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__ close spacin,- throu~hout the pavement. The Ail ha exeinr Ipp x

rr-tel-y six year-s or severe and widespread pavement c±'ackinG wirith somewhat

unsuccessfftu" r-eai 1it jr-de A?-). casirhzt Meet*Te prese-c-a of perma-U

.rost sub~rade adds. to the probler.. The -tiournt of rainfpall is .:cner allyV

very sria11, but there are occasions' rains. This 'm watei- znd the

melte-- snow in t-he snrin- enter t' c pavenent1 cr cks and tern- to hasten t!a

S and de~radation of the surface- o-f' the O.-afost subat.,e. At the tilme of

OV Ue e;-.e.-riental sealln,; the base ,. s race suffcieltr~~i to Permit

obserat:ion of the sealed pavemnts unae.: tcaffic conditions, %ncd ,mzinte-

nance f1orces wi-ere available to observe and. report the performaT.n-ce of th

sca-lers.

Loatonof Test es

4. T.T areas ware se'actel fPor th tests; on12 :=e" .- S be-

sta- 1,44r and 2.5400 on the west en-a o; the primary runway. 15- a2. the

othe w-as i.the sotheast co: a3 o: " 's !~) '-~ ~o

(See lte2). The tyical' p=trad =arua o' c-achs o c c ur or th e

rnalocaio at th tie 1th l crack.* suirev ar.e shown Ca. platCe

Details of' location of the zrachs selected for thle tests ar-e slown- or.

p 2.-ts 3 an. I: ruspectively for the runua ana M warm-up apron areas *

noth ar-eas are outs-,e the limits o^- the '-!.-- ares of the pavementsurac

which ias baiin. painted white to 2educe te idepth of' thaw d-uri:n; the summzer

monthJ's.

5.Both of the selected test areas contained num.-erous cr aks. The

cracks varied from very narrow, haixline openin-s to very Aide(1/2i)



____ - openin~s. Althou~h the depth coulil not be leterinined _%r each c-ak it4s

____ elive t Al1 cracks extenZ thrboug;h thbe biminous pavement zall the

widr cacks extend ire"'. into the base coua'se. The n rrovw ha:~n rac -

__ ere ;enerally spaced 5 to10 .Zt in both airections, the mnedium2 cr cks (1/1.

___ - to 3/~~ ~n. ~r-de) irere usuwlly spaced 10 ';c 20 f pradte~~-n wd

02aclhs wrere spaced about 20 to 403 74 -t1h ey id 'to'2i.

c racks weemoza lUoral: spaced Tat h", to 1CC ft -lAny o., the ccsper-

- tiu2.rlythaose 1/!, in. ; ='de ndlar2 lhaad ben sealel previously rith

___ ~rae A-1 (100l to 2.20 peerto)apatce,-ent without ruieo te

___ reparmt ion o:Z the C_:a-cks Photo__:aphs 1I t, 'oujh J s.howf. V-.. -4us typicali

___ ~ ~ ~ both test a~-reas. iMany caib. codtoswr via~ o

L_ -t:e tests, ' -a li2.st or the -2r2.cks selacata 'or seali =0 1 e scripton

0_ arhir~ntin~e shaoln I.n t-ble I2. 7he cra-cks onrh.~ ta location

aenumbe:red I. th- aa;u IS =1 and thse on: the I' *warm-up ap.'on !:--- mmvxbered 2.0

__-~ th:c~ 15.

- .Fvu~r diThent'C ty-pes o' sealn*, mterial were selected -7or the

__tests. * l~zz saelecti- -on; wa-s based oL Previous experince -w*.Ih t-he mi.teri-als

__ - and am few tests that wer-e rnae fo:- det-arrximinJIL the co.aiiiyof the

___t mtils with asphal tic concrete.

____ a.Allied (herenaf-er rererred to as A4.A specil

h_ ot-poured,. non-JFR material prgpsr-ed by A"lied ihnterialls Corp., Stroud.,

VkI.1 th at is supposed to be soft and more pla-stic in cold cliwmtes.

___b. Para-Plastic (hereinafter r-eferared to as PP). A hot-poured

__ nn-Jm mteri proucd by Servlcised. Products Corp., Ch-'.caZ~o, Ill.



__ ~c. Pro-Sea). 959, tyeA ith prmr 77Ohriater referred to

__ as ci'S).Z -oyslie, t-component, cold-mixed material produced by

Coast Pro-Seal and Manufacturinz Co., Los Angeles, Calif.

a. Pote-A -Cote (hIna e-" erred to as PAC). A two-coi.vonent,

co.J-mixed, epoxyj-pol-sulfzide zmaterial dr o"'ced by Protex-A-Cote, Inc.)

- ~uimenUsed in Tests

.11 heeuiprzent, an-I accesscoia *_ e in the w .rk x;eea iso

--router, 4-'- ; eJ. jnt =nd crack '- ', ir-power-ed wire brush, spIalt
E eainettle, anl n~asce12.cneous itrz such -as poai~cans, rixers, 0o-

j . he Wndso routr whch was usead _Po_ the initia 1 prepvration of

thecrakconsists of' a four-cycle, sin*. -cylIinder Bri s :aid 0t1to

-en --ne mfoun-ted on -tuo m-in 41heelz about 2 n in dictmeter iriBL a srall,

- 2-in. -cia..eter caster wh-eel w-hichc provi,0es a means of .iii the machline

M as J_. is pul le-a alon-0 the len th of the cr-acl:. Steel bits mounted verti callIy

= ad driven by a belt-and-ps" Icey a ne tfron thne engiiif--e were used to cut

-and rout the cr,.achs. The bits are produced i. -various sizes; those used in

th i S wo---'. were )./ aned 1 in. in liasneter with a depth of; cut of about,13/ in.IThe bits are pointed on the cutt-n~, endl and contain hardened carbon inserts

forcutig dges. The Windsor router is shown onpooaPh7

9. A self-povered wire brush vas not available so a device vas con-

st.ruct*;*ed on the site. It consisted of anair-powered rotary tool attached

-to the lower portion of a smll two-whecel warehouse dolly. A 'f-connection

provdeda mens f pssir- air throuh apiece of tb'in- =nd blowinZ it



__ diectl behnd te wie brush, thus cleamin.- all debris fromi the c-ack.

lhc ecuiuaent was powered by a po-taX- air comprssor unit, which wars also

____usedto blow out the preparedI cuts as the final e(Tror-t in c!n~ =1he

___ rre brush, hiepossib."ly so~eri:n' c.rude arranLemuent, pe-forre3 very

satisfalctorily. Th-.e de-vice is showa on ploto-raph 8
___ 10 . A :_6f-gal-capaci5ty _itsphal __e.te wa sdfrpeai~the hot-

__ ord tzyp a o 7 Laterial. The hett1 e 2111 e1atini, elenent weze mounted ona two

!_ h3eels so -as to be suitable for fn';. Hea-t -ms suppl-& lby aiesel 1i el,

unaae: pressure, ihc- was vapori-zed in theatia eler.-ent anr, d ovideda

___ botto-ch tyvpe of flene :I-te int aneco0ea h otmo the

__:etl.A circulaiIn- pur-p attaclhel wa?-s Inoperative and Was therefore not

]1. Th inf--red heater -was s;-pecia qiec o- eipnt obtazined fo

the purpose o_. -re'heat*n~ -t-he coi-d fa!cez o-' the prepared crach'-s pr ior t~o

applic'ation of th o-potwed :atrP:s Th adpoeldapratus

_ (pOt.rapn c') -was -noulatea or, mheels a=3 consiste fsr. en-

2oswa or Izooda sontain 7ou sets o: screens in an iLnvete L . The

infrared heat w-as convred ^-rom the bu-nin~ of propane ;--s whnich was sup-

pled' in two 20-1b tI-railer-type lbottles.

12. MU selneu items in-cluded l-1a cans with poar n~ puso

- -a pails "it a crime V pomrin spowt. Larze spoons an:1 a stirrn

__ devic driven by a1 elecc -oo ere useda for mixin h w-opnn

materials. *The solvents usea f'or c2.eanin-; were ltetrachloroethfm n toluol,

__ the lcatte:- x urnished ,eith the PAC mterial. A portable ai opessor WS

used 7?or por an u ia ir cleaning or thue prepared crachks



Prepaation_ of Cracs for Seal.ing

13. 7 crac sac stec £ 14e;'perienta). sealinzj, were £±r-st routed

the-I W4-! sr router USin- lbt tieIl and 1-in.-dianeter bits '-e"'a

rately, or in combination, i.e. , =rkin.- the initial cut with 1/2-in, bit4

___olowe .0J, J btor vice ver-sa. The crack number, b-it size used,

and fIa diernsions off . are-shown in tab'l 1

- - L4.Lhe c4-, ti. ~1 u L. hin bit wameytdou n l ostl

l_ _ ecause th stic concret wa-s cotd- and hadc cuttin- was-;z difficul.

Howver ti! cc-i. ion an the slowness of opeat ion probbl Prevented

__ sor tea lnirfaigaon h ie f t e -oo~ve. Cr-ackhs 2. a-nd 1 on

-t-he runmay were routed with the 1/2-i. bit 'hic require1 appr o:mat e I4J

- oS mnts o ah 2f efcacs0n a ;o-&, smoothi cut appro-xir'tely

7/ i.Lde and 7/c ir-eep was obtanedI (photo0gaphs 20l and ThreeIs asso- the r-ou ter were r-equtred to obtain these dea-nsions; and it w-a s

iee~te ta alht initial cut a Ion, the crack %Zo2 ei by t e epe

aldit iona2. cuts recuired to reach the desired depth -was the bes t procedure.

__ a5.The 1-in. bi? cut rch tatr usal o~%Per minute,

depenuln on th d -epth of cujt. Th nitia cucul be nade :pdyan

§ u 31.ly produce& a groove a/ to58 in. Jn_. 1 o / in. -deep

(photOZ~aph 12). The secondl pass increased the withad etht 14 in

A -Tan 5P in.,-respectively (photo6 aph 13) A third and possibly foiwth pass

w-ould ieode - goove 1-i/2 in. wide and /2 in. deep (photoor~aph 14),

but rate of cut was about 1 ft pe.-r mnut,-e. Thus, -a crack 2.-i/2 in. deep

could be prepare with the 1-in, bit at a at, of cut of approxtinstely f t,

or sligZhtly less, per minute.



___1. Ca cks yir e Aso pirepared, &,.j cutting fIijrst with the I-in, bit and

___- ten deeper with the 1/2-in. b*t. This metlhod produced grooves 7/ oIin.

-wide and 78to i1f3 in. deep (cracks Ii 5 and 7). This tod was- some-

___wha faterthan cutn ihte%2i.btalone and Probably produace~d

- ~ ~- a roemr tsfa ctory, parti.cularly in width, than tha-t produced by

__cutting the enttre depth withi the i-in, bit,.

__17. As stated in paragrah 5 the -Zority of- th-'e -crack.-s had been

__sealel.wt gade A-. asph-alt. cement,. Excess rsterial usall' was le-ft

___ along,, e~ich edr of the crack (photby;aph 3), and this was to some extent a

_deterent.a~ tog &hae -outmns operation. In som inst-anes the excess niwAterifl

was stripped. off writh sharp, hear; b'laes (phlotographn 1 5). Thiswsno

too difficult as the asphialt was coll an~d lbrittle,, but the oper--ti n re-

Tred a onSae abl m ou P. of tine and hand labor. 7-he old sca-:1 rteriQ.

remaininZin andJ along the crack uws so-tend 2ndr-lte2. by the action Of the =

__ it and the hot. ea-numst dire. .* the cut and tended to__ plaru

tebtamd ithe crack. To renma'e th e ol seae co0ltiy.t aqusually necessar to re-sort- to hand scraping or to-, cuttiLng V.ir ide gooVe;

the latte- r as constdered irpractical. Thus,. many or the prepaed grXoovesIst1ill containle amounts of then old, sealeS, partiual thej surface

edges ols t 7goove (iphotog~raphs q =nd- 13).

18. One condition that was co-:nn to use of both sizes of. biuts was W

Closure of the bottorm ofL thea groove, which elniated prefillinZ with sOM

N rateri al to pre-vent11 excessive flow or use of se-aling; rateria). into d1eeper i

porios f te raks, which exened ito the base course.

__ 19. Atrouting was conufleted, the groove w=S cleanled with a wrire

__brush (photograph ),and final cleaning prior to sealing was acconplished

___with ajet of" co-,ressea-air.



=&__Pr aaion and licatt-on of Sealin Mterials

___a-_ type To ou Ofsainw nte~a w21ere reeived in 5.t or

-~ ~ ime n.zv'~ s -a1 each

M,_ 22.. Mh~! and4 PP wa -~ 1r in con -le torm when recei;ea uia.r~ie

___- :eatn. to btain .state siCfizietr LZ o ot-.inst ac t ens

t 44 e .~~~- =te~x ternptn
t iir sholuld- .:ot ex:ceed

__-4_1.1 prvau- lecIb-,t va~=-n~~ nr~os pn~~- sq.~ sc--Wa iUiit to

2Oto hehAhta=r:er e;o =1 -rw thouj-h Cons Idertab' a was

_!a t.i to :on:C the teert thre wre ties, priU >i the

i1-i*the Atale ml ~i~n ' '~ PP.. When. the te- ::-rose
t _ ~aa s" 0f: o*se ~l'~# r*fn~ - ....-

-r5 ~ ...... mfl b~othr;teril.s ej- -L

to Pour into th e preapare4l 7 oons , nartcul-arly the na'oer ones. The

_____ ot-uue :zeiSwr -ipuraitotepeae oo-re 17ith or22-;

___an - r mtai -- S tAit1. s -'*peo- ..... A t

is -aa.i to zo.,

ti.c aIthis zounVxt ozeiv~uuU~ d not coo:' or bjnt o~

___ :;oze ~tcouM ZepueSit te oove. 1:ep or the lonr prodo

___ SO~~ tlisnan was ezsi> acc-oiirhed. DOt th-e I u. cI PP

__ ~ _aS "set, ravr;ucywt no -- s, tin "tacki-ness" on- the exCposed

22. 'The Cps andl P.AC zterials were r;ecevdwt h opnnsi

skcaratue conUainers iwhch tey couldea o i-ed The lbase CO.T flft O

__the sl vwa in r,~ cans ana' the nracln~"r lea :L %1 'n tu

__providfrnj Mn easy means Of pr-eparation. The PAC was somewhbat rmore #UTcult



blen - it requi- - 7--id

a ln a t0eu'~ a 1:3 proporion-1 of base -and& accelerator, bo16th of

watich arrive in -CW.cas. Pi-mn ws corlshai hoo-~

-j -r.

an e-ectzac dril motor.

2.The CP'S was nore fl±Cd tha- the- PAC a;n, -4th a "Pot 1~~o _

~au orhours, --ms eawr to mix, ;et to tine test reas, a pour 'before _

settinz-. Te PACj a' "Pot li'mo o" imutne- sen 4ada few

proab.exs :L s esect and several ,pl s_ _ tole -. _-1

;beCatse the zatrta set up 'befr j- zulAd 'e poured. Sacaa e this

:at e tre hearut fPAC to lbe prerei at =any one tire -was llite

to appQroxirately 31=±orti ariua tetstr_-

Iti-si~iu to si- --.C toiae riit heea-u~t '

- ~ for sealin~ the prepa ed cracks becntcc of the vta.'.-- depth

o cirts _=Uise there wms no means Of It *-em L"'.ted

cosieabeamm.- of the =ter_ " no ne!-: to

te prepare- z a -.--- S u-a to 5321 roe c ...ch f.. ,-46

areas. (Thesz open tracks were not Cee& 2 Ir i--P -fll j ai S s

nated that appoxlxately 20- cal Of PP was re~ruire41 :or thea I~h1~o

cr--cprprd(as shown in table I) The reninirg P to -10 v as used __

i.n ad'acent ope cris The 444 -ft of preparedl cracks sealed withi thte AIrejuiredi 0 -- iet 5 to o f -ate-i1 th -ainin, 10 to12sf

beinz used' in ot-her areas. On1ly 10 :;a! of the CP'S was requArei for the

1312 rt of prepare cracks, ani! about 10 to 12 Za1 off PAC vlasreied_

__for 136 tt of' prepmared cracks. Cone of' the naterial vsms used, in the =I-

~~acnt pencraks;nd, of equrse, about 6 or 7 fl of t"e PAC -ma
jacntope ca&s- e-9&



when it "set"' before it could be placed. The reraining 20 Gzl of CPS and

!0 Gal of PAC, along with instructions for mixin, and pourin,, were left

with the Air Force Civil Ensineer.

25. It had been the belief' that due to e:tremely low temperatures

the asphaltic 9onZrete would be ve. cold and would reuire p.eheatin;

prior to application of the hot-pou.ted types of sealin- rterials. Thermio-

couples had been previously installed t several locitons to 1eter.ine

thawin; conlitions; and from infor.aation obtained from these instrments

.1 measurements made by placin. a thermometer on the pavement surface, it

was indicated that the te p -'ure of the asphaltic concrxete was usually

52-60*F durin the period of' the experimental sealin,. It was therefore

planned to preheat the pavement by use of the infrared heater. Initial

efforts to use the heater were thwarted to some extent because there re-

mained on the su.:ace some previously placed sealin -aterial which softened

very rapi.ly under the heat and ba an floirin- into the er-ch. This situa-

tiorn prevented continued use of the heater in such areas; however, it was

used in areas where sealin, xateria. had not been previously placed. Even

then, the heater had to :be moved alon- rapidly or the asphaltic concrete

,,culd become very soft. It was believed that this softenin- would affect

the density of the pavement; and as there ims no means of rollins or re-

comactin- the asphalttic concrete, the heater was not used extensively.

There was no indication that there was any difference between perfornnce

of the hot-poured sealine material placed in a prepared crack that had been

preheated and the =terial placed in a crack that had not been preheated.

The best use of the infrared heater was obtained by passing over 
cracks that

10



had been previously sealed where the scal r,, terIal had hardened and had

come loose from the sides of the c.ack. The heater softened the old sealing

material, both in the crack and the ecess on the surface, which would then

flow into and reseal the crack (photo-raphs 16 throu.xh 20). This operation

could be performed very rapidly .-.d appeared to be very effective.

Final Inspection of Completed Work

26. The mterials were observed daily follovinG thir placement to

S termine their adeouacy for use in this area. Dua'in: the short period of

title rerm. nini before departure of "L'S personnel, no particular chzne was

noted in any of the viterials used.

27. The .M4 and PP rteria.ls renined. soft and pliable, wilth the A1,1

p.obably bein6 a little softer, and neither Lave any "n ' o_ stripping
louse. Both shovred zoo-I ad-he:enca, ,e. under the . of -L t

o vn teJi. ct of -'"".. ircrart.

2). The PAC b.cae auite hard and be.ittle once it hal sc and it a .-

peared to be as hard as the adjacant asphaltic paveument, if not biLrder. The
4.e4 ieir for set rs usua.lly!css than 25 ninutes. The PAC i Iso ha.

joo4 adherence witr no visible loosenin; der ica traffc.e.

231. The CPS remained very soft on;er than did the other ra-terials,

some areas requirinG as much as 3S hours to set up in the existin, wether

conditions. Duzin- this period, the miaterial was sometimes splattered out

of the -roove by tires of landin g aircraft, as indicated in photo phs 2,

29, 36, and 37. After set had occurred, the CPS was somewhat soft and ap-

peared to have about the sanne consistency as the AM and PP materials. There

was also some indication that it could be pulled by hand from the cracks.

1A



30. Color photographs 21 throujh 38 show the sealing materials in

place. The captions on the photographs are self-explamatory.

31. The weather conditions wer-e reasonaibly 6ood durinG xhe period the

work was performed (table 2). Howeve.r, the seclin w.s corple'ed shortly

before the tirie that snow and ice woull sta-t accux.ulating on the pavc.ent I

surface.
32. The Thule Air Force Base Civil Enaineer agreed to have periodic

inspections of the areas ade by personnel of the Roads and Grounids Section

to obtain informa.tion -or evalutia, the sealers. A supply of check-off
sheets was provided for reportin the obser ed conditions. Monthly reports

oo ,--e for' cbpornre -etlt h

received since compleetion of the work indicate either no chmn-e or ttte
area is covered with snow and ice. Hence, a evaluation cannot be ade

before the sumer of 1961.

Discussion

33. Although many problems were encountered in per- n " e work

man the controls of heatin ana : applyinL the rterials vrobably .... sone-

thins to be diesired, it is believed tmt sufficient r.tezial was installed

under conditions encotuitered in the area- to provide infor-.:-ation on selection

of naterials anl e :uipment for use in future sealin; operations in this and

similar locations. It is anticipated that a thorough inspection will be

made in the early surmer of 1961 to determine more conclusively the effec-

tiveness of the sealina raterials and to select materials for any additional

sealing w-hich may be required.

Plates !-4&
Tables 1-2
Photographs 1-38

22
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