Highway Materials Researoh Laboratory
132 Graham Avenue, LeXington, 29, Ky.

December 13; 1949

~

Memo. to: Dean D, V. Terrell
Director of Research

Re: Concrete Pavement without Transverse Joints,
U. 8. 31-W, Franklin-Tennessee Sta%e Line Road

Early 1n the past constructlon season the Department com-—
pleted the surfacing of U. 8. 31-W on the Franklin-Tennessee
State Line Road. Thls, as you know, conslsgted of a poritland-
cement concrete pavement having an eight-inch uniform thickness,
but there were noe transverse joints except for the necessary
congtruction Joints a% the end of each run. Early observations
showed that cracks were forming as exnec%ed, but some of these
cracks were much more orominent and severe than had been
reasonably anticipated.

You will recall that during an inspec%ion “rip The la*tter
part of August which included this prolect, we discussed the
crack formation with Mr. Bray and suggested that at least the
most prominent cracks be grooved %o a uniform sectlion by means
of a groving machine, and filled wlth the mastic type of crack
and joint filler, Mr. Bray concurred in this suggestion to the
extent that only wnart of the cracks be treated in this manner,
1t being hls wisgsh that at least half of those that had developed
at that time be left to the normal type of sealing operations
in order %o see how the pavement would perform without this
speclal treatment. Accordingly, arrangements were made through
the Division of Maintenance to seal a portion of the cracks with
mastic filler in about the game way 1t was being done on several
miles of ccncrete pavement elsewhere in the gltate,

The attached report by W. B. Drake, Research Englneer,
gives an account of thils oneration, and records nreclisely the
pattern of crack development up to “he time ¢f the third survey
on November 18. It is interesting to note the way in which the
crack interval has been reduced from an average ranging between
165 and 415 feet (depending on age} in June, %o correspondlng
high and low averages of 86 and 126 feet resnectively in November,
The greatest change, of course, occurred In those sectlons where
the concrete was youngest (or had not even been poured) at the
time of the June survey; but even so, the oldest portion of the
Job changed from an average interval of 165 fee*t in June to an
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Interval of 93 feet five months later. It is highly probable that
this rate of change will be much glower from now on, however, in
view of the extremely long c¢rack interval recorded for some sec-
tlons at early ages.

Diagrams prepared and placed in the Appendix of this report
wlll make 1t possible to follow crack development and other fea-
tures of this project very closely in the future, and provide a
sound basls for evaluating the effects of simonle annlication of
asphalt sealer as opvosed o more elaborate maintenance with the
mastic filler.

Resnectfully submitted,

.. L S /}ﬁ"‘}“‘ﬁ /"
.. E. Gregg T’
Assocciate Dlrector of Research

LG:vk

Copleg to: Research Commlttee Members
Mack Galbreath
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FNTRODUCTION
This 18 a repert of observealbions and operations per—
Talning tc a ccncrete pavement without the usual transverse

Joints constructed during the summer of 1949,

The project which is on U. 5., 31-W is designated as
Simpson County, FI~239.(M), and runs from Station 9+11 at the
Tennessee State Line to Syation 311+40 &t the city limits of
Frenklin (See Fig., 1 for layout). It consists of a 22-foot
concrete pavement underlain by 1-1/2-inches of compacted cruched
limestone (Size Ho. 10) for insuiation and leveling, The glabs
ore of alr-enirained concrete made with the agent interground
in the cement, There 1s a longlitudinal joint at the center
which is of metal with 1/2-inch deformed tie bars, but there
are no transverse joints except for butt type Jolnts at the
end of each run. The paving was complete& about the first of
July- 1949,

After this pavement was built 1t wes suggeasted by fhe
Bureau of Public Roads and the Division of Construction that
the Reserrch Laboratory make observetion on the general per-
formance of this pavement. Following the first detalled ob-
servationg and generel inspection of the road it was decided
that the pattern of crack development and particularly the
chharacter of gome of the crecks warranted attention from the
gtandpoint of crack sedl ing methods. Accordingly some experi-
mental instellations of crack sealling compound included in con-
Junction with normal routine mailnten&nce on the rcad was sug-

gested.
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CRACK SURVEYS
June 23, 191‘!‘9

On Thursday, June 273, a creck gurvey on the pavenent
from the beginning of the project to Stetion 255+00 was made,
A% that time the peving machine was in the vieinlty of Station
270400, end the intervening concrete was too green to consider,
Teble 1 ig a listing of the number of cracks and the general
crack intervel at that time.

Tahle 1

Summary of Craock Distribution
June 23, 1949

Aoprox.®  No, of TApprox. AVE.prack
Sectlon Dietance Constructlon Mo, of Intervel in Feet

(Stetlons) in Feet Jointe Cracks Digoount in Joint
O+11 to 50400 4089 8 25 165
50+00 to 100+00 5000 6 18 ' 275
100+00 to 150+00 5000 7 22 225
150400 to 200+00 5000 [ 12 Lis
200400 to 225+00 - o~ None e

(Aporox, )

#Distances ore computed without regard to eduations
noted on lavout nlot.

“eptember 7, 1949

Cn Wedneagdey, September 7, & sgecond and more detalled
cragk survey wes made. For this a2 strip map of the road was pre-
rared showing the location and shane of the cracks with a dee-
lgnation as to the size of esch creck itseif (Appendix 1),

ALl crecks were classified into four groups according to their
severlty, Class A being the most severe with Class D beilng a

crack that wag just becoming visible. Table 2 describes the
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cleagslflicetion of cracks, and all the classes are illustrated

in ¥igs, 2, 3, 4, and 5.

Table 2
Clesgification of Cracks

Clasg of Crack ____Characteristics

A ' Open creck with spalling
Onen creck without spelling
lanes

Fire creck only part way acrosg
road

B
G Fine creck totel width of both
D

Table 3 1g & summary of the date from the sscond crack
survey, The average crack interval including the_construoﬁion
jointe at that time was 109 feet. There were 40 construction
Joints in the entire wroject so the aversge crock ilnterval
neglecting construction Joints was 127 feet.

It will be noted in Table 3 thet even though the crack
interval did vary some throughout the project, there wes &
tendency for the interval in the newer sections of the pavement
To be conasiderably grester than in the colder portlons. This
would indicate that the crecking was still progressing. The
age of the pavement increases in the opposite order of the
statlion numbers, witﬁ that nesr the Tennessee State Line belng
the oldest.

A 1isting of the cracks located in cﬁt or fill sectlons
is included in Table 3, It ig important to nocte that at that
time there were 159 out of 2 total of 238 cracks, or 66.8 per
cent of ﬁhe cracks, located in fill esections of the road. There

were 72 or 30 per eent of the crecks lceceted in cut sectlons,.



TABLE 3

SUIZIATY OF DATA FROL SECOND CRACK SURVEY, SEPTEHBER 7, 1949

o Ap»roximate
Section Approx.¥ | Number of |[Humber | Class of Crack | Locetion of |Avg., Crack
Digtance (Construction of ; &gade Line Intervgl In
(stations) | F%gt Joints Crecks | & | B | ¢ | D |cut | Fill | 00 ggigtg?sgggizr
9+11 To 50+00 4089 | 8 35 5 tardil ) 2| 1o 2% 1 117
'5o+oo To 100+00 { 50090 5 31 9 {14 | 6} 2 { 13 ¢ 18 ~ 161
100400 To 150+00 5000 7 Ly g lig |10l 9t16l =1 - 106
150400 To 200+00 5000 5 50 19 |17 116 | 8 9 | 40 1 100
200+00 To 250+00 5000 6 3l {8 1w [ | 2 i1z |18 |4 157
250400 To 300+00 5000 6 '3Lz 7 121 |2 L 112 21 1 147
300400 To 311+40 1140 2 ” 5 i, - -} - ” . 1673
TOTALD 130230 40 2738 53 99 59 27 72 159 = 127

*Distences are computed without regard to eduations notad on layout plot..

Averege Intervel Total Cracks and Construction Joints = gOsz = 10G feet
278




Fig. 2.

iﬁ‘%

This 1s an example of a class A, open
type of crack with spalling. The crack
is very pronounced. The location of
this crack is at Station 193422,



Thig 1is an
at Station
craclt vith

ervamnle of a B class crack
20490, It ig a prominent
1ittle evidence of spalling.
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Fig, 4. This is an example. of a clagss C type
of crack. The crack ig fine, but does
extend acrogs the total width of the

pavement. :



Figi 5-

An example of a clasgs D type crack at
Station 110+44, The ecruck extends only

part way acrogs the pavement and portrays
the earliest visible form.



-4

The remaining D2 per cent were located et ground line. Fill
gections of the road composed 40 per cent of the total roads
length, the other 40 per cent being in Cut Bections., The
amount of pavement at ground line was so short it was consider-
ed negligible,
November 18, 1949

On November 18, about two monthe after the second in-
spection, a third crack sgufvey was made, More cracking had
developed. There weg a decided increase in the number of "(QW
and "D" epracks throughout the project. Teble 4 ie & listing
of the data from the November survey.

The total crack count had increased from 238 teo 318.
The average crack intervsl hed decressed from 127 feet to 95
feet. The most decided change in number of cracks was in the
¢ end D classes., The number of 0 and D ecrecks had aporoximate-
ly doubled. The increasge in C end D cracks was ebout evenly
digtributed througheout all the section without regard to age
of pavement, while the number of A and B tyre rema@ined about
the same as they‘were at the time of the September asurvey.

More of new cracks hod developed in cut sections than
in i1l sections since 193 ocut of 318 cracks, or 61 per cent
of the total cracks were located 1ln f1l1 sections, whereas, 1in
comparison 118, or 37 per cent wére in cub sections. The re-
meining cracks were'at 0C grade and ground line. There were
124 gtations loceted in Cut Sections or 4O per cent of the
total road length, therefore, 60 per cent of the pavement was

loceted on filla,



TABLE 4

SULLARY OF DATA FROM THE THIRD CRACK SURVEY, NOVELEBER 18, 1949

. I . ) i Approximate
. pvorox. ¥ - r i Avg. Crack
_ . ‘ “ 1 Mumb Clasg of Crack Location of Ve rac
Section Diatance G uuﬂberLgf ”mfer Crede Line | Interval in
. In sonstruction © ; = Feet Discount
{atztionsg) Feet Joints Cracks Al B} G D Cut |Fill] 00 | donstr, Joint
9+11 To 50+00{ L089 8 hhy 5 117115 ¢ 7 {15 28 1 1 93
50400 To 100+00| 5000 6 Ly 12 11511k 1 & | 2b 23 1 - 106
100400 To 1504001 5000 7 58 g | 19113 |17 | 21 26 | 1 86
150+00 To 200+00| 5000 5 58 P9 17 2k 8113 s - 86
200+00 To 250+00] 5000 6 57 g1 20f221 71 26 27 1 & 88
250400 To 300+GCI 5000 5 Ly 7l211 114 6 | 19 25 | 1 111 ?
300+00 To 311+L01 1140 2 S 6i 1] 21~ 1] - 9| - 126
: : : N N 1
TOTALS 30230 0 318 56 110 101 51 118 193 7 95

#*Distances are computed without regerd to equetions noted on 1ayout1plpt.

Average interval both cracks and construction joints = _302730 = 8k,5 feet

358



Suminary

The strip map of this »rolect with the cracking un to
vhe third survey is shown in Appendix 1. The cracks that de-
veloned after the second @&urvey are marked in red, The ciracks
are located and clagsified, and constructlion on jolnts shown.
The grede line and existing ground line are plotted opposite\

each sectlon.

CRACK FILLING ORESATION

As a result of interest that developed regerding the form-
atlon of cracke in thig navement, and the obvious need for f£ill-
ing at leeast the most prominent crackes as maintensnce mecsures,
the experimentel featureg of the nroject were extended to in-
clude some creaclk filling oneration. In addition to the appli-
cetlion of QA-2 (esnhalt cement) filler in the normal manner, a
cold magtic tyne filler (covered by Specisal Specification No. 46)
used to éonsiderable extent on meintenance projects thisg year
was 1ncluded., Beyend that, four trial fermulaticns of mastic
filler developned by one préduoer of this material were lntvo-
duced ag added facfors.
| The* 0A~2 filler wes applied throughout the job sometime
prior to the experimental installation eon November 16 and 17,
and this application included practically all the cracks =g well
as the few transverse, butt type Joints. For that operation
there was no grooving or clesning of the cracks in advance. A&
Olags - "C" crack at Station 82+51, illustrated in Tig. 6; is
tynlecal of crecks sesgled with this material, All but 132 cracks
and 8 Jjoints on the project were left with this type of filler

intact,



Fig. 6.

A type C crack filled with 0A-2 (Asphal-
tic Cement) rfiller at Station 82451,
This filler failed To penetrate the
crack, and the opening is evident the
entire wldth of the pavement.




Sutting

Two Tennant Concrete Grooving lachines were used for the
cuttlng process (State No,. 24 and 25). This type of machine has
& high speed wheel with 6 cutting bits attached around the cir-
cunference. These bité, which are replaceable in the field, -
have elght fingers on & lecose fitting axle. The fingers have a
1/b-inch cutting dimension — 1/2~inch thick and l-inch long.
FPig, 7 1s a picture of one cf these machines in operatlon. Filg.
8 ls a picture of a crack that has been cut by one of these
machineg.

The average life of the bits was 495 lineal feet of crack
per get. There are glx bltes in a set and thé apnroximate cost
of a set of bite is &5,76. The cost of bits, then, would be
$.0116 per linesl foot cut.

Although this machine wes not self-propelied, the cutting
process pulled it along the pavement. Thie made it possible for
a single omerator to use.the machine even though 1t wes dquite
large, The apparatus was adequately powered for the cuttling job
with a self-sterting gasoline engine of about 13 horse-power |

rating.

Gleaning
Upon completion of the cutting, each crack wes blown out
with compressed air. Fig., 9 ig a photo of this phase of the
Job. Cleaning with an alr Jet aloqé'did not conform with the
procedure uged on other maintehance projects where a power
driven wire brush wag used to remove mogt of the coarser matter.
The crack weg then wéshed out with weter to remove the dust film

and allow the filler to bend with the newly cut concrete.



Fig., 7. A photograph of the cutting machine
in operation. The mirror mounted on
the front of the equipment allows tge
operator to see the crack and the painter
just above the cutting wheel., The
The flexibillty of the bits on the
cutting wheel allowed the machine to
cut a falrly irregular crack without
excesslve gpalling.



Fig. 8. A crack that has Jjust been cut Tocated

at Station 304+400. This photograph
was taken in advance of the cleaning
operatlion,



Thig i1llustrates precess of blowling out the
forelgn material with compressed alr. In
the background lsg the special mixing and
extruding machine for filling cracks,



Filling

The crock wes then ready to be filled with the cold mas-
tlc filler. The Prestite Engineering Cempany furnished a machine
especially designed for mixing and appiying the filler, This
was o small gasgcline peowered pugmill with an extruding mechanism.
The material céme in twe separate units which upon combination,
preduced & 90-pound batch. Separately, the ingredients were a
51l-nound kag of dry powdered asphalt and & 3%-pound drum of
rather viscoug acspheltic and rubber liquid supnlemented with a
plaasticlzer,

The first step ln the mixing process was pouring the liquid
iﬂto the hopner of'thé mixing and extruding equipment. Then the
pouder ﬁas added and mixing wag carried on for about 5 minutes.
During this period a clutch on the drive dhart wes disengaged to
pPrevent extrusion of the material, Fig. 10 shows the hopper cf
the pugmill type mixer.

The clutch wes then engeged for extrusion of the filler
into the cracks, This process is shown in Fig., 11. The rate
of extrusion was controlled by a hand throttle on the machine,
but the amcunt of filler in each crack wes coverned mainly by
the rate of movement of the machine scrcss the pavement.

pufficient material was placed in esch crack to £1il11 it
level with the pavement surface in its flnished form, This
emount varled somewhat because the crecks were not uniferm. 1In
some instances the cracks extended to a greater depth than the
desgired l-inch. In other cases, because of spalling or chipning
of the pavement, the cracks were wlder than the l-inch thet was

desired. The photogreph in Flg, 12 -shows one of the larger



Fig,

10.

Gloge up of the hopper showing the pugmill
type mixer. Complete mixing of the two
ingredients weas sccomplished easily in five
minutes., The pugmiil also operates con-
tinuously throughout the extrusion proCess,



Flg. 11.

Rear vlew of the mixing and extruding
machine, showing the relatlon between
nozzle, pavement surface, and crack,

An average of 2 to 3 minuteg was required
for filling a crack. The machine was
operated by a 3/4 horse power gasoline
engine but was not self propelled.



1lz.

Class A crack that hag been prepared
for filling. The gpalling is evident
in the near portion of the crack. The
dual has Just been washed out with
water causing the wet places shown.
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spalled—-type, (lasg A crecks after it had been prepared for fill-
ing.

Ag rapldly as e crack wog filled 1t was covered with a
strip of wranplng peper in order to nrevent trecking of the
filler by treffic, This operetion is shown in Fig. 13.

A totel of 129 full-width cracks and joints, and 11 onex
lane crecks were filled. With but few exceptions a2ll the cracks
end joints between Strtlons 185+80 and 311+40 were treated in
this manner, Approximately 2970 lineal feet of cracks and
Joints were fllled uging 22 units or 1980 pounds of filler. An
average of 0.667 pounds of material was reéuired per lineal foot
of crack or jJjoint.

From Station 204400 to Stetion 311+40 the cracks were
sedl ed with the regular Enomelite 332.88. From Station 200400
to Statlon 204400 a total of 5 cracks were filled with special
formuiation 332.80A., Two crecks were filled between Statlions
196+50 and 200+00 with speclal formulation 332,888, Thig mater—
lal wes very dry and difficult to extrude wlth the machine caus—
ing the sheering pin on the drive gheft to be sheared. Nost of
the batch was dumped from the méchine after that,

Between Stotlons 1914+00 and 198+50, seven cracks were
Tilled with epecial formulation 332.88C, This material wes very
viscous upon belng extruded, Bond between it and the pavement
was very noor, The filler from three of the cracks, at Stations
193+20, i96%80 and 196+95, wes whipped from the cracks by the
action of the traffic. Those three cracks were refilled with
epecial formulation 332.88D. Also, § cracks from Stetion 185+80

To Stetlon 191400 were filled with 332.88D.



Fig,

13.

The operation of covering the freshly
filled crack with a gtrip of wrapping
raper., This prevented the traffic from
tracking out the filler which was very
sticky &t this time.
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There were 121 cracks filled with regular enamelite filler
332.88; 5 with special filler 332.88A; 2 with specisl filler
372.88C, and 8 with special filler 332.880.

While passing over thie route on December 3, 1949, & quick
check was made as to the condition of the filler. The filler
was 1n place and intact. The material was soft and plasitc affer
two weeks in plaoé, Fig. 14 wes taken at this time,

The roughness of this particular section wes checked with
the aid of a gpeclal roughometer rentéd from the Virginia Depart-
ment of Highways¥, The roughness number for this sectlon was
136 which wae an average-run reading, Highway U.S. 27 from
Falmouth to Antioch Mills in Pendleton County, completed in 1947,
had an average reading of 141, The Ghent-Carrollton Road, U.B5.
Lo, in Cerroll and Gallatin Counties, built in 1932, had an
average roughness index cf 131,

#dee Resecarch Laboratory Report Neo. 1 on "Measurements
of Surface Irregularities and Riding Qualities of High
Tyne Bituminous Pavemente", December 1949,



Fig. 14,

A photo taken two weeks after the
filling operation. The black materlal
on top of the pavement is what wasg
left of the original 0A~2 (Aspvhaltic
Cement) filler. The enamalite was
very pliable and mogt of the paper 1is
8t1ill intact.



APPENDIX I
STRIP HMAP OF PROJECT

Cracks marked in red occurred between September
7, 1949, (second survey) and November 18, 1949, (third
survey). . The class of the crack is noted by the letter
A,B,C or D. Construction Joints are marked C. J. The
grade line of the rcad ig shown with each gection.
Ground line is shown dashed.
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