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EFFECT OF EXHAUST OF F-100A AJRCRAFT OM AIRFIELD PAVEMENTS

SUMMARY OF RESULTS OF TESTS AT
DAVIS-MONTHAN AIR FORCE BASE, ARTZONA

PART J: INTRODUCTTON

1. The selection cf the type or composition of pavements which will
satisfactorily withstand the heat, blast, and fuel spillage froam jet air-
craft has been the subject of considerable study during the past several
years by the Corps of Engineers at the request of the U, S. Air Force.

This study is necessarily of a continuing nature owing to constant develop-
ments in aircraft design and propulsion units. One report issued to date
covered time wovement of aircraft under normal operational conditionms,
temperatures iﬁduced in pavements, and effects on pavements caused by
operatic.s of the F-80, F-84, F-86, F-89, F-94, T-33, B-45, and B-47 air-
crsft on both asphgltic-conecrete and portlsnd-cement-concrete pavements(l).
In addition, comparative studies of the effect of F-80 and T-33 aircraft
on asphalt, tar, and tar-rubber-concrete pavements have been made(z).
Current studies at the Waterways Experiment Station consider the effects
of traffic and fuel spillage as well as heat and blast on flexible psve-

ments, and studies at the Rigid Pavewent Laboratory consider similar

effects on concrete pavement.

(1) "Study of Effect of Current-type Jet Aircrsft on Airfield Pavements,
Interim Report cn Heet and Blast Effects on Pavements," published
by the Weterways Experiment Station, Corps of Engineers, U, S. Arwmy,
December 1952,

{(2) "Heat and Blast Effects on Tar end Ter-rubber Pavements, Presque
Isle Air Force Base, Maine," T.M. No. 3-377, Waterways Experiment
Station, Corps of Engineers, U. S. Army, Jenusry 1954.

B
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2. Previous tests to determine the effect of jet blast on airfield
pavements and to measure temperatures of the pavements heve been made for
the most part with single-engine jet aircraft having propulsion units
developing about 5000 1b thrust and without afterburners. The purpose
of the tests summarized herein was to determine the effect of the exhaust
blast on pavements and to meesure pavement temperatures during operations
of the F-100A aircraft. The J57-P-T7 propulsicn unit of the F-100A air-
craft develops considerably higher thrust than plasnes previously tested
and is equipped with an aftzrourner. The types of pavement for considera-
tion were asphaltic concrete, tar-rubber concrete (two types), end portland-
cement concrete.

3« The tests were authorized in letter from the Office, Chief of
Engineers (ENGER), deted 24 June 195%, subject "EZfect of Exhaust of F-100
Aircraft on Airfield Pavements."” The request for the tests was made in
letter from the U, S. Air Force dated 1€ June 195%, ssme subject. Sub-
sequent correspondence under the same subject delineated the proposed

test program and other details pertinent to the accomplishment of the

desired tests.

%, The accomplishment of the test program at Davis-Monthan Air Force

Base during the period 8-16 July 1954 wss a cn-ordinated effort of the
Air Force Flight Test Center at Edwards Air Force Base, California; the
Strategic Air Command at Davis-Monthan Air Force Bace, particularly the
Air Installations and Base Cperations groups; the Corps of Engineers?
South Pacific Division, Los Angeles District, and Davis-lMonthen Air FBrce
Base Project personrel; and the Flexible and Rigid Pavement Leboratories

of the Corps of Engineers. Specific personnel assisting in prepsration

T
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for and conduct of the tescts and observers for the U. S. Air l'orce, the

Corps of Engineers, and other groups are listed in attachment hereto. In

addition, supervisory persomnel of the Office, Chief of Engineers and the ‘
r lexible Pavement Laboratory were active in planning the tests. This report

was prepared jointly by the Rigid and Flexible Pavement Laboratories of the

Corps of Engineers.

v
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PART II: DESCRIPTION OF PAVEMENTS ‘

5. All of the Davis-4onthan Air Force Bage pavements selected for
these tests were constructed during the past year under the supervision
of the Corps of BEngineers with the District Engineer, Los Angeles, Cali-
fornia, as contracting officer. Direct supervision of the construction
was exercised by a project engineer assigned to Davis-Monthsn Air Force
Base.

5, The asphaltic-concrete pavement seiected for test was the east
lane of the NW-SE texivay (No. 1l) epproximately 300 £t nortiwest of the
junction of taxiway 1% and the aleri hangar epron. This section of pave-

ment was cpproximately nine wmonths old e the time of test, construction

having been completed in {*ctober 1953. Pertinent test-properties data

for the surface course are tavulated belcw.

Aggregate
Grading {s.zrage)
Type end Source Sieve Size Yer Cent Passing

Crushed gravel (75 per cent 3/4 in, 100
fractured faces) from the 1/2 in. Gl
Pantsnoc Wash, a few miles 3/8 in. 86
east of Davis-lMonthan Air Fo. 4 &6
Force Base Nc. 10 L9
No. 20 35

No. Lo 23

fo. £C 12

No. 200 5
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5
Marshall (Pisnt Control) Properties

Average Range
Asphalt* content, per cent 6.7 6.6 - .8
Stability, 1b 1490 1250 - 1730
Flow 9 T-10
Voids, total wix, per cen: 5¢3 5.0 = 5.7
Voids filled with AC, per cent 73.8 72,1 - 4.7
Field cowpaction, per cent of lavorstory - -

#85-100 Penetration

7. The tar-rubber-concrete psvements scliected for these tests were
those comprising the maintenance apron st the southeast end of the NW-SB
taxivay (Wo. 1k). This pavement was approximately nine months old at the
time of test, construction having been completed in October .1955. In this
construction, for comparstive test purpcses Surfa-aero-sealz tar-rubber
vas uced in the northwest half znd Flintbinder C-2 tar-rubber was used
in the southeast half, Criterias for 200-psi tires weres wet by botl pave-
ments, and the degree of field compsction was good. Pertinent data for

both mixes are tabulated below,

Aggregate
Type and Source rading
fazme as for aspheltic Sanme o&s for asphaltic concrete
concrete (see paragrapn (see paragreph 6 stove)

6 above}
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Marshail (Flent Control) Properties ‘

Surfa-aero-scalz Fiinthineer €-2 )

i

Tar-rubber, fer cent 7+5 TeS 1
Stability, 1b 2000 ore
Rlow 13 1k
Voide, total mix, per cent p b
Yoids, filled, per cent (P 78
Field ccmpsction, per cens of B - 9 a2

laneretory

-~

3. The section of portisnd-cement-concrete psvenent selected for
these %ests ws» 8 portion of the msin B-L7 psrking epron which extends
scutheest from intarsection of tsxiways 1B ané 18 to sbout 1000 ft from
the interszction of texiwsys 1l ané 17. The specific zrea of the apron
used for these tests was in tke outer rortheast lzre epproxitstely 300

ft from the esst corner. Thir pavenent was approxinately five worihs old
at the tice cf test; rorstructing having bzen compieted in Pebruary 195k.
Fiell leboratory tests showed compliesnce with the flexursl sirengh re-

quireperts of ine project specifications. Concrete-mix design dats sre

given belcew, ,
Aggregpte: Crushed gravel froa the Pantenoc Wash,
Cerent: Type I, Arizone Portlsed Censsnt Cormeny,
Rillito, Arizons.
Air-entrsining Agent: *Darex," 1 oz per 9% 1b of cerent.
Water Content: k1,5 gsl per 94 1b of cement.

Mix Proportions {by weight): 1:1.648:3,351

Entrained Air: 3.5 - 4,0 per cent
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’ PART TII: TEST PROCRAM AND INSTRUMEMTATION

t : 9. In the ini:izl prograu of tests proposed by the Flexible Pave-~
vent Laboratory, the progrem outlined was directly responsive to the
exposure conditions stated by the U, S. Air Force in their reguest o
* the Office, Chief of Bngireers. In addition to the reguested test condi-
{ tions, & "preteke-off" test was added with the approval of the Office,
Chief of Bngineers snd Beadgquarters, U. S. Air FPorce. During the test-
planning ccnfererce a2t Air Porce Flight Test Center, Bdweards Air Porce
{ Base, California, on 7 July 195%, certein oodifications to the originaily
proposes Progras were czde because ¢f perzissivle overating times of the
P-1C0 Jet engine znd in zn effort to coxmrlete the desired tests in the
shortest possiblz ::me., Conferees st this =eeting included represente-
taves of the Zir Porce Flignt Test Center, Devis-Monthen Air Force Base,
3 . Xorth Arerican Avietion, Inc., snd Corps of Bngimeers, U, S, Arzy. The
! test prograz= stated hereinefter was zpproved by the representative of
A Eeadguarters, U. S. Air Porce on errivel =zt Davis-#onthen Air Force Base. ﬁ
10, Results of tests a2t Bglir Air Porce Base (peragreph 1) heve
skowr that the "cointensnce run-up” izposed the wost severe norzal ex- 1
posure corditions, The sterting run-up ves found to develop low pave-
[ went texzperatures and was not considered pertinent in current tests.
Bowever, the pretske-off run-up wes considered tertinent becsuse the

afterburner on the F-100 is used. wer termirology for the ¥-100 plane ﬂ

differs somewnst from that used ic reference to planes tested at Bglin
} Air Force Base, What was previously considered full power is called

"rilitary power” fer the P-100 or 100 per cent of jet engire pover.
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“Full. power” for the F-100 plane is military power plus afterburner. These

Tower terms are so used throughcut this report. The originally proposed
series of tests included the follovwing pavement exposure conditions:

Pretake-off with afterturner (full power).

jo
.

|0
L ]

Maintenance run-up, 2l-mirute cycle without afterburner
{(wilitary power).
c¢. lsintenance rua-up, 2l-minute cycie with sfterburner (fudl
poWer) .
d. Five ninutes st 100 per ceat power without afterburner
(wilitary power).
e. Five winutes at 100 per cent power with afterburner {fnll
power).
11. The sdopted procedure for the F-100A tasts on the aspheltic-
concrete, ter-rubber-ccncrete, end portlana -cement-concrete pavements in-
cluged only three exposure conditions and wes in eccordance with the time

cycles shown in the fnllowing table.

e s o ar MMM



v o —

- —y Y T T ¥ T T T T T

9
Exposure Time 1
Power Setting
, Test Condition  Ie'r)  Militarv'e) Fu11'>) Total Time

Pretake~off(h) 1 min 15 sec 1-2 sec 1 min 17 sec
Maint. run-up

Cycle No» 1 5 min 30 sec 1 min 30 sec -

Cycle No, 2 5 min 30 sec 1 min 30 sec -

Cycle Wo. 3 5 min 30 sec 5 win (5) - 24 min 30 sec

Shut-off 5 min 29 min 70 sec
Maint, run-up

Cycle No. 1 5 win 30 sec + 1C sec 1 min 20 sec

Cycle Ro, 2 5 ain 30 sec . 10 sec 1 min 20 sec

Cycle No. 3 5 min 30 sec 10 sec 5 wmin (5) 2L win %0 sec .

Shut-off 5 min 29 min 40 sec

1) 65 per cent of jet engine povier,
2) 100 per cent of jet engine power.
Eg 100 per cent of Jet engine power plus afterburner.

Time in accordssnce with procedure used at AFFIC, Edwards Air Force
Base, for F-100A aircraft.

(5) Final period st wmilitary and full power <xtended to 5 minutes at the i
request of USAF, thus combining two separace teste initially proposed.
12, The above-~programmed tests were all conducted with the plane i
held et deadstand by the plane brakes and anchored chocks specially pro-
vided fo. tuese tects. The use of anchored chocius in these tests was ' ‘ J
nacessary sia. o, owing to the high thrust developed at full power, the
noruglly-ur ed wooden cno.ks and the plane brakes would not prevent move- J

went of the a’».:.uf:, Photograph 1 shows the special chocks (supplied

*. Nortk Awerican Aviation, Inc.) ard anchors with load wheels in place

fcr a bla: 1 .3%. The anchor in front of each chock is steel rail tied 1
down with l-ia.~diameter sceel pins driven 5 £t into the ground tarough

€1 sxible ;aveowent. Ho".2s8 were drilled in concrete pavement for plecement

¢f sumiles ane v
13, Paveme..b teuperatures were to be Getermined bty means of a

ninimum number of thermocouples installed within the predetermined

[P EI———
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center~of-heat pattern. Accordingly, seven thermocouples for each type
of pavement were made at the Waterways Exr +iwent Station from 20-~gage
iron constantan wire vy crimping the hare ends together and silver-
soldering. A Brown "Electronik" potentiometer capable of recording up
to lQOOOF at the rate of once each 12 to 15 sec for each thermocouple was
provided by the Waterways Experiment Station. A portable generator fur-
nished by the Air Installations Office, Davis~Monthan Air Force Base
supplied power for the recorder.

14, Correct positioning of the thermocouples was accomplished by
- wacing them in saw kerfs cut in the form of a cross patitern and approxi-
mately 2 in. deep. The kerf in the direction of the tlast, parallel to
the paving lares, was 10 £t long, while the ke»t normal to ti~ blast w °
y £t lcng ang intersected the kerf in the direction of the blast &t the
mid-point. Five thermecouples were installed in the center pdrtion of
the cross pattern equally spaced 18 in. apart end one thermocouple was
installed at each end of the longitudinal kerf 4.5 £t from the center
peint. A1) thermocouples were placed by hand as near as possible at the
surface and the kerfs backfilled with finel surface positioning of the
thermocouples accowmplished during the backfilling operation. A cold-mix
asphalt surface waterial (passing the Mo, ! sieve) was used for the
asphaltic and tav-rubber-concrete test areus gnd a fine sanc.-portlend-

cement mortar (2:1) was used for the portland-cement concrete.

_‘..M‘-&
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PART IV: TESTS AND TEST RESULTS

15. All pavement tests with the F-100A, outlined in puragraph 11,
vere compieted during the period 13-15 July 195k. A tymical test setup
with the aircraft in position with the necessary starting energizers is
shown in photograph 2. All tests were conducted writh as near as praciicable
full fuel load. Unavoidable minor delays resulted from (a) failure of one
of the overhsating indicators in the aircraft which necessitated the re-
moval and replacement of the tail section, and (b) the malfunctioning of
the "Electronik" recorder.

16. The sequence of testing differed slightly from that stated in

the program except in the tests of the portland-cement concrete. This
deviation was deemed advisable to permit the conduct of the tests in the
order of the exposure conditions believed to be least destractive and thereby
obtain the maximum amount of correct pavement-temperature da a possible.
It is also to be noted that at the completion of test cycles which ended
with either military or full power, the standard operating procedure for
the J57-P~7 engine requires thav the engine continue to run at idle pcwer
for five minutes,

17. In addition to the originally programmed tests, two special
"pretake-off" tests were made on the asphaltic-concrete taxiway at the
request of reprezentatives of Headquarters, U. S. Air Force, These tests
were to observe the effect of cutting in the afterburner (a) as the plane
brakes were released, and (b) after the plane had moved about 60 ft under
military power.

18. Observstions and measurements of fuel spillage vere made through-

out the test period.
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19. Results of the tests that were conducted, including pertinent
characteristice of the plane, observations of effeéts or pavements, devi~
ations fron the test program, and other significant information, are sume~
marized in table 1. Typical time-vs-temperature curves for the pretake-off,
maintenance run-up without afterburner, and meintenance run-up with afters

burner test conditions are shown on plate 1.

Tests on Portland-cement Cencrete

20. The portland-cement-concrete pavement selected for the test
ares is pot considered truly representative of high-quality concrete pave-
mentg. Operations at Davis-Monthan Air Force Base necessary because cof the
current construction program limited the test-site possibilities to the
area described in paragraph 8; however, in this general area a site vas
cnosen vwhich exhitited a minimum of the abnormal surface condition. This
abnormal surface condition consists of aa over-all surfoce crazing and is
probably due to delasy in epplying the curing medivm during the construction
of the parking apron. Time did not permit obtaining cores to determine the
depth of this crazing, but it appeared to be purely a surface phenomenon.
Since this pavement was only about five months old, little of the curing
compound and surface laitance had been removed by the traffic over the area.

21. The initial test on the portland-cement concrete was a pretake-
of operation consisting of 1 minute at idle (65 per cent) power, 15 sec
at military (100 per cent) power, and 2 sec at full pover (military power
plus afterburner). The reasurzd height at the center linc of the tail-
pipe for this test was 58 in., which is the rated static height. The

pevemert-surface temperature at the start of the test was 110°F, and the

<«

T SO .
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ambient temperature 98°F, with the wind ESE at 12 miles per hour. It is to
be noted that all tests on the portland-cement concrete weve made with the
plane on a northwest heading. During the thres tests on portland-cement
concrete the prevailing winds were almost directly into the tailpipe; there-
fore, some portions of the recorded pavement temperaturc curves, particularly
vhen measurements vere made at idle power, may be slighily low but not sig-
nificantly so. The maximum pavement surface temperatiure recorded was +300°F,
which resulted in a pavement-surface temperature rise of +190°F. The
stabilization speed of the recorder being used was not sufficiently rapid
to obtain the momentarily higher temperstures which probably were reached
during the 1-2 sec afterburner blast on a pretake-off test, but indications
were that the temperature did not exceed 400°F. Other pertinent information
on this test is given under Test No. D-1 and the footnotes thereto in
table 1. The temperature-vs~time curve for the pretaxe-off blast shown on
plate 1 is drawm from data collected in this test. No change (paragraph 19)
ir the pavement surface appesrance cculd bLe observed at the compietion of
this test.

2. Tho + -ond test (D-2) on the portlend-cement concrete was the
mai. .rsnce run-up without afterburner (paragraph 11). This test cycle
was the same as that used for the Eglin Air Force Base tests, except that
the {inal puriod at military power was 5 minutes ipstead of 1.5 minutes.
The ambient temperaiure, wind velocity and direction, and height of tail-
pipe at the center line was the same as for Test No, D-1. Pavement-surface
temperature at the start of the test was 130°F. The maximum temperature

recorded for this test was 295°F during the final 5 minutes at military

pover, which was a pavement-surface-tempersture rise of 165°F. During the
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thr2e 5.5-minute periods at idle power the pavement-surface temperature
i stabilized at about 200°F. Other pertinent information on this test is
g givep under Test No. D-2 and the footnotes thereto in table 1. No visible
r change from the original surface condition of the pavemer. could be dis-
i cerped at the completion of this mainbenance run-up test. except for a very
} slight darkening of the surface in the high-heat area. This slight change
in color of this surface was probebly owing to a combination of factors
such as the small amount of curing compound remaining, removal of laitance,
; . and the dark exhaust gases at military power.
{ ‘ 23. The third and final te- (D-3) on. the portland-cement concrete
; was a maintenance ~un-up with afterburner (paragraph 11). The time cycle
Tor this type of test differs from the maintenance run-up cycle for the
previous test in that about 10 sec are required to change the throttle from
idle tc military power before cutting in the afterburner. The measured
tailpipe height at the center line was 58-3/4 in. for this test. The
pavement-surface temperature at the start of the test was 150°F and the
ambient temperature 103°F, with the wind ESE at 12 miles per hour. During
the test period the wind direction changed from ESE to SE to S. The wind
velocity and direction are not too important while plane is running at full
power because the gas velocity 30 ft from end of tailpipe is about 70
} miles per hour. The maximum pavement-surface temperature measured during
L thi3 maintenance run-up with afterburner vas T735°F during the final 5-

minute period at full power, which resulted in a temperature rise of 585°F.

The temperature build-up in the pavement during this test will be noted

from the following table of surface temperatures at various intervals.

e

The typical temperature-vs-time curve for maintenance run-up with afterburner

shown on plate 1 is dravn from data collected during this test.
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Surface Temperature, °F i

Stabilized at Maximum with .

Cycle No. Idle Power Afterburner
1 200 660
230 670
3 255 135
255%

*¥Ten ninutes after engine shut off.

24, There was no ercsion of the portland-cement-concrete pavement
surface at the completion of Test No. D-3. The intensity of discolored
area in the center of the heat pattern had increased appreciably and was
an elliptical area approximately 4 by 15 f£t. FPhotograph 3 shows the in-

tensity and area of the discoloration. The surfece crazing which was noted

in the pavement in the vicinity of the test area prior to the tests, but
vhich appeared to be at a minimum in the test area itself, was greatly
accentuated at the completion of this tect, and a close~up of the surface
appearance is shown in photograph 4. It is hoped that final evaluation
of the effect of prolonged afterburner blast (thermal shock) can be made J
ty means of toets with the ipterval tiwer, examination of corzs taken from

the exposed area, and periodic visual inspection of the pavement. A

Tests on Tar-rubber Concrete

25, Performance of the two tar-rubber pavements (Surfa-aero-sealz

and Flintbinder) was similar for a given test condition to the extent that

results of fests on each can be described together. Details concerning the
results are given under Tests Nos. B-1, B-2, B-3, C-1, C-2, and C-3 in
table 1. It should be noted that the pavement surfaces were in good con-

dition and that a crust (typical of tar pavements) had formed during the

e e m————
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nine-month period since construction. This crust did not appear to be as
thick and as brittle as that on test pavements at the Yaterways Experiment
Station where only 5.6 per cent tar-rubber was used in the mix compared to
7.5 per cent in these pavements. The difference in optimum tar-rubber
content is attributed to variation in aggregate type. The pavements
selected for test on the maintenance apron have not been used except by a
fer transient F-86 and T-33 planes.

26. The pretake-off tests (B-1 and C-1) were run in accordance with
the power cycle schedule previously described. The test on Surfa-aero-seslz
wvas run in the cool of the morning, whereas the test on Flintbinder was
run in the heat of the day, but the same results wvere obtained, Further,
there wvas & mild cross wind in both instances (4 to 6 miles per hour).

The temperature recorder "froze" at a point between 300 and 400°F in each
case during the 2-sec period while the afterburner was on. The afterburner
caused an area of the pavement sbout 2 ft wide and 18 £t long to assume a
little darker color (very slight melting of bitumen at the surface) than the
already rather dark pavement. There was no erosion. The color contrast
was not great enough to illustrate by photogreph.

27. The maintenance blast without afterburner on Flintbinder {Iest
No. C-2) covered the prescribed pover cycles. There was no visible change
in the pavement from the original surface conditicn. The maximum surface
temperature of 280°F was recorded near the end of the final 5-minute cycle
at military power, resulting in a temperature rise of 170°F which is com-
parable to the 165°F rise in Test No. D-2 on portland-cement concrete.

The data from this test wer2 utilized in drawing the typical temperature-

vs-time curve shown on plate 1 for maintenance blast without afterburner.
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A similar test on Surfa-gero-sealz (‘Pest No. B-2) was stopped after 1 minute
at military power in the third cycle because of indication on the plane's
instruments of high tailpipe temperature. Pavement temperature had reached
265°F and there was no indication of detrimental effect on the pavement. ‘
Therefore, the test was not repeated to get a full S-minute period at
military pover siace the maximum temperature for this type of test on tar-
rubber had been obtained on the Flintbinder item and the longer blast bhad
not affected that pavement.
28. The maintenance blast with afterburner on the two tar-rubber
pavements was for the same power cycles, namely 5.5 minutes et idle power,

10 sec at military power, and 45 sec at full rower. The proposed cycles

listed in paragraph 11 were not completed because the pavement eroded. It
was not considered worthwhile to continue the blast because the exposed
thermocouples vere recording gas rather than pavement temperature and
continued erosion would require patching of the test area. Erosion started
in both tar-rubber pavements sbout 5 sec after the afterburner was cut in
and the areas after 45 sec at full power were 48 ft by 7 £t by 5/8 in., f
and 45 ft by 6 £t by 1/2 in. for Flintbinder and Surfa-aero-sealz, res-
pectively. Gas temperature measured through exposed thermocouples was
about 680°F. True pavement temperature is estimated to be gbout 600 to
625°F. Photograph 5 shows the shape and condition of the eroded area in

Surfa-aero-sealz at the end of Test No. B-3.
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Tests on Asphaltic Concrete

29. The ssphalt pavement on the southeast end of taxiway 1l near
the tar-rubber alert apron was nine months cld but had received very little
use, The surfsce texture was good end the mpsvement had asssumed a light
color froa weathering in contract to the dark color of the. tar-rubber
pavements. The asphalt content of 6.7 per cent in the surfzce course is
higher than that required for wmany aggregates in other areas of the United
States where 5.0 to 5.5 per cent asphalt !s generally used. However,
voids properties of thz plant mix meet 200-psi design criteria and it
is understood that high density was obtained in fieid rolling.

30, The pretake-off test (A-1) on asphslt was made in accordance
with the power cycle utiliz=d for tests on the other three pavement types.
However, the area where thermocouples had been installed was not used
owing to pavement erosion during the maintenmnce blast without after-
burner whicii vas run first. Therefore, the plane wss spotted along the
center Jine of the taxiway without chocks and anchors in front of the
load wheels and the pilot wes requested to go through the pretsk=-off
operations just as he would if he was taking off. This was possible
because the taxiway was closed and there was more then 1000 ff of clear
distance over which the plane could roil axd the pilot coull cut his
pover and stop within that distance. The iest was mede in a satislactory
menner with the period of time while the afterburner was on before the
plane moved being reasonadly the same as when chocks were used and the
afterburner cut off after 1 to 2 sec. The effect or the vevement was

to darken (very slightly weit) the surface over an erea about 2.5 by 18
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ft as shown in photograph 6. There was no erosion or free bitumen at the
surfsce, Jjust as in Tests Nos. B-1 and C-1 on tar-rubber psvements.

3l. Tne special. pretake-off test referenced 11 pe ::raph 17 was
requested by Col. R. L. Clifford of Headquarters, U, S. Air Force to
see if a desrkened area would aprear on the zsphalt pavemeot if the plane
#as made to start rolling before the sfterburner was cut in. The pilot
was able to follow this procedure without difficulty, letting the plane
roll sbout 60 ft at military pow:r before cutting in the afterburner.
Insvection of the area after the test showed that there was no effect on
the asphalt surface,

32, The waintensnce blast without afteyburner was run in accord-
ance with the power cycles listed in paragraph 11, Tne test was made
at about 11 A.M., when smbient tewmpersture was 960 P, surface pevement
temperature was 140°F, and the wird was calm. During the first l.5-
wminute period at military power numerous small spots of bitumen snd
aggregate burst out cf the pavement at 290°F. During the second 1.5~
minute period at militsry power definite but shallow erosion tocx place
at 295°F. During the third period at wilitary power erosion <overed s
wider area and the temperature at three thermocouples within that sree
was recorded at 295°F. This condition was noted within “he first 1.5
wxnuies of tie pericd wnf ok would .oncrrmmete a normel plus 50 per ceat
meintenance blast as defined in previous time-msyvezent studies. So,
the test was simply allowed to continue for the full S-minute period at
military pover with the result that the x{121l eioded ares was approxi-
mately 15 £t by 3.5 £t by 1/2 in. deep. It should be pointed out that

the gss velocity developed by the F-100 plane at military power is sbout
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320 miles per hour near the center of heat pattern 30 ft behind the tail-
pipe as compared tc 260 wiles per hour by earlier fighter planes 25 ft
back of the tailpipe. Alzo, the diameter of the tailpipe is 22 in. as
compared to 19 in. on earlier planes.

33. Tne waintenance blast with afterburner was necessarily made at
another locaticn or the asphalt taxivay, and it was not considered worth-
while to install & set of thermocouples because temperature data were
avaiiable fyom sinilar tests already cumpleted on tar-rubber. The same
pover cycle as that used on tar-rubver paverents was foliowed. Erosion
started quickly after cutting in the afterburner (about 3 sec as compared
tc 5 sec on tar-rubber) and after L5 sec the eroded area was 51 £t by

9 ft by 3/1& in, This areeg is considerably lerger then those for either

of the tar-rubber test panels, being at least 3 f{ lcnger, 2 ft wider,

and 1/% in. deeper.

Orservations of Jet-fuel Spillage

34, During the course of the tests, spillege o2 fuel by the F-100 4
plane Was observed. In normal operation without afferburner, about 1 to
2 pt of @-k fuel was spilled each time the engine was cut off just as
on other tyves of U, 8. Air Porce jet planes, Eowzver, when operating

th the afterburner and then witk the lstter cut off {engine kept run-
aing) about 1f2 gel of JP-4 fuel was spiiled oz the peavement, Spillage

in both instencec was Trom 2 cluster of drsin pipes vnder the fuselage

end sbout 4O in. sbove the pavement. The total cuentity of fuel spilled

et each of three locaticns (B, C, and D) was sbout 1.5 gel. There was

e ———— e —

‘&
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no visible effect on portland-cezent concrete (location D) or on either
of the two tar-rubber concretes (locations B ang C). Only 0.5 gsl of
fuel was spilled at any one spot on ssphalt.

slight

Tre paverment softened ‘

ly but was substantielly cured out snd stable within 2% hours.
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PART V: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

35« On the basis of the results of the tests summarized herein

and coupled with informatiorn availrdle from previous investigations and

inspection of pavements, the following conclusions sppesr warranted con-

cerning the F-100A plzne:

8.

Maximum anticipated prvement surface temperatures for

specific conditions are as follows:

(1)
(2
(3)
(%)

Biast at idle power, 200°F

Pretake-off blast, 300 OF plus

Mainterance blast without afterburner, 295 P
Maintenance blast with afterburner: 1.5 minutes st

full powver, 650°F; 5.0 minutes ut Pull pover, 735 O

Bffect of heat and blast on pavements is as follows:

(1)

(2)

(3)

Blast at idle power hed no visible effect on any of
the pavements tested.

The vretake-off operationc as followed in these tests
had no deleterious effect on asphaltic-concrete, tr+-
rubber-concrete, or portland-cement-concrete pavemcats.
The maintenance run-up without afterburner, as per-
forred in these tests, had no deleterious effect on
tar-rubter~ or portland-cement-concrete pavements.

The esphaltic-concrete naverent ernded to sowe extent

und2r this long exposure period.

x
\
\
-]
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(4) The maintenance run-up with afterburner, as performed

. — -

in these tests, quickly eroded asphalt and the two
tar-rubber paveuwents, The same run-up did not crode
portland~-cement concrete, but discolored the area of
intence heat and accentuated the surface crazing

barely visible in that ares prior to test.

Recommendations

36. The following considerations are offered concerning operations

of the F-1C00A plane:

a. Further study is desirable regarding operations of after-
burners on portland-concrete pavements, paerticularly where
pavement-surface temperatures are in the range of 600

e to 1500°F in the high-heat impingement avea.,
b. The four test areas at Davis-Monthan Air Force Base should

A ) be inspected within the next few wonths to check the con-
dition of the pavements and suc, cumpling and testing of
pavements as appears warranted should be accomplished.

¢+ Consideration should be given to the probable necessity of
p oviding several special areas at each Air Force base
vhich will withstand sustained afterburner blast. The
initial unit cost of such areas would be appreciably
greater than normal portland-cement concrete, but since
the number and extent of such areas would be quite limited,
the over-all cost increase would be negligible. These
special areas should be provided with heavy-duty snchoring
facilities,

h el

PSP Suma
_uil e ndat



ok

1

|

4. Proper preceutions should be taken in regard to Jet-fuel 1
spillage to prevent damage to asphalt,j:c-concrete parking

and maintenance aprons.
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