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PREFACE 

The tests reported herein cover a portion of the over-all "Study 

of Effect of Current-Type Jet Aircraft on Airfield Pavements, 11 set forth 

in Instructions and Outline, dated 2 August 1951, and addendum No. 1 

thereto, dated 9 August 1951, by the Office, Chief of Engineers. The 

tests were authorized as a joint project, with operational phases as

signed by U. S. Air Force to the Commanding General, Air Proving Ground, 

Eglin Air Force Base, Florida, and the engineering phases delegated by 

the Office, Chief of Engineers, to the Rigid and Flexible Pavement 

Laboratories* of the Corp8 of Engineers. The Flexible Pavement Labora

tory was responsible for over-all supervision of the project. 

The initial part of the operational phase, consisting of time

movement studies of jet aircraft at several operational airfields, was 

completed in November 1951 by the Air Proving Ground. A report sum

marizing the results was prepared by the Rigid and Flexible Pavement 

Laboratories ("Time-movement Study," January 1952). These time-movement 

studies served as a basis for establishing test procedures to simulate 

normal operation of all current-type jet aircraft used by U. s. Air Force. 

This report presents the results of small-scale field tests pre

formed at Eglin Air Force Base, Florida, in 1952 to determine the ef

fects of heat and blast, generated by various types of jet aircraft, on 

asphaltic-concrete and portland-cement-concrete pavements. 1Ihis report 

supersedes an "Interim Report on Heat and Blast Effects on Pavements," 

published by the Waterways Experiment Station in December 1952, wherein 

test results were summarized and made available for immediate use in the 

designing of pavements for jet aircraft. 

Messrs. J. C. Burton and F. L. Meara of the Directorate of Instal

lations, U. s. Air Force, and Messrs. Gayle B. McFadden, T. B. Pringle, 

and W. C. Ricketts of the Office, Chief of Engineers, were active in the 

initial planning of this phase of the study. The South Atlantic Division 

* The Rigid Pavement Laboratory is located at the Ohio River Division 
laboratories, and the Flexible Pavement Laboratory at the Waterways 
Experiment Station. 
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Laboratory, Marietta, Georgia, tested construction materials and designed 

both the rigid and flexible pavement mixes. Contract for the construc

tion of the test sections at Eglin Field was awarded to the Smith Engi

neering Company, Pensacola, Florida, by the Mobile District, Corps of 

Engineers. Mr. R. W. Davis, Resident Engineer for the Mobile District 

at Eglin Field, had immediate supervision of construction. Instrumenta

tion and conduct of the tests for determination of heat and blast ef

fects were under the direction of Lieutenant Colonel E. S. Airmet, Project 

Officer, Air Proving Ground, Eglin Air Force Base. Engineers of the Rigid 

Pavement Laboratory actively connected with the study were Messrs. F. M. 

Mellinger, B. U. Duvall, C. F. Renz, and W. w. Roberts; and of the Flex

-ible Pavement -Labo~atory were_Messrs. W. J. Turnbull, C.R. Foster, 

0. B. Ray, and E. C. Meredith. This report was prepared jointly by the 

Rigid and Flexible Pavement Laboratories. 
I 
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HEAT AND BLAST EFFECTS OF CURRENT-TYPE 

JET AIRCRAFT ON AIRFIELD PAVEMENTS 

PART I: INTRODUCTION 

1. The development and increasing use of jet-propelled aircraft 

by the U. S. Air.Force have created many problems relative to the deter

mination of proper design criteria for military airfield pavements. One 

of the significant problems is the effect of temperature and velocity of 

the jet-engine exhaust impinging on pavements. There exists some ques

tion as to whether current types of pavement (rigid and flexible) will 

withstand the potential deleterious effect of jet-engine exhaust. Fur

thermore, the actual amount of heat induced- in the pavement- by· normal· 

operations of current-type jet aircraft is not known. The Corps of 

Engineers has an active long-range program for investigation of the 

"Effect of Rocket and Jet Motor Exhausts and Fuel on Airfield Pavements," 

and the study of heat and blast effects of jet aircraft under normal con

ditions is an accelerated portion of this investigation. Additional ob

jectives listed in addendum No. 1 to Instructions and Outline for this 

investigation, dated 9 August 1951, have not been studied and are planned 

to be the subject of further investigations. 

Objective 

2. The objective of the investigations reported herein(was to ob

tain pavement temperatures, and to observe and correlate other effects 

produced by u. s. Air Force jet aircraft operating on dry pavements at 

normal angle to the horizontal in accordance with selected time-power 

cycles as previously determined in time-movement studies*. 

* "Time-movement Study," prepared by the Rigid and Flexible Pavement 
Laboratories of the Corps of Engineers, January 1952. 
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Test Program 

3. The objective was accomplished by the construction, at Eglin 

Air Force Base, Florida, of test panels composed of high-quality asphaltic

concrete and portland-cement-concrete pavement surfaces as currently de

signed for 200-psi tire pressures. The test panels were subjected to 

blasts from the jet exhausts of eight current types of military aircraft. 

Pavement temperatures were determined by means of thermocouples installed 

in the pavement. Visual observations and a photographic record were made 

for all tests. 
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PART II: CONSTRUCTION OF TEST SECTION 

4. The test section was constructed during the period 15 October-

15 December 1951. The test site was a selected area of the abandoned 

NW-SE runway located between the active NS and NE-SW runways at Eglin 

Air Force Base, Florida. The old runway is 150 ft wide. The existing 

pavement consists of 5 to 8 in. of local sand stabilized with emulsified 

asphalt over which are a 2-in. layer of asphaltic concrete and a seal 

coat. The test-section pavement was placed directly on the existing 

pavement thus eliminating the need for subgrade and base construction. 

Grades for the entire test section were established so as to conform 

reasonably well to existing pavement grades and to provide a minimum 

thickness of 6 in. of overlay pavement. The selected grade was 0.5 per 

cent downward from center line to ea~lr edge- of runway and-also 0;5-per

cent downward from northwest to southeast. Layout of the test section is 

shown on plate 1, and final cross sections are shown on plate 2. 

Portland-cement-concrete Test Panels 

5. The portland-cement-concrete test panels were placed in October 

1951. Concrete was placed in lanes 25 ft wide, starting with lane 6 
(plate 1). Longitudinal keyed construction joints were provided between 

lanes. Normally these joints are spaced closer together but in these 

panels a distance of 25 ft between them was used so that the blast would 

not be made along or near a joint. Five transverse dummy joints were pro

vided and spaced so that there were no joints near the center of each 

panel where the jet blast was to be made. The concrete mixture was 

proportioned at a central batching plant and hauled to the test site 

(about 4 miles) in transit-mix trucks. 

6. The coarse aggregate in the concrete mix was crushed limestone 

(two sizes) from the Pelham plant of the Alabama Aggregate Ccmpany, 

Birmingham, Alabama. This same type of aggregate was used in the asphal

tic concrete so that thermal properties of the aggregate would be approx

imately the same in each pavement type. Concrete sand was supplied by 



4 

Consolidated Quarries, Dixieland, Alabama. Portland cement was Ideal 

brand. The air-entraining agent was Darex. The curing compound was Hunt 

Process (clear) and the jet-fuel-resistant, joint-sealing compound was 

Flintseal (JFR-type). All materials had been pretested for other projects 

in the Mobile District. The only material at variance with the specifi

cations for this test section was the Hunt Process curing compound, which 

had a wax base whereas a resinous base was specified. 

7. The concrete mix design, as developed by the South Atlantic 

Division Laboratory, and the actual mix used on the job are described be

low. The increases in water-content ratio and sand content were necessary 

to provide more workability for placement with the available equipment 

(improvised screed 30 ft long to which three small vibrators were 

attache-d) • The dt!-crease in -amount of air-entraining agent used on the 

job was necessary to hold the air content down to 5 per cent after 

transit-mixing for 20 to 25 minutes from batching plant to test site. 
r 

Cement factor (sacks per cu yd) 

Water-cement ratio (gal per sack) 

Sand (per cent) 

Coarse aggregate (per cent) 

Air-entraining agent (ml per sack) 

Air in mix (per cent) 

Slump (in.) 

Flexural strength in 7 days (psi) 

Mix Design 

6.6 
4.5 

30 

70 
70 
3-6 

1.5 
610 

Asphaltic-concrete Test Panels 

Job Mix 

6.6 
5.0 

35 

65 
22 

5.2 

3.5-4.5 

550 

8. The asphaltic-concrete test panels, maneuver area, and transi

tion areas were placed in November and December 1951. The surface of 

the existing pavement was given a light tack coat with RC-2 cutback as

phalt. Binder and surface course mixes were produced in 5,000-lb batches 

in a central hot-mix plant (having three aggregate bins) at Pensacola, 

Florida, and hauled 50 miles to the test site in large trucks (10-12 tons). 

The mixes were produced at temperatures of 300 to 325 F and the 
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temperature was reasonably maintained in the trucks except for the exposed 

surface where a hard crust formed. One to two leveling courses with 

binder-course mix were placed in lanes 10 ft wide with a Barber-Greene 

spreader to reach the desired grade 4.0 in. below final grade. The 2.5-in. 

binder-course layer was next placed and a tack coat of about 0.1 gal of 

RC-2 per sq yd was applied over the entire area, after which the 1.5-in. 

asphaltic-concrete surface course was placed. Rolling was accomplished 

first with about three passes of a 10-ton tandem roller equipped with 

water, followed immediately by three to four passes of a 10-ton, three

wheel roller not equipped with water. Excellent density was obtained; 

there was no checking or visible lateral movement of the pavement under 

the rollers. 

9. Aggregates in the binder-course mix were 1-in.-maximum-size 

crushed limestone and limestone screenings, ootli rrom the Pelham plant 

of the Alabama Aggregate Company. Mineral filler was available in the 

screenings. The surface-course mix contained 3/4-in.-maximum-size crushed 

limestone and limestone screenings from the same source and also a small 

amount of sand from the Dawes-Silica Mining Company, Thomasville, Georgia, 

to improve gradation in the fine-sand sizes. The asphalt cement used in 

each of the mixes was 85-100 penetration grade supplied by the American 

Bitumuls Company of Mobile, Alabama. Tests showed that the penetration, 

as delivered, was 85. Tests made on asphalt recovered from cores after 

construction showed a penetration of 68, and a softening point of 122 F. 

All test results were within Federal Specification limits. 

10. The binder-course mix design as developed by the South Atlantic 

Division Laboratory was met fairly well in the field. A blend of 50 per 

cent coarse and 50 per cent fine aggregate was made at the feeder and 

processing through the dryer reduced the percentage of minus No. 200 mate

rial from about 9 to 5. Pertinent test data are given in the table on 

the following page. 
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Mix Average Average of Cores 
Gradation, % Passing Design Job Mix after Construction 

1-in. 100 100 100 

3/4-in. 93-100 98 97 

1/2-in. 71-81 76 75 

3/8-in. 62-72 60 60 

No. 4 45-54 51 53 
No. 10 30-38 40 45 

No. 40 12-20 17 20 

No. 80 7-13 9 12 

No. 200 4-6 5 9 

Test Properties 

.Asphalt -content -(per cent) J .. 85 3.85 3.80 

Laboratory density (lb per 
cu ft) 152.2 153.6 

Field 'clensity (per cent 
of laboratory) 98 98.3 

Flow 8 9 28 

Stability 2,200 2,300 1,600 

Voids total mix (per cent) 5-7 4 6 

Voids filled (per cent) 65-72 69 62 

11. The surface-course mix design was a little more difficult to 

meet in the field. A blend of 35 per cent coarse limestone, 50 per cent 

limestone screenings, and 15 per cent fine sand was made at the two hop

per feeders by leaving the gates set as for the binder-course aggregate 

(50-50) and adding 15 per cent fine sand in the hopper with the coarse 

aggregate. This sand substantially filled the voids in the 3/4-in. ag

gregate and the uniformity of the resulting blend as it came through the 

gate was satisfactory. The mix design developed by the South Atlantic 

Division Laboratory was for limestone aggregate only and thus was inap

plicable to the mix used. Therefore, trial mixes using the three ag

gregates described above were made at the plant for purposes of mix 

design. t,n asphalt content of 4.8 per cent was selected on the basis 

of the test results. Pertinent test data are as follows. 



Gradation, % Passing 

3/4-in. 

1/2-in. 

3/8-in. 

No. 4 
No. 10 

No. 40 

No. 80 

No. 200 

Test Properties 

Asphalt content (per cent) 

Laboratory density (lb 
per cu ft) 

Field density (per cent 
of laboratory) 

Flow 

Stability 

Voids total mix (per cent) 

Voids filled (per cent) 

Mix 
Design 

100 

90 

80 

63 

52 

29 

18 

6 

4.8 

151 

98 

10 

1,500 

4 

74 

7 

Average Average on Cores 
Job Mix after Construction 

100 100 

92 94 

80 84 

65 66 

53 56 

32 32 

20 21 

7 9 

4.8 4.9 

151 

98 

10 14 

1,750 602 

4 6 

75 65 

12. Early in January 1952, before jet-blast tests were initiated, 

slightly less than 100 coverages of rubber-tired traffic were applied to 

the asphaltic-concrete test panels and ccmmon maneuver area. The wheel 

load was 25,000 lb and the tire pressure was 90 psi. The surface of the 

pavement tightened noticeably as a result of this traffic when the pave

ment temperature was as high as 80 F. 

Installation of Thermocouples 

13. Thirty-seven thermocouples were installed in each test panel 

in the form of a cross (layout illustrated on plate 4). Twenty-nine of 

the thermocouples were on the surface of the pavement, seven were at 1-in. 

depth, and one was 2.5 in. below the surface. The space between 
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thermocouples was 18 in. near the center of the cross and 36 in. in the 

outer portions. The thermocouples were made of 20-gage iron constantan 

wire; the wires were enameled and covered with glass-fibre insulation. 

The bare ends of the wires were inserted in copper sleeves (approximately 

1 in. long and 1/8 in. in diameter) which were than crimped and silver

soldered. Lead wires for the thermocouples in each test panel were car

ried through the new pavement to one corner of the panel, through a 

junction box, and thence to a central recording location. Brown flight 

recorders were used to record all thermocouple temperatures while jet 

blasts were in progress. 

14. In the portland-cement-concrete test panels, the thermocouples 

were supported in position by pins driven into the underlying asphalt 

pavement. They were p.laced -Slightly below finished grade prior to con

crete paving so that they would not be disturbed by finishing operations. 

They were then reset by hand to their final locations. Some difficulty 
I 

was experienced in properly setting the surface thermocouples in panels 

4A, 4B, EA, and 6B but the other installations were satisfactory. Of the 

444 thermocouples installed in the 12 portland-cement-concrete test panels 

only 4 were lost. These latter were all surface thermocouples, the sup

porting pins for which had been knocked out of position during placement 

operations. 

15. All thermocouple lead wires for the asphaltic-concrete test 

panels were placed on the top of the binder course prior to placement of 

the surface course. Depressions were made in the surface of the hot 

binder course at the center of the pattern for placement of the thermo

couple at 2.5-in. depth. Thermocouples at the 1-in. depth were fastened 

to preformed asphaltic-concrete discs of proper thickness which in turn 

were pinned to the surface of the binder course. Surface thermocouple 

lead wires were anchored to the binder course and the devices were sus

pended 1.5 in. into the air. These were located in the proper positions 

by hand after ~he surface course was spread but before the pavement was 

rolled. Of the 444 thermocouples installed in the 12 asphaltic-concrete 

test panels only 2 surface thermocouples were lost. The lead wires for 

these had apparently been broken during construction. Several of the 
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surface thermocouples had loose connections after rolling but were re

paired by silver-soldering. Photograph 1 is a general view of the com

pleted test section with a typical asphalt panel in the foreground. The 

dashed lines in the form of a cross indicate locations of thermocouples. 
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PART III: TESTS AND TEST PROCEDURES 

Tests in 1952 

16. The plan of test called for simulating normal jet-blast oper

ations of each current-type jet aircraft being used by U. s. Air Force. 

The planes used in this test series were the F-80, F-84, F-86, F-89, 

F-94, T-33, B-45, and B-47. Only the latest models of each were tested. 

The planes may be divided into 4 main categories, characteristics of 

which are summarized later in tables of test results. The F-80, F-84, 

F-86, and T-33 are single-engine planes. Photograph 2 shows the T-33 

plane which is reasonably representative of this group except for the 

F-86 which has a tailpipe that is higher and at a flatter angle. The 

F-89 is a twin-engine plane (photograph 3); the B-45 bomber is a four

engine plane (photograph 4); and the B-47 bomber is a six-engine plane. 

Two of the inboard and one of the outboard engines on this plane are 

-Shown in photo_gra.ph 5. Test procedures were determined on the basis of 

analysis of data obtained in the time-movement studies. Time-power 

schedules selected for each operation are given on plate 3 and the se

lected time intervals for operation of each of the eight jet aircraft 

are shown in table 1. It will be noted that the testing schedule called 

for normal times for each operation and for periods 50 per cent less and 

50 per cent greater than normal. The times shown for pretake-off opera

tions do not include the time required to start the engines since the 

engines are running when the plane reaches the end of the runway; times 

for starting and maintenance runs include starting of the engines. No 

tests were to be conducted when wind velocities were unusually high and 

no tests were scheduled with the afterburners operating. 

17. The tests listed in table 1 were conducted during the period 

14 January-2 March 1952. All blasts were made with the plane positioned 

to direct the blast away from the common maneuver area between the 

portland-cement-concrete and asphaltic-concrete test panels. The planes 

were actually spotted on the rr.aneuver area when blasting into test panels 

adjacent to this area. However, when the planes blasted into the outside 
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panels the wheels were on the inside panels. Each plane was so located 

that the axis of the blast coincided with the long axis of the thermo

couple pattern in the test panel and the approximate center of the blast 

was at the point where the two thermocouple axes cross. This latter po

sition was determined by observing trial blasts for each plane and meas

uring the distance from the tailpipe to the apparent center of the blast 

as determined by visual observation. The test conditions listed in table 

1 for a given plane were performed on the same test panel (concrete or 

asphalt). The pretake-off blasts were run first, followed by the start

ing and then by the maintenance blasts. There were cooling intervals 

between each blast. The pavement surface was allowed to cool until the 

temperature approached normal for existing weather conditions. Sometimes 

the plane was moved to another test panel (asphalt to concrete, or vice 

versa) during the cooling period. When the cooling period was short, 

the engine was stopped and the plane left in position for the next blast. 

Generally the pavement was allowed to cool to below 90 F, but in a few 

instances the length of time was excessive and the next test was started 

when pavement temperature was about 100 to 115 F. Pavement temperatures 

at the start of each test and time intervals between tests are included 

in tables 2 through 10, presented later in the report along with test 

results. Only 6 of the 162 tests scheduled were deleted and these were 

starting and pretake-off operations with the F-86 plane which was found 

to induce practically no heat in the pavement at idle power. Tempera

tures were recorded automatically with three Brown flight recorders cal

ibrated to print directly in degrees F. Each recorder was capable of 

printing temperatures from 12 thermocouples about every 12 to 15 sec. 

Photograph 6 shows the three flight recorders set up at the test site, 

one for each of the sets of wires leading from junction boxes at the cor

ner of test panel. 

Additional Tests 

18. Several months after completion of the tests at Eglin Field, 

the pavements were inspected and samples were taken frcm some of the 
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test panels; another inspection of this test section was made two years 

after ccmpletion of the tests. Observations and results of tests of the 

pavements are discussed later in this report. 

19. Just prior to preparation of this report (Feb 1954) a program 

of jet-blast tests was conducted on a test section at the Waterways Ex

periment Station* with an F-80B plane. Results of a portion of these 

tests are relevant to this study because maintenance run-ups were made 

on asphalt and other flexible-type pavements in which the height and angle 

of the tailpipe were varied to determine the effect of the aircraft char

acteristics over a wider range of conditions than those simulated at Eglin 

Field. Such a series had been proposed at Eglin but was not undertaken. 

* "Tar-Rubber Test Section at Waterways Experiment Station, Report No. 1, 
Design and Construction of Test Section," Technical Memorandum No. 3-372, 
November 1953· 
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PART IV: TEST RESULTS AND ANALYSIS 

Presentation of Data 

20. Temperature data were collected on charts which were scanned 

by personnel at Eglin Air Force Base and recorded on IBM cards. The re

sults were tabulated automatically for all tests. Time-temperature plots 

were made from the tabulated data for 90 of the 156 tests (40 on asphalt 

and 50 on concrete). Six plates were required to present the plots for 

one test (one plate for every six thermocouples), and plots were also 

made for pavement cooling-off periods of selected tests; thus a total of 

582 plates were prepared from the time-temperature data. Peak tempera

tures were obtained for 153 of the 156 tests from the same tabulated data, 

and were summarized on plates as isotherms. These plates brought the 

total to 735, which is considered too many to include in this report; con

sequently, only typical results are presented herein on plates 4 through 

25. The peak temperatures are further summarized and shown for each type 

of plane, along with other pertinent data, in tables 2 through 10. Table 

11 summarizes the maximum peak pavement temperature reached in any con

dition of testing, for convenient reference and analysis. Table 12 is a 

list of all of the plotted data on file at the Waterways Experiment 

Station. 

21. During the testing period, in addition to the taking of normal 

black and white still pictures, a colored movie was made to show the test 

panels, test procedures, equipment, some of the aircraft, and the effect 

of blast on pavements. This movie has been condensed to eliminate long 

blast periods when there was no effect on the pavement, and it can now 

be shown in about 15 minutes. It is also on file at the Waterways Experi

ment Station. In the movie, emphasis is given to the manner in which 

asphalt pavement erodes when the critical temperature, in combination 

With blast velocity, is reached. First, the asphalt melts and blows 

away along with some of the fine aggregate. The coarse aggregate remains 

in place longer but finally becomes dislodged and is blown away. Also, 

the effect of heat and blast on the jet-fuel-resistant, joint-sealing 
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compound in joints of portland-cement concrete is shown. 

22. Table 13 summarizes the test results obtained at the Waterways 

Experiment Station pertinent to this study. The peak pavement tempera

tures developed in this series of tests as well as the data from tests 

at Eglin Field are shown on plate 26. Temperature curves showing the 

average height and angle of tailpipe required to develop pavement tem

peratures in the range of 150 to 400 F have been sketched on this plate. 

Pattern of Pavement Temperatures 

Isotherms of maximum 
surface temperatures 

23. Study of the temperature data showed that maximum pavement 

temperatures were obtained in the normal or normal-plus-50 per cent 

maintenance blasts for each plane and pavement tested. Also, the iso

therms derived from maximum surface temperature data for maintenance 

blasts with the F-80, F-84, F-94, and T-33 planes were reasonably similar. 

Therefore, peak temperature plots (isotherms) are presented only for the 

conditions developed on asphalt and concrete by the F-86, and T-33 single

engine planes, the F-89 twin-engine plane, the B-45A5 four-engine plane, 

and the B-47 six-engine plane (inboard and outboard engines). Normal

plus-50 per cent maintenance run-up data are utilized with the exception 

of the test on asphalt with the F-89 plane when the thermocouples were 

not recording properly; the normal maintenance run-up data are used for 

this test. 

24. Plates 4 and 5 show isotherms of maximum surface temperatures 

for 21-minute maintenance blasts of the F-86 plane on asphalt and 

portland-cement-concrete pavements, respectively. It can be seen that 

there was no definite "hot" area in either test, with maximum tempera

tures being 115 to 120 F, and that the locations of these warm areas were 

greatly affected by the wind blowing across the panels. The gases cen

tered about 4.5 ft to one side of the thermocouple cross in each case. 

At the 1-in. depth very little heat was induced in the pavement. 

25. Plates 6 and 7 show isotherms for the 21-minute maintenance 
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blasts of the T-33 plane on asphalt and concrete, respectively. It can 

be seen that the hot area was relatively long and narrow in each case. 

The temperature of the asphalt (plate 6) exceeded 200 F for a distance 

of 28 ft along the long axis of the thermocouple pattern and about 6 ft 

on the short axis. The hottest area (250 F) was about 25 ft back of the 

tailpipe and was about 4 ft in length and 2 ft in width. The pattern of 

temperature variations in the concrete pavement (plate 7) was quite sim

ilar to that in the asphalt pavement except for the magnitude of values. 

The maximum temperature on the surface was about 20 F less than on the 

asphalt (235 F versus 253 F). The area inclosed by the 180-degree iso

therm (comparable to 200-degree isotherm on the asphalt since maximum 

temperatures were 20 F different) was about 25 ft by 5 ft, nearly the 

same size as on the asphalt pavement. Similarly, the hottest surface 

area on the concrete pavement (220 F) was 4 ft by 2 ft. The temperature 

differential between the surface and 1-in. depth was of about the same 

order of magnitude in each type of pavement, being about 100 F with one 

exception. The difference between surface temperature and temperature at 

a depth of 2.5 in. was about 145 F in each case. The important fact here 

is that the heat induced in the pavement did not exceed 250 F. It will 

be noted in each test that the mild crosswind affected the blast pattern 

to some extent by shifting it away from the thermocouple cross. This 

effect was more pronounced in other tests when the wind was stronger. 

26. Plates 8 and 9 show isotherms for the maintenance blasts of the 

twin-engines of the F-89 plane on asphalt and concrete, respectively. It 

may be noted that in spite of the fact that two engines spaced 21 in. 

apart were blasting simultaneously there is only one relatively long and 

narrow heat pattern, just as produced by the single engine. The angle of 

each tailpipe was 0 degrees compared to about 3 to 4 degrees on a typical 

single-engine plane, but the maximum pavement temperature is almost as 

great, indicating that exhaust gases from the two engines, merging some 

30 ft behind the tailpipe, might develop higher pavement temperature than 

gases from engines where height and angle of tailpipe are comparable. The 

maximum surface temperature was 237 F on asphalt and 186 F on concrete, 

or a difference of about 50 F, which is some 10 F greater than the average 
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difference among all tests. The temperature differential between the 

surface and the 1-in. depth varied from 60 to 100 F. It m~y also be 

noted that the wind direction is parallel to the direction of blast in 

each test and the heat pattern did not shift away from the thermocouple 

cross. 

27. Plates 10 and 11 show isotherms for the 21-minute maintenance 

blasts of two engines in a pod on one wing of the B-45A5 plane on asphalt 

and concrete, respectively. It may be seen that simultaneous blasts from 

the two engines (6 in. apart) form a single heat pattern that is long and 

relatively narrow, though not quite as narrow as in tests previously il

lustrated. The angle and height of tailpipe were greater than in tests 

previously illustrated (8 degrees and 85 in., respectively) and the cen

ter of heat pattern is 36 ft from the end of the tailpipe. The maximum 

surface temperature was not accurately recorded on asphalt within the 

critical area where erosion occurred (25 ft by 6 ft) because the thermo

couples became exposed and recorded gas temperature which has been found 

in later tests ±.,o be as much as 40 to 50 F higher. However, the maximum 

temperature on the asphalt was probably higher than that on the concrete 

(perhaps 50 F), although actual measurements were 385 and 300 F, respec

tively. Tne temperature differential between the surface and 1-in. depth 

could not be determined on the asphalt because erosion exposed the buried 

thermocouples. The differential on the concrete was about 100 to 125 F. 

28. Plates 12 and 13 show isotherms for the 21-minute maintenance 

blasts of two inboard engines in a pod on one wing of the B-47 plane on 

asphalt and concrete, respectively. Again, one heat pattern was de

veloped by exhaust gases from the two engines spaced 21 in. apart. Tail

pipe height was the same as for the B-45A5 plane (85 in.) but the angle 

was less (6 degrees versus 8 degrees) and the center of the heat pattern 

was about 44 ft back of the tailpipe. Maximum surface temperatures were 

about 190 F on asphalt and 215 F on concrete. The temperature differen

tial between the surface and 1-in. depth was about 70 to 80 F. 

29. Plates 14 and 15 show isotherms for the 21-minute maintenance 

blasts of one outboard engine of the B-47 plane on asphalt and concrete, 

respectively. The outboard engine developed the same general heat 
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pattern on the pavement as did most of the single-engine planes. The 

notable difference was the higher maximum surface temperature of 300 F 

on asphalt and 245 F on concrete when the tailpipe was higher above the 

pavement (65 in., or same as F-86 tailpipe) but had an angle of about 6 

degrees. The temperature differential between surface and 1-in. depth 

was 100 F on concrete and 120 F on asphalt. 

30. The foregoing discussion of maximum pavement temperature pat

terns reveals that: (a) the maximum surface temperature for the planes 

tested ranged from 115 F for the F-86 to about 350 F (385 F gas tempera

ture) for the B-45A5 plane, with the exact temperature depending mainly 

on aircraft characteristics (tailpipe); (b) the temperature differential 

between the surface and 1-in. depth was of about the same order of mag

nitude in asphalt and concrete, and, with the exception of tests with 

the F-86 plane, was in the range of 60 to 125 F; (c) the temperature for 

comparable tests is 20 F to 50 F higher on asphalt than on concrete pave

ment; (d) the hot area of the pavement is long and narrow (not more than 

30 ft long and 6 ft wide); and (e) the exact location of the hot area is 

somewhat dependent on wind direction and velocity. 

Effect of time on temperature 

31. Time-temperature curves for starting, pretake-off, and main

tenance run-ups of the T-33 plane on both types of pavement are presented 

in this report as being typical of results obtained with all planes tested 

except for the magnitude of the pavement temperature itself. Plates 16, 

17, and 18 show the trends for normal starting, pretake-off, and main

tenance blasts on asphalt pavement. It can be seen that, for the thermo

couples selected, pavement temperatures reached only about 155 F in the 

starting and pretake-off blasts with no sharp peaks in the curves and no 

change in temperature below the pavement surface. On the other hand, 

definite peaks developed in the curves as recorded by the thermocouples 

in the center of the blast (Nos. 12, 15, and 32) for the maintenance run

up (plate 18), and followed closely the cycles of blast operation which 

included two bursts of 1.5-minute duration at full power. Maximum sur

face temperature was about 250 F during each of these bursts, dropping 

sharply to about 180 F when power was reduced to idling range. It may 
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also be noted that temperatures in the fringe areas were only slightly 

affected by variation in power, and the temperature in the pavement at 

the 1-in. depth showed a steady but slow rise from 60 to 102 F over the 

15-minute period. 

32. Plates 19 and 20 show time-temperature curves for the normal

plus-50 per cent maintenance blast on asphalt pavement, with temperatures 

during the blast shown on plate 19 and temperatures during the 22-minute 

cooling period after the blast shown on plate 20. It will be noted that 

successive full-power blasts created slightly higher maximum pavement 

temperatures (240, 248, 253 F). Analysis of all temperature versus time 

data from the maintenance blasts on asphalt shows that the peak tempera

ture reached during any one period of full power varies considerably and 

is affected by wind and initial pavement temperature. In some cases, 

there was no difference in maximum temperature among three bursts at full 

power; in others, the difference was as much as 25 F frcm the first to 

second, and 15 F from the second to the third. The average increase for 

all tests was 8 F from first to second and 5 F from second to third, or a 

total of only 13 F, which is the same as shown on plate 19. The effect 

at full power was not so pronounced at short distances from the center of 

blast (thermocouple 29) and was not noticeable at all near the edge of the 

pattern (thermocouple 27). The thermocouple 1 in. deep (No. 13) showed 

a steady rise in temperature throughout the blast period and for about 

5 minutes thereafter, but the maximum temperature reached was consider

ably below the surface temperature (137 versus 253 F). The cooling of 

the surface of the pavement was quite rapid at the start, dropping from 

253 F to 195 F in 1 minute, to 180 F in 2 minutes, to 165 F in 4 minutes, 

and to 150 F in 8 minutes. There was a decrease of only 10 F in the next 

14 minutes. 

33. Comparable time-temperature plots are shown for the same test 

conditions on the concrete pavement on plates 21 through 25. In general, 

the pattern of temperature variations in the concrete pavement was quite 

similar to that in the asphalt pavement except in magnitude of values; 

the most significant differences were those for the maintenance run-ups 

where maximum surface temperature was 28 to 43 F lower than on asphalt. 
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The rate of cooling in the concrete pavement was somewhat faster than in 

the asphalt pavement but this is not of great importance since the as

phalt also cooled rapidly. In fact, the difference in cooling rates may 

have been the result of the substantially lower ambient and initial pave

ment temperatures that prevailed during the tests on the concrete pave

ment. 

Peak pavement temperatures 

34. Data obtained in the tests indicate that the peak surface 

temperature of the pavement in any blast test is an adequate index for 

general evaluation of blast effects on the two types of pavement used in 

this investigation. The effect of gas velocity is not overlooked in this 

evaluation although it is not considered in numerical terms. The higher 

velocities necessarily obtain when the pavement temperature is high be

cause this high temperature is reached at full power where maximum gas 

velocity develops. When the gases are impinging on the pavement rela

tively close to the end of the tailpipe (sharp angle of tailpipe) they 

are not only hotter but also have greater velocity than at a greater 

distance from the tailpipe. Data from other sources indicate that the 

gas velocities from a single engine operating at full power are 375, 260, 
and 175 mps at distances of 15, 25, and 35 ft, respectively, behind the 

tailpipe. Gas velocity in a majority of these tests was approximately 

260 mps near the center of the heat pattern. Peak temperatures for all 

eight planes and all test conditions are shown in tables 2 through 10 
along with other pertinent data. Some of these peak temperatures were 

discussed in connection with the isotherms presented on plates 4 through 

15. All peak temperatures are summarized in table 11 for convenient 

reference and analysis. 

35, Certain general statements can be made on the basis of the peak 

temperature data. The heat induced in the asphalt pavement was greater 

than that in the concrete pavements, the average difference being approx

imately 40 F for all planes tested. Surface temperatures were lowest in 

the starting runs, next highest in pretake-off runs, and highest in the 

maintenance runs. This order is in general agreement with the percentage 

of engine power used in each simulated operation and the temperature of 
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the exhaust gases at various percentages of power. As shown on plate 3, 

starting runs were at idle power (40 per cent) except for a short burst 

at the end of the test (up to 60 per cent power). Pretake-off runs were 

started at idle power but ended with two short bursts up to 100 per cent 

power. Maintenance runs of 1.5-minute periods were made at 100 per cent 

power. Exhaust gas temperatures, included in tables 2 through 10, av

eraged about 900 F at idle power and 1,300 F at 100 per cent power. The 

effect of ambient temperatures during the longer blast periods appeared 

to be negligible. As noted previously, wind direction and velocity had 

a definite effect on maximum temperatures and their location. 

Behavior of Pavements 

Behavior during tests 

36. Jet blast had no visible effect on the concrete pavements used 

in this investigation in which each panel was subjected to 9 jet-blast 

Qperations. The maximum pavement temperature reached was 300 F for the 

maintenance run on the B-45A5 plane. Some flowing of the joint-seal 

material was noted at pavement temperatures above approximately_200 F. 

This effect"Was most pronounced with the B-47B (outboard) and B-45A5 

planes when the joint seal was blasted out for a slight depth and spread 

over the adjacent pavements (see tables 8 and 10); pavement temperatures 

were 245 F and 300 F, respectively. Photograph 7 is a close-up of the 

jet-fuel-resistant, joint-sealing compound in the joint just back of the 

center of the panel after the test with the B-45A5. 

37. The asphalt pavement used in this investigation performed sat

isfactorily under blast effects of the F-84D, F-94B, F-80C, F-89B and C, 

F-86A and E, T-33A, and B-47B (inboard engines) planes. Maximum pavement 

temperature for the planes in this group was 253 F for the T-33A. The 

least temperature was 112 F for the F-86E. Under the maintenance run-ups 

of the outboard engine of the B-47B plane the yellow marking paint on the 

pavement came off in a few spots at pavement temperature of 277 F; this 

condition became slightly worse as the run continued until at the end of 

test (temperature 302 F) two small spots of bitumen and aggregate had been 



21 

eroded from the pavement (table 10). In the maintenance run-ups on the 

B-45A5 plane several small spots were eroded in the asphalt pavement at 

340 F. As the test continued and the temperature increased to 385 F, a 

successively larger area was affected, until at the end of test the 

eroded area was 6 ft wide, 33 ft long, and slightly over 1 in. maximum 

in depth. The process of erosion appeared to be one of progressively 

melting the bitumen, blasting it away, and eroding the aggregate as it 

was exposed. Photographs 8, 9, and 10 show the condition of the asphalt 

pavement at temperatures of 280 F, 340 F, and at the end of test, re

spectively; the progressive nature of the erosion can be seen by comparing 

the photographs. Plots of peak temperatures for the B-45A5 showed that 

the eroded area lay within the 300 F isotherm. Traffic with a 10,000-lb 

wheel load at 200-psi tire pressure was run over the pavement at varying 

temperatures up to 340 F. No rutting or shoving, and only faint tire 

printing were noted. Photograph 9 shows tire printing at 340 F. The 

foregoing discussion indicates that the asphaltic concrete was not af

fected by jet blasts that induced temperatures less than 275-300 F and 

that a somewhat higher temperature was required to ca11se- materi-al damage. 

This trend has since been substantiated by tests at Presque Isle Air 

Force Base, Maine, and the Waterways Experiment Station. 

Behavior of test panels over two-
l_ear period subsequent to tests 

38. Within two months after completion of the tests, inspection of 

test panels revealed that two cracks had developed in the blast area of 

the portland-cement-concrete panel (5B) that had been subjected to blast 

of the B-45A5 plane. One crack was longitudinal, and the other trans

verse. Wave velocity measurements were made on this panel, and on others, 

and beams were sawed from the distressed area. Indications are that the 

cracking was due to shrinkage rather than to jet blast. This aspect of 

the behavior of the concrete panels is being further studied by the Ohio 

River Division laboratories and a separate report will be prepared by 

that office at a later date. It is of interest to note that computations 

indicate that temperature stresses should have been created in the pave

ment during blast of sufficient magnitude to cause cracking, but study of 
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the data does not bear out theory in this case. Several months after 

tests were completed, cracks were observed to have appeared in the blast 

area of six of the nine concrete panels tested. No cracks were found 

anywhere else on the test section. Further inspection, two years after 

tests were completed, showed that this cracking had not increased sub

stantially; also, no additional panels had cracked. In March 1954 the 

section was providing a satisfactory pavement for parking and servicing 

all types of aircraft, including jets. 

39. About four months after testing was completed, cores were cut 

from blast areas of each of the nine asphalt panels. Marshall tests 

showed an average stability of 650 and a flow of 14, which data indi

cate no change since construction (par. 11). The asphalt cement re-

covered by extraction showed a penetration of 66 and ductility of 150+ 

which again indicate no change from values obtained on asphalt recovered 

from as-constructed cores (par. 9). Inspection of the pavement two years 

after completion of the tests showed that no cracking or distress of any 

kind had occurred. The area in panel lOB that had been eroded by blast 

-of-the B-"45k5 -plane was barely notieeabl-e, -exc-ept for slight depression, 

now that the entire surface of the pavement has assumed a light gray 

color after this period of ageing. In March 1954 the asphalt portion of 
( 

the test section was also being used for parking and servicing planes, 

including jets. Any blasts that have been made by these planes have had 

no effect, and areas where fuel has been spilled under the planes are 

quite stable and satisfactory. Stains on the pavement surface indicate 

that considerable fuel has been spilled from time to time. The degree 

of repetition of this spillage in any given spot is not known. 

Effect of Aircraft Characteristics 

Eglin tests 

40. Study of maximum pavement temperatures obtained in the Eglin 

tests indicated that the temperatures induced in the pavements were re

lated to the height of the tailpipe above the ground and its inclination 

to the horizontal. Gas temperatures in the tailpipe, as measured by the 



plane's instruments, were about 1,300 F for all planes at 100 per cent 

power. Thermocouples installed in the tailpipe were usually 2 to 3 ft 

from the end of the tailpipe and suspended a few inches away from the 

metal itself. Limited tests made just aft of the tailpipe indicated 

that the gas temperature was about 1,100 F at this location. The tem

perature of the emergent gasses was assumed constant. 
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41. Maximum pavement temperatures at the end of the 21-minute 

maintenance run are shown on plate 26 for both concrete and asphalt pave

ment, plotted with the height of tailpipe and the angle of its inclina

tion. The angle of the tailpipe varied somewhat as power was increased 

(particularly on the single-engine planes), so for comparative purposes 

the angle obtaining at 100 per cent power has been used, together with 

the height corresponding to that condition. The data are limited and not 

entirely consistent; however, a definite trend exists for pavement tem

peratures to be higher with increasing angle of tailpipe and decreased 

height above ground. Curves based on the concrete pavement temperature 

data obtained in these tests, and showing this trend, have been sketched 

on the upper graph of plate- 26 (these- curves- a-re- not cons-idered ~act 

because the data generally do not provide a sufficient number of points 

to position the curves accurately). It may be seen that there is a tend

ency for dual engines, blasting in the same pattern, to induce higher 

Pavement temperature than single engines. This trend may be followed by 

comparing the dual-engine points (solid circles) with the curves based 

on single-engine data. The trend, of course, exists for both types of 

Pavements tested. The curves for asphalt pavement shown on the lower 

graph of plate 26 were drawn with the aid of additional data and are 

discussed in subsequent paragraphs. 

Waterways Experiment Station tests 

42. Normal, and more severe than normal, blast tests were made at 

the Waterways Experiment Station on five different flexible pavements 

With an F-80B plane; the results of these tests will be reported as part . 

of the investigation of tar-rubber pavements. Special tests were then 

made on asphalt (mix equivalent to that at Eglin) and on the most re

sistant of the tar-rubber items to obtain maximum pavement temperature 
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data over a range of three general groupings of height and angle of tail

pipe. This range was the greatest that could be safely covered with the 

plane available. High tailpipe height was obtained by puliing the plane 

onto 20-in.-high ramps. Data for normal tailpipe height were available 

from initial tests. Low tailpipe height was effected by excavating 12 in. 

of base and pavement and placing the plane's load and nose wheels in the 

holes. Three or more tailpipe angles for each setup were obtained by 

using blocks on the nose-wheel strut. Asphalt pavement was used for 

tests where tailpipe height was normal or greater than normal. A lean 

tar-rubber pavement was used for tests where the tailpipe height was less 

than normal and pavement temperatures were expected that would erode as

phalt, thus limiting the accuracy of the measurements. It was known from 

earlier tests that this lean, tar-rubber pavement would withstand a tem

perature of more than 400 F. It was further known that asphalt and tar

rubber pavements reach about the same maximum temperature for a given 

test condition. Nine thermocouples were installed at the surface of 

each test panel, seven in the same direction as the blast and two at 

right angles to the blast near the contempl-a-ted. eenter of the heat pat

tern. These thermocouples were intended to record the maximum pavement 

temperature w~erever it might occur rather than to provide data from 

which isotherms could be drawn. 

43. Pertinent results obtained in these tests are summarized in 

table 13, with particular emphasis on height and angle of tailpipe at 

full power when maximum pavement temperature is obtained. It can be 

seen that tailpipe heights at full power ranged from 27-1/4 to 68-1/2 

in. and corresponding angles ranged from 1°04' to 6°10 1
• Maximum pave

ment temperatures ranged frcm 142 to more than 400 F. There are three 

temperature values in the vicinity of 400 F, four values near 300 F, two 

values near 250 and 200 F, and only one value of about 150 F. The data 

have been plotted on the lower graph on plate 26 along with the data from 

the Eglin tests. Temperature curves have been drawn with as much con

sideration as possible given all data. The 400-degree curve was developed 

entirely from Waterways Experiment Station data because none of the Eglin 

tests with single-engine planes developed that high a temperature. The 
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300-degree curve, which is the most significant one because it sets up a 

boundary between satisfactory characteristics to the right and unsatis

factory characteristics to the left with respect to erosion of asphalt 

pavement, was also developed from Waterways Experiment Station data. 

There was one test at Eglin in which the pavement temperature reached 

300 F (outboard engine of the B-47), but the point for this condition 

does not plot in line with the four points available from Waterways Ex

periment Station data. The 250-degree curve was drawn utilizing data 

from Eglin and the Waterways Experiment Station. The 200-degree and 150-

degree curves were approximations based on the plotted data. However, 

the exact locations of these two curves are not too important since the 

pavement temperatures they represent are considerably less than the 

critical erosion temperature. It is pointed out that all curves shown 

are somewhat less conservative than those presented in the interim re

port which were based only on the limited data from the Eglin tests. 

44. One special test conducted at the Waterways Experiment Station 

is considered worthy of mention in this report, namely, a blast on wet 

asphalt pavement which showed the ex.tent awl shape of the entire- blast_ 

area by drying out the pavement, and the extent and shape of the hot 

area by erosion of the pavement. This test is pertinent to this inves

tigation because there had been some question as to how the isotherms 

from Eglin test data (plates 4 through 15) should be drawn. The special 

test consisted of running the plane at idle power for 5 minutes (the 

pavement in the center portion of the blast area dried during the period), 

followed by 5 minutes at full power. The tailpipe height at full power 

Was 38-1/2 in. and the angle was 4°14 1
• These characteristics, when 

Plotted on plate 26, indicate a maximum pavement temperature of about 

360 F (actual measurement 364 F) and erosion of the pavement was ef

fected. Photograph 11 shows the entire blast pattern for a distance of 

about 35 ft back of the tailpipe of the F-80B plane as indicated by dry 

versus wet pavement. The gases impinged on the pavement at a point about 

12 ft back of the tailpipe and fanned out to a width of 12 ft within the 

next 23 ft. Such is the general shape of the isotherms representing the 

cooler or fringe areas of the blast pattern as drawn for the Eglin tests. 
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Also shown in photograph 11 is the hot area as indicated by erosion of 

the pavement. This area (not including erosion in the foreground of the 

photograph where gases have bounced into a less resistant pavement item) 

is 12 ft long and a maximum of 2 ft in width. It can be seen that the 

shape is similar to that of isotherms representing the hot or center 

areas of the blast pattern as drawn for the Eglin tests. In this partic

ular test the erosion temperature was measured to be in the range of 312 

to 346 F, substantiating the results of other tests that indicate 300 F 

to be the critical temperature for asphalt pavement. Actually, the iso

therm that encloses the eroded area is about 325 F as can best be deter

mined on the basis of maximum temperature readings from seven thermo

couples installed in the panel. 
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PART V: SUMMARY AND CONCLUSIONS 

45. The following statements concerning the results of tests of 

the effect of Jet-aircraft blast on portland-cement-concrete and asphaltic

concrete pavements are believed warranted. 

a. There was no immediate visible effect of jet blast on the 
portland-cement-concrete pavements in these tests where a 
maximum surface temperature of 300 F was reached. Some 
softening and displacement of the Joint seal was noted 
above a temperature of 200 F; thi.s effect was more pro
nounced with increasing temperature. Cracks developed in 
the blast areas of 6 of the 9 panels tested several months 
after testing was completed. Analysis of the phenomenon 
will be reported by Ohio River Division Laboratories. 

b. The asphalt pavement performed satisfactorily under the 
blast of the F-84D, F-94B, F-8oc, F-89B and c, F-86A and E, 
T-33A, and B-47B (inboard engines) planes and was in good 
condition 2 years after the tests were made. Maximum pave
ment temperature for the planes in this group was 253 F 
for the T-33A plane, equipped with wing tanks. The least 
temperature was 112 F for the F-86E. The single outboard 
engine of the B-47B induced more heat (302 F) in the as
phalt pavement during the maintenance blasts than any of 
the planes in the above group..- The yellow marking. paint 
came off in a few spots at 277 F and two small spots of 
bitumen and aggregate had burst out of the pavement at 
302 F near the end of the test. 

c. The dual engines of the B-45A5 plane induced the greatest 
amount of heat (385 F) in asphalt pavement of any of the 
planes tested and caused definite erosion of the pavement 
during maintenance blasts. Numerous small spots of bitumen 
and aggregate had burst out at 340 F. As the test con
tinued and the temperature increased to 385 F, a succes
sively larger area was affected, until at the end of the 
test (21-min blast), the eroded area was 6 ft wide, 33 ft 
long, and a little more than 1 in. maximum in depth. The 
erosion process appeared to be one of progressively melting 
the bitumen, blasting it away, and blasting out the aggre
gate as it became exposed. It is the understanding of the 
Office, Chief of Engineers, that no more B-45 Jet aircraft 
will be purchased. 

d. Surface pavement temperatures increased with decreased 
height of aircraft tailpipe above ground and increasing 
angle of inclination of the tailpipe. The maximum pavement 
temperature developed by blast of a single Jet engine on 
asphalt can be reasonably predicted from plots of tailpipe 
height and angle at full power (lower part of plate 26). 



28 

Data plotting to the right of the 300-degree temperature 
curve can generally be considered to indicate satisfactory 
aircraft characteristics for blast on high-quality asphalt 
pavement. More data are needed to develop accurate curves 
for portland-cement-concrete pavement. Dual engines blast
ing into the same heat pattern increased pavement tempera
tures over those induced by single engines. 

e. The asphaltic-concrete pavements showed an average pavement 
surface temperature about 40 F higher than the portland
cement-concrete pavements for all conditions of test. 

f. Pavement surface temperatures were lowest ~n the starting 
runs, next highest in the pretake-off runs, and highest 
in the maintenance runs. This order is in general agree
ment with the percentage of engine power used in each sim
ulated operation and the temperature of exhaust gases at 
various percentages of power (par. 35). 

~· Pavement temperatures were greatest at the surface and 
decreased rapidly with depth in the pavement. Wind veloc
ity and direction had a noticeable effect on the location 
and intensity of pavement surface temperatures. Ambient 
temperatures appeared to have little influence. 



Table 1 

SELECTED INTERVALS FOR JET ENGINE OPERATIONS FOR TEMPERATURE MEASUREMENTS 

BASED ON DATA FROM TIME-MOVEMENT STUDIES 

% 
Starting Pretake-off Maintenance 

Power Power Power 
Type Plane (A) 

Time - Minutes 
~ Normal ±iQ'.£ (B) 

Time - Minutes 
3§'! Normal ~ (c) 

Time - Minutes 
:::§ Normal ~ 

F-8o, T-33, F-84, Idle to 6o 1.75 3.5 5.25 Idle to 100 
F-86, and F-94 

.75 1.5 2.25 Idle to 100 7.0 14.o 21.0 

{single engine) 

F-89 (twin 
engine) 

Idle to 6o 2.25 4.5 6.75 Idle to 100 .75 1.5 2.25 Idle to 100 7.0 14.o 21.0 

B-45 and B-47 
(dual engine) 

Idle to 6o 5.0 10.0 15.0 Idle to 100 1.25 2.50 3.75 Idle to 100 7.0 14.o 21.0 

B-47 (outboard 
engine) 

Idle to 6o 4.25 8.5 12.75 Idle to 100 1.25 2.50 3.75 Idle to 100 7.0 14.o 21.0 

Notes: Requirements as stated in "Time-movement Study" report: 

020152B 

(1) 
(2) 
(3) 

(A) 

(B) 

(c) 

Only the latest model of each type plane shall be tested. 
The run-up periods for twin and dua+ engines include time required to start both engines. 
Maintenance run-up shall be made be~ond 21 min at later date if no failures have occurred. 

Starting run-up shall be idle power for all of specified period except the last five sec which 
shall be 6r/fo power. 
Pretake-off run-up shall be idle paver for 7CJI, of specified period (can be set back to 5CJI, of 
period where necessary), then up to 7CJ1, power followed by two successive blasts at lOCJI, power. 
Any time remaining in period shall be at 7CJI, power. 
Maintenance run-up shall be at idle.power for 5.5 min followed by blast at lOc:Jf, power for 1.5 
min. This run-up procedure to be ma.de for twice the initial period and for three times the 
initial period. · 



Table 2 

PAVEMEID' TEMPERATURE MEASUREMElfl'S 

Plane Type F-84 D(l) 

Wind Velocity Distance Temp Thermo-
Simu- Blast Panel Ambient and Measured Tailpipe Max Pave. Rise couple 
lated Durt- No. Temp Direction (3) Ht £ of to Ther- Temp Obs Temp from Showing 

Test Opera- tion 2) and Def:j F MPH Cloud Tailpipe mocouple on Pave. at Start Blast Highest 
No. ti on Min, Sec ~ Date Time Obs Off. Obs Off. Cover In. Ft Deg F Deg F DegF~ Reme.rks ------ (Rated 54) 

1 Pretake- 0'45" Con- 1-14-52 1100 70 70 12 s Clear 48-3/4 26 -130 73 57 10-30 No visible effect on pave. 
off crete 

2 1'30" lA 1-14-52 1130 70 71 12 s Clear 48-3/4 26 139 80 59 6 No visible effect on pave. 
3 2'15" 1-14-52 1330 70 71 8 SE Hazy 48-3/4 26 133 8o 53 6-30 No visible effect on pave. 
4 Start. 1'45" 1-14-52 ll+ 30 70 71 17 SSE Hazy 48-3/4 26 112 86 26 30 No visible effect on pave. 
5 3'30" 1-14-52 1500 68 70 5 SE Hazy 49-3/4 26 120 8o 4o 15-30 No visible effect on pave. 
6 5'15" 1-16-52 1115 73 70 5 SE Clear 48-3/4 26 115 75 4o No visible effect on pave. 
7 Maint. 7'00" 1-16-52 1300 73 72 6 SE Clear 48-3/4 26 188 90 98 No visible effect on pave. 
8 14'00" 1-16-52 1515 62 67 5 SSW Foggy 48-3/4 26 181 85 96 6-10- No visible effect on pave. 

9 21'00" 1-17-52 1030 72 66 8 SE Clear 48-3/4 200< 4> 
30 

26 75 125 10 No visible effect on pave., 
joint seal flowed slightly 

10 Pretake- 0•45" As- 1-16-52 1030 72 68 Calln Clear 50 26 165 8o 85 No visible effect on pave. 
off pbalt 

11 1'30" 9A 1-16-52 1100 74 70 5 SE Clear 49-1/2 26 177 85 92 12 No visible effect on pave. 
12 2'15" 1-16-52 1330 75 72 6 SE Clear 49-1/2 26 190 95 95 No visible effect on pave. 
13 Start. 1'45" 1-16-52 1410 75 70 6 SE Foggy 49-1/2 26 127 100 27 No visible effect on pave. 
14 3'30" 1-16-52 1430 70 69 6 SE Foggy 49-3/4 26 152 100 52 8-12- No visible effect on pave. 

17 
15 5'15" 1-17-52 1350 70 70 9 SE Clear 49 26 14o 95 45 No visible effect on pave. 
16 Maint. 7'00" 1-17-52 1435 68 72 9 SE Clear 49-1/2 26 207 93 114 No visible effect on pave. 
17 14'00" 1-17-52 1510 68 71 6 SE Clear 49 26 215 92 123 10-12 No' visible effect on pave. 
18 21'00" 1-18-52 0945 72 67 6 SW Clear 49-1/2 26 218(5) 75 143 10-12 No visible effect on pave. 

Notes: (1) Rated angle of tailpipe is 3°17•. Tailpipe rises a fev inches when engine goes to 10~ power, decreasing angle to about 2°. Temperature 
measurements of exhaust gases through a single thermocouple placed just aft of center of nozzle shoved 873°F and 962°F at idle and l~ paver, 
respectively. Tailpipe temperatures as recorded in the cockpit average 930°F and 1300°F at idle and 100',i paver, respectively. The engine 
is Model J 35A-17B. 

(2) Times shown for pretake-off blasts do not include 1 IDin + from starting to idle paver. 
include that time. -

(3) Official vind velocities and directions from USAF tover about 1/2 mile from test site. 

(4) Maximum temperature 132°F at 1-in. depth and 83°F at 2.5-in. depth in concrete. 

(5) ~llo.m tempeno.t;ure ll5°F a.t l.-in. depth and 1'1'°F e.t 2.5-in. depth in asphe.l.t. 

Times shovn for the other tvo simulated operations 



Simu
lated 

Test Opera
.!!£.:... tion 

19 Pretake
off 

20 
21 
22 Starting 
23 
24 
25 Maint. 
26 
27 

28 Pretake
off 

29 
30 
31 Starting 
32 
33 
34 Maint. 
35 
36 

Notes: (1) 

PA VEMEllT TEMPERATURE MFASUREMEliTS 

Blast 
Dur!}

tion\2) 

Plane Type F-94 B (lJ 

Wind Velocity 
Panel Ambient and Measured 
No. Temp Direction(3) Ht ~ of 
and Deg F ----,--MPH-"'----,,..,...- Cloud Tailpipe 

Min, Sec Type ~ Time Obs Off. Obs _Of_f_. __ c_ov_e_r_ ..,=-In.,.....,,.....,,.,.... 
(Rated 50) 

47-3/4 0•45" 

1'30" 
2'15" 
1 1 45" 
3'30" 
5'15" 
7'00" 

14 100" 
21 100" 

1'30" 
2'15" 
1 145" 
3'30" 
5'15" 
7'00" 

14 1 00" 
21'00" 

As
phalt 
7A 

1-14-52 1315 70 

1-14-52 1430 68 
1-14-52 1530 68 
1-16-52 1000 70 
1-16-52 1045 72 
1-16-52 1315 73 
1-16-52 1500 65 
1-17-52 1320 68 
1-21-52 1000 67 

Con- 1-16-52 1350 75 
crete 
2A 1-16-52 1420 70 

1-16-52 1445 65 
1-17-52 1420 68 
1-18-52 0930 68 
1-18-52 1015 76 
1-18-52 lll5 75 
1-18-52 1320 78 
1-21-52 1045 73 

71 

71 
69 
67 
69 
72 
68 
69 
64 Strong ENE 

71 

70 
68 
72 
66 
70 
72 
77 
65 Strong ENE 

7 SE Hazy 

17 SSE Hazy 
6 SE Hazy 

Calm Clear 
3 SE Clear 
6 SE Clear 
5 S Foggy 
6 SSE Clear 
9 NE Clear 

6 SE Clear 

6 SE Foggy 
5 S Foggy 
9 SE Clear 
5 WSW Clear 
5 SW Clear 
8 S Clear 

12 NNW Clear 
10 E Clear 

47-3/4 
47-3/4 
46-1/2 
45-3/4 
45-1/2 
47-3/4 
48 
46 

47-1/2 

47-1/2 
47-1/2 
47-3/4 
47-1/4 
46-1/2 
48-1/4 
48-1/4 
47 

Distance 
Tailpirie Max 
to Ther- Temp Obs 
i::ocouple on Pave. 

Ft Deg F 

28 

28 
28 
28 
28 
28 
28 
28 
28 

28 

28 
28 
28 
28 
28 
28 
28 
28 

150 

150 
165 
150 
150 
167 
192(4) 
215 
175 

130 

133 
130 
116 
112 
117 
16o 
172(5) 
165 

Temp '.l'hermc
Pa•re. Rise couple 
Temp from Shewing 

at Start Blast Highest 
Deg F Deg F ~ _____ R_ema_r_k_s ___ _ 

85 

85 
8o 
75 
82 

100 
90 
95 
65 

ao 
83 
85 
85 
70 
8o 
90 
85 
72 

65 

65 
85 
75 
68 
67 

102 
120 
110 

50 

50 
45 
31 
42 
37 
70 
87 
93 

17 

12 
17 

17 

12 

8 

8-15 

8-10 

ilo visible effect on pave. 

No visible effect on pave. 
No visible effect on pave. 
No visible effect on pave. 
llo visible effect on pave. 
No visible effect on pave. 
No visible effect on pave. 
No visible effect on pave. 
No visible effect on pave. 

No visible effect on pave. 

No visible effect on pave. 
No visible effect on pave. 
No visible effect on pave. 
No visible effect on pave. 
No visible effect on pave. 
No visible effect on pave. 
No visible effect on pave. 
No visible effect on pave., 
joint seal flowed slightly 

Rated angle of tailpipe is 1°10•. Tailpipe rises a few inches when engine goes to loqi power, decreasing angle to almost zero. Temperature meas
urement of exhaust gases through a single thermocouple placed just aft of center of nozzle showed 945°F at idle power, could not keep thermocouple 
in position at lOQi power due to high velocity of the gases. Tailpipe temperatures a~ recorded in the cockpit averaged 930°F and 1290°F at idle 
and lOQi power, respectively. The engine is Model J 33A-33. 

(2) Times shown for pretake-off blasts do not include l min± from starting to idle power. Times shown for the other two simulated operations include 
that time. 

(3) Official wind velocities and directions from USAF tower about 1/2 mile from test sectl.on. 

(4) Maximum temperature 14l°F at 1-in. depth and 99°F at 2.5-in. depth in asphalt. 

(5) Maximum temperature 118°:F at 1-in. depth and 95°F at 2.5-in. depth in concrete. 



Table 4 

PA VEMENl' TEMPERATURE MEA.SURE1-IENl'S 

Plane Type F-8o c(l) 

Wind Velocity Distance Temp Thermo-
Simu- Blast Panel Ambient and Measured Tailpipe Max Pave. Rise couple 
lated Durf- No. Temp Direction(3) Ht l of to Ther- Temp Obs Temp fiom Showing 

Test Opera- tion 2) and Deg F MPH Cloud Tailpipe mocouple on Pajre. at Start Blast Highest 
No. tion Min, Sec ~~Time ~ Off. Obs Off. Cover In. Ft Deg L Deg F Deg F ~ Rem.rks 

---- (Rated 40) 
55 Pretake- 0 1 45" Con- 1-24-52 1050 52 51 Mod Strong N 12 NE Cloudy 43 25 lo8 50 58 32 No visible effect on pave. 

Off crete 
56 1'30" 3A 1-24-52 ll05 52 53 Mod Strong N 12 NNE Cloudy 43 25 ll7 6o 57 32 No visible effect on pave. 
57 2'15" 1-24-52 1310 57 59 Mod Strong N 9 NE Hazy 4o 25 145 63 82 32 No visible effect on pave. 
58 Start. 1 1 45" 1-24-52 1425 53 59 Mod NE 7E Hazy 4o-l/2 25 133 70 63 32 No visible effect on pave. 
59 3'30" 1-25-52 0935 52 56 Mod Strong ESE 6 E Cloudy 41-1/4 25 135 55 8o 32 No visible effect on pave. 
6o 5'15" 1-25-52 1020 55 57 Mod Strong ESE 6 E Cloudy 41-1/4 25 153 65 88 32 No visible effect on pave. 
61 Maint. 7'00" 1-25-52 llOO 55 59 Mod Strong ESE 8 E Cloudy 42-1/4 25 175 72 103 8-15-32 No visible effect on pave. 
62 14 100" 1-25-52 1310 62 64 Strong SE 12 SE Cloudy 42-1/2 25 200 6o 14o 6-8-10- No visible effect on pave. 

195(4) 
15 

63 21'00" 1-25-52 1445 63 65 12 SE 10 SE Cloudy 42 25 83 ll2 6 Joint seal softened and blasted 
to 5-in. vidth 

64 Pre take- 0'45" As- 1-24-52 1300 52 59 Mod Strong N 9 NE Hazy 4o-3/4 25 187 66 121 12 No visible effect on pave. 
Off phalt 

65 1'30" 8A 1-24-52 1345 53 59 Mod Strong NNE 8 E Hazy 4o-3/4 25 205 75 130 12 No visible effect on pave. 
66 2'15" 1-24-52 14oO 53 59 Mod Strong N 7 E Hazy 4o-3/4 25 200 77 123 12 No visible effect oh pave. 
67 Start. 1 1 45" 1-24-52 1500 55 59 Mod Strong ENE 5 SE Hazy 4o-3/4 25 146 72 74 12 No visible effect on pave. 
68 3'30" 1-24-52 1515 57 59 Mild ESE 5 SE Hazy 4o-3/4 25 181 72 109 12 No visible effect on pave. 
69 5'15" 1-25-52 0915 52 55 Mod Strong ESE 7 SE Cloudy 4o-1/2 25 168 55 ll3 12 No visible effect on pave. 
70 Maint. 7'00" 1-25-52 0950 55 56 Mod Strong ESE 6 E Cloudy 4o-1/2 25 235 6o 175 7-12 No visible effect on pave. 
71 14 100" 1-25-52 104o 54 58 Mod Strong ESE 8 E Cloudy 42-1/2 25 220 78 142 7 No visible effect on pave. 
72 21 100" 1-25-52 1410 62 65 15 SE 12 ESE Cloudy 42 25 248(5) 75 173 7 No visible effect on pave. 

Notes: (1) Rated angle of tailpipe is 4°10'. Tailpipe rises 3.5 in. wen engine goes to 1~ power, decreasing angle of tailpipe to about 2°50 1 • Temperature meas
urements of exhaust gases through a single thermocouple placed just aft of center of nozzle showed 925°F and 1088°F at idle and 1~ power, respectively. 
Reading at 10~ power not considered too accurate. Tailpipe temperatures as recorded in the cockpit average 930°F and 1290°F at idle and l~ power, 
respectively. The engine is Model J 33-23. 

(2) Times shown for pretake-off blasts do not include 1 min. + fiom starting to idle power. Times shown for the other two simulated operations include that 
time. -

(3) Observed wind velocities measured at test site. Official wind velocities and directions fiom USAF tower about 1/2 mile fiom test site. 

(4) Maximum temperature 146°F at 1-in. depth and 104°F at 2.5-in. depth in concrete. 

(5) Maximum temperature 155°F at 1-in. depth and 94°F at 2.5-in. depth in asphalt. 



~ 

PAV™ENI' TEMPERATURE MEASUREMENTS 

Plane Type F-89 B or C (l) 

Wind Velocity Distance Temp Thermo-
Simu- Blast Panel Ambient and Measured Tailpipe Max Pave. Rise couple 
lated Durf- No. Time Direction (3) Ht~ of to Ther- Temp Obs Temp from Showing 

Test Opera- tion 2) and Deg F MPH Cloud Tailpipe mocouple 011 Pave. at Start Blast Highest 
No. tion Min, Sec ~ Date Time Obs Off. Obs Off. Cover In. Ft ~J..L_ Deg F Deg F Temp Remarks 

---- (Rated 45.4) 
73 Pretake- 0'45" Con- 1-29-52 0955 45 46 Strong N 18 N Clear 44-1/2 26 14o 6o 8o 17-34 No visible effect on pave. 

off crete 
74 1'30" 4A 1-29-52 1005 45 47 Strong NNW 17 N Clear 44-1/4 23 144 55 89 8-17 No visible effect on pave. 
75 2'15" 1-29-52 1030 50 48 Strong NNW 18 N Clear 44-1/4 23 157 70 87 17 No visible effect on pave. 
76 Start. 2'15" 1-29-52 134o 53 53 Strong NW 17 N Clear 44-1/2 23 145 75 70 17-19 No visible effect on pave. 
77 4•30" 1-29-52 1410 54 53 Strong NNW 16 N Clear 44-1/2 23 16o 78 82 17 No visible effect on pave. 
78 6'45" 1-29-52 1450 53 53 Strong NW 16 NNW Clear 44-1/2 23 163 8o 83 7-10-12 No visible effect on pave. 
79 Maint. 7'00" 1-30-52 1015 47 41 Mild ENE Calm Clear 44-1/4 23 158 50 lo8 6 No visible effect on pave. 
8o 14'00" 1-30-52 1115 50 41 Mild ESE Calm Clear 44-3/4 29 i~~(4) 70 105 6-7 No visible effect on pave. 
81* 21'00" 1-30-52 1320 52 49 Mod SSE 6 SE Clear 44-1/2 29 75 ill 7 No visible effect on pave. 

82 Pretake- 0'45" As- 1-29-52 1055 50 49 Strong NNW 13 N Clear 44-1/2 23 165 65 100 4 No visible effect on pave. 
off pbalt 

83 1'30" lOA 1-29-52 1110 52 50 Strong NNW 12 N Clear 44-1/2 23 165 70 95 8 No visible effect on pave. 
84 2'15" 1-29-52 1320 55 54 Strong NW 17 N Clear 44-1/2 23 178 75 103 4 No visible effect on pave. 
85 Start. 2'15" 1-29-52 1350 55 53 Strong NW 17 N Clear 44-1/2 23 137 85 52 4-8 No visible effect on pave. 
86 4•30" 1-29-52 1430 57 53 Strong NW 16 N Clear 44-1/2 23 170 78 92 15 No visible effect on pave. 
87 6 1 45" 1-29-52 1510 55 53 Strong NW 16 NNW Clear 44-1/2 23 172 78 94 4-8 No visible effect on pave. 
88 Maint. 7'00" 1-30-52 1045 48 41 Mild ENE Calm Clear 44-1/4 29 205 63 142 6 No visible effect on pave. 
89 14 10011 1-30-52 14oo 56 50 Mild SE 6 SE Clear 44 29 237 8o 157 8 No visible effect on pave. 
90* 21'00" 1-30-52 1510 54 52 Mild SE 5 SSE Clear 44-1/2 29 245(5) 90 155 8 No visible effect on 'Dave. 

Notes: (1) Models Band C have same engine. Rated angle of tailpipe is o0 • Tailpipe rises 1 in. ·,when engine goes to lOCJI, power, making angle 0°50• 
above horizontal. The two engines blast into one heat pattern. The clear distance bet.ween tailpipes is 21 in. Temperature measurement of ex
haust gases through a single thermocouple placed just aft of center of nozzle showed 792°F at idle power; could not keep thermocouple in posi
tion for temperature measurement at 10~. Tailpipe temperatures as recorded in cockpit averaged 93o°F and 1300°F at idle and lOCJI, power, 
respectively. The engines are Model J 35A-21A. 

(2) Times shown for pretake-off blasts do not include 2 min +required to get both engines from starting to idle power. Times shown for the other 
two simu1ated operations include that time. -

(3) Official wind velocities and directions from USAF tower about 1/2 mile from test site. 

(4) Maximum temperature 120°F at 1-in. depth and 90°F at 2.5-in. depth in concrete. 

(5) Maximum temperature 130°F at 1-in. depth and 95°F at 2.5-in. depth in asphalt. 

* .After tests 81 and 90, the blast areas were dark from exhaust gases emitted at l~ pm
1

rer but close inspection indicated no effect on pavement. 

R-04o752G 



Plane Type F-86 A or E(l) 

Wind Velocity 
Simu- Blast Panel Ambient and Measured 
lated Dur!}- No. Temp Direction(3) Ht £.of 

Test Opera- tionl2) and Deg F --=-MPH---=--- Cloud Tailpipe 
No. tion Min, Sec~ De.te Time Obs Off. __ O_bs__ Off. Cover In. 

37C 4) Pretake- 0'45" Con-
off crete 

38( 4) 1'30" 5A 
39 2'15" 
4o Start. l' 45" 
41 3'30" 
42 5'15" 
43 Maint. 7'00" 
44 14 100" 
45 21'00" 

46(4) Pretake- 0'45" As-
off phalt 

47 1'30" llA 
48 2'15" 
49( 4) Start. 1 1 45" 
50< 4~ 3'30" 
51< 4 5'15" 
52 Maint. 7'00" 
53 14'00" 
54 21'00" 

1-18-52 1445 77 
1-18-52 1500 82 
1-21-52 14oO 65 
1-21-52 1415 63 
2- 6-52 0935 59 
2- 6-52 1045 61 
2- 6-52 1410 66 

1-21-52 1430 63 
2- 1-52 0950 59 

2- 6-52 1010 61 
2- 6-52 lll5 62 
2- 6-52 1335 66 

77 
77 
66 
65 
52 
58 
65 

65 
55 

55 
6o 
65 

6-9 SSE 
9 SSE 

13 SSW 

9 SSE 
10 s 
12 SSW 

--- --- (Rated 68) 

5 w Clear 64.5 
5 w Clear 64.5 

11 SSE Clear 64.5 
10 SSE Clear 64.75 

4 SSE Clear 66.5 
9 SSE Clear 66 

15 SSW Clear 67 

10 SSE Clear 65 
10 ESE Clear 65.5 

5 s Clear 67 
10 SSE Clear 67.5 
14 SSW Clear 67.5 

Distance Temp Thermo-
Tailpipe !w Pave. Rise couple 
to Ther- Terop Obs Temp from Showing 
mocouple on Pave. at Start Blast Highest 

Ft ~.A.!..._ Deg F Deg F ~ ____ R_e'""mar--"-ks ____ _ 

42 9o Bo 10 No visible effect on pave. 
42 90 85 5 No visible effect on pave. 
42 ·78 73 5 No visible effect on pave. 
42 ;78 74 4 No visible effect on pave. 
42 Ba 57 31 3 No visible effect on pave. 
42 97 70 27 3 No visible effect on pave. 
42 119(5) 75 44 29 No visible effect on pave. 

42 88 75 13 No visible effect on pave. 
42 92 6o 32 No visible effect on pave. 

42 114 65 49 3-17 No visible effect on pave. 
42 130(6) 70 6o 2-3 No visible effect on pave. 
42 Ll2 90 22 5-17- No visible effect on pave. 

35 

Notes: (1) Models A and E have same engine. Rated angle of tailpipe is o0 • Tailpipe rises 4 in. w:hen engine goes to 100'1> power, making angle 1°00 1 above 
horizontal. Tailpipe temperatures as recorded in the cockpit averaged 84o°F and 1250°F at idle and lo<l'1> power, respectively. The engine is 
Model J 47-13. 

(2) Times shown for pretake-off blasts do not include 1 min. + from starting to idle power. Times shown for the other two simulated operations 
include that time. -

(3) Observed wind velocities measured at test site. Official wind velocities and directions from USAF tower about 1/2 mile from test site. 

(4) Tests not run because Of extremely low temperatures under more severe conditions. 

(5) Maximum temperature 92°F at 1-in. depth in concrete. 

(6) Maximum temperature 90°F (no ri.se) a.t l.-in. depth in asphalt. 



Test 
....!!£_,__ 

91 

92 
93 
94 
95 
96 
97 
98 
99 

100 

101 
102 
103 
104 
105 
106 
107 
108(4) 

Notes: 

Table 7 

PAVEMENT TEMPERATURE MEASUREME!ITS 

Pla.'le Type T- 33 A (1) 

Wind Velocity Distance Temp Thermo-
Simu- Blast Panel Alllbient and Measured Tailpipe Max Pave. Rise couple 
lated Dura- No. Temp Direction(3) Ht ~ of to Ther-,. Temp Obs Temp from Shoving 

Opera- tion(2) and Deg F MPH Cloud Tailpipe mocouple on Pave. at Start Blast Highest 
tion Min, Sec ~ Date ~ Obs 2!!..:. ~ ~ ~ In. __ Ft __ , Deg F Deg F DegF~ Remarks 

(Rated 43.8) 
Pre take- 0'45" Con- 2-13-52 1340 72 72 11 SSE 15 s Cloudy 46 27 137 8o 57 30 No visible effect on pave. 
off crete 

1'30" 2B 2-13-52 1355 71 71 11 SSE 14 s Cloudy 46 27 145 85 6o 30 No visible effect on pave. 
2'15" 2-13-52 1425 70 70 11 SSE 14 s Cloudy 46 27 142 8o 62 17 No visible effect on pave. 

Starting 1'45" 2-13-52 1455 70 70 11 SSE 14 s Cloudy 46 27 133 8o 53 30 No visible effect on pave. 
3'30" 2-18-52 1050 58 54 2-5 E Calm Clear 38.5 25 167 62 105 19 No visible effect on pave. 
5'15" 2-18-52 1110 61 54 2-5 E Calm Clear 38.5 25 175 85 90 20 No visible effect on pave. 

Maint. 7'0011 2-18-52 1250 65 6o 5 s 8 SW Clear 38.75 25 210 8o 130 15-17 No visible effect on pave. 
14'00" 2-18-52 1430 66 63 7 s 8 SW Clear 38.75 25 232 92 14o 30 No visible effect on pave. 
21'00" 2-19-52 0815 48 47 Calm 5 NE Clear 38.5 25 235(5) 55 18o 15 No visible effect on pave. 

Pre take- 0'45" As- 2-13-52 1100 76 77 12 s 16 SSW Clear 45 27 14o 95 45 12 No visible effect on pave. 
off phalt 

1'30" 8B 2-13-52 1120 76 78 12 s 16 SSW Hazy 45 27 l82 96 86 35 No visible effect on pave. 
2'15" 2-13-52 1300 75 74 12 s 13 s Hazy 45 27 192 90 102 21 · No visible effect on pave. 

Starting 1'45" 2-13-52 1320 74 72 12 SSE 15 s Clear 45 27 170 100 70 21 No visible effect on pave. 
3'30" 2-13-52 1410 70 71 11 SSE 14 s Cloudy 45.75 27 183 55 98 21 No visible effect on pave. 
5'15" 2-13-52 144o 70 70 11 SSE 14 s Cloudy 47 27 167 85 82 21-35 No visible effect on pave. 

Maint. 7 1 00" 2-13-52 1510 70 70 10 SSE 14 s Cloudy 45 27 217 85 132 5 No visible effect on pave. 
14'00" 2-18-52 0955 53 52 2-5 E 7 NE Hazy 38.5 25 253 70 183 12 No visible effect on pave. 
21'00" 2-18-52 1320 65 61 5-8 s 8 SW Clear 39.5 25 253(6) 95 158 32 No visible effect on pave. 

(1) Plane used in tests 91-94 and 100-106 not equipped vi th ving tanks, plane used in tests 95-99 and 107-108 equipped vith ving tanks. Note difference in 
height of tailpipe. Rated angle of tailpipe is 3010•. Tailpipe rises 4.9 in. vben engine go,es to 1001> pover, decreasing angle to 1030'. Tailpipe temper-
atures recorded in cockpit during these tests shoved 900-lOOO°F at idle pover, 84o°F at &JI, pover, and 1150-12QOOF at 1CJ01, pover. The engine is Model 
J 33A-35· ' 

(2) Times shovn for pre.take-off blasts do not include l min ± from starting to idle pover. Times sbovn for the other tvo simulated operations include that 
time. 

(3) Observed vind velocities measured at test site. Official vind velocities and directions from USAF tover about 1/2 mile from test site. 

(4) Imme<l.iately after test 108, 10,000-lb vheel load vith tire inflated to 200 psi applied to area heated to 253°F. There ve.s no rutting or shoving and only 
faint tire printing. 

(5) Maximum temperature 135°F at 1-in. depth and 850F at 2.5-in. depth in concrete. 

(6) Maximum temperature 187°F at 1-in. depth and 106°F at 2.5-in. depth in asphalt. 

R-04o752B 



D11tance 
Simu- Blast Approx Approx Wind Tailpipe Max 
lated ~· Panel Amb Vel 

T=~~ 0it:- :!:~ ;!c ~ ~ !!!!!; r!:~ :;jH~f 3Tc Cloud 
~ 

Measured 
Ht~ or 
Tailpipe 

In. 
(Roted 83) 

84,5 

to Ther- Temp Oba 
mocouple on Pave. 
__ Ft __ ~ 

Pave. Temp 
at Start 
~ 

Temp 
Rise 
from 
Bloat 

15..l 
l57 

Thermo
couple 
Showing 
H1gheet 
~ 

l5 

Remarks 

l09 

llO 

lll 

ll2 

ll3 

ll4 

ll5 

ll6 

ll7 

l20 

l2l 

l22 

l23 

i24(6) 

l25 

l26 

Pretake
orr 

Starting 

M&int, 

Preta.ke
orr 

Starting 

Me.int. 

1 1 15" Con- 2-lB-52 l030 

2-lB-52 ll.00 

2-i8-52 i305 

2-lS-52 l4l5 

2-l9-52 09l0 

2-l9-52 l04o 

2-l9-52 l325 

2-l9-52 l44o 

2-20-52 l450 

crete 
2'3011 5B 

5'00" 

10 100" 

15'0011 

710011 

14 1 00" 

21 100•• 

1'15" 

2'30" 

3'45" 

5'00" 

10 100" 

15 '00" 

7'00" 

14 100" 

21 100" 

Asphalt 2-lB-52 l500 
lOB 

2-lB-52 l525 

2-l9-52 0945 

2-l9-52 l0l5 

2"l~52 -lllO 

2-l9-52 l3l5 

2·l9-52 l4lO 

2-20-52 l4l5 

2-20-52 l545 

55 

6o 

65 

66 

58 

66 

68 

70 

73 

72 

75 

2-5 E 

2·5 E 

2-5 s 

5 s 

5 E 

3-5 SE 

lO SSE 

lO SSE 

5 NllW 

lO s 

lO s 

5 E 

5 SE 

-8-SSE 

lO SSE 

lO SSE 

3-5 NllW 

5 N to 
7 s 

Hazy 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

84.5 

84.5 

84.5 

83.5 

84.o 

85.5 

85.5 

84.o 

84.5 

84.5 

84.o 

'14.o 

·.J4o> 

84.5 

86.o 

84.o 

84.o 

36 220 

36 220 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

36 

227 

l70 

l64 

l92 

282 

287 

300(4) 

257 

277 

300 

223 

'21'5 

232 

34o 

385 

385 

63 

70 

87 

95 

65 

82 

95 

l05 

87 

9J 

91) 

77 

95 

l05 

lOO 

ll5 

85 

lOO 

l50 

l4o 

l2 

6-7 

No visible effect on 
pavement 
No visible effect on 
pavement 
No vilible effect on 
pavement 

75 6-7-12 No vilible effect on 
pavement 

99 12-32 No viaible effect on 
pavement 

110 12 No vhible effect on 

l87 l5 

l82 l5 

2l3 l2-l5 

l67 

l8l 

233 

l28 

llO 

l32 

225 

l7 

32 

20 

32 

32 

32 

32 

pavement 
(7) 

(8) 

(9) 

No visible effect on 
pavement 
No viaible effect OP 
pavement 
(lo) 

No visible effect on 
pavement 
No visible effect on 
pavement 
No v1a!ble effect on 
pavement 
(ll) 

300 l2-l5- (l2) 
l7 

275 l2-l7 (l3) 

Motes: (1) Angle of tailpipe variea. Beginning at rear of engine and extending tor approx 48 in. the angle la about 8°. The next section of the tailpipe 
is approx 78 in. long and has an angle of about 5-6° above horizontal. The third and final section baa rated angle of 8° and la about 12 in. long. 
Tailpipe rises 1.5 in. when engine goes to 10~ power, decreasing angle of the final section to 7°40 1 , The two engines in one pod blast lnto one 
heat pattern, The clear distance between tailpipes is 6 in. Gas temperatures recorded by instrument in the plane were 84o°F, 750°1', and 1200°r 
for idle, ~' and l~ power, respectively. The engines are Model J 47~13. 

(2) Times ahovn for preta.ke-off blasta do not include 2 mln + from starting of two engines (only tvo engines in one pod teated becauee other pod la on 
oppoalte aide ot fuselage and givea separate blast pattern) to idle power. Timea sbovn for the other tvo almulated operations include that time. 

(3) Wlnd velocities measured at teat aite. (4l Maximum temperature 192°1' at l-in. depth and ll5°F at 2.5-ln. depth in concrete, 
(5 One pa.ea of 10,000-lb wheel load (200 pal) applied 1..Jmediately after blaat ended on teat no. ll9. There vaa no rutting or shoving and only a faint 

tlre print could be seen. 
(6) Three pD.aaes of 10,000-lb vheel load (200 pal) applied aa quickly aa po&11ble (1-2 min) after blast ended on teat no. 124, There vaa no rutting or 

shoving at 34-0DF pavement temperature and only shallow tire printing. 
(7) No vielble effect on concrete other than darkening of aurface by exhaust gases. The joint seal in tbe two contraction Joints in Panel 5B, in the 

Joint between hnela 5A and 5B, and in the nearest Joint in Panel 5A (total distance of 50 ft) began to blaat out, being moat prominent in the two 
Jointa in Panel 5B. 

(8) No visible effect on concrete other than more darkening of surface. The Jointa mentioned in (7) above bad blasted out to maximum widths of 5, 7 1 4 
and 3 in., reapectl vely, but to very ehallov depths, 

(9) lfo viaible effect on concrete other than extreme darkening of surface. The Joint• mentioned in (7) above bad blasted out to maximum vidtha of 7, 
7.5, 5 and 3.75 in., respectively, but to shallow deptha. 

(10) Tbree or fe>ur very small spots near center of thermocouple pattern were bl&ated out at 3QOOF pavement temperature and noticeably high gas velocity. 
The ma.terial lost consisted entirely of bitumen and_ fine aggregate at the surface. 

(11) Numerous small epota were blaeted out at 340°F with the material lost continuing to be bitumen and fine aggregate to shallow depth. The area af .. 
fected extended free thermocouple no. 22 to no. 4 on the long a.xta of the pattern (24 ft total distance or 12 f't either aide of short axis) and any .. 
where from l to 4 ft wide, being 4 ft at center of pattern. 

(12) Pavement reached melting point, turned very black, and the blasted-out area increased to maximum vldtb of 6 tt without changing length of 24 ft. Tbt 
pattern of the area became veil defined from thermocouple 21-22 to center of thermocouple pattern (area where blast provided impingement on pavement)• 
The de.mnged area to rear ot pattern waa somevhat irregular in shape. The depth of the blasted-out area increa.eed gradually as the two blast periodJI · 
at ~ pover were in progreea, No material vae lost at idle power. The maxilllWD depth at end of thia teat vas leea than l in, Surface thermocoupl•1 
near center of pattern were well exposed but none of those at 1-in. depth were exposed. Color movies were taken of the damage aa it took place. 

(13) Pavement melted each time engine power vae increased to l~ power and the depth of blasted-out area gradually increaeed to a little more than l in•1 
exposing thermocouples installed at that depth. The vldth of the d.amaged area remained 6 ft but the length increaaed from. 24 ~ to 33 f't, extendiDS 
back to thermocouple no, l. In fact, the pavement on back into Panel la.\ for 10·15 ft had melted bitumen at aurtace that was tacky even though no 
erosion occurred. A part of this bitumen may have come from Panel lOB. 

R-04o752A 



Table 9 

PAVEMENT TD!PERATURE MFASUREMENTS 

Plane Type B-47B (Outboard EDgine} (l) 

Wind Velocity Distance Temp Thermo-
Simu- Blast Panel Ambient and Measured Tailpipe )lax Pave. Rise couple 
lated Dura- No. Temp Direction(3) Ht t of to Ther- T~ Obs Temp frcm Shoving 

Test Opera- tton(2) and Deg F MPH Cloud Tailpipe mocouple on Pave. at Start Blast Highest 
!2.:... ~ Min, Sec !.Iii!!_ ~ Tille ~ .Q!!:~ ~~ In. 

(Rated 76) 
Ft Deg F Deg F Deg F ~ Remarks 

145 Pretake- 1'15" Con- 2-27-52 1730 5S 6o 8-10 SW 13 w Clear 69 30 l~ 65 65 10 No visible effect on pave. 
Off crete 

146 2'30" lB 2-27-52 1750 56 5S 6-S SW SW Sun- 71 
down 

30 l'.'° 6o 70 10-30 No visible effect on pave. 

147 3•45" 2-27-52 o815 57 57 5 SW 5 WSW Hazy 70 30 llt7 55 92 30 No visible effect on pave. 
148 Start. 4•15" 2-28-52 0845 59 5S 6 SW 10 w Clear 70 30 130 75 55 20 No visible effect on pave. 
149 S•30" 2-28-52 1020 59 58 11 IlllW 19 NNE Clear 65 20 ll~ 75 65 7 No visible effect on pave. 
150 12 145" 3- 1-52 1100 6o 5S 7-11 Nl'IW 14 N Clear 65 20 11/.7 87 6o 7 No visible effect on pave. 
151 Maint. 7'00" 3- 1-52 1300 67 63 7-10 NNW 10 NKE Clear 64 30 230 87 143 20-12 No visible effect on pave. 
152 14100" 3- 1-52 1635 62 63 S NW 12 NW Cloudy 66 30 235(4) 8o 155 20-12 No visible effect on pave. 
153 21 100" 3- 1-52 o825 52 55 9-12 ESE lS E Cloudy 65 30 ~5 63 1S2 l2 No visible effect other 

than darkening of pave. 
and 2-in. movement of 
Joint seal 

154 Pretake- 1'15" As- 2-27-52 1515 66 64 6 l'iW S NW Clear 64 30 2\-'.)3 92 1ll 6-32 No visible effect on pave. 
155 Off phalt 
155 2'30" 9B 2-27-52 1545 66 63 6-S NW SN Clear 64 30 213 93 120 6-32 No visible effect on pave. 
156 3•45" 2-27-52 1615 65 63 8-10 ml 10 l'iW Clear 64 30 2j:lo 95 105 32 No visible effect on pave. 
157 Start. 4'15" 3- 1-52 1340 65 64 9 NNW 12 NNE Hazy 64 30 195 87 lOS 20 No visible effect on pave. 
15S S•30" 3- 1-52 1415 67 65 S NNW 13 NNW Clear 64 30 ~ 110 96 20 No visible effect on pave. 
159 12 145" 3- 1-52 1500 67 65 3-6 Nl'lW' 7 l'iW Hazy 64 30 105 101 6-20 No visible effect on pave. 
16o Maint. 7'00" 3- 1-:;2 l;:.::; 63 63 S NNW l2 NW Cloudy 65 30 2TI 96 179 20 (6~ 161 14100" 3- 2-5~ ->920 6o g~ 11 ESE SE Cloudy 64.5 2S 315 75 24o 20 ~A 162 21 100" 3- 2-52 l04o 62 11 ESE 10 E Cloudy 64.5 23 ~2(5) 92 210 6 

Notes: (1) Angle of tailpipe rated at 5°15•, and height of tailpipe at 76 in., measured angle WllB 6015 1 and .measured heights are listed above. The 
angle did not change frcm starting to idle to ~ powe,r. Gas teuiperatures recorded by instl"Ullent in the plane were 'ROOF, SooOF, and 

(2) 

(3) 
(4) 
(5) 
(6) 
(7) 
(S) 

12900F for idle, fAYI,, and~ power, respective:cy. · Tbe engine iS Model J47-ll. · 
Times shown for pretake-off blasts do not incl.Ude 1 IR1n + rram starting to i!l.U p0wer. Times sbown for the other two simulated operations 
include tt~t time. -
Observed Vind velocities measured at test site. Official wind velocities and directions fl'Olll USAF tower about 1/2 mile from test site. 
Maximula temperature 1450F at 1-in. depth and 960F at 2.5-in. depth in concrete. 
Maximum temperature 16oOF at 1-in. depth and l.lOOF at 2.5-in. depth in asphalt. 
Yellmr highway marking paint came off in a few spots near center o:f' blast pattern, indicating proxim1ty to critical pavement temperature, 
More yellow paint came off from theniocouple no. 21 to no. S on long axis of pattern and several small spots along that line popped out. 
Very little more damage then mentioned in (7) above. Paint came off back to thennoeouple no. 5 and two small spots (bitumen and fine ag
gregate) popped out near thermocouple no. 6. 



Table 10 

PAVEMENT TEMPERATURE MEASUREMENTS 

Plane Type B-47B (Inboard Enginee)(l) 

Wind Velocity Distance Temp Thenno-
Simu- Blaet Panel Ambient and Measured Tailpipe Me.x Pave. Riee couple 
lated Dura- No. Temp Direction(3) Ht~ of to Tber- T~ Obe Temp from Shoving 

Teet Opera- tion(2) and Defj F MPH Cloud Tailpipe mocouple on Pave. at Start Blaet Highest 
No. .-1!2!!_ Min, Sec ~ ~ Time Obe. ~~ Off.~ In. Ft ~ Dee; F Dee;F~ Remarks 

(Rated 88) 
127 Pre take- 1'15" Con- 2-25-52 1105 53 53 6E 12 E Cloudy 84.5 44 146 11 69 32 No visible effect on pave. 

Off crete 
12B 2'30" 3B 2-25-52 1125 53 54 BE 12 E Cloudy 84.;i 44 16d Bo Bo 32 No visible effect on pave. 
129 3•45" 2-25-52 1315 56 55 6 E 12 ENE Cloudy 84.5 44 164 72 92 1~32 No visible effect on pave. 
130 Start. 5'00" 2-25-52 1650 53 55 B NE 12 ENE Cloudy B5.5 44 120 67 53 1~32 No visible effect on pave. 
131 10 100" 2-27-52 1025 55 54 16 NW 19 N Clear 88 44 155 63 92 22-24 No visible effect on pave. 
132 15 100" 2-27-52 1430 66 63 5-B WNW 10 NW Clear 88 3B 16d 10 90 19 No visible effect on pave. 
133 Maint. 7'00" 2-27-52 1645 65 61 6-10 NW 11 w Clear 90 3B 18o Bo 100 6-7 No vieible effect on pave. 
134 14 100" 3- 1-52 1535 66 65 4-6 NNW B NW Cloudy B9 44 195 75 120 1~32 No visible effect on pave. 
135 21 100" 3- 2-52 1000 62 6o 14 SE 10 E Cloudy 90 44 195(4) 75 120 6-7-8- No visible effect otber 

10-12- than darkening of pave. 
15-30 and elight movement of 

joint eeal 

136 Pretake- 1'15" Ae- 2-25-52 14oo 57 56 BE B NE Cloudy 84.5 44 206 75 131 6 No visible effect on pave. 
Off pbalt 

137 2'30" 11B 2-25-52 1430 57 57 6 E 7 NE Cloudy 84.5 44 210 Bo 130 6 No visible effect on pave. 
13B 3•45" 2-25-52 1505 57 57 B NNE 10 NE Cloudy 84.5 44 200 Bo 120 6-8 No visible effect on pave. 
139 Start. 5'00" 2-25-52 1555 55 56 8 ENE 12 :IE Cloudy 84.5 44 155 Bo 75 30 No visible effect on pave. 
l4o 10'00" 2-25- 52 1615 55 56 6-8 NNE 12 NE Cloudy 84.5 44 l.6o 87 73 30 No vielble effect on pave. 
141 15'00" 2-27-52 0905 50 46 llNW 14 N Clear B9 44 147 65 B2 19 No visible effect on pave. 
142 Maint. 7'00" 2-27-52 0950 54 51 16 NW 18 N Clear 89 44 220 Bo 14o 6 No visible effect on pave, 
143 14 100" 2-27-52 lll5 57 56 15 NNW 16 N Clear B9 44 ~{5) B7 140 6 No visible effect on pave. 
144 21'00" 2-27-52 1320 65 61 B NW 6 NW Clear B9 50 90 130 6 No visible effect other 

than darkening of l.arge 
blaet area 

Notes: (l) Rated angle of tailpipe is 5°15 1 • Measured angle in theee teete varied from 5050 1 to 6015 1 • There was no measurable change in angle from 
starting to idle power or idle power to ~ power. Clear distance between tail.pipes Of tvo inboard engines is 21. in. Gas temperatures re
corded by instrument in plane were 84o°F, 75o°F, and 1290°F for idle, &JI,, and ~ power, respectively. Flaps on wing of plane down for 

(2) 

(3) 
(4) 
(5) 

starting and pretake-off blaets end up for maintenance blasts. Slight deflection of exhaust gases when flaps are dawn. Tne engines are Mode.l J47-11. 
Times shown for pretake-o!'f blaet do not include 2 min + from starting of two engines to idle power. Times shown for the other two simulated 
operations include that time. -
Observed wind vel.ocities measured at test eite. Official wind velocities and directions from USAF tower about l/2 mile from test Bite. 
Maximum. temperature 137°F at 1-in. depth and B5°F at 2.5-in. depth in concrete. 
Maximum temperature 137°F at l-in. depth and lOOOF at 2.5-in. depth in asphalt. 



Table 11 

SUMMARY OF PEAK TEMPERATURES 

UNDER NORMAL OPERATING CONDITIONS 

B- 7B B- 7B 
Simulated F-84D F-94B F-80C F-89F or C F-86A or E T-33A B-45A5 Inboards Outboards Avg Avg 
Operation Cone Asph Cone Asph Cone Asph Cone Asph Cone Asph Cone Asph Cone Asph Cone Asph Cone Asph Cone Asph Diff -- -- -- -- -- ---- -- -- -- -- -- -,- -- -- -- -- -- -- -- ---

Pre take-off 

N-50 130 165 130 150 lo8 187 140 165 137 140 220 257 146 206 130 203 143 184 41 

N 139 177 133 150 117 205 144 165 88 145 182 220 277 160 210 130 213 148 197 49 

N+50 133 190 130 165 145 200 157 178 90 92 142 192 227 300 164 200 147 200 156 203 47 

Starting 

N-50 112 127 116 150 133 146 145 137 90 133 170 17Q 223 120 155 130 195 133 163 30 

N 120 152 112 150 135 181 160 170 78 167 183 164 215 155 160 140 208 144 177 33 

N+50 115 140 117 167 153 168 163 172 78 175 167 192 232 160 147 147 206 153 175 22 

Maintenance 

N-50 188 207 160 192 175 235 158 205 88 114 210 217 282 340 180 220 230 277 198 237 39 

N 181 215 172 215 200 220 175 237 97 130 232 253 287 385 195 227 235 315 210 258 48 

N+50 200 218 165 175 195 248 186 245 119 112 235 253 300 385 195 220 245 302 215 256 41 
Avg diff = 39°F 

Note: Low temperatures in tests with F-86 plane not included in averages o40852A 



Table 12 
SUMMARY OF AVAILABLE TEMPERATURE DATA PLO'l'l'ED 

AND ON FILE AT WATERWAYS EXPERIMENT STATION 

Test Peak Temp Test Peak Temp Test Peak Temp 
~ Temp vs Time No. Temp vs Time !2:..... Temp vs Time 

1 x 56 x x .110 x x 
2 x x 57 x x 111 x x 
3 x x 58 x 112 x x 
4 x 59 x x 113 x x 
5 x x 6o x x 114 x x 
6 x 61 x x 115 x x 
1 x x 62 x x 116 x x 
8 x x 63 x x 117 x x** 
9 x x 64 x 118 x 

10 x 65 x x 119 x x 
11 x x 66 x x 120 x x 
12 x 67 x 121 x 
13 x 68 x x 122 x x 
14 x x 69 x 123 x x 
15 x 70 x 124 x 
16 x 71 x x 125 x x 
i1 -X -X 72 -x x 126 x x 
18 x x 73 x 127 x 
19 x 74 x x 128 x x 
20 x x 75 x 129 x x 
21 x x 76 x 130 x 
22 x 77 x x 131 x x 
23 x x 78 x x 132 x x 
24 x 19 x x 133 x x 
25 x Bo x x 134 x x 
26 x x 81 x x 135 x x** 
27 x x 82 x 136 x 
28 x 83 x x 137 x x 
29 x x 84 x 138 x x 
30 x 85 x 139 x 
31 x 86 x x 140 x x 
32 x 87 x 141 x 
33 x 88 x 142 x 
34 x x 89 x x 143 x x 
35 x x 90 x x 144 x x** 
36 x x 91 x 145 x 
37 92 x x 146 x 
38 93 x 147 x x 
39 94 x 148 x 
40 95 x x 149 x 
41 96 x x 150 x 
42 x 91 x x 151 x x 
43 x 98 x x 152 x x 
44 x 99 x x** 153 x x** 
45 x x 100 x 154 x 
46 101 x x 155 x x 
47 x 102 x 156 x x 
48 x 103 x 157 x 
49 104 x x 158 x x 
50 105 x 159 x x 
51 106 x 160 x 
52 x 107 x x 161 x x 
53 x lo8 x x** 162 x x** 
54 x x 109 x x Total 153 90 
55 x 

042654-B 
* See tables 2 thru 10 for identification of test. 

** Temperature vs time plots for this test include. pavement cooling period. 



Table l3 

JET AIRCRAFT OPF.!!ATIONS, PAVEMENT TEMPERAWRE MEASllREMSliT5 
TE:IT lm'.:TIONS, WATERWAYS EXPERIMENT STATION, VICKSBURG, MISSISSIPPI 

Plane Type F-8o Bl 

Distance Temp 
Wind Ve- Ht Of rj_ of Ht of rJ. of Angle C'/f Tailpipe Max Pave Rise 

Blast Amb locity and Tailpipe Angle of rJ. Tailpipe rJ. of Tfl.il- to Thermo- Pave Temp from 
Simulated Duration Type Temp Direction Idle Power Of Tailpipe Full Power pipe !\ll.l couple Temp Start Blast 

Test No. ~at ion min1aec Pavement ~ mE;! in. Idle Pover in. Powel' ft °F °F °F Remarks 

lOK Maint 14 100" Rich asphalt 70 5-10 SSW 38-1/2 4°18 1 42-1/2 3°21' a5 301 85 216 Limited surface erosion 

llK Maint 14'00" Optimum asphalt 72 10 s 40-7/8 3°42• 41-7/8 3°35' 25 288 82 2o6 No effect on pavement 

l2K Maint 14 100" Lean asphalt 48 5-8 NE 39-1/4 3°57' 42-1/4 3°13' 25 284 6o 224 No effect on pavement 

8D Long 10'00',2 Lean tar-rubber 65 5-10 SE 37 5°12• 38-1/8 4°291 22 392 110 282 No effect on pavement 
maint {Flintbinder} 

1.5-30 Maint 21'00" Lean tar-rubber 57 8-10 E 35-1/8 
{Flintbinder} 

1°51' 38-1/4 loo41 22 250 85 165 No effect on pavement 

2-30 Maint 21'00" Lean tar-rubber 
(Flintbinder) 

56 8-10 E 33-5/8 2°16 1 34-5/8 2°051 20 307 115 205 No effect on pavement 

3-30 Maint 21 100" Lean tar-rubber 
(Flintbinder) 

75 8-20 s 29-7/8 3°17• 30-5/8 3°10,• 17 392 90 302 No effect on pavement 

4-30 Maint 14 100" Lean tar-rubber Bo 8-20 s 26 4°181 27-1/4 4°14• 15 4oo+ 120 28o+ Pavement eroded to bind-
(Flintbinder) er, test stopped 

2-40 Maint 21'00" Optimum asphalt 55 5 SE 45 3oo6, 48 2°13• 31 210 85 125 No effect on pavement 

3.5-40 Maint 21'00" Asphalt 6o Calm 43-1/2 3°42 1 44-1/8 3°25• 26 278 118 16o No effect on pavement 

5-40 Maint 21'00" Lean tar-rubber 
{F11ntbinder) 

70 5 NW 36-3/8 5°15• 37-5/8 5°01' 20 428 Bo 348 No effect on pavement 

2~5 Ma int 21'00" Optimum asphalt 45 8-10 w 66-1/2 2°38 1 68-1/2 2°09• 50 142 75 67 No effect on pavement 

3.5-65 Maint 21'00" Optimum asphalt 65 8-10 NW 62-1/4 3°42' 63-1/4 3°32• 35 210 110 100 No effect on pavement 

5-65 Maint 21 100" Optimum asphalt 70 8-10 NW 56-3/8 5°30• 57-3/4 5oo8, 28 240 125 115 No effect on pavement 

6-65 Maint 21'00" Optimum asphalt 65 5-10 NW 49-3/4 6°20• 51-1/8 6°101 26 315 132 183 Considerable surface 
erosion 

1 Rated normal height of rJ. of tailpipe {static) is 40 in. and rated angle is 4 °10 1
• 

' 0 
Tailpipe temperatures as recorded in the cockpit average 1250 Fat full power. 

Gas velocities at full power as determined in previous tests by USAF are rated as 375, 260, and 175 mph fpr distances of 151 25, and 35 ft, respectively, behind 
the tailpipe. The engine is model J 33-23. 

2 This test .consisted of 5 lllinutes at idle power followed by 5 minutes at f'ull power. However, maximum pavem
1

ent temperature developed in 1.5 minutes at full power 
just as in the regular maintenance blast cycles. 

o42654-c 



Completed test section with typica~ asphalt panel in foreground 
(thermocouples located between dashed lines) 



Rear viev of T-33 ~lane ready to direct blast on concrete test ~anel 



Rear view of F-89 plane set up for test on concrete test panel 
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B-45k5 ~lane set u.~ ~or blast by t~o en~ines on as~ba.lt ~avement 
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Field of three Brown flight recorders (potentiometers), one for each 
11;rou.-p o"f ~ea.a_ 'Hires "from .'.}unction bcxe.s 
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Close-up of jet-fuel-resistant joint-sealing compound in joint just back of center 
of concrete panel after blast of B-45A5 plane 



Jet blast damage, asphaltic concrete, maintenance run, B-45A5 plane, 
pavement temperature 280 F 



Jet blast damage, asphaltic concrete, maintenance run, B-45A5 plane, 
pavement temperature 340 F 
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Jet blast damage, asphaltic concrete, maintenance run, B-l+5A5 
plane, pavement temperature 385 F 
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PORTLAND CEMENT AslHALT/C CONCRETE A;~PHALTIC CONCRETE 
CONCRETE TEST PANELS:-------+-------' MANEUVER AREA ------+------ TEST FMNELS ------

.] 
I I I J , I I I I I I I I I : : 

1+50 0+50 l+oo 2+00 2+50 3+oo-
STATIONS ALONG ctNTtRLINt 

CENTERLINE OF TEST SECTION 
0.5 % GRADE DOWN FROM STA 0+00 TO STA 3+00 

Ef .__.__L, ~Ltf"T=: =·:=---=----=:=. :=. =· ==~ ==RIGHT~~j Et~' =· "''=====·=· =I-: == == I== =-==·==~ ~=:' :~J 
STA o+oo 

STA 0+50 

~ 98F 

l: ... [1::_:... ..... - .... - .... - .... - .... - ... -_-.... -,~~.~~~~~~. ~~, ~ ...... -_-...... -_-.~~.~~,~~.~~.~~.~~.~~.~~. ~~~~~~~~:~~.~~~~~...._. ~ 
... 75' 50' 25' '- 25' 50' 75' 

DISTANCE: IN FEET f"ROM CtNTtRLINt 

STA 1+00 

~ 
-- • ACTUAL GRADE 
--- = THEORETICAL GRADE: 

~l --- : ; .. __ 
~ 95 I ' 

I I 
75' 50' 

STA 2+00 

STA 2+50 

I I I I I I' I I I I I I I 

25' c. 25' 50' 
DISTANCE IN f'Etl" f"ROM CtNTERLINt 

STA 3+00 

CROSS SECTIONS 
EGLIN FIELD TEST SECTION 

7S' 
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