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EFFECT OF EXHAUST OF F-1OOA AIRCRAFT ON AIRFIELD PAVEMEITS

SUMMARY OF RESUTS OF TESTS AT
DAVIS-MONTHA AIR FORCE BASE, ARIZONA

PART I: IITRODUCTION

T. -he selection of the type or composition of pavements which will

satisfactorily withstand the heat, blast, and fuel spillage from jet air-

craft has been the subject of considerable study during the past several

years by the Corps of Engineers et 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 movement of aircraft under normal operational conditions,

temperatures induced in pavements, and effects on pavements caused by

operatiois of the F-80, F-84, F-86, F-89, F-94, T-33, B-45, and B-47 air-

craft on both asphaltic-conc-.'ete and portland-cement-concrete pavements

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(2).

Current stadies at the Waterways Experiment Station consider the effects

of traffic and fuel spillage as well as heat and blast on flexible pave-

ments, and studies at the Rigid Pavement Laboratory consider similar

effects on concrete pavement.

(1) "Study of Effect of Current-type Jet Aircraft on Airfield Pavements,
Interim Report on Heat and Blast Effects on Pavements," published
by the Waterways Experiment Station, Corps of Engineers, U. S. Army,
December 1952.

(2) "Heat and Blast Effects on Tar and Tar-rubber Pavements, Presque
Isle Air Force Base, Maine," T.M. No. 3-377, Waterways Experiment
Station, Corps of Engineers, U. S. Army, January 1954.
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2. Previous tests to determine the effect of Jet blast on airfield

pavements and to measure temperatures of the pavements have been made for

the most part with single-engine jet aircraft having propulsion units

developing about 5000 lb thrust and without afterburners. The purpose

of the tests summarized herein was to determine the effect of the exhaust

blast on pavements and to measure pavement temperatures during operations

of the F-1OA aircraft. The J57-P-7 propulsion unit of the F-100A air-

craft develops considerably higher thrust than planes previously tested

and is equipped with an aftarDurne- The types of pavement for considera-

tion were asphaltic concrete, tar-rubber concrete (two types), and portland-

cement concrete.

3. The tests were authorized in letter from the Office, Chief of

Engineers (ENGER), dated 24 June 1954, subject "Effect of Exhaust of F-lO0

Aircraft on Airfield Pavements." The request for the tests was made in

letter from the U. S. Air Force dated 18 June 1954, same subject. Sub-

sequent correspondence under the same subject delineated the proposed

test program and other details pertinent to the accomplishment of the

desired tests.

4. The accomplishment of the test program at Davis-Monthan Air Force

Base during the period 8-16 July 1954 was a co-ordinated effort of the

Air Force Flight Test Center at Edwards Air Force Base, California; the

Strategic Air Command at Davis-Monthan Air Force Base, particularly the

Air Installations and Base Operations groups; the Corps of Engineers'

South Pacific Division, Los Angeles District, and Davis-Monthan Air Force

Base Project personnel; and the Flexible and Rigid Pavement Laboratories

of the Corps of Engineers. Specific t@ersonnel assisting in prepsration

,ma1



for and conduct of the tests and observers for the U. S. Air Force, the

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

addition, supervisory personel of the Office, Chief of Engineers and the

Flexible 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.
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PART II : DESCRIPTION OF PAVMENS

5. All of the Davis-4onthan Air Force Base pavements selected for

these tests were constructed during the past year under the supervision

of the Corps of Engineers 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-Monthen Air Force

Base.

6. The asphaltic-concrete pavement selected for test was the east

lane of the IW-SE taxiway (No. 14) approximately 300 ft nortrwest of the

junction of taxiway 14 and the alert hangar apron. This section of pave-

ment was cpproximately nine mo-nths old a the time of test, construction

having been completed in 0.2tober 1953. Pertinent test-properties data

for the surface course are tabulated below.

qgrgte

Grading, :_n%.rae)-
Type and Source Sieve Size Per Cent Passin

Crushed gravel (75 per cent 3/4 in. 100
fractured faces) from the 1/2 in. A
Pantano Wash, a few miles 3/8 in. 86
east of Davis-Monthan Air No. 4 66
Force Base No. 10 49

No. 2o 35
No. 4o 25
No. &P 12
No. 200 5



5

Marshall (Plant Control) Properties

AverMe Range

Asphalt* content, per cent 6.7 6.6 - 6.8

Stability, lb 1490 1250 - 1730

Flow 9 7 - 10

Voids, total mix, per cen. 5.3 5.0 - 5.7

Voids filled with AC, per cent 73.8 72.1 - 74.7

Field compaction, per cent of laboratory - -

*85-100 Penetration

7. The tar-rubber-concrete pavements selected for these tests were

those comprising the maintenance apron at the southeast ena of the NW-SE

taxiway (No. 14). This pavement was approximately nine months old at the

time of test, construction having been completed in October .1953. In this

construction, for comparative test purposes Surfa-aero-sealz tar-rubber

was used in the northwest half snd Flintbinder C-2 tar-rubber was used

in the southeast half. Criteria for 200-psi tires were met by both- pave-

mentUs, and the degree of field compaction was good. Pertinent date for

both mixes are tabulated below.

Aggregate

Teand Source Grading

-ame as for asphaltic Same vs for asphaltic concrete
cncrete (see paragraph (see paragraph 6 above)
6 above)

AL_
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Marshall (Flent Control) ?roperties

Surfa-aero-seaez Flintbin&er C-?

Tar-rubber, per cent 7.5 7.

Stability, lb 2000 ic

Flow 13 fa

Voide, total mix, per cent 5

Voids, filled, per cent 75 78

Field copaction, per cen, of 93 - 99 99
lao(re tory

o. Tine section of portland-cem-ent-concrete pavement selected for

these tests web a portion of the main B-47 parking apron which extends

southeast fron intersection of tvxiways 14 and 18 to about 1000 ft from

the intersaction of taxivsys 14 and 17. =Tne spcific -rea of the apron

used for these tests was in the outer 1?ortheast lsne approxintely 303

ft from the east corner. ThiF pevereat aas epprorinAtely five conths old
at t'If t ze of test, ror-stiucting having baen completed in Februar- 1954.

Field laboratory tests showed c(mpliance with the flexural strengh re-

quiremerts of the project specifications. Co:,crete-mix design date are

given belcw.

Aggregate. Crushed gravel from the Panteno Wash.

Ct1rmnt: Type I, Arizona Portland Cement Corpany,
Rillito, Arizona.

Air-entraining Agent: "Darex," 1 oz per 94 ib of cerce-t.

Water Content: 4.5 gal per 94 lb of cement.

Mix Proportions (by weight): 1:1.648:3-.351

Entrained Air: 3.5 - 4.0 per cent
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PART III: IST PROGOWA PD 0 TTflSW!ATION

9. In the i aiel program of tests proposed by the Flexible Pave-

rent Laboratory, the program outlined VsS directly responsive to the

exposure conditions stated by the U. S. Air Force in their request to

the Office, Chief of Engineers. In addition to the requested test cendi-

tions, a "pretake-off'' test was added with the approval of the Office,

Chief of Engineers and Peadquarters, U. S. Air Force. During the test-

planning conference at Air Force Flight Test Center, Edwards Air Force

Base, Califo. nia, on 7 JVy 1954, certain modifications to the originally

propose- program were =de because of pernissible operating times of the

F-100 Jet engine and in an effort to co-mp.ete the desired tests in the

shortest possible zi.me. Conferees at this -meeting included representa-

tLves of the !:r Force Flight Test Center, Devis-VMnthan Air Force Base,

test progr_ stated hereinafter was appmroved by the representative of

Headquarters, U. S. Air Force on errival ct Davis-Monthan Air Force Base.

10. Results of tests at Eglin Air Force Base (paragraph 3.) have

sho_ that the "mintensnce run-u" imposed the most severe ror-mal ex-

posure conditions. The starting run-up was found to deve]op low pave-

zent te-peratures and was not considered pertinent in current tests.

However, the pretake-off run-up was considered 'ertinent because the

afterburner on the F-100 is used. Power terminology for the F-O0 plane

differs sonewhst from that used in reference to planes tested at Eglin

Air Force Base. What was previously considered full pover is called

"military power" for the F-100 or 100 mper cent of jet engine power.



"Full. power" for the F-100 plane is military power plus afterburner. These

power terms are so used throughcut this report. The originally proposed

series of tests included the following pavement exposure conditions:

a. Pretake-off with afterburner (full power).

b. Maintenance run-up, 21-minute cycle without afterburner

(military power).

c. Maintenance rui-up, 21-minute cycle with efterburncr (full

power).

d. Five minutes st 100 per cent power vithout afterburner

(militazy power).

e. Five minutes at 100 per cent power with afterburner (fill

power).

U. The adopted procedure for the F-100A te:sts on the aspheltic-

concrete, ter-rubber-ccncrete, and portland-cement-concrete pavements in-

cluded only three exposure conditions and was in accordance with the time

cycles shown in the following table.
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Exposure Time
Power Setting

Test Condition 111e l) ,ilitarlr( 2 )  Full( Total Time

Pretake-off(4 ) 1 mir 15 sec 1-2 see 1 mn .17 sec

Maint. run-up

Cycle No. 1 5 min 30 sec 1 min 30 see -

Cycle No. 2 5 min 30 sec 1 min 30 sec
Cycle No. 3 5 min 30 sec 5 min (5) - 24 min 30 sec

Shut-off 5 min 29 min 50 sec

Maint, run-up
Cycle No. 1 5 min 30 sec 1C sec 1 min 20 sec
Cycle No* 2 5 min 30 sec 10 sec 1 min 20 sec

Cycle No. 3 5 min 30 see 10 sec 5 min (5) 24 min 40 sec
Shut-off 5 min 29 min 40 sec

(1) 65 per cent of jet engine power,
(2) 100 per cent of jet engine power.
(3) 100 per cent of jet engine power plus afterburner.
(4) Time in accordance with procedure used at AFFTC, Edwards Air Force

Base, for F-lO1A aircraft.
(5) Final period at military and full power extended to 5 minutes at the

request of USAF, thus combining two separae tests initially proposed.

12. The above-programmed tests were all conducted with the plane

held at deadstand by the plane brakes and anchored chocks specially pro-

vided fo-4 t-ese tests. The use of anchored choc, s in these tests was

necessary sis. o owing to the high thrust developed at full power, the

noxiLally-ur ad wooden cn.* Ks and th. plane brakes would not prevent move-

ment of the e:-z. df,. Photograph 1 shows the special chocks (supplied

', Nortb American Aviation, Inc.) and anchors with load wheels in place

1rcr a bls- x o:t. The anchor in front of each chock is steel rail tied

down with li.i.-diameter seel pins driven 5 ft into the ground through

TLixibl- ,'wruect. Ho'.s were drilled in concrete davement for placement

13. Pavemf_., temperatures were to be determined by means of a

minimum number of thermocouples installed within the predetermined

I .. . . _ . . . , ; 1 , I I ° -
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center-of-heat pattern. Accordingly, seven thermocouples for each type

of pavement were made at the Waterways Exp -iment Station from 20-gage

iron constantan wire by crimping the bare ends together and silver-

soldering. A Brown "Electronik" potentiometer capable of recording up

to l000F 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

,,-acing them in saw kerfs cut in the form of a cross pattern and approxi-

mately 2 in. deep. The kerf in the direction of the blast, parallel to

tUe pcving !or+s, was 10 ft long, while the ke't normal to ti blast w

ft long and intersected the kerf in the direction of the blast at the

mid-point. Five thermocouples were installed in the center p3rtion of

the cross pattern equally spaced 18 in. apart and one thermocouple wfas

installed at each end of the longitudinal kerf 4.5 ft from the center

point. Al3. thermocouples were placed by hand as near as poss:ible at the

surface and the kerfs backfilled with final surface positioning of the

thermocouples accomplished during the backfilling operation. A cold-mix

asphalt surface material (passing the No. 4 sieve) was used Cor the

asphaltic and tar'-rubber-concrete test areas and a fine san-portlend-

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

' _ . . . ..,_ + . i . , ,, I ° ,i I "'l I I II I
+

m I
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PART IV: TESTS AND TEST RESULTS

15. All pavement tests with the F-IOQA, outlined in paragraph 11,

were completed during the period 13-15 July 1954. A t,,ical test setup

with the aircraft in position with the necessary starting energizers is

shown in photograph 2. All tests were conducted v.ith as near as practicable

full fuel load. Unavoidable minor delays resulted from (a) failure of one

of the overheating 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 tn be least destrictlve and thereby

obtain the maximum amount of correct pavement-temperature da la 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 that the engine continue to run at idle power

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 representatives of Headquarters, U. S. Air Force, These tests

were to observe the effect of cutting in the afterburner (a) as the plane

brakes wmre released, and (b) after the plane had moved about 60 ft under

military power.

18. Observations and measurements of fuel spillage were made through-

out the test period.

__________________________

:4d&
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19. Results of the tests that were conducted, including pertinent

characteristics of the plane, observations of effects on pavements, devi-

ations from the test program, and other significant information, are sum-

marized in table 1. Typical time-vs-temperature curves for the pretake-off,

maintenance run-up without afterburner, and maintenance run-up with after-

burner test conditions are shown on plate 1.

Tests on Portland-cement Concrete

20. The portland-cement-concrete pavement selected for the test

area is not considered truly representative of high-quality concrete pave-

ments. Operations at Davis-Monthan Air Force Base necessary because of the

current construction program limited the test-site possibilities to the

area described in paragraph 8; however, in this general area a site was

chosen which exhibibed a minimim of the abnormal surface condition. This

abnormal surface condition consists of an ove--all surftce crazing and is

probably due to delay in applying the curing medium 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 vras a pretake-

off operation consisting of 1 minute at idle (65 per cent) power, 15 sec

at military (100 per cent) power, and 2 sec at full power (military power

plus afterburner). The measured height at the center linc of the tail-

pipe for this test vas 58 in., which is the rated static height. The

pavement-surface temperature at the start of the test was 110"F, and the
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ambient temperature 980F, with the wind ESE at 12 miles per hour. It is to

be noted that all tests on the portland-cement concrete we'.e made with the

plane on a northwest heading. During the three tests on portland-cement

concrete the prevailing winds were almost directly into the tailpipe; there-

fore, some portions of the recorded pavement temperature curves, particularly

when measurements irere made at idle power, may be slightly low but not sig-

nificantly so. The maximum pavement surface temperature recorded was +300"F,

which resulted in a pavement-surface temperature rise of +190F. The

stabilization speed of the recorder being used was not sufficiently rapid

to obtain the momentarily higher temperatures 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 4000 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 pretake-off blast shown on

plate 1 is draim from data collected in this test. No change (paragraph 19)

in the pavement surface appearance could be observed at the nompletion of

this test.

,:d. Th- _ "ond test (D-2) on the portland-cement concrete was the

maL . .nce run-up without afterburner (paragraph 11). This test cycle

was the same as that used for the E6lin Air Force Base tests, except that

the final pcriod at military power was 5 minutes instead of 1.5 minutes.

The ambient temperature, 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 130F. The maximum temperature

recorded for this test was 2950F during the final 5 minutes at military

power, which was a pavement-surface-temperature rise of 165°F. During the
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three 5.5-minute periods at idle power the pavement-surface temperature

stabilized at about 2000 F. Other pertinent information on this test is

given under Test No. D-2 and the footnotes thereto in table 1. No visible

change from the original surface condition of the pavement could be dis-

cerned at the completion of this maintenance 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 vas probably 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 to, (D-3) on the portland-cement concrete

was a maintenance .un-up with afterburner (paragraph 11). The time cycle

for 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 to 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 vas 150OF 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 IL70

miles per hour. The maximum pavement-surface temperature measured during

this maintenance run-up with afterburner was 735 0F during the final 5-

minuite period at full power, which resulted in a temperature rise of 5850F.

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

from the following table of surface temperatures at various intervals.

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

shown on plate 1 is dran from data collected during this test.
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Surface Temperature, *F

Stabilized at Maximum with
Cycle-No. Idle Power Afterburner

1 200 660

2 230 670

3 255 735

255*

*Ten -minutes after engine shut off.

24. There was no erosion 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 ft. Photograph 3 shows the in-

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

in the pavement in the vicinity of the test area prior to the tests, but

which appeared to be at a minimum in the test area itself, was greatly

accentuated at the completion of this tekt, 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

by can f of t-_.ts irith tl l iterva. +ier, examination of cores taken from

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

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 tests on each can be described together. Details concerning the

results are given under Tests Nos. B-l, 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

mo
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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 Waterways 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

feu transient F-86 and T-33 planes.

26. The retake-off tests (B-1 and C-1) were run in accordance wvith

the power cycle schedule previously described. The test on Surfa-aero-sealz

was run in the cool of the wning, hereas the test on Flintbinder was

run in the heat of the day, but the same results were obtained. Further,

there was a 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 about 2 ft wide and 18 ft 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 photograph.

27. The maintenance blast without afterburner on Flintbinder (est

No. C-2) covered the prescribed power cycles. There was no visible change

in the pavement from the original surface conditicn. The maximum surface

temperature of 280OF 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 0 F rise in Test No. D-2 on portland-cement concrete.

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

vs-time curve shown on plate 1 for maintenance blast ithout afterburner.
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A similar test on Surfa-aero-sealz (Test 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 5-minute period at

military power since the maximum temperature for this type of test on tar-

rubber had been obtained on the Flintbinder item and the longer blast bad

not affected that pavement.

28. The maintenance blast '.ith afterburner on the two tar-rubber

pavements was for the same poier cycles, namely 5.5 minutes at 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 were recording gas rather than pavement temperature and

continued erosion would require patching of the test area. Erosion started

in both tar-rubber pavcments about 5 sec after the afterburner was cut in

and the areas after 45 sec at full power were 48 ft by 7 ft by 5/8 in.,

and 45 ft by 6 ft 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 about 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 asphalt pavement on the southeast end of taxiway 14 near

the tar-rubber alert apron was nine months old but had received very little

use. The surface texture was good end the pavement had assumed a light

color from weathering in contract to the dark color of the, tar-rubber

pavements. The asphalt content of 6.7 per cent in the surftze course is

higher than that required for many aggregates in other areas of the United

States where 5.0 to 5.5 per cent asphalt !s generally used* However,

voids properties of tiie plant mix meet 200-psi design criteria and it

is understood that high density was obtained in field rolling.

30. The pretake-off test (A-l) on asphalt was made in accordance

with the power cycle utilized for tests on the other three pavement types.

However, the area where thermocou-les had been installed was not used

owing to pavement erosion during the maintenance blast without after-

burner which was run first. Therefore, the plane was spotted along the

center line of the taxiway without chocks and anchors in front of the

load wheels and the pilot was requested to go through the pretake-off

operations jnst as he would if he was taking off. This was possible

because the taxiway was closed and there was more then 1000 ft of clear

distance over which the plane coui.'". roll axd the pilot co-,- cut bis

power and stop within that distance. The test was made in a satisfactory

manner with the period of time while the afterburner was on before the

plane moved being reasonably the same as when chocks were used and the

afterburner cut off after 1 to 2 sec. The effect on the pavement was

to darken (very slightly melt) the surface over an eres about 2.5 by 18

'A a : I I i ~
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ft as shown in photograph 6. There was no erosion or free bitumen at the

surface, just as ini Tests Nose B-1 and C-1 on tar-rubber pavements.

31. The special pretake-off test referenced i-i pe : aph 17 was

requested by Col. R. L. Clifford of Headquarters, U. S. Air Force to

see if a darkened area would appear on the asphalt pavemeat if the plane

was made to start rolling before the afterburner wans cut in. The pilot

was able to follow this procedure without difficulty, letting the plane

roll about 60 ft at military pow!r before cutting in the afterburner.

Insection of the area after the test showed that there was no effect on

the asphalt surface.

52. The maintenance blast without afterburner was run in accord-

ance with the power cycles listed in paragraph 11. Tine test was made

at about 11 A.M. when ambient temperature was 96°F, surface pavement

temperature was 14O°F, and the wind was calm. During the first 1.5-

minute period at military power numerous small spots of bitumen and

aggregate burst out cf the pavement at 290 F. During the second 1.5-

minute period at military power definite but shallow erosion toc. place

at 2950F. During the third period at ilitary power erosion covered a

wider area and the temperature at three thermocouples within that area

was recorded at 295 F. This condition was noted within ',he first 1.5

uanuies of tie -riz: vhf ?h 7"ouCl nnc-mete a normal plus 50 Der cent

maintenance blast as defined in previous tiame-.vement studies. So,

the test was simply allowed to continue for the full 5-minute period at

military pover with the result that the x-ilsl eroded area was approxi-

mately 15 ft by 3.5 ft by 1/2 in. deep. It should be pointed out that

the gas velocity developed by the F-100 plane at military power is about
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320 miles per hour near the center of heat pattern 30 ft behind the tail-

pipe as compared to 260 miles per hour by earlier fighter planes 25 ft

back of the tailpipe. Also, the diameter of the tailpipe is 22 in. as

compared to 19 in. on earlier planes.

33. The maintenarce blast with afterburner was necessarily made at

another locaticn on the asphalt taxiwray, and it wa- not considered worth-

while to in&tall a set of thermocouples because temperature data were

available from sinilar tests already completed on lar-rubber. The Bame

power cycle as that used on tsr-rubber pavez-ents was followed. Erosion

started quickly after cutting in the afterburner (about 3 sec as compared

to 5 sec on tar-rbber) and after 45 sec the eroded area Vas 51 ft by

9 ft by 3/ in. This area is considerably larger then those for either

of the tar-rubb-r test panels, being at least 3 ft longer, 2 ft wider,

and 1/4 in. deeper.

Obseryations of Jet-fuel Spilll

34. zring th;e course cf the tests, spillage of fuel by the F-!O0

plane w--s observed. In oxrn-al operation without afterburner, about 1 to

2 pt of J--4 fuel was spilled each tim the engine wa. cut off just as

on other types of Uc. S. Air Force jet planes. However, when operating

with the afterburner and then with the latter cut off (engine kept rim-

aine) abouz 1/2 gal of JP-4 fuel was spiled on the pavement. Spillage

in both instances was from a cluster of drin pipes tvnder the fuselage

end about 4o in. above the pavenent. The total quantity of fuel spilled

at each of three locations (B, C, and D) was about 1.5 gel. There was



no visible effect on portland-cement concrete (location D) or on either

of the two tar-rubber concretes (locations B and C). Only 0.5 gal of

fuel was spilled at any one spot on asphalt. The pavement softened

slightly but was substantially cured out and stable within 24 hours.
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PART V: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

55. On the basis of the results of the tests summarized herein

and coupled with information availrKle from previous investigat.lons and

inspection of pavements, the following conclusions appear warranted con-

cerning the F-1OA plane:

a. Maximum anticipated prvement surface temperatures for

specific conditions are as follows:

(1) Blast at idle power, 2009F

(2) Pretake-off blast, 5000F plu-s

(3) Maintenance blast without afterburner, 2950 F

(4) Maintenance! blast with afterburner: 1.5 minutes at

full power, 650PF; 5.0 minutes ut full power, 735OF

b. Effect of heat and blast on pavements is as follows:

(1) Blast at idle power had no visible effect on any of

the pavements tested.

(2) The pretake-off operations as followed in these tests

had no deleterious effect on asphaltic-concrete, t -

rubber-concrete, or portland-cement-concrete pavemenats.

(3) The maintenance run-up without afterburner, as per-

fhrmed in these tests, had no deleterious effect on

tar-rubber- or portland-cement-concrete pavements.

The esphatic-concrpte 7aveent errded to so-Noe extent

under this long exposure period.

A.-
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(4) The maintenance run-up with afterburner, as performed

in these tests, quickly eroded asphalt and the two

tar-rubber pavements. The same run-up did not erode

portland-cement concrete, but discolored the area of

intense heat and accentuated the surface crazing

barely visible in that area prior to test.

Recommendations

36. The following considerations are offered concerning operations

of the F-100A plane:

a. Further study is desirable regarding operations of after-

burners on portland-concrete pavements, particularly where

pavement-surface temperatures are in the range of 600

to 1506°F in the high-heat impingement area.

b. The four test areas at Davis-Monthan Air Force Base should

be inspected within the next few months to check the con-

dition of the pavements and suc., ,:ampling and testing of

pavements as appears warranted should be accomplished.

c. Consideration should be given to the probable necessity of

p oviding several special areas at each Air Force base

which 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-al cost increase wold be negligible. These

special areas should be provided with heavy-duty anchoring

facilities.

- -j
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d. Proper precautions should be taken in regard to jet-fuel

spillage to prevent damage to asphalt,-'c-concrete parking

and maintenance aprons.

4

I/
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