is engaged in repair work, On contract work, the work
force is normally larger and the various tasks are being performed simul-
taneously at different repairs. A contractor can install 15 to 20 precast
slabs or pour that many cast-in-place repairs in a day, provided the lane
under repair may be closed during daylight hours.
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The time a lane must be closed for a full-depth sawing operation is
approximately two hours per lane repair where a relief cut is required,
and where only one saw, equipped with a 26-in. blade, is used.

Repair Costs

The cost of repairing a concrete pavement is related to many things.
Materials costs aregenerally a little higher than for new construction pro-
jects because the quantities are relatively small and the placement costs
are high because of the great amount of handwork involved. Maintaining
traffic is another item that increases cost, as is lack of equipment designed
for this repair work. Short lane closure time escalates the repair expen~
ditures, and new procedures affect the price adversely.

The development cost of the repair types discussed herein would be of
little value fo any maintenance agency for estimating repair costs. How-
ever, the developed procedures were accepted by the Department in the
carly stages of the project, and, therefore, many contracts have been let
for repair work. Although the bid contract prices are affected by the vari- .
ous factors mentjoned above, they represent the cost that can be expected
in this part of the country.

Before discussing the repair cost in some detaijl, a few words will be
said about the repair quantities involved. Figure 8 shows the quantities in
number of square yards let each year from 1971 through 1974. The right
hand portion of the graph shows the total yearly quantities involved. Since
1971, 46,200 8qyd of concrete pavement have been replaced with either pre-
cast or cast-in-place repairs. As canbe seen, the yearly quantities were
about 4,000 in 1971, 10,000 in 1972, 16,000 in 1973, and slightly less than
16,000 in 1974,

The left hand side of the graph shows quantities of both precast and
cast-in-place repairs let under contracts for repair only, and the middle
of the graph shows quantities let under contracts which, in addition to re-
pairs, included other work such as shoulder upgrading, median barrier
construction, etc. The reason for separating the quantities by contract
type is fo illustrate that some savings can be realized by conducting the re-
pairs along with other work requiring lane closures. As shownon the graph,
the precast slab repair has not been used since 1972, mainly because cast-
ing the slab at a different-locationand transporting it to the repair site adds
about 25 percent to the cost, and the development of fast-set concrete for
repairs that could be performed and opened to traffic before nightfall. The
trend toinclude repairs with other work began in 1973 and by 1974, 90 per-
cent of the Department's contract repair work wag let in this manner.
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REPAIR QUANTITY, SQ. YD.
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60 | .
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In addition to repairs done by contractors, the Department's mainte-
nance forces have performed repairs, but on a smaller scale. The proce-
dures were accepted during the early development stage by the Department's
maintenance personnel and today, 15 maintenance areas in the lower part
of the State are equipped and actively engaged inusing the developed repair
methods.

The average unit cost per square yard “i_s shown in Figure 9. The pre-
cast slabs ranged from about $42. 00 in 1971, to $51.50 in 1972. The 1972
average price for fast-set concrete repairs was about $46.00. Then, in
1973, the cost rose to $63,00and remained at that level for 1974 for repair
contracts only. However, for repairs done along with other scheduled im-
provement work, the 1973 cost was $48.50, but a rise of almost $8.00 per
sq yd occurred in 1974 in this category. ' :

Performance Fvaluation

In the past, evaluation of pavement repairs have basically been done
on a qualitative basis, and there are few if any quantitative measurements
available for comparison of performance values obtained for the developed
repairs., Although the repairs are subjected toqualitative evaluation, mea-
surements of joint movements, joint faulting, slab rocking, and load de-
flection are taken periodically to check the performance characteristics.
The results of the evaluation of the 1972 and 1973 repairs to date are as
follows (since the 1974 repairs have only been inservice a few months, the
data on these repairs are too limited to be included herein):

Inspection Surveys -~ A visual inspectionof each repair is made semi-
annually. These inspections have not as yet revealed any major deficien-
cies in either precast or cast-in-place repairs. The 14-ft long cast-in-
place slabconstructed in 1973 has cracked transversely, and at three joints

“of the 1973 precast slab repairs the polyethylene filler was not sufficiently

compressed initially to prevent it from floating up during the first winter.
The hot-poured rubber-asphalt seals in the 1972 repairs are beginning to
show signs of adhesion failure. The hook-bolted joints utilized at one of
the two joints of each of four repairs are opening up, indicating that the
anchors are slipping and it appears that this type of joint is not performing
satisfactorily.

Joint Width Measurements - Summer and winter readings of the joint
changes at the 1972 repair locations are shown in Figure 10, and for the
1973 repairs in Figure 11. The top portion of Figure 10 shows the amnual
and progressive closure of both the precast slab and cast-in-place expan-
gion joints. The movemenis are the total of both expansion joints at each
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JOINT WIDTH CHANGES, IN.

| PRECAST SLABS ; CAST-IN-PLACE SLABS

b —_ ——ﬁ
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e e — —

o 1972 CONSTRUCTION { 1973 CONSTRUCTION |
| CONTRACTION JOINTS |~ TIEDJOINTS N
I PRECAST SLABS f CAST—-IN-PLACE SLABS '

18 20 ;
REPAIR NUMBER

m 1972 — 64°F AVG. CONST. TEMP TO 82°F SUMMER TEMP

1973 - 22°F WINTER TO 84°F SUMMER TEMP

1974 - 15° F WINTER TO 75°F SUMME R TEMP
% TWO MEASUREMENTS SHOWN: LEADING JOINT IsT, TRAILING 2no.

Figure 10. Annual and progressive joint width changes of expansion and contrac-
tion joints at 1972 repairs, and hookholted joints on westbound I 96. ’
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repair. On the bottom part of the graph, the contraction joint and tied joint
movements are shown. The annual changes of the contraction joints are
about in the normal range and as yet there is little evidence of these joints
progressively opening. The hook-bolted joints include both 1972 and 1973
repajrs, and should exhibit very little movement. However, as noted, re-
latively large annual movements have occurred and there is definitely signs
of progressive opening of these joints.

The movement of the joints at the 1973 repairs are somewhat larger
than those at the 1972 repair (Fig. 11). Moreover, the progressive closure
at the 1974 summer reading was as great as those of the 1972 repairs, al-
though these joints were constructed a year later. This may be due to the
fact that thetwo types of filler material (bituminous filler vs. polyethylene)
have different compressibility resistance and the built-up compression:
forces in the pavement varies along its length.

Joint Faulting - The degree of joint faulting or changes in elevation
across the repair joints is measured in the summerand winter of each year.
The measurements are obtained by taking elevation readings of stainless
steel plugs embedded in the conerete surface, 4 in. each side of the joint
centerline. Since the plugs are not set flush with the surface, but embedded
toavoid snowplow damage, the initial readings donot represent the smooth-
ness across the joint as constructed. However, future elevation differen-
tials compared to the initial readings, indicate a change in the elevation
across the joint since the time of construction.

The elevation differentials measured at the 1972 and 1973 repairs are
shownin Figures 12 and 13, respectively. As noted on the graphs, the first
elevation differential plotted for each repair represents the leading joint
and the second indicates the condition at the trailing joint. A quick glance
at the graphs indicates that only nominal changes in elevation differential
have taken place since the initial readings were made. The change in ele-
vation differential (faulting) from 1972 to 1974 of the repairs on the west-
bound roadway averaged 0.10 and 0.11 in. for the precast and cast-in-place
repairs, respectively. High and low values for precast repairs were 0,20
and 0.03 in., respectively, whereas for the cast-in-place repairs the high
value was 0.20 and the low value was 0.02 in. The high, low, and average
changes from 1973 to 1974 for the eastbound roadway repairs (excluding
repairs with hook-bolted joints) were 0.20, 0.02, and 0.11 for precast re-
pairs, and 0.24, 0.00, and 0.14 for the cast-in-place repairs.

Load Deflection Tests - The daytime deflectionof the existing and re-
pair slabs at the leading joint of each repair caused by an 18, 000-Ib axle
load is measured in the summer of each year. The load passes over the
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joint at creep speed at a distance of 12 in. from the pavement edge. The
deflectionis measured with linear variable differential transformers, sus-
pended from a cantilever truss, with the core resting on the pavement.
The movement of the core, as theload passes, is recorded ona two-channel
oscillograph. The deflection is measured at the point 2 in. from the pave~
ment edgeand 2 in. each side of the joint, and two trials were made at each
repair. '

The average deflections recorded for the 1972 repairs are shown in
TFigure 14, and those for the 1973 repairs are plotted in Figure 15. The re-
sults indicate that the precast slabs deflect more than the existing slabs,
but the difference is small (approximately 0.015 in., maximum). The cast-
in-place slabs and the existing slabs deflect very nearly the same amount.
The results alsoindicate that the amount of deflection (ranging from 0.005
to 0.025 in.) has not changed appreciably since construction, and as yet
there is no evidence that doweled joints perform better than undoweled joints
with respect to deflection under load.

Slab Rocking ~ In order to determine if the slabs are rocking under
load, the downward deflection of the leading edge of a repair, and the up-
ward movement at the trailing edge resulting from an 18,000-Ib axle load
moving onto the slab, are measured at thetime the load deflection tests are
performed. The results of this type of test on the westbound I 96 repairs
indicate that neither the precast slabs nor the cast-in-place slabgs show any
significant amount of rocking. As previously mentioned, all these repairs
are 10 ft long. On the eastbound roadway, repairs of 6, 8, and 10 ft lengths
were Used, and some amownt of rocking was noted, expecially at the shorter
repairs. The results of tests at all slab lengths with an expansion joint at
cach end are shown in Figure 16. The most interesting fact about the re-
sults is that the amount of rocking increases with decreased slab length,
and the old rule-of-thumb that slabs less than 6 ft in Iength will rock too
much is reasonable.

Obviously, the performance data to date are insufficient to reach any
conclusions regarding which type of repair will be the better one. However,
unless some unforeseen problems develop, it appears that the repairs should
serve excellently for a numbher of years. It is encouraging to note that of
the thousands of repairs constructed since the initial study of these repair
types was started, hone has ever required readjustment or reconstruction.
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CONCLUSIONS AND RECOMME NDATIONS

Conclusions

The following conclusions are based on the results of the experimental
work described in this report.

1) A previously sawed lane repair, up fo 10 ft long, can be completed
and opened to traffic in anaverage time of 1-1/2 hours using a precast slab
with undoweled joints and utilizing the developed repair procedures,

2) A repairof equal size constructed with a 9-sack concrete mix with
calcium chloride added for set acceleration, using undoweled joints and the
methods developed, can be finished in an average time of 1-1/2 hours.
However, an average minimum curing time of 4-1/2 hours results in a lane
closure time of 6 hours minimum,

3) The use of doweled joints will add approximately 35 minutes and
1-1/4 hours to the lane closure times for cast-in-place and precast slabs, -
respectively. Although the additional time required to install dowels may
not secem excessive compared to the total lane closure time, many prob-
lems were encountered installing the dowels. On the basis of the experi-
ence from these experimental repairs, it appears that there is no simple
and inexpensive method to install dowels at the present time, and to install
properly functioning dowels on a production basis, sophisticated equipment
needs to be developed.

4} In general, the repair costs increase as the permitted lane closure
times decrease. Inthe case of precast slabs, a 75 percent reduction in
lane closure time appears to result in an approximate 25 percent increase
in cost. This additional cost of precast slabs results from the necessity
of casting the slabs away from the construction site and later transporting
them to the repair area.

5) Full-depth diamond blade sawing of the repair limits eliminates
undercutting and cracking of the existing slabs when removing the distressed
area. Unless the sawing ig carried out during cool weather, precautions
must be taken toavoid pinching the blade whensawing pavements containing
large built-up compressive forces.

6) Removalof the conerete by lifting out thelarger pieces of distressed
pavement, followed by careful final cleaning of the repair area, results in
the base being left undisturbed. This is believed to resulf in better per-
formance of undoweled joints. It also eliminates a good deal of laborious
handwork and speeds up removal operations.
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7) Theuse of sealed expansion joints appears warranted. First, seal-
ing the joints reduces the moisture reaching the base, thus better support
for the slab is ensured. Second, by providing expansion space the com-
pressive forces in the slab are reduced in the repair vicinity, Unfortuna-
tely, the reductionof compressive force may result in some opening of the
adjacent contraction joints, but the detrimental effect of openihg the adja-
cent joints is believed to be outweighed by the benefits of reducing the com-
pression in the slab. The problem of finding a lasting seal for this type of
work of areagonable priceis probably unsolvable. However, the polyethy-
lene filler used on some of the experimental repairs appears to be very
suitable for repair work, and is suggested for use except at precast slab
repairs where a bituminous filler and seal are used.

8) The procedures developed for performing a repair, utilizing a pre-
cast slab or one that is done by using the fast-get concrete mix, are suitable
for both maintenance work and for contract work. Existing equipment is
casily adapted tothe procedures and only a few special devices are required.

9) Finally, the procedures, because of the relatively short lane closure
time required, reduce the potential accident hazards associated with re-
pairs, and if the work is properly scheduled the problem of huge traffic
jams developing during rush hours may be eliminated or minimized.

Recommendations

Because of the limited data available on the performance of the two
types of repair developed, no special recommendation advocating the use
of the repair procedures and materials described herein will be made.
However, on the basis of the performance to date, it appears that the re-
pairs will give excellent service forseveral years. For those maintenance
agencies wishing to implement the reported repair methods, a step-by-step
procedure is included in Appendix B, along with the Department's current
Specifications and Special Provisions covering precast and cast-in-place
repairs.
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PART 1O

PHOTOGRAPHIC SEQUENCE OF
CONSTRUCTION PROCEDURES




Setting up forms for slab casting at mainte- Forms ready for concrete. Bottom layer of
nance garage near repair site. steel is supported on chairs and top layer
hung from two-by-four's spanning the forms.

Striking-off the concrete. A ‘high—early— Finishing slab surface with wood float.
strength mix was used so that two sets of
slabs could be cast per week.

‘ Casting bed at contractor yard ready for con-
to storage area. crete placement.

Finished slabs left for curing before moving
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Pouring and finishing slabs. Twenty to twen-
ty-five slabs were cast at one time.

Overéll vie;r of sawed repair area. Note
narrowly spaced saw cuts in the left of photo.

Slabs being cured before moving.

Full-depth sawing of 9-in. concrete pavement
using 656-hp saw equipped with 26-in. diameter
diamond blade.

k2 .

Pressure in slab relieved by removing con-
crete between narrowly spaced saw cuts.
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On some contract projects the contractors Drilling 2-in. diameter holes for lift pins.
used a frostcutter for relieving the pressure Normally four holes were used at each repair,
in the pavement. ‘ Holes mustbe located insound concrete areas.

Installing 1ift pin. The pin itselfis first placed : , !
in the hole, then the key is tapped in place, )

the swivel plate positioned over the pin, and Lifting out one-half of repair area concrete.

the nut screwed on the bolt. This slab broke at the joint.

g

Removing second half of distressed concrete. Loading deteriorated concrete onto dump
truck.
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Cleaned out repair area. Notesound vertical - - e ~
edge and undisturbed base. Other lane re- Drilling holes for dowels. Frame has slotted
paired with precast slab and is open to traf- tubes for support of drill and for alighing
fi o o ~ holes.

L

Placing mortarbase for precastslab. Frame
has been positioned so that when the mortar
is struck-off with the screed the slab will
have proper elevation fit.

Inserting 1-3/16-in. diameter by 9-in. long
steel dowels in holes for precast slab repair.

Completed mortar base and dowels in place Completed sand base for precast slab place-
for installation of precast slab. ment. Dowels are also in place.
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2 \ - Welding dowels to steel plate. Note welding
Placing precast slab with steel plate in its rods are about in semi-circele to facilitate
side for welding dowel to the slab. welding the lower half of dowel to the plate.

Al

s

Installing precast slab at undoweled repair Installing slotted filler at doweled precast
gite. Polyethylene filler in place at the left slab repair. At undoweled repairs a solid
joint. filler was used.

Polyethylene filler in place at repair using

Doweled expansion joint being readied at cast-  ynqoweled expansion joints. Note nails placed
in—p].a-ce I‘epair site. The filler is bituminous in fillerfor holding filler in place du_ri'ng cool
impregnated filler board. weather the first year.
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Striking of concrete with hand screed.

ey,

Seve-

ral passes are necessary to insure concrete
is at the right elevation with respect to the

existing slab.

P 5

Finishing concfete’ surface wifh wobd float.

Applying broom finish to slab.
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Applying curing compound with hand sprayer.

Removing wood strip used for forming joint
groove. Toprevent damage to the groove the
strip should be removed 15 to 30 minutes
after pour.

Curing blankets were used when the tempera~-
ture was below 65 F.

Sealing joint with hot-poured rubber-asphalt

sealant.

Condition of precast slab repair after two
years of service on westbound I 96.
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Condition of cast-in-place repair after two
years of service on westbound I 96. Joint
sealed with hot-poured rubber-asphalt seal-
ant.
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Cast-in-place repair on eastbound I 96 after

one year of service. Joints were constructed
by use of polyethylene filler.

‘ﬂ .

& ; ; o S Finishing beam samples for flexure tests.
Preparing concrete cylinder for compressive Each form has a divider in its center to allow
strength tests., for casting two 18-in. beams in each form.

Portable beam breaker for téstiﬁg 'bvéa‘ms at Measuring distance between stainless steel
repair site. plugs to monitor joint movements.
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Elevation changes across joints are checked with a
level and rod. The rod is placed in stainless steel
plugs embedded in the concrete for this purpose.

Linear variable differential transfor-
mers in position at joint for recording
deflection of existing slab and repair
slab when 18,000 1b axle load passes
over joint,

Linear variable differential transfor-
mers in position for measuring slab
rocking when truck passes over repair.
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SIDE ELEVATION
Nominal Number
Ba B Bt X C te |A imat
21;2 Design;tion SiZZ ' Dime;gion §23“§f§§ RZZEIfefi p?&zfgﬁm )
12! x 12 . i oo 12 3.6 yd 14, 4004
10" x 12 A i B > 3.0yd 12, 2004
8'x 12" ‘g ig 1i::gzz ii 2.4 yd ‘ 9,800#
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Tolerances:

The variation in length and width shall be not more than + 1/4",
The variation in thickness shall not be more than +1/4",

The squarcness of the slab shall not vary more than 1/2" in the length of a side.
The squarcness of the sides with respect to the bottom or top surface shall not
vary more than 1/8" in the thickness of the slab.
The top and bottom surfaces shall not vary more than 1/4' under a 10' straightedge.

PLAN FOR 8-IN, PRE-CAST SLAB
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PLAN VIEW
™
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I
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Nominal
(ér;lllb Bar Bar Bar ﬁ;ﬁ:;d Concrete | Approximate
Size Designation Size Dimension Por Slab Required Weight
A #3 11" - 6" 6
12'x 12! B 43 11' - g ]1~6 4,0yd 16,2004
A 3 11' - g" 14
10'x 12' B 43 9t - g 16 3.3yd 13,500#
A 3 11' ~g" 12
8'x 12’ B i3 7 g 16 2.7yd 10, 800#
A #3 11'-g" 8
6'x 12! B i3 51 g 16 2.0 yd 8, 1004
Tolerances:

The variation in length and width shall be not more than +1/4",
The variation in thickness shall be not more than + 1/4",

The squarcness of the slab shall not vary more than 1/2'" in the length of a side.
The squarcness of the sides with respeet to the bottom or top surface shall not

vary morc than 1/8' in the thickness of the slab.

The top and bottom surfaces shall not vary more than 1/4' under a 10' straightedge.

PLAN FOR 9-IN, PRE-CAST SLAB
(For 10 in. pavement)
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Concrete Pavément Repair Procedure

The repair procedure outlined herein uses full-depth diamond blade
sawing, removal of deteriorated concrete with minimum disturbance of the
existing base, undoweled expansion joints, and precast or cast-in-place
slabs. The procedures are written for maintenance agencies' own forces
ratherthan for contract work. Thedecision whether touse precast or east-
in-place slabs must be made by the agency responsible for the work. Gener-
ally, where lane closures must be held to less thansix hours precast slabs
would be suitable, but where longer lane closures are permitted the cast-
in-place glabs would be more economical.

Traific Control

The procedure allows for the completion of the repairs and opening of '
the lane during daylight hours. However, the procedure is also suitable
where night closures are permitted. Traffic control must meet the re-
quirements of the agency performing the work. Regardless of whether day
or night closure is used, the first and Iast step required inrepairinga lane,
is to close and open the lane. The equipment and personnel required to
maintain traffic during the lane closure time are inaddition to that required
to conduct the repairs. It should be kept in mind that four to six hours of
lane elosure time will be required after placing a cast-in-place slab, where-
as a precast slab repair can be open to fraffic as soon as the slab is in
place,

Sawing

Full-depth sawing of the repairs may he done prior to replacement
operations. However, to prevent damage to the saw cut edges and buckling
of the slab within the repair area during hot weather, it is suggested that
the sawed areas be replaced as soon as possible after completion of the
sawing. Observation of the sawed areas will indicate if replacement is re-
quired scon affer sawing. The sawing operation is best carried out during
cool weather, because heat-induced compressive forces in the slab may

‘result inpinching the blade when cutting out at the pavement edge. If pres-

sure in the slab causes pinching of the blade, the problem can be minimized
by two-stage sawing. Inthe warm part of the day the first stage saw cuts
are made 5 to 6 in. deepand during the cool morning hours the second stage
cuts are made to complete the full-depth cuts.

1) Personnel

a) Two men - each trained to operate concrete saw.
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2)

4)

o)

Equipment

a) Truck - with 1,000 or more gallon water tank

b} Truck - with trailer for hauling saw

¢} Concrete Saw - 65 hp, self-propelled, and capable of sawmg the
concrete full-depth.

Tools

a) Twelve-foot straightedge, 12-ft tape ruler, and keel
b) Miscellaneous hand tools such as shovels, broom, pickaxe, etc.

Materials

a} Diamond Blades - for the purpose of estimating the number of
blades required for a project, one blade will cut approximately
eight lane repairs,

Procedure

a) Lay out repair end limits by method shown in Figure 1B. Tor
brecast slabs the repair length should be equal to the length of
slabplus twice the width of the joint selected foruse. For cast-
in-place repairs there are no requirements on length, except
glabs shorter than 6 ft are not recommended.

b) The required number of saw cuts to be made are shown on the
sawing diagram (Fig. 2B). If the area to be removed is an old
bituminous patch, saw cut No. 3 may be omitted.

¢) Make sure all saw cuts are full-depth for their entire length.

d) If equipment isnot capable of litting the repair areain one picce
the area should be sawed into smaller sections. The weight of
a 9-in, thick concrete slab 12-ft wide is:

Repair length (ft) 6 7 8 9 10 11 12
Weight (ton) 4 4.7 5.4 6.1 6.8 7.4 8.1
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ADJACENT LANE

-.—3“

EXISTING
JOINT ™2

RELIEF

CuUT \

X
\

B C

W

VARIABLE

-

i}
7 A
6Il

el 6' s |

LOCATE POINT C AS SHOWN.

AS SHOWN.

. DETERMINE POINTS A AND B BASED ON JOINT CONDITION.

. FIND POINT D BY SWINGING ARCS FROM POINTS B AND C

ESTABLISH REPAIR LIMIT BE BY DRAWING LINE THROUGH

POINT D.

LAY OUT REPAIR LIMIT AF PARALLEL TO BE.

. LAY OUT RELIEF CUT AS SHOWN,

Figure 1B. Sketch showing method for laying out repair limits.

-73-




—

]
|
1
I :
|
|
=
l
|
I
I
I
|
]

]

*®

@ ® © O

—m \..,_ 4* TO 6" (TAPERED)
le—— REPAIR LENGTH™

Repair length as specified in the log of work or as directed by the Engi-
neer. (For precast slabs,length of repair equals length of preeast slab
plus 4 in.)

These sawcuts shall be perpendicular to the cdge of the roadway. If the

‘repair ison a curve the cuts shall be perpendicular to a straight line ex-

tended between the limits of the repair at the edge of the roadway.

This cut is made to facilitatc opening a trench across the slab to relieve
compression in the pavement prior to lifting out the failed areas.

This cut is made between lanes, between a Iane and a curb, and between
a lane and a ramp.

This cut is made for the reasons given in 3 cxcept for facilitating pres-
sure relief in the transversc dircction. The cut can be omitted if there

are no adjacent lanes, curbs or ramps.

Additional sawcuts may be made inside the repair limits to reduce weight
and size of concrete pieces to be lifted out.

The specified distance between sawcuts @ and @ shall be held within
a tolerance of -0 +1/2 in, in 12 ft.

All Saweuts to be Full-Depth

Figure 2B. Sawing Diagram
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Precast Slab Casting

The precast slabs can be cast any time prior to installationon the high~
way. If space is available for casting indoors the work can be done during
inclement weather. The number of slabs cast at a time depends on the size
of the repair projects. TFor most maintenance repairs the casting of two
to four slabs twice a week would be a practical set-up.

1) Personnel

2)

3)

a)

Four men - with at least one man familiar with the basics of
concrete work.

Equipment

a) Front~end loader - for transporting slabs to storage area (see
Fig. 3B for lifting arrangements)

b) Concrete vibrator - hand held vibrator, either electric or air -
operated

¢) Curing compound sprayer - hand operated, 3 to 5 gal capacity

Tools

a) Strike-off screed

b) Conerete finishing tools, wood float, trowels, etc.

¢) Miscellaneous hand tools, shovels, brooms, etc.

Materials

a) Forms - wood or steel

b) Concrete ~ use 7~-sack high-early-strength mix

¢) Steel reinforcement - No. 3 deformed bars

d) Reinforcement chairs - for supporting bottom mat

e) Wire ties - for tying steel into mats

f) Lumber (2 by 4) - for use in supporting top mat

g) Concrete curing-compound

Lift inserts - four per slab (Fig. 3B)

Note: See plans for precast slabs (Figs. 4B and 5B) for concrete and
steel quantities, and steel spacing for each slab., Also note that the
glabs are 1 in. less in thickness than the pavement to be repaired.
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Slab Casting Procedure

a)
b)

Set up forms and secure to floor or bottom form
Oil form

Place sieel mats

Pour and vibrate concrete

Strike-off concrete and finish surface

Apply broom finish and curing compounds

After curing, transport slabs fo storage area.
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Nominal Number
Ba Bar B ) Co t Approximat
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12'x12' . i E e ig 3.6 yd 14, 400#
10'x 12" g i?’} 1;, _ 2” ii 3.0yd 12,2004
8 x 12 . - 1?:3’ - 2.4 yd 9, 8001
6'x 12! g ig 1;::2, 1(§ 1.8 yd 7, 4004
Toleranccs:

The variation in length and width shall be not more than + 1/4",

The variation in thickness shall not be more than + 1/4°,

The squarcness of the slab ghall not vary more than 1/2" in the length of a side.
The squarcness of the sides with respect to the bottom or top surface shall not

vary more than 1/8" in the thickness of the slab.
The top and bottomn surfices shall not vary more than 1/4" under a 10! straightedge.

Figure 4B. PLAN FOR 8-IN, PRE-CAST SLAB
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8'x 12" g ‘Zg 1?:2:: ii 2.7 yd 10, 8004
6'x 12 g ﬁg 1;,:g 12 2...Oyd 8,100#
Tolerances:

The variation in length and width shall be not more than +1/4".
The variation in thickness shall be not more than +1/4",

The squarencss of the slab shall not vary more than 1/2'" in the length of a side.
The squarcness of the sides with respecet to the bottom or fop surface shall not
vary morc than 1/8' in the thickness of the slab.
The top and bottom surfaces shall not vary more than 1/4'" under a 10' straightedge.

Figure 5B. PLAN FOR 9-IN, PRE-CAST SLAB
(For 10 in. pavement)
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Concrete Removal and Replacement

The removal operations are the same regardless whether precast or
cast-in-place slabs are used, and personnel requirements are the same for
removal and replacement work for both types of repair. Replacement
operations are different for the two repair types and will be described for
each type. Edquipment requirements are somewhat different for each type
and will be noted in the equipment list.

1) Personnel

a} One man for operating front-end loader
b) Two men for driving trucks
¢) Three men for handwork operations.

Total - Six men

Note: It is assumed that the truck drivers and front-end loader opera-
tor will be available to assist with the handwork invelved in removing
and pouring the concrete or precast slab installation.

2) Equipment
A, Cast-in-Place Slab Repairs

1) Front-end loader - for lifting and moving concrete slabs

2) Dump truck - for hauling deteriorated concrete

3) Flat bed truck - for hauling materials

4) Pick-~up truck - for hauling tools

5) Air compressor with breaker and drill

8) Concrete vibrator - hand held, electric or air operated

7) Curing compound sprayer - hand operated, 3 to 5 gal capa-
city.

B. Precast Slab Repairs

1) Same as 1, 2, 3, 4 and 5 above for cast-in-place slab re-
pairs

2} Tractor with low-boy trailer for hauling precast slabs

3) Vibratory compactor for compacting base for precast slabs

4} Double boiler kettle - for sealer heating.
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3) Tools
A. Cast-in-Place Slab Repairs

Moil point and asphalt spade for pavement breaker

Drill shank with 2-in, diameter carbide tipped bit

Four lift pin assemblies (Fig. 6B)

Miscellaneous hand tools such as shovels, broom, pickaxe,

ete.

5) Concrete screed, wood float, and miscellaneous concrete
hand finishing tools o

6) Calibrated pail for measuring calcium chloride.

B Lo b R
e e e

B. Precast Slab Repairs

1) Same as 1, 2, 3, and 4, above for cast-in-place repairs
2) Frameand strike-off screed for preparing base for precast
slab (see drawings in Appendix A).

4) Materials
A. Cast-in-Place Slab Repairs

1) Ready mixed concrete (sce mix design, Fig. 7B)

2) Polyethylene foam for joints (see joint details, Fig. 8B)

3) Membrane curing compound

4) Calcium chloride (flake)

5) Forms, stakes and najls (form may be made of 2 by 10-in.
lumber).

B. Precast Slab Repairs

1) Precast slabs
2) Sand for constructing base for slabs
3) Bituminous filler boards for joints (1 in., 1/2 in., and 1/4
in., thickness, see joint details, Fig. 9B)
4) Hot-poured rubber-asphalt sealer. |

5) Concrete Removal Procedure
a) Remove concrete between narrowly spaced saw cuts by use of
pavement breaker with moil point.

b) Make narrow trench along shoulder by use of pavement breaker
with asphalt spade and hand shovels. :
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¢) Drill four 2~in. diameterholes through slab to be removed using
drill with carbide tipped bit. Two holes should be drilled on
each side of deteriorated area and through sound concrete.

d) Insert lift pins in holes, tap key in place, and attach swivel lift-
ing plates.

e) Attach chains or cables toswivel plates and 1ift out deteriorated
concrete area.

f) Load the concrete into truck. Make sure the slab is propped up
from the truck bed about 2 to 3 in. to allow release of lift pins.

g) Clean out area by use of hand tools. Where an extremely large
amount of debris is left, a front-end loader may be used care-
fully to remove it.

6) Concrete Replacement Procedure
A. Precast Slabs

1) Placesand layerabout 1-1/2 in. thickon top of existing base
and compact with vibratory compactor.

2) Position frame for correct elevation and strike~off sand to
desired height, If low spots are found in the sand base fill
in these areas, recompact and strike-off again. Repeat this
procedure until base is flat, throughout its surface (see
drawing (Appendix A) for constructing strike-off and frame).

3) Place joint filler against one end face of the existing slab.

4) Unload precast slab from truck with front-end loader and

: lower into position in the pavement gap. Use pry bars to
force the slab toward the previously placed filler to make
sure the slab is tight against it.

5) Insert filler boards in the open joint, Gaps less than 1/4 in.
wide may be left unfilled.

6) Install hot-poured sealer in the joint grooves. Generally
all slabs on the project are placed before the joints are seal-
ed.

7) The slabs may be opened to traffic immediately after in-
stallation.

B. Cast-in-Place Slabs

Note: Priorto beginning a repair project utilizing fast-set concrete,
it is suggested that the mix designand delivery schedule be discus~
sed with persomnel from the plant selected for supplying the con-
crete. Arrangements should be made for ordering each day's quan~
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tities, and the delivery schedule should be adhered to as nearly as
possible. Late delivery of the last 1load may result in the necessgity
of having to keepa lane ¢losed during rush hour traffic. The amount
of concrete required for 6 to 12-ff lane repairsin 8, 9, 10-in. thick
pavement is shown on the Mix Design Chart (Fig. 7B). The quan-
tities shown are based on a uniform slab thickness, and to account
for base irregularities, it is suggested that for each repair size an
additional quarter yard should be ordered.

1)

2)

3)

4)

3)
6)

7
8)
9)

10)

11)

Place forms as shown in Figure 10B forming requirements.
All forms should be oiled prior to concrete pouring.
Position filler material against existing slab ends. Any
material extending above the existing slab surface shall be
cut off using a saw. Place nails as shown in Figure 8B,
cast-in-place repair joints, and hold filler in place by use
of temporary wood stakes.

Check congrete slump either visually or by use of slump
cone to ensure slump is within the 2 to 4 in, range. If
slump is too low add water to obtain the desired slump.
Add caleium ¢hloride inthe amount prescribed forthe exist-
ing air temperature. Water for rinsing off mixer opening
and fins should be held to 1 to 2 gallons. Mix about 20 re-
volutions at mixing speed.

Unload mixer into repair area and vibrate the concrete.
Strike-off concrete with screed. Normally it is necessary
to strike-off the concrete four to five times to ensure that
the repair is level with the existing slab. :

Float the surface and edge along joints and forms.

Apply burlap drag or broom finish to surface. _
Spray surface with curing compound. If temperature is
below 65 F use curing blankets.

Open repair to traffic six hours after pouror, if beam tests

~are made, open when a flexural strength of 300 psi is at-

tained.

The form along the shoulder should be removed during the
curing period and the shoulder fixed before opening to trai-
fic. The center form may be left in place until the other
lane is repaired.
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MIX DESIGN CHART
Fast-Setting Concrete Mix
(9.0 sacks per cubic yard)

Air Content = 5 to 8§ percent Slump = 2-4 in. before addition of
calcium chloride

Material Pounds per cubic yard
Air entrained cement Type IA 846

Water (inc. moisture in agg.) 315 (approx._)

Fine aggregate (2NS sand) 2 1017 (dry weight)
Coarse aggregate (6A gravel)@ 1656 (dry weight)
Calcium chloride (flake) See Table below

P If not available use Type I cement and add air entraining agent,
2 The aggregate weights are based on specific gravity of 2.65 and shall be
adjusted by the Engineer if materials used differ from this value.

Ambient Temperature CaCly per cu yd of Mix
Tess than 45 F 36 1b
45 to 656 T 271b

Above 65 F 18 1b

Add to concrete mix in dry form immediately before using and mix about
20 revolutions at mixing speed.

CONCRETE QUANTITIES FOR 8; 9, AND 10-in. PAVEMENT

Repair Quantity (cu yd)
Length,
ft 8~in. 9-in. 10-in.
6 2 2-1/4 2-1/2
7 2-1/4 2-1/2 2-3/4
8 2-1/2 2-3/4 3
9 2-3/4 3 3-1/2
10 3-1/4 3-1/2 3-3/4
11 3-1/2 3-3/4 4-1/4
12 3-3/4 4 4-1/2

Figure 7B. Mix Design and Quantifies
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(Suggested for use when repairs are spaced less than 600 ft apart,)
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TYPE "B" JOINT

(Suggested for use when repairs are more than 600 ft apart. )

Note: Alternate 16d common nails at transverse spacing of 12-in,

Figure 8B. Cast-in-Place Repair Joints
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Case I

II. End limits of two adjacent repairs
offset at both ends.

Note: Stakes used to hold center form and bituminous filler in place during
concrete placement shall be removed before screeding the concrete,
The center form may be left in place unti! the second pour area is re-
‘moved. The bituminous filler shall be left in place.

Figure 10B. Forming Requirements
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MICHIGAN
DEPARTMENT OF STATE HIGHWAYS AND TRANSPORTATION

SPECIAL PROVISION FOR CAST-IN-PLACE
CONCRETE PAVEMENT REPAIR USING FAST-SET CONCRETE

a. Deseription - This specification covers the mixing, placing, and
curing of a 9. 0-sack fast-setting concrete to be used for cast-in-place re-
pairs of pavements which will be opened to traffic when the concrete has
attained a flexural strength of 300 psi.

This work shall be performed in accordance with the 1973 Standard
Specifications unless otherwise provided herein.

b. Materials - The materials shall meet the requirements specified
in the designated sections of the 1973 Standard Specifications, except as
otherwise provided herein.

Base Course Aggregate, 22A, 22B, 24A. . . . . « « .+ . . 8,02
Cement, Type 1A, Typel* . . . ¢ v v v v v v o v v+ .. 8,01
Coarse Aggregate 6A.. . v . . . . . . .. t e s e e e e B,02
Fine Aggregate 2NS8. . 4 & v 4 4 o s 4« o s 2 s o o & o o s 8.02
Steel Reinforcement . . . . . .+ . . & D - 5
Water . . v v ¢ 4 v v i it e e e e e e e e s U < P B §
Joint Materials . o « v v v o ¢ ¢ o v o 5 s o [ . 8.186
Admixtures and Curing Materials . . . v ¢ « « v+ « « » . 8.24

* Type 1A cement shall be used if available.

Joint Filler - The joint filler shall be a flexible, low density, expand-
ed, extruded polyecthylene plank. Tt shall be formed by the expansion of
polyethylene base resin, extruded as a multicellular, closed cell, homo-
geheous cross section of foamed polyethylene.

The polycthylene foam shall conform to the following physical property
requirements:

. ASTM
Propert ‘
operty Requirements Test Method
Compressive Force vs. Deflection: D 10586
at 10 percent deflection, psi 10 max
at 80 percent deflection, psi 125 max
8-23-72 1-31-75

8-19-74 4-2~75
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ASTM

Property Requirements Test Method
Water Absorption, percent by volume 0.5 m Cc 272
Density, 1b/cu ft 2.4 + 0.4 D 1564
Size:
Width, in. 10 min
Length, {t 9 min

Prior to field delivery, the polyethylene foam planks shall be joined
and then cut into lengths equal to the width of one lane of pavement. The
foam planks shall be joined either by use of anapproved adhesive in accord-
ance with methods meeting the approval of the Engineer or bytheheat fusion
method specified herein. Joints formed by either method shall be able to
withstand 90-degree bends.

The joining of planks by the heat fusion method shall be accomplished
as follows:

1. Placesquared ends of foam planks 3 inches apart with planks lying
on their sides on a flat surface.

2. Apply heat with a small hand-held propane torch, or similar de~
vice, for a few seconds toeach face by parallel passes of the torch. Exer-
cise care to avoid excessive heat buildup.

3. Immediately force the two ends together and hold under pressure
for at least one minute. '

¢. Temperature Limitations - Conerete shall not beplaced ona frozen
subgrade nor when the air temperature falls below 25 F.

d. Pavement Removal - The size of the area to be removed shall be
as specified on the plans, in the proposal, or as directed by the Engineer.
The sawing operations shall not precede the removal operations by more
than 2 weeks, unless otherwise permitted by the Engincer. Full-depth saw
cuts shall be made with a diamond blade inaccordance with the sawing dia-
gram. Where aconcrete pressure relief joint is required, it shall be con-
structed before removing pavement. Concrete between narrowly spaced
saw cuts shall be removed with air hammers and hand tools. Lifting de~
vices shall be installed and the slab lifted out without disturbing the aggre-
gate base. One such lifting device which may be used is detailed on an at-

8-23-T2 1-31-75
8-19-74 4-2-75
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tached drawing. Other methods of removing the pavement which will not
disturb the base may be used if approved by the Engineer.

The area shall be cleaned out with hand tools.

A low base condition which existed prior to removal of the concrete
shall be corrected by adding additional base course aggregate and thoroughly
compacting to proper elevation,

The removal of the distressed concrete, the placement and compaction
of any subbase required, and the form setting shall be completed prior to
the arrival of the concrete. The placement and compactionof this subbase
material shall be accomplished inaccordance with the requirements speci-
fied under Subsection 3.01.07-b, if directed by the Engineer.

e. Placing Forms and Joint Materials - Nails shall be placed in the
polyethylene filler at 1-foot intervals across the width of the pavement and
at alternate depths below the pavement surface of 2 inches and 7 inches.

Forms shall be oiled prior to concrete placement.

1. First Pour - The first pour of a 2-lane roadway repair shall be
formed in accordance with the requirements shown on the attached sketch
for the type of repair involved.

Polyethylene filler, of the thickness required for the joint, shall be
placed against the existing pavement at each end of the patch.

Where the first pour is longer than the second pour, bifuminous filler
board shall be placed in the longitudinal joint against portions of the adja-
cent lane which will remain in place.

Nominal 1-inch or 2-inch form lumber, or equivalent, shall be placed
in the longitudinal joint against portions of the adjacent lane which will be
removed..

Nominal 2-inch form lumber, or equivalent, shall be used for forming
the pavement edge adjacent to the shoulder.

2. Second Pour - The center form shall be removed; nominal 2-inch

form lumber, or equivalent, placed at the shoulder edge; and polyethylene
filler placed at each end of the patch.

§-23-172 1-31-75
8-19-74 4-2-75
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Where the second pour is longer than the first pour, bituminous filler
board shall be placed in the longitudinal joint against portions of the orlglnal
slah which were left in place.

f. Comnerete Proportioning - The concrete shall contain 6.5 + 1.5 per-
cent entrained air and shall be proportioned as follows:

. Proportions,
Material 1b/cu yd of Mix
Cement 846
Water* (including moisture in aggregate) 315 (approx. )
Fine Aggregate, ** dry weight 1,017
Coarse Aggregate, ** dry weight ' 1,656
Caleium Chloride* Table 3.06-1

* Calcium chloride shall be added at the job site for all patches,
except those designated by the Engineer to be closed to traffic
overnight.

For ready-mix concrete, the initial water shall be adjusted
toresult ina slumpof 2 to 4 inches immediately prior to adding
the flake chloride.

For continuous-mixed concrete, the chloride shall be added
in solution form at the time of mixing and the quantity of water
in the solution shall be considered in determining the amount
of water to be used in the mixture to obtain a conerete consis-
tency of 2 to 4 inches.

** The aggregate weights are based on a specific gravity of 2.65
and will be adjusted by the Engineer if the materials used differ
from this value,

8-23-72 1-31-75
8-19-74 - 4-2-75
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Table 3,06-1 Quantifies of Chloride to be Added Accordingto Temperature
and Type of Chloride Used

Ambient Temperature

Quantity of Calcium Chloride to be Used Below | 45 F to | Above

45 F 65 F 656 F
Ready-Mixed Concrete, 1b/cu yd 36 27 18
‘ Job-Mixed Solution,
Continuous-Mixed |} qgt/cu yd* 36 217 18
Concrete Premixed Soluti
erixed Sotution, 7.2 5.4 3.6

gal/cu yd**

* Job-Mixed Solutions shall contain 1.0 lb/qt of Typel Calcium Chlo-
ride or 0.8 1b/qt of Type 2 Calcium Chloride.
** Premixed Solutions shall meet the requirements of Subsection8.24. 02
of the 1973 Standard Specification.

g. Mixing:

1. General - When the temperature of the air is less than 45 F, the
concrete temperature shall be at least 60 F.

The initial set of a mix containing the prescribed amount of calcium
chloride and having a slump of 2 to 4 inches before addition of the calcium
chloride, will occur approximately 15to 20 minutes after addition of the
calcium chloride.

2. Ready-Mixed Concrete - Ready-mixed concrete shall be supplied
to the jobsite ina completely mixed conditionexcept for the chloride addi-
tive. Theconcrete shall havea slumpof 2 to 4 inches. If necessary, water
may be added to bring the consistency within the specified range. Type 1
calcium chloride shall then be added to the concrete mixture at the job site.
The chloride shall be added in the amounts indicated in Table 3.06-1 in ac-
cordance with the ambient temporature. The chloride shall be free of
lumps. TFlake chloride on the inside of the mixer opening and fins may be
rinsed off with water; a gallon should be sufficient but inany case, not more
than 2 gallons will be permitied. After addition of the chloride, the con-
crete shall be mixed in the truck mixer for an additional 20 revolutions at
mixing speed before discharging the concrete.

8-23-72 1-31-75
8-19-74 4-2-T75
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3. Continuous-Mixed Councrete - Concrete produced by volumetric
batching and continuous mixing inaccordance with ASTM C 685 may be fur-
nished, provided that a satisfactory product, as determined by the Engineer,
is obtained. The equipment shall have sufficient capacity to dispense the
quantity of calcium chloride admixture required for this work and insure
completed patches within the short setting time.

h. Placement of Congcrete — The concrete shall be placed on the same
day that the old pavement is removed.

Pavement reinforcement shall be placed in all patches having a length
equal toor longerthan 16 feet. Pavement reinforcement shall be supported
during concrete placement by the use of barchairs or other means approved
by the Engineer.

Each repair shall be poured in one continuous full-depth operation.
The concrete shall be consolidated in place by use of an immersion type
vibrator and the surface shall be finished by serceding, floating, and broom-
ing. The placement operations shall be scheduled in such manner that each
repair is completed within 20 minutes after additionof the ecaleium chloride.

Test beams shall be cast as directed by the Engineer to determine the
modulus of rupture. When the beam tests indicate that a modulus of rup-
ture of 300 psi has been attained, the Contractor will be permitted to open
the concrete pavement pateh to traffic.

If the beam tests indicate that a modulus of rupture of 300 psi cannot
be attained under the prescribed temperatureand calcium chloride addition
rate, adjustment in the amount of calcium chloride added toeach cubic yard
shall be made to attain the required strength for the next day's repairs
within the allowed lane closure time.

i. Curing - Concrete curing compounyd shall be applied as soon as the
concrete surface has set sufficiently to apply the curing agent without dam-

age.

When the temperature is below 65 F, insulation blankets having a mini-
mum thickness of 2 inches shall be placed over the new concrete as soon
as the curing compound has dried sufficiently to allow the blanket to he
- placed without damage to the curing membrane. Edges and seams in the
blanket shall be secured to prevent penetration of wind. Test beams shall
be cured the same as the new patch. Curing blankets may be removed when
the concrete has attained a flexural strength of 300 psi.

8-23-72 1-31-75
8-19-74 4-2-75
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j. Opening to Traffic - The patches may be opened to traffic when the
new concrete has attained a flexural strength of 300 psi, usually within 4
to T hours after placement.

k. Method of Measurement:

Nonreinforced Concrete Pavement Patching, Fast-Set, of the thickness
specified, and Reinforced Concrete Pavement Pafching, Fast-Set, of the
thickness specified, will be measured by area in square yards. Longitudi-
nal measurements for area will be made along the actual surface of the
roadway. Transverse measurement shall be the dimension shown on the
plans or by authorization.

Tolerance in Pavement Thickness - Before final acceptance of the pave-
ment patches, the Engineer may direct that the thickness of the patches be
determined by coring units of pavement as specified under Concrete Pave-
ment, 4.14,27.

1. Basis of Payment ~ The completed work as measured for Cast-In-
Place Concrete Pavement Repair Using Fast-Set Concrete will be paid for
af the contract unit prices for the following contract items (pay items), ex-
cept that pavement patches which have been cored and found to be deficient
in depth will be paid for at an adjusted unit price as provided under Con-
crete Pavement, 4.14,

Pay Item Pay Unit
Concrete Pavement Patching, .
S
TFast Set, Nonreinforced quare Yard
Concrete Pavement Patching,
S
Fast Set, Reinforced quare Yard

Payment for Concrete Pavement Patching, Fast Set, Reinforced in-
cludes payment for furnishing and placing steel reinforcement; furnishing,
placing, finishing, and curing the concrete patch; furnishing and placing
joint materials; any work of part-width construction; and any work of final
trim and cleanup,

Payment for Conerete Pavement Patching, Fast Set, Nonreinforced
includes payment for the same workspecified for Concrete Pavement Patch-
ing, Fast Set, Reinforeed except that the work of furnishing and placing
steel reinforcement is not included.

8-23-72 1-31-75
8-19-74 4-2-75
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Payment for removing old pavement (patching)}will be paid for as speci-
fied under Section 2.07 of the 1973 Standard Specifications.

Payment for additional aggregate required for correction of low base
conditions which existed prior to pavement removal will be paid for as Ag-
gregate - Base Patching as specified underSection 3. 03 of the1973 Standard
Specifications.

Caleium chloride used for base stabilization or as a conerete admix-
ture will not be paid for separately.

8-23-72 1-31-75
8-19-74 4-2-T5
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* Repair length as specified in the log of work or as directed by the Engi-
ncer. (For precast slabs length of repair equals length of precast slab
plus 4 in,)

Thesc sawcuts shall be perpendicular to the edge of the roadway. If the
repair ison a curve the cuts shall be perpendicular to a straight linc c¢x-
tended between the limits of the repair at the edge of the roadway.

This cut is made to facilitate opening a trench across the slab to relieve
compression in the pavement prior to lifting out the failed arcas.

This cut is made between lanes, between a lane and a curb, and between
a lanc and a ramp,

This cuf is made for the reasons given in 3 except for facilitating pres-
sure relief in the transverse dircction. The cut can be omitted if there
are no adjaccnt lancs, curbs or ramps. ‘

@ ® © e

Additional sawcuts may be made inside the repair limits to reduce weight
and size of concrete picces to be lifted out.

The specified distance between saweuts @ and @ shall be held within
a tolerance of -0 + 1/2 in, in 24 ft.

Sawing Diagram

A1l Saweuts to be Full-Depth
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TYPE "A" JOINT

(Suggested for use when repairs are spaced less than 600 ft apart.)

EXISTING REPAIR
SLAB ’;ﬁ_‘fgg HYLENE SLAB
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TYPE "B" JOINT

(Suggcested for use when repairs are more than 600 ft apart.)

Note: Alternate 16d common nails at transverse spacing of 12-in.

CAST-IN-PLACE REPAIR JOINTS

Note: The type of joint to be used is specified in

1-31-75 the project proposals.,
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2nd POUR

r

= n P A A S T A S S, S SR S A S S i S fi - \L
y | st POUR d
) : 3 WOOD FORMS
: POLYETHYLENE F[LLER—u{
.II l . F A S SA 4 i £ rd rd i rd 2 AR L 4 rd : '.A
Case I. Both lane repairs of equal length.
2nd POUR
/4" X 9" BITUMINOUS
FILLER BOARD
- - “\ Tz 1 A S N A A A | " - (f‘..
" st POUR i WOOD FORMS
y POLYETHYLENE FILLER -——-h;'
] 4 ‘

v r £ F F & 2 F F o g F 7L L L L L L

Case T1. End limits of two adjacent repairs
offset at one end.

2nd POUR

o T el

7 WOOD FORMS
l

174" X 9" BITUMINOUS 174" X 9" BITUMINOUS
FILLER BOARD\ ’/FELLER BOARD
s Ist POUR ]
; POLYETHYLENE FILLER —— o=
= z z 7 rFr— 2z r rFr g 7 2 L T 7 o4

Case 1II. End limits of two adjacent repairs
offset at both ends.

Note: Stakes used to hold center form and bituminous filler in place during |
concrete placement shall be removed before screeding the concrete. &
The center form may be left in place until the second pour area is re- ;
moved. The bituminous filler shall be left in place.

FORMING REQUIREMENTS

1-31-75
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STANDARD SWIVEL
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CONCRETE LIFT PIN

LOCK KEY

CONCRETE LIFT PIN ASSEMBLY
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STATE OF MICHIGAN
DEPARTMENT OF STATE HIGHWAYS

SPECIFICATION
FOR
CONCRETE PAVEMENT REPAIR WITH PRE-CAST SLABS

DESCRIPTION:

This specification covers the removal of failed concrete pavement
arecas, fabrication of pre-cast concrete slabs, and installation of pre~cast
slabs. This repair method shall be limited to repairs 12 feet or less in
length.

MATERIALS:

The materials shall meet the requirements of the Standard Specifica-
tions as follows:

Concrete Grade POTr P-HE + . & v ¢ ¢ o ¢« c s s 0 0 s s » T.01
Cement Type 1 (for mortar) « « « « « v o v . . . s e+ v« 8,01
Fine Aggregate 2NS (formortar) . . . v v o 4 v o ¢« + « 8,02
Stcel Reinforcement . « + v v ¢ v v 4 v v 4 0 e e v v o+ . 8.05
Joint Materials + « « v v & ¢ v v 4 v v v ¢t v e s v B8.18
Curing Maferials . . . . . . . . . . c et v v v v veaa.. 8.24

The cement-mortar slurry shall consist of one part cement to tWo parts
sand. Water may be added in sufficient quantity to obtain 2 mortar that is
~workable under existing weather conditions.

EQUIPMENT

The procedures specified may in some cases call for special devices
not available commercially. If a bidder desires to obtain information on
any device specified, these items are available for inspection at the De~
partment’s Research Laboratory. Also, personnel experienced with this
repair method will be available for discussing with a bidder any details
concerning the method and procedures specified.

5-26-71 2~9-72
6-11-71 4-3-72
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CONSTRUCTION METHODS
Slab Fabrication:

Slabs shall be fabricated in accordance with the plans. Length and
thickness of the slabs will be specified in the proposal. Forms may be
wood or metal and must be built mortar tight. The forms shall be braced
sufficiently to prevent distortion during placing and curing of the conecrete.
The casting site shall be such that the requirements of Subsection 4.14,22
Protection From Cold Weather of the Standard Specifications are met. The
casting site and equipment required to place and finish the concrete shall
be approved by the Engineer. '

The reinforcement shall be placed as shown on the plans. Four coil-
type inserts placed as shown on the plans shall be placed in each slab. The
inserts shall be, or equivalent to, the 1-inch Type S Single Pick-Up Insert
manufactured by Superior Concrete Acecessories, Inc., 9301 King Street,
Franklin Park, Ilinois. Swivel plates, bolted fo the inserts by use of 1-
inch diameter by 5-inch long coil bolts shall be used for attaching to the
slabs. .

The concrete shall be poured over and through the reinforcement and
consolidated by vibration. The surface shall be finished by screeding, hand
floating, and brooming. Curing protection shall be applied as soon as the
concrete surface has set sufficiently toapply the curing agent without dam-

age.

The slabs shall not be lifted or handled for storing before the concrete
has attained a compressive strength of 2, 000 pgior 50 percent of the com-
pressive strength as determined from Table 7.01-5. No slab may be in-
stalled before the compressive strength of the concrete is 3,500 psi or 100
percent of the compressive strength as determined from Table 7.01-5.

Seasonal and Temperature Restrictions:

Pavement may not be removed whenfrost conditions will causethe base
to adhere to the existing pavement. No other seasonal or temperature re-
strictions will apply to the pavement removal or pre-cast slab installation.

Pavement Removal:

The length of the area to be removed shall be the specified length of

-102-




the pre-cast slab plus 4 inches. Full-depthsaw cuts shall be made as shown
on the sawing diagram. The existing base shall not be disturbed during
removal of the pavement area designated for removal. The procedure for
removing the pavement area shall be as follows:

1. Remove the concrete between narrowly spaced saw cuts with air
hammers and hand tools.

2. Install lift pins (see sketch) or other attachment devices and 1ift
out the concrete.-

3. Clean out the area with hand tools.
Pre-Cast Slab Instaliation:
The procedure for installing the pre-cast slab shall be as follows:

1. Set thefinal surface elevation of the pre-cast slab by use of a frame
or forms (see sketch). In the wheeltrack area the final pre-cast slab ele-
vation shall match the existing pavement within 1/4 inch. The remainder
of the pre~cast slab elevation shall match the existing pavement as near as
possible within 1/2 inch.

2. Place the cement-mortar slurry on the subbase and strike-off to
the bottom elevation of the pre-cast slab.

3. Lower the pre-cast slab gradually in aplane parallel to the surface
of the mortar. Position theslab so that the joints are of nearly equal width
before making uniform contact with the mortar. To insure proper orienta-
tion of the slab during installation it may be necessary to adjust the length

of each of the chains or cables supporting the slab. A ratchet type chain

binder will be satisfactory for this purpose.

4, Insert bituminous filler strips in the transverse joints. Openings
less than 1/4-inch wide may be left unfilled.

5. TFill longitudinal joints with cement mortar towithin 2 inches of the
surface.

6. Restore shoulders in kind to the final elevation except that hard

surfaced shoulders will be restored by backfilling full-depthwith CP-3 or
equal.

5-26-T1 2
6-11-71 4-
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7. The slabs may be opened to traffic as soon as the installation, ex-
cept for sealing, is completed and the shoulders restored.

8. If in the opinion of the Engineer any slab is not uniformly bedded
or not in the proper alignment or to the proper grade, the slab shall be re-
installed using the previously outlined procedures.

9. Clean all dirt from the joints and lifting inserts with compressed
air, raking if necessary, and seal with hot-poured rubber-asphalt sealant.
The contact surfaces shall be dry at the time of sealing.

Maintaining Traffic:

Traffie shall be maintained as specified in the proposal which will in-
clude special provisions for working hour restrictions and any additional
traffic control devices or signs required. Pre-cast slab installation ex-
cept for sealing at any location must be performed in the same shift as the
pavement removal except for sawing at that location.

MEASUREMENT AND PAYMENT
Method of Measurement:

Removing old pavement will be measured in placé by area in square
yards.

Pre-cast slabs will be measured by area insquare yards in acc_ordance
with the dimensions on the plans. :

Placing pre-cast slabs will be measured by area in square yards in
accordance with the dimensjons on the plans.

Maintaining traffic will be measured as a complete unit.
Basis of Payment:

"Removing Old Pavement' will be paid for at the contract unit price
per square yard which price shall be payment in full for sawing and re-

moving, and disposal of materials. _

"Pre-Cast Slabs' will be paid for at the contract unit price per square
yard which price shall be payment in full for furnishing the pre-cast slabs

5-26-T1 2-9-72
6-11-71 4-3-T2
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including reinforeing steel, inserts, attachments, and other material or
work required to construct the pre-cast slabs complete. Material or work
not otherwise provided for in a separate bid item shall be incidental and
not paid for separately.

"Placing Pre~Cast Slabs ' will be paid forat the contract unit price per
square yard which price shall be payment in full for installing pre-cast
slabs complete including mortar bed joint and sealing materials, reinstal-
lation, and any work of Final Trim and Clean-up. All material, and work
not otherwise provided for in a separate bid item, shall be incidental and
will not be paid for separately,

‘Maintaining Traffic' will be paid for at the contract lump sum price
which shall be payment in full for all the materials, equipment and labor
required to maintain traffic except Illuminated Target Arrow Signs which
will be paid for separately.

5~26-T1 2
6-11-71 4~
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\..f 4" TO 6" (TAPERED)
l«—— REPAIR LENGTH*

Repair length as specificd in the log of work or as dirccted by the Engi-
ncer. (For precast slabs length of repair equals length of precast slab
plus 4 in, ) :

These saweuts shall be perpendicular to the cdge of the roadway. If the
repair is on a curve the cuts shall be perpendicular to a straight line cx-
tended between the limits of the repair at the edge of the roadway.

This cut is made to facilitatc opening a trench across the slab to relieve
compression in the pavement prior to lifting out the failed arcas.

This cut is madc between lanes, between a lane and a curb, and between
a lanc and a ramp.

This cut is made for the reasons givenin 3 except for facilitating pres-
sure rclicf in the transverse direction. The cut can be omitted if there
arc no adjacent lanes, curbs or ramps.

Additional sawcuts may be made inside the repair limits to reduce weight
and sizc of concrete picees to be lifted out.

The speeified distance between sawcuts @ and @ shall be held within
a tolerance of -0 + 1/2 in. in 24 ft. :

Sawing Diagram

All Sawcuts to be Full-Depth

2-9-72 -106-
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LOCK KEY

STANDARD SWIVEL
LIFTING PLATE

STANDARD HEX NUT .

9" UNIFORM
CONCRETE
PAVEMENT

CONCRETE LIFT PIN

CONCRETE LIFT PIN ASSEMBLY
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Nominal Number
Bar ‘Bar Bar . Concret App imat
31:2 Designation Sizc Dimension gzguslf;gl R(c:qﬁi:e; Wrzf;ht )
12" x 12" 5 i E, e ig 3.6 yd 14, 4004
10" x 12" - . e o 3.0 yd 12, 2004
8'x 12" g zg 1}1,:3': 13 2.4 yd | 9, 80D
6'x 12" g ;g léz:g': 12 1.8yd 7, 4004
Tolerances:
The variation in length and width shall be not morce than + 1/4",
The variation in thickness shall not be more than + 1/4',
The squarencss of the slab shall not vary more than 1/2" in the length of a side.
The squarcness of the sides with respect to the bottom or top surface shall not
vary more than 1/8" in the thickness of the slab.
The top and bottom surfaccs shall not vary more than 1/4" under a 10’ straightedge.
PLAN FOR 8-IN, PRE-CAST SILAB
(For 9 in. pavement)
2-9-72
4-3-72
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Tolerances;

The variation in length and width shall be not more than + 1/4".
The variation in thickness shall be not more than +1/4".

The squarcness of the slab shall not vary more than 1/2* in the length of a side,
The squarcness of the sides with respect to the bottom or top surface shall not

" vary morc than 1/8" in the thickness of the slab.
The top and hottom surfaces shall not vary more than 1/4' under a 10' straightedge.

(For 10 in. pavement)
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SURFACE ELEVATION
OF PRE-CAST SLAB

MORTAR STRIKE~OFF

ADJUSTABLE SCREW
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Frame for Setting Pre-Cast Slab Elevation






