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FORTWORD

This report deseribes the work and subsecusnt resulis of om
gxperimentzl fleld wrojset conducted joilntly by the Begesreh
Laboratery of the Testing end heggarch Divisioan and the Meintonancs
flvislons The project is concerned with the clesning and regaesl-

ing of expansion Jolots in old conerete pevemsnle se o fubure psine

tenance consideratlion.

The work of cleaning sod reusaling the Jolnte war periormed by

the alregtion

a maintensnce erew oul ol the Nelemarao

of Harvey Sibbald, The Zaborstory work
the fleld proJect as well

general direction of the suthers.
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RESEALING OF QLD EXPANSTON JOINTE WITH BITUMIRGUS-

RUBBER COMPOUNDS IN RELATION %0 HIGHWAY MAINTENANCE

INTEOEICTTION

As 2 corollary to the Depsvlmentis murwemﬁ'iBVEatigatiom of hot~poured
bituminous-rubboy jolnt-pealing compounds, research projset 36 G4 (&), a
study wees initleted in 1945 to determine the fe&sibility of using these
compounds for resealing Jjolnts in old concrets pavesenits under normal malp-
tensnce condltlons. A preliminsry experimental project, 36 G4 (3)E, wae
eptebllished in Hovem@ar of' that year on U8 lé wegt of lensing. This work
ineluded the plowing out of the old Jjoint zeal msterial to 2 minimum depth
of 1~1/2 inches end vesealing with new meberisl of the bituminous-rubber
Type. A r@port covering thip project was presented in May, 1946,

Dn the beels of the results fros this study it wag declded to carry on
the lovestlgation on a wuch lerger scope ln order to reslize nore conclusive
inforsation concerning eguipment, handling snd cosbtss; also bo evaluate the
relatlve perforusnce of the verious types of commercial sesls when thieg work
is done under repulsy nainlenspce progedure,

This new experimental [leld project, 36 G-4 (3)F, was established
Julys 1946 on U8 12, construetion project 39-26,02, wept of Battle CUreek,
starting at the Oalhoun-Kelanszoo (ounty line and going west to falesburg,

»

The resesrch projeet {see wap, Pigure 1) was set up to inelude 294
axpenglon jolnitz. These were divided into 6 groups, or seeidlons acgording
to materials useds The old joint seal weg plowed ouit and the jolnts resesled

in aceordancs with the following schedule, The three Hypes of commereisl

conpounds Inecluded in the situdy are designeted as makerisls A, B apd .
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Ho. of Joints

Sectlon Station in fection Materdsl Uete of Resepling
From To

1 288463 248498 40 & 722046
IT 241498 198310 51 B T2 36
IiX 197410 177480 21 4 VWQ&wA@
v 176480 136498 46 B TR0
v 131498 73490 62 € T BB d B

VI 7306 Q400 T4 A Detoeber, 1946

£11 work was ocarried out by & Department maintenance ecrew supplled by
the maintensnee unit st Kelamezon. Hegular malutensnee sgulpment W&S'aﬁéﬂ
for cleaning thé Jolnts, including plow, Figure 2, snd alr compressor. Addi-
ticnel eguipment included spec¢isl stael plate and spede for siicing macberial
into thin slabe preparvelory to melting, Flgure 3. A new Littleford melting
kettle of the direct heating type snd 75 gallon ecapacity, ze shown in Figures
b anﬂ 5, was used for melting all seals included in the siudy. Operstions in
soetlong T through V were carried out under suvervision by mewbers of the
Regeerch Taboratory staff. ALl sesling compounds were tested oprlor Ho use
gnd found to fulfill the requirsmenta of Federsl Epecification S8-F-336.

The expsnsion Jolnts wexre plowed out te & depth of approximately 1 dnch
minimum, and all loose materisl w&s.blawn out of the Jointe by compressed sir.
VYarious methods were trisd of removing_ail traces of the old joint seal
wabterizl from the Jolnt fanéﬁg po method tried, however, proved sstlsfachory.
4 roteting wire brush, for example, wes found to smear rather then ent through
and remove the thin layer of old sesl meberial (B04). Bvenbuaslly 1t was
declided to clean the jolnits ss well ap possible by menusl og@f&tianag assuning
thiﬁ‘tm be typleal of the best that could be expeoted under normal conditions
with available egulpment snd tecimique, then to investigete the condition of

the peals 8t & later date. Bubsequent @Valua&ian would then indicats whether

R R
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Pigure 5. lobt steel epade being used Lo ecut sgeal into
thin slicep prepsratory to 2, Hote gtesl plate

for preventing contaminetion of seal.




or not it would be necespsry bto remove the last trsces of old geal in
future work of this nature.

Ap ghown ian Figures 4 znd 5, s dial type thermomeber was lnstsllsd on
the melilng kettle, with iis bulb located at & representstive 2pot within
the melted materisl. Although some diffleulty was @gpeﬁieme@ﬁ at first in
keeping the tempersitore of the mabterial within the wenufeehurerg! reoom-
nended melting temperature ranges, thiz difficuliy was shortly overcome.
Blth the pozeible excepllon of a few lsgoleted instancss of short duvation,
all seals uged dn sectlons I through ¥V were melied and poured within re-
commended 1imlis af temper&%&re_(beﬁwean 400 =nd 435 degrees F.)  Flgures 6
and 7 show pletures of genersl sesling operationg.

The joints in seetlon VI were sesled at e later date, the following
Uetober. Work in this section wag not supervized by the research leboratory
perasonnel. A stlrring deviée, Figuve 5, which had been addsd to the kebile

in the mesntime was used during the wmelting of materdal Ffor these Joints.
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FIEST QONDITION SURVEYL

A complets lngpection of the eondition of 811 jolints in &ll sections
waa made durling a survey conduched on February 17, 1947, in the midst of a
spell of cold westher., OFf consldersble intersst wap the fzet that cut of
294 joints dncluded in the experiment, only 12 showed ne fallure of any
kind.,

Bxaminatlon dizcloged that fallure of the Joint ssales was largely a
fallure in adhesion. Only 29 jolnts showed lntermal dresks cherscterdisile
of feilure In ccheglon, and these bresks were only & few inches in lengih.
4 suificlent npmber of sdbesion feilures was exsmined clogely to demongtrate
that break ln hond oceourred gomewhers between the new seasl snd part of the
old seal which had been Lalt on the Joind Taces. To ne case 434 fallure
cecur becsuse the new geal had pulled swey from bare concrete.

Differences Mmong Materials

fSoversl interesting facts were brought to Light as & regull of thls
gurvey. For one thing, there were differences smong materisls. Pigure 8,
left, taken at Statlon 288463, shows the wrinkled surfsce texturs charac-
terigtie of all jolpts in ithis study whileh were sesled wlth meterisl A,
Thie wrinkled condition is guite different from the smooth surfzee of joints
sealed with material ©, ss shown in the game flgure, right, taken at Btation
130498, The surfzes of Joints sesled with B is illustreted inm Figures 9 sud
10, right, token at Stetlons 224+12 snd 160490, respectively. WMaterial 3,
while wrinkled slightly, is much less so than is true of materisl A. Also,
there sopesred te be a grester tendency for stones to become smbedded in A

than in the other meterizla (gee Flgure 9, left, tsoken at Station 206402).

o fy -
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Fignre B shows two of the very few joluis heving no fallurs in either
adhesgion or vohsslon, The oae on the left iso meterisl A, that on the righh
is material €. Flgure 11 shows in the cage of two different jolnbe one of
the swsh int&fegﬁinj faets brought oubt by the survey of February 17. Thess
jolnte sre locsted 2l Stetlons 285461 and 208+62, respsebively. They both
ghow that fallure In sdbessicon hag oceurred mostly slong ths fer slde of the
rjoint with resosct to the direction of traffiec. Flgure 9, right, at
Stetion 224412, ghows an excapbion to this rule, whers the ssal hes pulled
away from alternate sides allﬂﬁlong the joint. (411 photogresphs were tolen
looking south.) Another exesption is mesn in Flguve 10, @f‘jeiﬁts gt Btevions
177480 end 160+90. Thle view showe two pronounced fallures in cohesion. The
geal on the left of this flgure lg weberial A, that on the right lg materisl

Be

Failures in Adbesion
Reference to the chart, Flgure 12, dizcloses that the verlous meteriels
wd the followlng totel linesr psreanteges of failure in adhesion on both

3

sldes of the Joinbs, bsred on 40 feet of jolnt face for esch jolnty

Matorial ©, 62 Jointe . 9.38%
Beterisl 4, 41 éointﬁ_ 19,248
Materisl B, 97 joinbs 21460
Heterlal &%¢,74 joints 59 e 147 .

# Thip comprised the group in section VI, whieh was not prepeved or sealed.

under pupevvision by ressareh laboratory personnel. {This mesns that, in
3,08 - :

the gese of waberiul (0, for example, 62 x 40 x 100 gives 2352.6 linesr fast

of adhepion fallure out of a total of 2,480 feet of totel joinit face for all

of the joints sesled with *CY, congldering both sides of the joinis,)

-5 -
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The ehard in Figure 17 ghows the Ireguency with whieh Joints exbibited
varying pereenbtages of fallwre in edhesilon. The ordinstes are the numbers
of joints within the fallure 5raﬂk@t£ exprosged ag percenbages of the boital
numbeyr of joints for esch seal. Along the zbsclissee are plobted the fallure
brackebs expressed ss pergentages of the totel linssr feet of joint fuce
(40 feet}. Heve again, signlficant differvences sre seon swong meterisle,
meberial ¢ showing up by Ter the beph.

Effeet of Direction of Traffic Flow

If the fallurss in adhesion are ewxpressed ag percentages of lane width
and peperated into east and west pides of the joint, as in Table T, signifi~
cant diffevences apain become eposrsnt., In the north lens, for exemple,
over twice spg many Tallures cecur on the Favr slde of the jolnt with vesoect
to the direction of fvreffic az cocur on thse nesyr zide. In the soubth lspe
the vatlo i over 3 to 1. Thege figures sye for the evniire vrojset of 294
jointe. They are hroken down in the table Into comparsble flgores for each
of the 6 sections snd for esch kind of materiel. WNo attempt ls mads to
zecount for the veversal of frond in the case of meierinl © in the sonth
lene, or of materisl B in the north lane of section IV, tut the high retios
of material & in &éétia@a T and VI are too outstending to be ignored,

Fhether %hege_ugaymmatrie&l feilures in adhesion wers cauged by wheel
traction or whether they sre 2 result of sudden luipact by hesvy traffie
approsching the near eﬁéﬁbf each sueseseive sleb ls o guestion diffieult to
smswer. Probably both factors contribubted. In the abaence of load trensfer,
considerable deflection of the glab ends dus to impaet mist be expected, ag
Ig true slso in cases where losd transfer is not efficient. Thig is ﬁyﬁamiﬁ

deflection, which under certein clreumstences might appreich twice the mmount

b
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TABLE I

FAILURES 1N ADHFSION GROUPED BY SECTIONS AND BY MATERIALS

Linser Feiluve in Adhesion in Aversge Pereent of Lane

_Nerth Lene Soubh Lene

Sectlon Msterisl Joluts Face of Joint Face of Joint Face of Joint Face QngQint
1 b 40 9,38 13.00 52,13 4400
11 B 51 17,18 17,29 45402 11457
III 5 21 390 19.52 29429 15476
IV B 46 16,65 9,63 21,65 24437
v ¢ 62 1,90 2.94 brdi2 11.65
VI b % 17,07 64,403 5.7 10,03
I, III A 61 7249 15.24 4427 9,43
I, Iv - B 97 . 16493 1366 © 36.04 17,64
v ¢ 62 1.96 2.94 hd2 11,65
VI e 74 17.07 6403 65476 10.03
I~V 4,80 220 10.08 11.08 29.41 13.68
Vi &% T4, 17.07 6403 6576 10403
T-vT a1l 294 1l.84 2441 38,56 12,76

# Haterial A nsed in Seetlon Vis no supervision by Leboratory, either in
prepaving jolnts or in applying seal. P



of static deflectlon, snd will he vidbretory ih character. Az & resull of
such deflections, it would not be diffleult to prediet wholesule shesring
sotion of congiderable asgnitude rlong joint fsces.

In view of these factors 1t is legleal to concliude that ghearing
setion would zceount for these fallures in aéh@ﬁibn of jeint-sealing com-
pounds to the joint faces in eold weather. Differences in %@h@ﬁi@ﬁ falluve
among brmnds of compounds eould then be expimined on the bhagis of differences
in thelir phyelcal propertles when cold. Shearlng sctlon slene, howsever, would
not ascount fully for the proncunced effect of.ﬂir@ctisn of traffic, as the
shearing scotlon should be nearly as gresabt on the near side of the joint as
on the fer slde. Wheel traction could be expacted to push sesl swey from
the for slde of the joint, esgpeclally when bond hag beepn indtiszliy demsged by
ghearing aetion, The prester exient and freguency of failureﬁ In the south
lane might be accounted for by a loesl traific eondition vesulting in heavier
trafiiec, snd more of it, golug east then west. Tha Ti&ffia Hviglon hes ne
date on this.

The shove would geem i@ indiesnte the pomeiblility thet perfect resalis
may not be mbtained even when old joint seel 1s éntirely cleaned out, in
cages where losd transfer ia.abﬁent or nob sfficient. TDifferences among
gssaling meterials with respeet to thely susceptibllity to dynamic shear
resulting from lupact #hen cold would seem to be highly important.

Failures in Ochesion

Tellures in eohesgion were relsitively few in number snd exlent compared
with failures in adhesion, ss shown in Table II. Typlesl of the worst such
failures sre those 1llustrstbted in Figure 10. The totel linssr footape of

cohesion fracture for 294 jolnts amounted to 0,041 peveent, or 2.43 faet

- -



TABLE il

FATDURES IN COHESION CROUPED BY SECTIONS AND BY MATSRIALS

Percentage of Peiluve in Oohesgion

Horth Lene Scuth Lene
Percent of Jolnts Linesr Percent of Percent of Joimts  Linear Pergent of
No. in SBection Show- Gohesion Failure, in Section Show- Cohesion Faillure,
Section Msberial . Jolnis  ine Oohesicon Feilwre Percent of Lene ing Copssion Failure Fereent of Lene
I & 40 0 D o -0
Iz B 51 0 ¢ e S o
ITI A pal 0 o 476 i 0.95
Iv B 4B 10.88 | GaZZ 6453 Gelb
¥ ¢ &2 .61 | B.24 0 O
f VI B T4 18.90 : S 2.03 . : lo.81 Q49
I, III & 61 0 0 1.64 0.73
IT, 1% B 97 5.16 0.10 .09 Q«ji?,.. .
v ¢ 62 161 024, o o 0
VI &x 74 18.90 203 10.81 : 0.4%
I-v £,8,C 220 2.73 g.11 1.82 0el15
91 A0 74 18.50 2403 10.81 0449
I~¥L &1L £94 65.80 0.080 4<08 | 0.023

% Material A used in Section VI no supervision by Leboratory, elther in preparing joinds or in epplying sesl.



out of & total of 5,880 Llinsar feet of joint seal of all kinds, For all
preobiosl purposes this ds Insignilfleant, exeept that differences sminong

maberiale were agalo noted (see Table II),

The Imporisnce of Blzid fontrol

It lp fivmly beliesved that the eonﬁidérably larger extent and degres
of failures in secblon ¥I cap be attribubed to the faect thot none of the
work in this section was supervised directly hy the laboretory. If sny-
thing, failures should have been fewer aond less extensive in this section,
due 4o bebber contrel of melting conditlons through the use of & szlow spesd
{approximately 60 R.P.H.), Qosi@ive acting, screw-type mechanlesl aglistor
whilch was added to the Littleford melilng kettle after the jointz in the
fivet 5 sectlons were gealed. FEverything elss wane the pame, sxcept for the
natter of au@erviﬂiona. this is slgniflicant in that it demongtrsteg the

neceselby for rigld control of jolnt-sesling operationgs

FACTONS RESPONSIELE FOR TR FAILUES

In view of thes facte get forth sbove, the %uﬁétion now arizes, what
Taghors were ultimately responpible for the fellures observed in the sur-
vey of Februsry 17?7 Was 1t the materials themeselves which falled, or wes
faillure due to other csusesy |

Bxamination of the Meberisle

n

In order o seitle the quesilon of the waterisls thenselves, samples
of each sesl meterial were removed from jolnbs st the following siations

and subjected to flow snd bond tests in the laboreatory:



Material fection doint Ho. Heetion
A 1 9 280462
B I 55 23E4LE
G v 214 Ta+60

Reaults of the leboratory tests were ap follow :

,  Flow | Bond
Moterial B, s Epec. - Eepple
A : 0.5 om. max. 59 am. 5+ cyeles  Passed 5 eyeles
B C 0.5 ew. mex., 1.9 om. b+ cyeles  Passed § oycles
G 0.5 em. max. 1.7 enm. 5+ cycles Papsed 5 cycles

AL existing specifisations veguire hot-poured bituminaug»rubﬁaf'
geallng compounde bo exhiblt flow resulbs wader 0.5 om., The meterisls used
in this preject sctually did heve flows undér thls emount pribr‘tn VEE
HResearch conduchted in the laborstory, howsver, hag prmﬁéﬁ,eonmlusively th§§'
the flow test lz extrewely critiesl, that mahevialﬁ:kapt well within their
menufzcturers! recomuended m@lting.temper&tufeﬁ Tor sz Little 28 2 hours
show &5 much &8 13 times the maxlmum flow permitted by ﬁp@ciﬂi&ations, The

&

Pull effect of this hag not been explored completely, but ii g probabla
“bhat such ineresges are indlestive of the esrlisst gtege of whet would re-
gult in breeskdown of the materiais if heating weve prolonged or intensifled
greatly.

In view of the sbove, the Ineresges in flow shown by the 3 reclained
specimens ig not ﬁurpriﬁing, and lte gipniflcance should not be consldered
unduly elevming. Perticulsrly lg this true when it i remembered that these
mmﬁ@smeamﬁmﬂﬁ&@mmdthinthak&mgmmrmamﬁwwm}w%ﬁm

gpecimens for tegtes. There lg litdle deubi thal samplew taken from seals

WS’)M



ve flow if

wibth eyxcellent zerviee regords in the fleld would show
returned ko the Ilnboratory for invesiigshion.

The True Foobore Hegoonsibls

The Leet thot 211 the matsriels were able to page revested eyoles of
extension ot O degrees F. in the lsbovetory aflter months of sexvice in the
fileld, snd after vemelilng, ls of great slgnificsnce. This Indicates vather
cenclusively bthatl failuve In adh&gion st heve been dus fe Fzllure in bonde-
ing seoursly with the traeeg of old asphallt left on the jolnt fsces. This
interoretation le covroboraled by the excellent bonding of like waterisls
with the Jjoint frees of new cencrete in oold weatber, whleh hep been ob-
served ln the nomerous Instances where the smpe eompounds heve besn uped fov
seallny Jolpte in nee conglzuebion. Mmeng euch lnstances may be nentionsd
the Michlzen Test Road, in which a number of Jointe ﬁﬂaled in 1941 with

materisl of this geneval type are in excellent sondition todey. Heny of
thepe Jfolnts mey De assuned bo hove opened sven more thug those on T8 L2,

1%‘%@@1& sasm thot the differsnces poted in this study suong the
variovs brands of compounds with respect to sduesion may be explalned on
the bealy of differences in the degree to which they adhsre to¢ and penetrate
agghalt, A& laboratery dnvestdgotlion of such differences le now under way.

Tesulte so fer sbbalned from thie piudy sre presented helow,

Laborstory Tnvestigotlon of Fifects of feohalt on Bond

5

A series of sbtanderd bond itest moriar blocks wap pregared in the
usual way. Uoposing surfsces were cosbed with s sialn of 80) asrhali,
about 400 square feet per gollon coversge. Bond best specinens ware pre-

pared by pouring fresh sesling materisl inte thege molds between ssphalt-

prained surfsces. Bond tests were then rvn ot O degreses ¥, Resulis of

the bhond tepts are shown in Table 111,

-~ 10 =



TARLE TII

BOND _TEETS USING £04 - STAINED BLOCKS

Percent Failure in Adhesion

Cyecle

Material Bpeciney & 2 3 A 5
& 1 100 - - - -

A oo - - - -

B 1 5 20 30 40 50

2 5 30 50 75 a0

c 1 0 a 2 10 35

2 0 0 10 QU 100

B 1 0 0 O 0 0

2 0 o o 0 0




The results In Teble ITY show thet paterial A falled completely

in edhesion during the firvet oycle ap llustreted in FPigure 1l4. Tt mey
he oheerved in Fleure 14 that sperosximately 50 pereent of the ssphelt

stadn wes pulled from the block. Mabsriels B and O showed progresgively
inervessing fallure in adhesion during the 5 cyeleg, wsterisl B gterting
with thelfirgt gyole and material € the thied. Typlcesl fellurveg of these
materisls are ghown in Figures 15 and 16. Material U showed no failure

in five cycles (gee Figure 17}, This perdieulsr asteriel wes submitied

to the laboratory for exemination and hus not, fo our knowledge, been used
on sny Wghwey work in Miehdgen. Heterdisl b, likewige, pasgep Federal
Sogeification requirenent 88-P-~336.

Leborstory investigetion, therelove, subsbtentistes the view, ss
gt forth zbove fron dete derived from field sources, thet dliferences suish
smong meterisls ln the degree to which they sdhere to consrste 1@imt7facw$
vreviopsly eochbed with agphaltb.

The theory of the meecheniem of failure in bond between the old gesl
and the new geal csn be exdended by congldering the thin layer of old sssl
to be of finite thickness. I 1%t were thick enough, it is conesivable that
‘eueh faillurep ss wers noted were petuslly falluves in echeslon on the pard
of the old geal - that = bresk occurred st some point, or along some plane,
in the interior of the old aspheli fllm. ALl filws heve thickness, snd a
thick filw cen concelvebly crsck apert luto two thinner fllms, cne adhering
to the conerete snd one o the pesling compound. In connsetlon with the
regesling of joints In old eomerete QaVementﬁ with blinmincus=rubber come
povnds, this conception lemds emphesle %o the lmportmnee of eliber somplete
rvemovel of all treees of exlating apphelt by mechsnlesl mesup or the appli-
eation of e surfree trestment such as a prime cout.s
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Migure 14, Bond g@@eimen ma b ml A, block stained with
asphalt, Poiled 1007 during first cycle of extenzion at
{

0 degreeg T, Nobe approximately hall thickness of

asphalt stain pulled off block,

15, DBond specimen, material B, block stained
7hal%a “huw a 'uzlma%@L} 80% Failure after 5




e .18, Haterlasl € during bond test et O degrees F.
usling asphali-atained blocks, Shows 905 fallurs in
adhesion after fourth wols,

H

Figure 17, Maberial D showlng condition at eonclusion
of bond tegt at 0 degrees T. using asphalt=-ghalned
hlocks. HMaberial osssed § eyeles of extensgion with no
ff—lil‘lﬂ‘ﬂ °




The Bffeet of Priming

It 1s theoretically sound do sspome that o priming matgriﬁl €0n-
slating sssentlally of & solvent such zs gesollne would aerve a uselul
funetion, It would pemetrete the old genl, thinning it ocut spd Peetbing?
1ty end it wonld vender the freshly expowed fece of e old asphelt material
toacky, I8 In partieuler o swall qusatity of aew seal were dispolved in the
gunpoline, this should result in & firam bond beiween the old ind new peels,
at the saus time'affording & progressive, penetrabing solvent acbion fend-
ing te faailitaha“a‘grmwing mutual solutlon of the two asnberlels in =ach
obhsr. This in turn should efTectively lucrsase the ﬂuctiﬁiﬁy or elepticity
of the asphalt film at low Lemperetures wlithout maﬁarially:detwﬁatiﬁg fron
taet of the bitvmdnowg-rubber compound. ILaboratory studles on thls subjeeb
gre now lo oroegress.

b osurvey condneted Fabruwry 26, 1947, of the conditlon of expension
Joints sealed in Dotober anﬂrﬁovamber} 1945, on §é 16 wosh of Lensing,
eonstrootion projeet 19-32,0L, londs gowe gupport toe the wvelue of priming.
GF 15 jointe (Hesearch Projeet 26 Ged {3)E), 5 were zesled with weterisl
B and 4 with materisl 2. Tn each cage the south lsae of Joinie wes lefd
unprined, but thoze In the north lane were primed over treces of old materisl
not removed, with psphihe contalning disseolved guantitiss of the sesl o be
uesd. The Februsry 26 survey showed no fallures of say kind In the joints
sepled with material B. Wederate fallure in adhesion noted in 3 ocut of the
4 joints pealed with material A was sufficlently wore exbenpive in ths smouth
lzae then in tue nordh lans to demeonstrote that priming probably sssisted in
the formatlion of gooé‘bwnﬂg Here agein, fellurs in sdhesion was more Oro-

nomneed on the Tar side of the Joints wlith resoeet to the dirsction of traffle

flow.
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CoONGLUSIONS

The evidence obtained from this lnvestigetlon warrants the follow-
lng conclugionss
L. PFailure in adhsslon of the varlous sabsrlels was asperently

due be 4 Jolnt condibion ot the time of pouring 2nd nol to

any Inbevent faolt of the materisle thewselves elther frow
w omenufocturing stendpoint orv frow ths elfects of handling

in tie fisld,

[
EY

It Is evident, however, thel some diffsrences exist smong

brendg of sesling walerisls with respect o servies per-

Pormance unfar simllar conditions dus to irherent phyel

chenicel properiiss of the materisls theuwzelvez,

Ge Th ie sleo evident thet when old jolnts ere to be resgesled
with pdtuwionoug-robber compovade all the Joint surfaces must
be conplestely cleaned of sll treces of old jo seal asterisl,

Ta lien of thisz s suitable surfece treatmeni mwust be provided

which will dnsure permsnent bon&»

4s It le obvious that the present speelflcatioms may need to be
Ffortifisd bv edditionel fests. Sueh tegts may lnclude impset
resipbence at low femgerature and socelerated weathering,

A0

The lavestlgation brings oot the Luporitance of rigld control

L34
=2

of variong thases o ' fhis tyos of work asnd the use of pro-

perly designed eynlpment for melting and pouwrins the materisls.
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6. flthough those meterinls bave been desipgned primevily to
withstend the slow movement of vevement plzbs resuliing
Trow volume changes, they suet elzo withatand sudden
; vertlecl and hovieontal ptressee indoced hy teaffic wnder

vorying tesperature condliions.
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