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Introduction

There have been manZ |mportf1nt developments in road bundm%
equipment In recent years; possioly the greatest progress has bee
madg with earth-moving e mpment The S|ze and mo |||t¥ of earth-
movmﬁ gmgment have been developed to such an extent that pro-
duction has been increased tremendously on the average roag con-
strucnon project. This has had a definite effect on the ‘cost of road
work r%ra&; Q& ﬁnces are actually lower today than in the earlier
days o I

Asphalt pavin eqmpment has changed considerably in recen
years with Iar?er ot-mix plants and the development”of severa
efficient asphalf finishing machines that eliminate the need of han
finishing. Concrete paving equipment has also been developed to
increasé production and feduce the need of so much_hand labor,
Among some of the modern developments are the 34-E dual drum
?aver concrete spreaders, surface vibrators, and the longitudina
loat. ‘These changes have. made it possible 1o increase production
and produce smodther r|d|n? surfaces.

An ent|re|y new and different type of concrete paver or finish-
ng machine wés developed in lowa in 1949 that incorporated the use

slip forms i lieu of staked-in-place steel forms. The machine
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was given wide publicity and created considerable attention at the
time; pow_ever, little has’heen heard of this machine ?InCﬁ ltr)]eit date.
(llingis was at that time facing the problem of rehabilitating
many miles of old_concrete pavement. We' felt that such a maching
might eventually 5|mPI|fy construction operations where it is neces-
sary to construct full-wigth concrete base course at different loca-
tions to improve vertical and horizontal alignment on the emstmq
highways, It was aE)parent that these projects offered an excellen
opportunity for fur _
novel paving equipment. Any irreqularities in the surface of the
new concrete hase course would not be detrimental, as they would
be covered with three inches of hituminous concrete. _
Realizing this _o%portumty, the_1llinois Division of Highways
felt obligated to highway engineering and industry to encourage
the confractors to explore this new” method of paving. With™a
certain amount of promotion and encouragement, the Contractors
responced beyond our expectations. TheY Spent considerable sums
of ‘thelr. own” maney to build ,seIf-proRe led" slip form pavers and
subgrading, machings, This egwpment as now Deen used In several
states outSide of Illinois and has attracted the attention of many
engineers and contractors over the country.

her research and development of this new and

Pavement Rehabilitation

Early in the 1940's the Illinois Division of nghways started a
Brogram of rehabilitating old exmtmg 18-foot corlcrete” pavements

widening the slabs t0 22 feet and 24 feet with concrete, then
résurfacing “the entire width with three inches of bituminous con-
crete. Durln? the early years of this p,ro%ram steel forms were
used to constryct the 2-foot and 3-foot widths of congrete W|den|n?
on each side of the old 18-foot pavements. However, this method o
construction proved to he an expensive and slow progess.

|t was, soon realized that a faster method of bundlngI the
concrete W|d_en|nﬁ_must be used in_ order to complete the “large
pr%gram facing MMlinois. To_accomplish this result, the method of
widening without forms being used in our neighboring State . of
Wisconsin was investigated. This method appedred so P_romlsmg
that the contractors were encouraged to develop it in Illinois. I
a short time a Satisfactory method was being used for this type of
construction, Production “was 9reat| Increased and in one Case a
contractor placed more than 17,000 teet of 2-foot widening. on one
working day. Without its adoption it is doubtful that Illindis could
have completed so many miles of widening each year. This method
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of placmg concrete widening without forms has had a direct in-
ﬂ)uetrr\]%e S(t)atecontract costs and it has resulted in substantial savings

Many of the widening and resurfacmwrowc_ts include certain
locations ‘where it s neceSsary to correct the vertical or horizontal
alignment of the existing pavement to meet present-day standards.
It is the practice at these locations to remove the old cdncrete pave-
ment and construct a new concrete base 22 feet or 24 feet in width
ang resurface the entire proHect with bituminous, concrete in order
to have a uniform surface throughout. The lengths of these reloca-
tigns vary from about one thousand feet to as much as two or three
miles, Ofiginally the contractors used reqular steel pavement forms
and. finishing machines to_construct the “full-width base course. In
addition to the cost of setting forms, considerable equipment had to
be moved from one location”to another, which was costly and this
cost was reflected in the unit bid prices. o

Since we had _heen successful “in our program for widening
pavement without forms it was felt that with thé proper encourage-
ment the contractors might be able to develop a method for huilding
full-width base course Without the use of forms and finishing ma-
chine. As mentioned above, the lowa State_nghwa}/ Comnilssion
had already done some e_xperlmentln? with this type of construction
ui mg one [ane at a time. It was Telt that even if the surface of
the concrete base was not perfect it could be corrected with the
bituminous concrete surface course. _ _

With these thoughts. in mind the problem was discussed with
several contractors, Late in 1951 it was ceciged to revise our specifi-
cations o Permn the construction of full-width base course without
forms. Only one concession was made In the special provisions—the
surface tolerance requirement was chanPed from J™-inch in 10 feet
to %-inch in 10 feet. The requirements for the thickness of the
Cﬁncretg base course and the quality of the concrete were not
changed.

Development of Cable-Drawn Slip-Form Pavers

This revision in the specifications created considerable interest
among the contractors and engineers; however, it still required a
certain amount of promotion on the ﬁart of the Division of High-
ways to convince the contractors of the benefits to be derived from
the' money expended by them in constructing a device to build full-
width haSe course without forms. Early in” 1952 one of our con-
tractors decided to attempt to construct 1,004 feet of full-width
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Fig. 1 First machine devel%ed to % nsttr ct an 11-foot lane of concrete
roacway without Torms.

base course involved in g grade revision without the use of forms.
After considerable planning and several conferences it was decided
that it would be easier to build the base course in two_ operations,
one lane ﬁt a time. The machine as finally developed is _sh?wn in
|g. The machine consisted of two runners 25 feet in length,
sP_ced 11 feet apart, to construct the 11-foot lane of concrete. A
strike-off was located near the forward gart of the machine to level
the concrete and form the crown of the base course. It was followed
by a vibrating screed attached to the runners immediately back of
the strike-off. The machine was pulled_forward by a single steel
cable operated from a winch on a truck. The concrefe was geposited
on the subgrade in front of the strikeoff and as the maching was
pulled forward, it molded the concrete into a smple lane of hase
course and did a creditable JfOb in the first attempt fo construct full-
width_base course without Torms, o
Cores taken from the concrete slab constructed in this manner
proved to be of ?ood average thickness and. the quality of the con-
crete compared avorabIY With concrete finished by other methods.
Following the construction of the base course,” the bitumingus
surface was constructed and today it Is impossible to [ocate this
section of the road from general” observation because it has the
same appearance and riding” qualities as the rest of the project.
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Fig. 2 Installation of tie bars across center. line joint presented a problem
g with ﬂrs% macan Joitp P

Several important lessons were learned from this project. The
installation of the t||e bars af]ross the centerlln% éomt reserited qu g lw
a construction problem as shown In Fig. 2. The construction of t

Fig. 3. Second machine devg%ﬁdm{%rggit was designed to construct
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Fig. 4. A third machine was desi neq construct a full-width course on
SUper-efevated cUrves

second Jane also had to be delayed ungil sufﬁuent strength had been
attained In the concrete placed in the first lane. It was realized from
th|s experience that 1t would be more desirable to construct the
full WI th b aecmhse in on% P[)anon

A second machine was bullt by another cantractor later in the
1952 constructlon season._|t. was used on a 1,100-foot length of 22-
foot Wlt base course. This machine was similar to the™ first ma-

chine so far as strikeoff, vibrating screed and length of runners
concerneg however, it rovM or_the const?uctlon o? the Vtvu[

base course In one operation. This maching was also g

by a smgle cable from a winch on a truck. The contractor placed the
entire Iéngth of base course within the time limit of one average
working_day. This machine is shown in Fig. 3. The construction of
a full-wicth base course in qne operation Was proved more efficient
by this machine; however, it was found that the single cable pull
would not produce a strallqht edge alignment, It was” decided that
the machine should be pulled by separate cables from two winches
to glve better %Ilgnment control.

During 1953 two more machines were built in llinois for the
constructlon of full-width_ slabs without forms. One machine was
similar to the second machine previously described except that it was
pulled by two cables—one attached to"the front of each slip form.
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Fig. 5 First self-propelled machi?e (gesi%ned to construct full-width
course—front view.

The two cables as expected permitted better edge alignment control.
This machine actually built 10,384 feet of base codrse durmg the
1953 construction season. On qne FrOJect it was, Used to construct
the hase course on two suRereIeva ed curves, which proved to he
somewh%t of a problem; the ogeratmn, however, was successtul.
Fig. 4 shows the machine In operation.

Development of Self-Propelled Slip-Form Pavers

_ The experience gained with the cable-drawn machines con-
firmed our opinion that it was possible to build concrete slaps
economlcall}_/rwlthout forms. It was also conceded that better results
and more efficient operation would be possible with a self-propelled
machine; however, it was estimated that the cost of building such a
machine for experimental purposes would amount to a conSiderable
sum. It was considered doubtful that the contractors would care to
make _such an investment on exPen_mentaI equipment.

. Evidently there was a greater interest in this type of construc-
tion than we had anticipated because one contractor decided that he
could and would build a self-propelled maching caPabIe of meeting
our requirements. This maching was built during the early months
of 1% aFd coméoleted 3} miles of base course without a single
mechanical failure.
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Fig. 6. Rear view of machine shown in Fig. 5 showing concrete in place.

This self-propelled machine shown in Fig. 5 and 6 consisted
of a regular concrete finishing machine with ar additional vibrating
screed placed between two oScillating screeds; the entire unit was
mounted and attached to a pair of slip forms 30 feet in length. This
u_n|||t v%as lr;nounted on t?eI ms;dﬁto%‘ at pov%er l{ﬂlt T\’il]nhhtwo c%tetr-

lllar tracks approximately. eight feet n length. The heavy du
Bower unit wi sp capab?e gf,plgopeIImP the sI?p forms forWard ayt
several slow speeds or at h|gh trave mR speeds. 1t could also pe
operated In reverse. When co structln?t e concrete hase course, the
machine operated at a speed of three Teet per minute. The concrefe
was deposited on the subgrade in front of the machine as shown in
Fig. 5 and as the machine. moved forward, the. concrete was
stiuck off and the surface finished with the two oscillating screeds
and the surface vibrating screed. The concrete was confined hetween
the slip forms for a périod of at least ten minutes. The machine
was used successfully in placing 3.25 miles of 24-foot base course
in 1953 and 3.39 miles of 22-foot base course in 1954, hoth having
a thickness of 9.inches, :

This machine actually. laid as much as 1,044 feet of 24-foot
base course 9 inches thick in one working da%; however, there was
no attempt to set a record and it was evident that the machine would
take care of as much concrete as could be produced by a 34-E dual
paver. The edges of the concrete slab were straight in alignment and
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vertical with little evidence of slumpmg. The concrete slab met the
surface tolerance requirement of %-inch In ten feet,

. The development and operation of the first self-propelled ma-
chine created considerable interest i Illinois and elsewhere. Another
contractor_ deciced that he would build a self-propelled machine
Incorporating his own 1deas. The machine was placed in operation
by this company on.a contract earI%/_ I 1954 to build 1.84 miles of 24-
foot base course 9 inches thick. This machine is shown in Fig. 7.

This machine also_utilized, the basic principles of modern pave-
ment equipment but_differed in_some respects from the first self-
propelled machine. The sup_Bort!ng framework for the _eng_me, the
adjustable strike-off, the vibrating screed and the oscillating belt
aré mounted on permanent shé) forms 22 feet in length. Temporary
16-fogt slip forms are attached to the permanent slip forms, making
a total length of 38 feet, thereby Iengthemng the time that the cor-
crete, is. confined within the forms. A burlap drag which performs
the final surface fmmhmg on the slab is mounted on the steel frame-
work which holds the endis of the slip forms in line. _

The caterpillar tracks which provide the forward motion are 22
feet long and extend for the full Ien?th of the permanent slip forms,
These tracks are actually a part of the slip form unit. The plate at



89

Fig. 8. Heavy duty self-prso%lclfldngsusb%grdaedemach|ne developed for con-

the inside edge of the caterpillar track forms the edge of the con-
crete slab. The tracks travel on the subgrade,adjacent o the concrete
slab and this_portion of the subgrade is finisned as accurately as
though steel forms were to be placed. This accuratelY prepared Sub-
ﬂ]rade permits the machine to hold a regular and true profile for
e u%per ed%_of the concrete_flab. .
o 19%5, IS, contractor built several pew machines incorporat-
ing a numper of improvements. The machings are heavier in design
and are adéustable_ 0 20, 22 and 24-foot widths and will construct
concrete slabs having thicknesses of 7, 8, 9 and 10 inches. Tamper
bars and internal tube vibrators have heen mounted_on the front of
the machine to consolidate the concrete. A front view of this ma-
chine 1s shown in Fig. 9, and Fig. 10 shows the back view of the
equipment and the finished base course. The machine was remodeled
again_ in 1956 by adding a hydraulic strike-off to the front of the
machine, The strike-off"spreads the concrete at a uniform elevation
ahead of the front screed. The machine can be operated at several
speeds; however, a speed of approximately 2J" feet per minute
appears to give the best results.

Development of Self-Propelled Subgrade Machines

One of the problems which faced this type of construction was
an economical and accurate method of building the subgrade. Realiz-
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kol AR View of e é?“pc%%vﬁet%gﬁﬁeﬁr Jlstable 1. 2o 20
10 Inches thick.

mg this, one contractor de\_/eloged the hea\% duty self-propelled syb-
?r de machine shown in Fig. 8. The machine operates on' caterpillar
racks and 1t consists of @ transverse cutting blade set to cut the
subgrade to the proper crown and profile. Another contractor con-
verfed a conventional power subé;ra er for this Hpurpos_e bg replacmgi
the wheels with caterpillar treads and using chain drives to” prope
che m%ihmed /i\z front"and back view of this equipment is shown'in

Igs._11 and 12

: The subgrade on which the tracks of the machine travel s
accurately hand finished to the Proper elevation. As the subgrade
machine ‘moves forward, it cuts the subgrade to the true elevation.
When the paving machine, which also has caterpillar treads, moves
over the same path, a uniform thickness of concrete slab s pro-
duced. The surplus subgrade material is carried to the shoulder by
a conveyor helt. The miachines construct an accurate uniform sub-
grade réquiring almost no hand work. The self-propelled machines
were a hig improvement over the mechanically-drawn templet pre-
viously used in this type of construction. When the contractors
exercised  reasonable care in preparing the subgrade, the amount of
oerrun In concrete was reduced to” less than 5 per cent of the
theoretical quantity.
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Fig. 10. Rear view of machine shawn, in Fig. 9. Here the finished base
course 15 shown.

Surface Variations

. In order to encourage this type of construgtion, our specifica-
tions for base course were revised by increasing the permissible
surface variation from y~inch. in 10 feet to A4-irch. We now feel
that base course constricted with a shR form Ravgr can be ant
to 3-inch tolerance, S0, we have rece th ck}a%qe back to t_eﬁ
re(ﬂquement. The following data were taken from projects whic
permitted @ inch variation ;

Number of Variations

Length 18inch Udinch  3Binch

13001t 10 4 0
690 ft. 1 0
2050 ft. 20 ! 0
2650 t. 2 i 0
2815 1t. 2 ! 0
3349 1t. 182 4 5
9900 t. 97 3 3

Core Strengths

As mentioned_in the first part of this paper; cores have been
taken from the finished concrete clabs on a number of projects and
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Fig. 11, Front.view of another type .of subgrader on which wheels were
J replaced wit etrac saar? c%aﬁl%enves useqcﬁo propeYVt e machine.

Ehe ality of the concrete compares fav%rabla/ with concrete finished
other methods, We have run a number 0f compression tests on
these cores and the following are some of the results:

Number of Cores Aéle Avera%e Strength
16 20 t0 28 days 4768 psi.
4 months 4515 ps.
14 5 months 5367 psl.
13 6 months 5658 s,
17 10 months 6060 psi.

The concrete used to construct the base course conformed to the
following composition and consistency limits:

Cement used per cubic Yard...ee .. 56 t0 58 bags
Water used per bag of Cement............... 4910 53 gallons
SIUMP st —72 t0 2°Inches
Alrcontent..........c.u... R - —3 t0 5 per cent
Coarse aggregate furnished in two sizes

Costs

Complete cost data are not available; however, our estimating
department has made a tentative analysis of one project. In con-
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Fig. 12 Rear view of Fig. 11

structing this project, which consisted of 6.1 miles of 24-foot 9-inch
thick base, the contractor used 23 men and two foremen on the
sub?radlng and pavmq operations. The equipment consisted of a 34k
dual” drumi mixer, sélf-propelled subgrace” machine, self-propelled
slip form paving machine, motor Eatrol, one pneumatic roller, one

steel-tired rollefl two_ water trucks, eﬂ()j two, service trucks. An
ave_rage of 120 lineal feet of concrete slab was laid per hour on this
pr(ye t and the best day’s run was 1525 feet. The common labor
rate was $2.10 per hour and the computed labor cost (gxcludmg
plant batcgmg and hauling costs) was found to be $0.20 per
Square yard.

Conclusions

The fact that the contractors are willing to finance the building
of their machines certainly indicates that the new type of construc-
tion is more economical than conventional methodS. The machines
are capable of laying full-width slabs which are uniform in thickness
and have straight édge alignment. The edges stand vertically with
very little slumping. Compression tests madg on cores removed from
the"hase course indicate strengths comparable to concrete placed by
other methods, It is possible™to lay concrete slabs without forms
meeting a surface tolerance of  “inch in 10 feet. With further
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development of this machine, it may be passible tp meet the require-
pma%netr%er?tfs % inch In 10 feet which™ is specified for concrete

Much has been accomplished through the effort of the Division
of Highways to stimulate |nterest among the contractors to develop
the new eqUipment. A total of 24.9 mileS of concrete slabs has heen
completed by this method on state projects during the last five
consecutive Seasons. It is felt that the riew equipment has passed
beyond the experimental stage and is now in the development stage.

Engineers of ofher statés have become interested in this equP-
ment for building finished concrete pavements. lowa and Colora
co_mplﬁted a_considerable mlleage of finished concrete pavements
with this equipment in 1956 and plan to butld more in 1957,



