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CUMMARY OF INVESTIGATION3 OF EFVECTS OF JET BLAUT,
FUEL SPILJAGE, AND TRAFFIC ON EXPERIMZNTAL
TAR-RUBBER -CONCRETE PAVEMENTS

Introduction

‘1. This sumary presents the recults of inveutigations conducted
Ly the Corpu of Engineers to date (July 1955) relstive tn the performancs
of tar-rubber paving surfaces '\ iCr pimulated and eclusl jei wiveraft
operations.* B8ince the advent of jet-propelled rivcraft, the U, 8, Alr
Force has besn concerned with requirements necessary for construction of
uircraft landing facilivies to withstand the offects of jet hlast, fuel
spillage, and high-pressure-tire traffic on tho surfaces of runways,
toxivays, and aprons. As a result, the Corps of Engineers, in conjunc-
tion with the U, 8., Air Force, initiated a comprehensive investigational
program in 1952 to detormine the ability of tar~rubber-concrete puavement
to vitholand the distress that jJet-type aircraft sometimes cause to c~z-
toin types of bituminous surfaces.

2. A lesboratory investigation of tar-rubber maturiale and mixes
was uudertoken at the Waterways Experimeut 8tation in 1952. Field test
sections have been corstructed and tested at the follcwir~ locations to
compare the merits of asplullic concrete and tor-rubboer concrete: Hunter
Adir Force Base, Goorgia, in 1952; Presque Isle Air Voreem Buse, Mairs, In
1952; und Waterwoyo Experiment Station in 1953, Tar-rubber-concrete
povoments vere built in October 1953 at McChord Air Force Base, Wuchin,-
ton, und Davis-Monthan Alr Fore’ Baso, Arizono, and ovservatione have
been made of the effoct of Jot-nirc. vst oporations on these pavemnento.
Iu sddition, tlast tunts with w new typo Jot fighter pluna were rade ou
the tar-rubber pavements at Devis-Monthan Air Fouce Bauo  laport. on
construction of the test pavements at Huntur, Prosque Isle, McChord, uand
Willinms, Arizona, Air Force Bases have boon Lwcusd by the Corps of

* This technical momorandum includes and supersodes Miscellaneoun Paper
=116 of c¢ha same titls, dated Pahruary 1955,
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nimilnr tests, These tents were condu~tes on the tar-rubusr chndn and
on pnving grades of tar ard asphalt; the tests on paving grades of tur
und eophult served au control teusts by which to judge the resultu of
Ltents on the tur-rubbec blonds, Marshall stability tests et var.
tomperaturon wete nloo conducted on compacted teot cores propared ‘rcnm
poving mixeo of the various binders.

6. MAs o renult of those otudies of temperaturs susceptibility 1t
nppearcd that the addition of rubber to tur had the following favorable
offects as compared to otraight tar: (u) Liglwr wolten’:g point, (b) in-
croused viccogsity, and (c) very slightly increased stahality (Marshall
teat) ot olevated temperaturen, No advantage over tar was appcrent on
the following pointn: (a) flow propertics, and (b) rute of hardeniny or
sof'tening with change in tempevature. Bubsequent studfeus, however,
indicate ucme improvement in flow properties also. FPrediction as to
vhather the tar-rubber compounds would function adequately in the proto-
type was not possible from theso laboratory tents, but there was reason
to beliave that the tar-rubber bHlends wero superior to straight tri from
the temperature-susceptibility standpoint,

Jet-fucl resistance tests

7. One of the principal objectivas of the laboratory study was to
dotermine how tar-rubber pavement mixes ccmpere wi+h mives conteining
struight tar or penetration-qre4ds sgphalt cement from the standpolut of
resistunce to tha action of Jot fuel. In order to investigate thin
quection, laborstory cores were prepared from mixes containing each of
the following binders: tar-rubber compounds, otrdight tor, end asyinlt
cement, Jet fuel wns then poured over these cor-s once each hour for a
poriod of time while they were subjiscted to outdoor exvosure. 1In tn.se
tantsi, the ter-concrute and ture-rubher-concrote showed good fuol yw-
nistance, Lut the asphaltic concrete was nol rosistant,

Fotublichment of tenta«
tive douign test procedures

» ., 'The rosultc of the tests ‘or temperuture susoceptibility and
Jat .fuel resistonce indicated that the rubberized tars showed sufficient
promise Lo varrant developing mix design procsdures for nelecting optimum

)



binder (tar-rubber) contents. It had become apparcent in earlier in-
vestigotions with tar puvements that some modifications of the standnrd
tent proceduree for designing asphalt pavements would be required when a
tar or tanr-rubber blend wuy used as the binding agent in the paving mia.
in vetting up the procedure for deicrmination of the optimum tinder
content for tur and tar-rubber mixes, it was desired to follow the usue
aanﬁinl scheme that hed already been ostablished for asphult-nenent mires,
{.¢., averaging laboratory iast values at: pesl of unit weight scurve,
penk of stability curve, a cortain specified pe~ ~ent rir voids, and a
certain spacified per cent voids filled. The Iirct series of ~ssts with
tar and tar-rubber, howsver, shoved thet when these materials were pre-
yared and tested at the temperstures norually ulid for asphult cement
neither the compaction nor the stability curves dovolopou M peak; fure
ther testing revealed that these curves did develop peaks if the test
tomperatures were reduced sufficiently. The basic reasoning in ad-
Justing the test temperatuie was that the viscosity of the muterials
vhen tested at the ad justed temperstures should be close to that of
asphalt cement at standard test temperatures, Preliminary tests at
different temperatures indicated that 1t should be possible to set a
tentative laboratory procedure by dolibcratcly ‘hJulting tost tempera-
tures to cauze a predetermined "reasonable” dptihum vi lue to be obtained
on o given typical mix, Antually *hie 45 the péocrdu + that was
followed: the temperatures have been adjusted leaving all other phascn
of the design test the came and as currently specified for penetration-
grade asphalt cement. The test temperatures for tar-rubber are ss
follows:

Mixing Teuperature

Rpsregute Bindor = Coupaction 3LebiliLy
250 + 5 ¥ 225 #5 % 200 4 5 % 120 # 1 F

The compaction tempersture for control tests must, »f course, correspond
to thet used in preparing the Gesign test spunimens (200 +5 F).
9. The "reasonsble” optimum and the test temperaturcs vere
salsctad on the bvasis of the following: '
8. 'Information contained in Chapter 2, Part XII, of the



\1

Engineering Munual for Military Construction.

b. Technicol information furnivhed by the monufacturors of
rubberized tors,

c. Information contained in hundbooks on tnr,

d. Information contmined in various published articies

tar-rubber poviments.

Information from the Bouth Atlantdic Dilvisilon, Corp:s of
Engineers, on tho tar.vubber test strips at Hunter Alr
Forco Bnso.

. Previous experience with asphalt and tar.

Results of rather intensive Luvurastory tec's at the
Waterways Experiuent. Siaticn,

i2

Gl

10. The procedursos that ware set up as a result of this investi-
gotion nare for guidance in the ter-rubber pavement mix design ond arc
subject to modification »m the basis of future field experience. Thesce
procedures were not available for uso in designing mixes at Hunter Air
Force Base but have been used in all nsubsequent *ar-rubber pavement work.
To date, oxperience indicates that this procedure gives approximately
the correct optimum bitumen content vhere the pavcuont is subjecte’ to

fuel spillage.
Extraction test procedurc
11. The following procedure is recommsndec for extructions:

8. BSoak sample in crystel-free creocsote cvernight, (A suit.
able crystol-ired Ciwosote is manufactured by Koppers
Compsny, Inc., Koppers Bldg., Pittnbur¢h 19, Pennsylvania,
under the trade name "Kolineum,")

b, Tronsfer ooeked sample and Kolineum to Rotarex and con-
trifvge to remove Kolineum,

c., Vash sample with benzene until solseat is light strav
color,

d., Conduct ash correction on solvent in the usual munner

fpecification tests
for tar-rubber compoundé

12, The Waterways Experiment Btation has prepered a tentative oct
of acceptance tests for tar-rubber blends bnsed on data and exparience
svailable to date. This opecification is suitable for receiving bids at
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this time but 1s not yot considercd to bo in a finel form. It 1y in-
c¢luded aup appendix A heroto,

Fileld Teoto

Procgdures

13. The throe principnl field testu conducted in this investi-
gution were high-presocure tire traffic, Jet blast, and ropested fuel
splllage (JP-4 fuel), The procedure for traffic testing has long beon
cotabliched and in the otudy ul th9 Yalarweyr Experiment Stetion con-
oloted of 1500 coverages of a 100,000-1b, dual-wiacel load wi*h tires in-
flated to 200 psi. It is known that all pavements on airfields must be
deoigned to withstand the contemplated traffic vhether for /at or
propeller-type aircraft, wioress only specific tacilities murt he de-
oigned to withstand the effects of jet blast and fuel spillage., It wac
for these two effects that special test procedures had ¢n be eveloped.

14k, Time-movement ‘tudies at active beces were mwade in 1951.52 to
dotermine specific operational procedures used for jets. It was fow !
that only blasts made while the planes were standing still were signifi-
cant ond these occurred nn purking areas (various types of aprons) and
runvay endo. The longest snd most severe exposure condition was found
in the parking area vwhere engine maintenance checks were made. The
blaost cycle for pretake-off at the runway end was found to be less

savere than the maintenance cycle, and that for sterting was least scvcre.,

Therefore, the most severe type of bdlast (designated maintenance run-up)
was utilized in wost of the tects connected with the tar-rubber inves-
tigation, The pover cycle was generally 5.5 minutes ut idle pover
followed by 1.5 minutes at 100 per cen'. engine power (known ac wmili¢nry
power when plane has afterburner) and repeated as many as thruc Limes.
For the nev type fightsr plane, another power cyclb of nimilar duration
wao alpso used to provide l.5.minute periods at 100 per cent engine pover
plus afterburner (known as full power). In addition, preteke-off runs
vere made with this plane because the afterburner is cut on at the mo-
ment the plane starts to move, Thus, primary considerations are

. P -
PR, - - ol e of Bt P - . T ' S . . oy e .}. .

e ——



v .
cr e . .o . !
MOt AP W W 4 e s Ly ey .
LI Y S

pretauke<off runs nt runway ends and tho longer maintenance runs on purke-
Ing nrens.

15. A survey of Jet operatinrno on parking aprons at +'.ree active
banrsy provided the necesuvary information for ceiablishing teost proce.
durces to simulate fuel uspillage. Little or no spillage wau scen ¢n
tuxlwnys ov runway endo. It wus also found that damape occurred to uise
phaltic pnvementev only when the splllege wa. repcated !r. the same oypot.
Therefore, opillage occurrences were divided into "incidental upillage"
und "repeated upillage," It wey found that fuvel was spille’ u® the purk.
Ing spot eneh time the Jet engine or enginco ware cut of . The amount of
fucl opilled was & muximem of 1 qt for each engine cut off und the number
of cut offc avoraged four per day, five dayc por week, Thin procedure,
hercafter referred to as repeated spillage, was adopted f'or test purposes.
The fuel was spilled from u height of 30 in, within & period of two min-
utes. In addition, opillage at the rate of one and two cycles per doy
woc nccemplished to determine the effect of incidental spillage or that
approaching what might happen in refueling uvperutions. It should be
prninted out that spillege 1c¢ considered as 8 problem only for parking
#reos,

Hunter Air Force Bace tests
16, Jet-blust tests and spillage tests were performed at Hunter

Ar Force Base bul are generolly discounted because construction pro-
ceduros were improved so much following this firot trial that ihe puves
ments are not considered typical of later tar-rubber pavement:.
Presque Isle Air Force Bace tests

17. Jet blast. Using an F-80-C plane, lh-n.nute maintenance
blacts ao dencribved in puraarqph‘lh atove were made on oach of four . pes
of suriuces, (8) asphaltic conerete (100.120 penetration), (%) tar o n-
erote (RT-11), (e) tar-rubber ccncrets ith tarerubber hisde. o, and

(4) ter-rubber concrete with tar-rubber binder A. All four pavements
sullofactorily wishotood the effects of hiwau rnd blact normally developed.
The mnzimum measured surface temperntures of the pavumcnta werg 250-2C0 F.
Critical srosion temperature for each type 21 panvement was determined by
blasting with the tailpipe of tﬁe plane closer to‘the pavement. (greater
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than normal angle). The power cycle for this determination consisoted of
5.5 minutes at idle power followed by the necesvary time at 100 per cent
power to effect erosion. The asphaltic coucrete end tar-rubber pavement
(a), (e), and (d) eroded at a maximum temperature ot aboui 300 I'. iliowa-
ever, the tar concrete (b) ercded in a similar test when the temperst.re
vithin the affected area ranged from approximately 225 to 275 F.

18. An inspection of the test area, actually a& runway extensiou,
after 18 months of traffic indicated some damage from Llast in all of
the test pavements, apparently as a result of erosion from use of after.
burners during normal operations. The hiangt dawage was quite severe in
the tar-concrete where the waximum depth of ervsion was ns wuch as three-
fourths of an inch, and less seveie in the tar-rubber concrete, binders
A and B, where the depth of erosion in the affected arear was nonmeas-
urable to one-eighth of an inch. The predominant types of planes were
the F-89 (about 5062 cycles), T-33 (1520 cycles), » F-94 (500 cycles).

19. Fuel spillage. Incidental to the measurement of pavement
temperatures, effects of jet-fuel (JP-4) spillage at the rate of 1.5 pt
each time the engine was cut off were cbserved. There was no appar.nt

softening of the tar or tar-rubber pavements and only slight sofcening
of the asphaltic paverent after three cycles at each location. Mo
stripping and only slight penetration were ohserved on the four paveuent
types. After 18 wmonths, damage to the various types of test pavements
as a result of Jet-fuel spillage was observed to be negligible. The
spillage was limited on the runway end,

20. Traffic. After 18 months of normal traffic frow aircraft
equipped with high-pressure tires, there was no ev'lence of rutting or
shoving of any of the pavement items. However, observations showed puv>?-
ment cracks varying irn width from a Lairline to one-eighth of an iuch
along the entire length of many surface-cource construction jcints
(longitudinal with respect to direction of paving), and similar short
sracke running longitudinally, transversely, and diagonally, but fewer
in number, in the pavement proper. It was observed that most of the
cracling occurred during, or immediately after, the cecond winter vwhen
traffic was about twice the traffic experienced during the first winter.



The eracking in the different suvfoace courses was mosi, pronounced 1iun the
tar-concrete and least pronounced in the agphaltic concrcic. The pave-
ment cracking as noted above is attributed basically to differential
movereits caused by frost action and to cold-wewther placemcat of th:
cavements.,
Waterwayo Experiment Station tests

21, Jet blast. A geries of blast tests was conducted on five

types of puvements having bitumen contents about optimum and plus and

minus 10 per cent of optimum. The five paveueuis (lisied holow) vere 12
months old at the time of test. A preliminary analysis of the test re-
sults indicates the resistance to blast of an F-80-B piane and the mini-

mum erosion temperatures Tor the 12 pavement items tested to be as

followe:
Ability to Withstand Minimum
Type of Pavement Normal Maintenance Erosion
(According to Binder) Run-up of F-80-B Aircraft Tewmp, F
Tar-rubber binder A
Optimum minus 10 per cent Setisfactory 400
Binder A
Optimum Satisfactory +400
Tar-rubber binder B
Optimum minus 10 per cent Satisfactory 375
Alavama asphaltic limerock ‘
Optimum Satisfactory 340
Tar-concrete (RT-12)
Optimum minus 10 per cent Satisfactory 325
Tar~-rubber binder B
Optimum Satisfactory 320
Asphaltic concrete
Optimum minus 10 per cent Satisfactory 319
Asphaltic concrete
Optimum Satistactory plvial
Asphaltic concrete
Optimum plus 10 per cent Satisfactory to LoC

tasatisfactory
Tar-rubber binder A

Optimum plus 10 per cent Unsetiafactory 285
Tar-rubber binder B -

Optimum plus 10 per z«nt Unsatisfactory 275
Tar-concrete (RT-12)

Optimum Unsatisfactory 259
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There were trends to indicate that Lhe tar-rubber pavements hecame more
reslstart to erosion from jet blast with incr:ased age and that high bi-
tumen content and jet-fuel spillege lowered the resistance of +the pave-
ments to Jet blast.

22. Fuel spillage. Accelerated fuel-spillage tests (rate of 1 g%

JP-4 per cycle, up to four cycles per day, five days per week as de-
termined by field survey) on similar pavements to those subjected to
blast indicated tlie following:

8. The aesphaltic-concrete and Alabeme aephall.ilc-ifmerock
pavement showed severe surface distress with thiree or
more cycles of fuel spillage per dey (testing perlod of
13 days).

b. The tar-concrete pavements appeared to be reaucnably
resistant to three or more cycles of fuel spiliage per
day (testing period of 50 days), but considerable fuel
leaked into and in some cases through the 1-1/2-in.
surface-course layer,

c. The tar-rubber pavements showed no serious detrimental
effects from fuel spillage (also 5C-day testing period).
Leakage into the pavement was limited.

23. It should be noted;that tar and tar-rubber pavements tend o
harden, probably from oxidation, somewhat faster than asphalt paverents
arnd to develop a surface that tends to berome brittle; this hardening
appears to be accelerated by Jet-fuel splllage. Also, it is significant
that two cycles of fuel spillage fthat approximating refueling operations)
do not appear to be detrimental to asphaltic-, tar-, or tar-rubber-
concrete surfaces.

24, Traffic. Traffic tests conducted on pavements similar io
+hose tested for blast (tests run in warm weather abo : “hree wcnths
after constru:tion) showed that tar-rubber- as well as asphaltic- znd
tar-concrete pavemenis con be designed ueing recently developed {crps nt
Engineers criterie to resist rutting snd shoving under traffic < .
100,0C0-1b, dual-wheel load on tires c¢f 200-psi pressure. The lean itews,
optimum minus 10 per cent, performed best undcy traffic. In some of the
areas vwhere jet fuel was spilled, subsequent accelerated traffic caused
rather severe crazing of the brittle surface of the tar and tar-rubber
pavements; in areas of no spi;lage, traffic also caused some crazing.
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This crazing was confined to a surface ‘hickness approximating one-
eighth of an inch.
Davis-Monthan Air Force Base tests

25. Alert and waintenance arrons constructed of tar-rubber biiu. - A
and tar-rubber binder B were observed to be in very good condition 16
months after construction. However, the pavements have not heen sub ected
to aircraft traffic up to the present time. Occasional 1light-truck traf-
fic which has occurred in certain arees as a result of current construc-
tion in adjacent areas has had no apparent effect on the weccring surface.
T'he only defectn noted in the pavements were a few open ccld lengitudinal
Joints and a relatively swall number of shrinkage cracks. Most of the
cracks that have develcpred to date are in the tar-rubber binder B pave-
ment. The majority of these cracks are of hairline width and do no*: ap-
pear to extend to any apprecisble depth. All longitudinal joints, with
the exception of the few open cold joints, appear to be very tight and
show a smooth surface.

26. Jet-blast tests were conducted on the maintenance apron at-ut
nine months after construction with the new type fighter pleane. Both
tar-rubber pavements were subJécted to pretake-off, maintenance without
afterburner, and maintenance with afterburner blasts. Both pavements
satisfactorily withstood the pretake-off and wmaintenaiice w.ithout after-
barner blasis but eroded in leéss wnun 10 seconds under blast with the
afterburner.

Williams Air Force Base tests
27. The tar-rubber pavement at Williams Air Force Base consists of

tar-rubber binders A and B which were placed as a surtface-course overlal
overvan asphaltic-concrete parkipng cpron and texiway. A visval fnopec-
tion of the pavement was made 10 months after construction. Murisg the
10-month pericd. the pavements were subjectrd to consilcratin use oy
light aircraft. The number of trips per morth over the taxiway for
P-33's and T-28'c has been approximately €000 anl 3C00, respectively.
The parking apron pavezents are used only by transient plunes, which
congist of approximately €00 J;t trainers per month and 370 transiorts
and light bombers per month.
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23, The condition of the pavements at the time of incpection wag
concidered gocd. The most severe demage consigted of cold longitudinal
Joints which had opened up and were showing a considerable szount of
raveling in one area of the tar-rubber binder B pavement. Also, rnums. %
hajrline cracks up to one-sixtesnth of an inch wide and epproximavely
one-eighth of an inch deep were observed in the pavements at locations
other than the jolnts. These appeared to be shrinkage cracks.

29. Another type of crack, which seemed to occur only in the tar-
rubber binder B pavement, was found in areas hera fuel hud »cen splllca.
The unique thing about the cracks was ituul they extended coripletely
around the spillage area and occurred only where the surface had changed
to a light brownish color. Only s tew cracks of this type wcre located
and they wcre of hairline width extending to very shallow depths of less
than one-eighth of an inch.

30. Approximately 75 per cent of the apron area had, at some time
or other, been used for parking as evidenced by the staining effect of
fuel spillage. Ho.ever, aside from the minor cracks discussed above,
no detrimental effects frou the spillage were evident. There weie o few
signs of surface erosinsn from jet blast in both tar-rubber pavemeuts.
However, the damage was not serious in any area. There was no indica-

tion of rutting or shoving in any of the pavement items.

Summation of Findings

31. The accelerated jJet-blast, fuel-spillage, and high-pressure.
tire traffic tests on asphaliic-concrete, iar-concret -, and tar-rubber-
concrete pavements and observationu of actual field performance of those
types of runway, laxiway, and apron surfacings, provided certein inf-r.
mation. These data are listed below, srranged so as to grouvr tlita= con-
cerning effects of traffic, splllage, and blust ccparately, since the
latter are rainly individual design problems. Veathering of tar mote-
rials is also a problem that must be considered. Further, differentiation
is required in some instances tetween the effect and the specific pavement

fucility under consideration. Finally, general conclusions arc given.
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Traffic

32. Apphaltic, tar, and tar-~-rubher pavements can be designed and
constructed that will withstend the effects of 200-psi trafiic.
Fuel spillage

33. Fuel spillage is detriuental to asphaltic concrete only where
it 1s repeated at frequent intervals such as at fueling hydrants and
varking areas. Fuel-resistant pavements are therefore needed at these
locations.

34, Asphaltic-concrete aud Alabuma esphaltic-limerozi pavement are
not sufficiently resistant to the effects of repaated fuel svillage to be
satisfactory for use in parking areas because of leaching =7 asphalt
cement from the aggregate.

35. Tar concrete is vesistant to the effects of repeuted fuel
spillage but showed high leakage and accelerated hardening of the tar.

36. Tar-rubber concrete will resist the effeczts of repeated fuel
spillage.

Heat and blast
37. Jet heat and blast are detrimental to bituminous pavements

only if the binder is heated to the point where the aggregate is ercded
by the blast. Tests to date indicate that approximately 250 F is the
critical point of heat for tar, and approximately 300 I .ur msphaltic
concrete and tar-rubber. In the tests the tar-rubber pavements shcwed a
minimum erosion temperature of 315 F, but this is not ccnsidered hign
enough to rate the material as significantly better than asphaltic
concrete.

38. Without afterburners. Maximum temperatures induceld in tests

simulating pretake-off checks 4% endy of runways were less than 3C0 ¥
(includes consideration of the new type Jjet fighter). Either asphaltic
concrete or tar-rubber will withstand thcoe temperature., without eroding.
39. Maximum temperatures induced in teste simulating maintenance
run-ups in parking areas were less than 315 F (cxcept for the B-4S which
is congidered obsolete). Tar-rubber pavements will withstand these ten-
peratures. Asphaltic concrete will also gencrally withstand these tem-
peraturesc, but &s noted previously, would be subject to detrimental
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dumage where subjected to repeated fuel opillage.
40. With afterburners. Maximum temperature induced “v test simu-
lating pretake-off check at end of runway with the new jet fighter wag

350 F. Thio temperature for the one- to two-secon® period used in the
cimulated test produced no erosion in the asphaltic-concrete or tar-
ruober pavements at Davis-Monthan, '

" L41. Field inspections have revealed erosion at ends of runvay
which has been attributed to F-89 and to B-U7 planes. Tests at Eglin
indicate that the F-89 produces a wuaximum puavewent temperatur> of 175 F
during pretake-off check without afterburner; thersfore, crcvied places
at ends of runways are attributed to operaticn of the F-89 with after-
burner while plane is sitting still. Temperatures produced upier these
conditions are estimated at 350 F., Limited erosicn has been noted from
the outboard engines of the B-47. In tests at Eglin this engine produced
temperatures of 213 F in the pretake-off checks and 315 F in the main-
tenance run-up. Apparently the checks at the end of the runways are
approaching maintenance run-ups in time.

42. Simulated maintenance run-up with the new jet fighter wit.
afterburner operating produced temperatures of €85 F. None of the
bituminous materials tested can withstand these temperatures without
ercsion.

Vleathering

43, Tar pavements harden with age and tend to become brittle at
the surface., The addition of rubber to the tar tends to alleviate the
hardening to & slight degree.

L4, Fuel spillage accelerates the hardening and ir some cases
producesg a brittle surface (one-~fourll o an inch decn) vhich develops
crazing ucder traffic.

45, Hardening occurred in all tar und “ar-rubber pozrents within
six months. Pavements at the Waterways Experiment Station have shown
little change in the past 24 months (they are now 30 uonths old),

46, Cold longitudinal joints have opened, and minor surface crack-
iuz has bheen observed in tar-rubber pavements at Preasque Isle, Davis-
Monthan, and Williame Air Force Bases. This cracking is undesirable
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but., up to the present time, 18 not considercd serious.

Conclusionn

7. Tre Following conclusions are based on high-quality pavsmen:,s

designed and constructed to meet current Corps of Engincers gpecifica-
tions, The conclusions take inlo consideration recent tests with a

new geiu Dighles.

a.

b.

Tnar concrete is not considered satimsfactc:y, vrimarily
because it erodec wndev et hHlazt at low teup-:ratures.

Asphaltic conerets will give saticfsctory pearformance
under tcafflic and blast of jet planes, except in areus
where arlterturner checks are mada. Occasicnally the ocut-
board engine of the B-47 and the new jet fighier uay pro-
duce minor erosion. Asphaltic concrete will also give
satisfactory performance under the incidental fuel spill-
age that occurs on texiweys, runways, and aprons, but will
not withotand the repeated spillage in parking areas.

Tar-rubber pavements will give satisfactory performance
under traffic, spillage, and blast of jet planes, except
in areas where afterburner checks are made {see note).
(Note: Conclusion ¢ is qualified to the extent that the
effects of age are not fully known. All tests vere con-
ducted on relatively new pavements. The moot extensive
testing was conducted on javements at the Waterways
Experiment Station which are now 30 months old. Effects
of age were apparent at 6 months, but have nok incieased
appreciably 1n +hu lact 24 months.)

None of the bituminous pavements would resist crosion in
the areas where afterburner checks are made. (It 1o not
within the scope of this study to evaluate the ability of
portland -cement concrete to withatand the effects of
afterburner checks.)
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TENTATIVE

Azggndix A

INTERIM.SPECIFIGATION FOR TAR-KUBBER BLEND FUK USE
AS BINDING AGENT IN HOT-MIX TAR-RUBBER PAVEMENT

b August 1954
Revined 5 November 1954

A. 8COPE

A-l., This ospecification covers tar-rubber blends tor use as binder in
hot-mix tar-rubber pavements.
B. GENERAL, REQUIREMENTS

B-1. The tar-rubber blend shall consist of a mixture of unvulcanized
synthetic rubber, suitable plasticizers, and olher necessavy ingredients,
blendod with high-temperature coal tar of the coke-oven variety, con-
forming to Federal Specification RT=143. The rubber shall be of a type
which 1s resistant to petroleum oils and distillates, The tar-rubber
bblend shall contain a minimum of 3 per cent by weight of rubber hydro-
carbons., Water-gas tars shall be excluded although they meet Feder: .
8pecification RT-143, The blend shall be homogeneous, free of lvaps and
strings, and capable of being intinduced into the mixing plant in ac-
cordance with regular practice.

B-2. Bubject to approvel by the contracting officer, s rubber addi-
tive, in either liquid or solia torm, may be blended with the tar at the
paving plaut or at a supplier's plant. In either case, the contractor
shall permit inspection by government inspectors during the mixing and
blending process vhen deemed necessary by the contrecting officer. The
contractor shall be furnished a certificate of the type and quantity o2
rubber hydrocarbons added to +the biend when requiced by the conivrarting
officer. »

C. PREPARATION OF TEST SAMPLE

C-l1. Approximately 800 g of the tar-rubber blend shall be melted in a
doublc-boiler-type laboratory melting unit ac duscribed in paragraphs
g.1, 2, and 3.

C-2. The tar-rubber blend shall be ntirrod continuously by mechanical
means during the melting oporation., Frequent temperature ohpervaticnn
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should be made to assuro holding the material within the specifled tem-
perature limits,

C-3. The pouring temperatura of the blend shall be 239 + 107, The
- temperature of the blend during melting shall not axceed 2h5°F and {ne
trumperature of the oil bath shall not exceed 275°F. The melting tinc
vhall not exceed €0 minutoo.
D. TEST REQUIREMENTS

D-1, Penetration

D-1n. Bofore immarsion in fuel

(1) Two penetration samples shall b~ prepared in ac.cordence
with Federal SBpecification 08-R«406, Method No. 214.01 (ASTM D.5.49),

(2) Initial penetration shall be determined on one penetration
cumple at approximately tho seme time as the penetration is Adetermined
on the immerced saemple in accordance with penetration procedure described
in Federal Opecification 88-R-406, Method No. 214.0l. Penetration shall
not be less than 100 nor more than 225.

D-1b, After immersion in fuel

(1) The second penetrstion sample shall be ismorsed In syntnetic
fucl, oo described in ABTM Method of Test DUT1-UST ac reference fusl
No. 2, for a poriod of 18 hours during which time the fuel shall be
mointained at s constant tempersture of 100 + 2%, -

(2) Upon completinn of thn roaking period the specimen shall
be removed from the fuel and dried under forced draft at room tempera-
ture tor one hour. :

(3) At the completion of the drying period, a penotrution
sholl be wade in accordance with B8B8.R.4OEC, Method No 2ik.0l.

(4) Penetration st'ter immerni~a in the opecified fuol ohall no!
be lego than 200 nor more thunﬁ?ﬁo, nor shall the difference bLotwasn i

nonirmersed and the immersed penetratioun mzceed 50,
D-2. Volume and weight change Quring immersvion in fucl
D-2a., Beforo immersion in fuel
(1) A portion of the sample propared in paragraph C above thall
ba poured into a metal container (uoamloou ointmant tox) approximutely
2-1/8 in. in diometer and 1-1/4 in, deop., The depth Af the raterial
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in the nontainer shall bo approximutely 1 in,

(?) This cample shall be allowed to ccol in an atmnophores st o
tempornture not higher than 85°F and not lower thon 70°F for rnt less
than 1-1/2 nor more than 2 hours, The sample shall then be weighed in
air,

(3) The semple shall then be placed in a wnter Lath maintained
nt u tempersture not varying more than 0.2% from 77°F vwhers it shall
romsin for not less than 1-1/2 nor more thean 2 hours.

| (4) At the end of the sbove period i <ha wwte. Larn the sample
ntnll b weighed in water at the same tempervturc es the water bath, i.e.,
77 + 0.2°F.

(5) The differenc: betwesn the weight in eir and the weight in
water shall be determined snd recorded as the volume of the sumple plus
container in cubic centimeters before immersion in f.el,

D-2b. After immorsion in fuel

(1) After the weight in water ic obtained, au shown in pere-
gruph D-2a(l4) above, the coumple shall be dried with s clean, dry cloth
and immeruved in synthetic fuel slonmg with the punetration specimens ro
described in paragraph D-1b(1l) above.

(2) The cample shull be removed from the fuel and dried under
rorced draft ut room temperature along with the penetration sample as
described in paragraph D-1b(2) shove,

(3) At the completion of the Arying period the samplo shall b
aguin weighed in vir und in wetor following steps D-2a4(2), (3), and (&)
above.

(4) The difforenco betwsen the weight in ai' und the weight in
water shall to determined and rocorded nc tho volume of the sample pluy
contoiner in cuble centiuneters ufter immorsion in fuel,

(5) The volume of the uample (pIns containar) shnl nctowy
increuse nov decreass more than 2,5 per cont after noceking ln the spaci-
rfied funl, '

(6) The Ary walght of the spocimun (plus coutainnr) shall
neither Lneroase nor decraase more than 2.0 por zant after soaking in
tho spncliiad fuel,
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D-3, Flow

D-3a. A portion of tho somple prepared in puragraph C abcve shall be
poured into on amelgamated mold 4 em wide by G cm long by 0.32 cm decn,
places on a bright tin panel. Tho mold shall be filled with nn excess
material, allowsd to cool to room temporature for at lsast 1/u hour, and
then trimmed flush with the face of the mold with a motal knlfe or
cpatula. The mcld shall then be removed, and ths panel ccnteining the
somple shall be placed in sn oven maintained at 100 + 2°F for €0 minutes.
During the test the penel shall Le 4> mounted that the longitvdinal axis
of the specimeon is at an angle of 75 + 1 degree wizh the horizontal, and
the transverge axis is horizontal, ,

D-3b. The change in length of the specimen during the 60-minute test
period shall not exceed L om.

D-k, SYoftening point

D-ba., The softening point of the blend shall be determined in accord-
ance with Method No., 216.0, as described in redersl Specification
88-R-406 (ABTM D36-26).

D-4o. The softening point us determined in sccordance with paragraph
D-3a above shall not be less than 90°F (32.2°%).

D-5. Viscosity

D-5a. The viscosity shall be determined by use of s Brooktisld
viscosimeter, Model LVF, under the following spocitiod conditions and
with the resding being taken €0 seconds after spindle is actuated.

Temperature, %  Spindle No. REM

200 b 6
225 L 6
250 2 6

D-5b, The visconily in Brookficld units as determinad in pariy)onl
D-5a shall be within the following limite:

Tomperature, ¥  Brookfiald Units

200 4,000 - 15,000
225 1,750 - 7,000
250 800 - 3,000
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-6, Wnter content

D-Cn. The wotar content of the tar-rubber blend shnll Lo datermined
{n ascecordance with the S8tandard Method of Test for Water in Potroleum
Iroducts nnd Other Bitwminous Materials, ASTM Dasignatiorn: D95-lo.

D-Gb. The woter content as determined in paragraph D-Ga shall aot

oxcoed zero.
k. TESTING EQUIPMENT

E-1., The unit for welting laboratory samples shell be of the double-
boiler type euploying a high flash point oil wus tiw lwab trinuler mediuam.
It shall be so designed and built that the ¢il shall compivtely surround
the oides of tho inner or msterisl chamber.

E-2. The melting unit shall bo}oqpippod with a bottom discharge or
oponing controlled by a knife or blade valve t- permit drawing off
melted materiel, .

E-3. Provision shall be made to install & mechenical agitator in the
material chamber or chambers.

E-I, Provision shall be made f¢r thermometers to read temperatures
of both the tar-rubber blend and the heat-transfer oil,
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Buggasted Parugruph Regnrding Field Test Panelo

Initial laborntory tests for acceptance of a proposcd umaterisl
will be performed by the Waterwuys Experiment S8tation. In addition, a
ficld test panel w!.ll be constructed and .ubjected tu repsated opilluge
of Jet fuol for materials which have not been previously field te:ted.
The results of the repeated spillege tests will be a part of the ac-
ceptance tests. It 1o believed that materials meeting +he laboratory
nerformance teots will perform sstislfacteorily under repsated apillage,
but the contractor is warned that present knowledge of tar-r ibber mate-~
rials does not permit sssurance that materials mci%ing the Jaboratory
performance test will show satisfactory performance under ropested
spillaga2.

One hundred and fifty gallons (150) of the proposed tar-rubbe.
blend produced in full-scale production operations shall be furnished
for these tests which will require 35 days. (Since testing will be
outdoors, iuclement duys will not be counted.) Following these accrt-
ance teots, control samples shall be taken throughout the periocd of the
work and subjected to t@c laboratory performence. teste at regular in-
tervals in order to control produstion of the materiul,

The cost of both laboratory and field performance tssts shall b
borne by the government where the material mests specification requirr.
ments. The contractor shall bear the cost of laboratory and field
perfbrmance tects on materials that 4o not mcet opecification

requirements.



