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ABSTRACT

The response of test structures and structure elements to sonic

booms produced by XB-70, B-58 and F-104 aircraft was studied. These

aircraft produced sonic booms of different signature durations. They

were flown at several flight track offsets, altitudes and Mach numbers

so as to generate different overpressure levels and signature charac-

terlstics. Free field signature data and the effects of free field

signature parameters on structural response were analysed. Studies

were made of the plate response (lateral deformation) and racking re-

sponse (in-plane deformation) of the test structures. Damage complaints

resulting from the test missions were investigated and the results ana-

lysed. The implications of the magnitudes of the responses of the test

structures and the investigation of the damage claims resulting from the

test missions on possible damage caused by supersonic flights were dis-

cussed.
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[ V RESPONSE OF STRUCTURES TO SONIC BOOMS

PRODUCED BY XB-70, B-58 AND F-104 AIRCRAFTI!
I. SUMMARY OF MAJOR FINDINGS AND RECOMMENDATIONS

This report was prepared as partial fulfillment of the requirements

of Contract AF 49(638)-i739. The report summarizes the work performed by

John A. Blume & Associates Research Division during the sonic boom experi-

ments at Edwards Air Force Base. A detailed discussion of findings derived

from analyses of the data measured and recorded is presented.

The general objective of the structure response portion of the

Edwards Air Force Base Program, "determine the response of typical struc-

tures to sonic booms having different signature characteristics and

evaluate damage resulting from the program overflights", was accomplished.
The response of test structures and structure elements to sonic booms

produced by XB-70, B-58 and F-104 aircraft was studied. These aircraft

produced sonic booms of different signature durations. They were flown

at several flight track offsets, altitudes and Mach numbers so as to
I generate different overpressure levels and signature characteristics. Free

field signature data and the effects of free field signature parameters on

structural response were analysed. Studies were made of the plate response

(lateral deformation) and racking response (in-plate deformation) of the

test structures. Damage complaints resulting from the test missions were

Investigated and the results analysed. The implications of -the magnitudes

of the responses of the test structures and the results of the Investiga-

tions of damage claims resulting from the test missions on possible damage

caused by supersonic flights were evaluated.

This chapter presents a summary of major findings and recommendations,

and Chapter II presents a detailed summary of this report. Detailed dis-

cussions of the analyses performed are covered In Chapters III through Xl.

The findings presented In this report are based on detailed analyses

of structure response and free field overpressure data for seventeen cam-

parable XB-70, B-58, and F-104 missions flown within minutes of each other.
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The measured plate response of three gypsum board/wood stud/wood siding

walls and one large plate glass window, and the measured racking response

of two typical wood frame houses, one one-story and one two-story house,

were analysed In detail and compared with response predicted using boom

signatures. In addition, the plate and racking response of a long-span

steel frame-mertal siding building were analysed.

MAJOR FINDINGS

I Free field signature data and the effects of free field signature

parumeters on structural response were analysed and the following are major

findings:

I. Sonic booms from large aircraft such as the XB-70 and the future

Supersonic Transport will affect a greater range of structure elements (those

elements with frequencies below approximately 5 cps) than will sonic booms

from smaller aircraft such as the B-58 and F-104. These results are predict-

able if the boom and st-ructure element characteristics are known. The natural

frequency at which the maximum DAF occurred was primarily a funct!on of the
time from start of boom to negative peak T 2* As T 2 Increased, the maximum

DAF occurred at a lower natural frequency. T2 increased as size of aircraft
increased.

2. The Dynamic Amp'lfication Factors (OAF) computed from free field

signatures and peak positive free field overpressures were independent of the

channel on which the signatures were recorded. Therefore, a single free field

microphone would have supplied sufficient data to predict structure element

response.

3. The ratio P2 /PI (absolute value of peak negative overpressure to

peak positive overpressure) decreased as the offset of the aircraft increased

for XB-70 missions. The magnitude of the maximum DAF decreased as the ratio

i P 2 /P, decreased.

4. The DAF spectra obtained using a wave model described by free field

signature parameters P,, P2, T,, and T2 (peak positive overpressure, peak

negative overpressure, rise time, and time from start of boom to negative peak,

respectively) were equal at the 95 percent confidence level to the DAF spectra

obtained from digitized free field signatures. The wave model can be used to

1.2



K
predict structure response if these parameters and the characteristics of the

structure element are known.

5. In the analysis of the effects of lateral offset of aircraft, the

ratio P2 /PI In the recorded free field signatures caused the predominant

effect on DAF. The recorded signatures showed little change in rise times

(TI) or in durations Wr) for overhead and offset missions for each type of

aircraft. Therefore the Influence of lateral offset on DAF spectra was limited

to the effect of the ratio P2 /PI.

The plate and racking response of the one-story and two-story test

houses (E-I and E-2, respectively) and of the long span steel frame structure

(E-3) to sonic booms generated by the Edwards AFB test flights were analysed.

The major findings were as follows:

6. Peak plate displacements of three typical walls in the two test

houses were less than 0.034 Inches for sonic boom overpressures of approximately

2 psf. Racking displacements at the roof line of the northeast corners of Test

Houses E-I and E-2 were extremely small (less than 0.0018" for E-I and less than

0.0051 for E-2) for sonic booms on the order of 2 psf overpressure.

7. Measured displacements of the three typical walls were nearly equal

to predicted displacements based on either free field or net pressure signature

data. Racking displacements predicted from free field peak overpressures and

DAF spectra calculated from free field pressure signatures were in good agree-

ment with measured displacements. The response of the large glass window in

E-I was predictable using free field signature data.

8. Struclure response could be adequately predicted by using peak over-

pressures and DAF spectra calculated from free field signatres.

9. The future SST for peak overpressures of about 2 psf should produce

racking displacements of typical houses that will be of similar magnitude, or

possibly smaller, than those caused by the XB-70 missions. These racking dis-

Splacements should be negligible and far less than those required to cause damage.

10. No sonic boom damage was observed in the test structures prior to or

after the test flights. There were minor shrinkage cracks in the test structures

prior to start of test flights. However, no discernible extension or widening

of these cracks was observed although observations were made and recorded daily.

1.3



L I II IDamage,•A to nrenarly doc!nnad and ncnnrurirtd ho~uses from low

magnitude sonic booms Is extremely unlikely. Damage should not occur to

btrtcture elements such as glass windows from racking motions caused by low

magnitude sonic booms.

The supersonic test missions subjected a large number of buildings

and structures at Edwards AFB and In communities near Edwards to sonic booms.

A survey was made of all glass windows and doors in buildings and structures

at Edwards to provide a basis for determining the extent of glass damage

caused by the test proqram. An engineering Investigator Inspected each com-

plaint received from Edwards and the adjacent communities. The major findings

were as follows:

12. As the condition of the glass panes at Edwards AFB was determined

prior to the test program, the number of damaged panes caused by booms from

test missions should be an Indicator of glass damage to be expected from

future level supersonic flights genm Ag sonic boom peak overpressures of

2 to 3 psf. The rate was one damag, rane per 7.9 million boom-pane exposures.

This rate was 27 percent of the rate for buildings in communities adjacent to

Edwards which were not condition surveyed prior to test missions.

13. During Phase I, the 110,390 glass panes in structures at Edwards

were subjected to more booms from test missions than were the 605,000 glass

panes in the adjacent communities; however, the aircraft while over Edwards

were flying straight courses and then made turns at supersonic speeds over
adjacent commnunities. Some focusing of the boom overpressure (or super booms)
may therefore have been produced with peak overpressures greatly exceeding

those produced on the Base. As a resu a., the valid glass damage rate per

mission during Phase I was 8.8 times the rate durIag Phase II when aircraft

generally flew straight courses while at supersonic speeds.

14. Fifty-eight percent of all Incidents of damage for which complaints

were received during Phases I and II were lisled as possibly caused by sonic

booms generated by test program flights. Of these valid Incidents, 80 percent

were for glass, 5.5 percent for plaster or stucco, 0.0 percent for structural,
and 14.5 percent for bric-a-brac or other fallen object damage.

1.4
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As stated previously, the general objective of the ztructure response

portion of the Edwards Program was accomplished. Measured response of struc-

tures and structure elements agreed quite closely with response predicted

using free field signature data and computed structure characteristics. The

magnitudes of the measured response to sonic booms with peak overpressures In

the order of 2 psf were very small. Results of these tests and of others have

indicated that damage to properly designed and constructed houses from low

magnitude sonic booms is unlikely. However, judging from the large number of

damage complaints which have been filed since 1955, some damage must be caused

by low overpressure sonic booms.

Factors that could explain the apparent discrepancy between results of

tests and actual damage claims received are the possible range of material

properties and environmental conditions and also thq variation in boom charac-

teristics. Investigations of damage complaints and claims Indicate that failure

or damage may occur as a result of a combination of factors. Therefore, the

problem of damage evaluation does not appear to have an absolute solution. The

evaluation of damage claims could be based, however, on a determination of the

most probable cause of failure when the factors affecting failure such as the

environment3l conditions and material properties of the element and the sonic

boom loading on the element are known. The application of statistical techniques

and engineering procedures to data developed from detailed examinations and.en-

gineering evaluations of damage complaints and claims plus selective laboratory

testing of damaged elements could be used to establish the most probable cause

and amount of damage.

The ultimate objective of the studies of structure response to sonic

booms is to understand the mechanism of failure under sonic boom loading so

that damage claims can be evaluated and a prediction of future damage can be

made with a good deqree of reliability. The Edwards Air Force Base tests and

others have furnished sufficient data to establish the description of the load-

ing mechanism of sonic booms on structure elements ard to predict the dynamic

response of structure elements. In order to understand the mechanism of element

failure and tc determine the most likely cause of damage due to sonic boom load-

1.5
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Ing, data are needed on in situ strengths and modes of fai lure of structure

elements.

It Is, therefore, recommended that the following studies be implemented

to obtain the data and knowledge necessary to establish most probable or most

likely cause of damage for sonic boom damage claims:

I. Several cities in the United States should be selected that are or

will be overflown by numerous supersonic flights. All complaints of glass

7' damage and major plaster and stucco damage that occur in these selected cities

should be Investigated In depth by trained and experienced research-oriented

engineering personnel to determine the most likely cause of damage. Environ-

mental conditions that might affect the strength of the structure element and

thus cause or contribute to the damage should be evaluatb-'. Samples of damaged

glass, pIaster or plasterboard should be taken, as appropriate, and tested for

failure strength.

2. Overpressure levels in each of the selected cities should be measured

by Instruments capable of measuring the N-wave in detail. A number of simpler

peak overpressure measuring gages should also be Installed. The overpressure

measurements are necessary to provide a basis for evaluating damage.

3. Structure element populations, at least glass panes, should be de-

termIned In the selected cities.

4. Statistical methods should be applied in analysing the data to

determine prcbable amounts and types of damage from future supersonic flights.

5.. A program of laboratory testing to determine average strengths and

variations therefrom of In situ glass, plaster, plasterboard and stucco should

be developed and Implemented. The data and knowledge gained would strengthen

the criteria for determining most likely cause of damage.

6. A "Guide for Sonic Boom Damage Investigation and Evaluation" should

be prepared.

As discupsed In Capters VI and IX, additional analyses of the data

recorded by NASA during the Edwards tests for XB-70 and B-58 missions at vary-

Ing distances from the measuring-recording systems should be performed to de-

1
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termine If trends in the ratios P2/PI (peak positive overpressure to numerical

value of peak negative overpressure) and TI/A (rise time to boom duration) can

be established and hence determine the effect of these ratios on structure re-

sponse. These data could help establish the effective width of t he "boom swath"

under an aircraft flying at supersonic speed and hence the area subjected to

damaging conditions.

I
I

I
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II. INTRODUCTION

Sonic boom experiments were conducted at Edwards Air Force Base from

4 June to 23 June 1966 (Phase I) and from 31 October 1966 to 17 January 1967

(Phase H1). The general objectives of the program were to:

I. Evaluate the judgments by human observers of the relative ac-

ceptability of sonic booms and noise of different intensities from various I
types of aircraft.

2. Determine the response of typical structures to sonic booms having

different signature characteristics and evaluate damage resulting from the

program overf I i ghts.

3. Obtain detailed measurements of sonic boom signatures as functions

of the type of aircraft and mode of cperation and the atmosphere and ground

through which the waves were propagated.

4. Observe the response of animals to sonic booms.

Completion of objectives I, 3 and 4 was the responsibility of other

participants In the program and are covered In their reports. The work pvr-

formed by John A. Blume & Associates Research Division (JABARD) in fulfilling

general objective 2 including the results of analyses of structure respc-se

data measured and recorded during the test program and the evaluation of

damage reported during the test program are presented in this report.

The test program was designed to subject instrumentAd structures to

sonic booms of different signature characteristics. The aircraft utilized

were the XB-70, B-58, and F-104, each of which produce%. sonic booms of dif-

erent signature dv ations. These aircraft weie Flnwn at several flight track

offsets, altitudes and Mach rijmbers so as to generate different overpressure

levels and signature characteristics.

The JABARD effort Involved four major phnses of work:

a. Construction of three test structures and Ins t allation of

Instrumentation;

b. Recording and reduction of data from test program aircraft

missions;
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c. Analyses of structural response data; and

d. Investigation and evaluation of complaints of damage resulting
from the test program supersonic overfl ights.

A briefpsummary is presented in this chapter of the construction of
the tesi structures; procedures for Instrumentation, data recording and data

reduction; analyses of structure response data; investigation of complaints

of damage from test program missions; and findings resulting from the analyses

of data concerning free field sgnatures, structure response and damage to
structure elements.

TEST STRUCTURES

Two wood frame test house structures were built at Edwards AFB, a

two-story house and a one-story house. They were complete homes with all

services and standard built-in Items. Both were buil It in accordance with

plans obtained from a large housing developer and home bulder and are
representative of typical contemporary midwestern construction. The houses

.eere furnished and equipped with appliances, drapes, rugs and dishes. Both

of the test houses were Instrumented to measure and record the loading on

and the response of the house and certain elements.

in addition to the two test houses, the Powling Alley on the Base

was selected as a representative structure with a long-span roof. Instruments

were Installed to measure and record the respo)nse of the roof structure and

tke building frame to sonic booms.

During Phase I of the program, a two-story house identical to the

two-story test structure at Edwards was built and leased in Lancaster,

California. Furnishings and Instrumentation were similar to those Installed

In the two-story test structure at Edwards AFB. A detailed discussion of

the test structure Is presented In Chapter III.
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u DATA RECORDING AND DATA REDUCTION

Instrumentation was installed in and on the test structures to measure

accefera-cVin ard displacements of the structures and various structure ele-

ments, overpressure levels on the exterior and interior of the structures,

strain of certain structure elements such as window panes and flanges of the

long-span roof girders, acoustical levels at different locations in the test
house structures and free field overpressures near the houses; and to provide
data orn the acoustical and vibrational signals transmitted to the human sub-

jects (in test houses only). In order to make these measurements, three basic

types of instruments (transducers) were installed: microphones, accelerometers,

and strain gages. Each Instrument was selected to be compatible with the

characteristics (frequency response and size) of the structural element on

which it was mounted.

The Instrumentation locations were selected to measure as many critical

parameters as possible with the number of channels and types of transducers

avallable. The structural response data recorded during Phase 1i at test

structures E-1, E-2 and E-3 totalled 2160 boom channels for comparable XB-70,
B-58 and F-104 flights, 307 boom channels for SR- 7 1 flights and over 300 boom

channels of free field data. In addition, 6832 boom channels of acoustic
microphone and high frequency accelerometer data were recorded for use by

others. In order to acquire this iarge amount of data In reliable and useable

form, detailed coordination, high standards of quality control and careful

maintenance of equipment were instituted and followed. The quality of the

recordings and recoverability of data recorded during Phase II were extremely

high. Practically all data were recoverable with over 90 percent of the

records of excellent quality.

The signals generated by the transducers when subjected to sonic booms

were recorded on analog magnetic tape by precision recorders. In order to

evaluate and analyse the data, the recorded data on the analog tapes were

reproduced on oscillographic photo-sensitive paper. The recordings on paper

provided a visual record of the pressures, accelerations, etc., produced by

the booms and were used to make comparative judgments of the different Instru-

ment measurements. The analog data was also converted to digital form so that

it could be processed by digital computers. Several different computer pro-

grams were developed and used In the analyses of the data.
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, i 'All pertinent data such as aircraft mission characteristics, instru-

ment locations and calibrations, and summaries of free field signature data

were logged daily and punched on data cards to facilitate summarization,

printing and distribution of the date. Chapter IV presents a detailed dis-

cussion of instrumentation and procedures followed in recording and reducing

data.

ANALYSES OF STROCTURE IRSPONSE DATA

"The primary purposes of the analyses of the structure response data

were to determine and compare the response of test and other structures to

sonic booms produced by XB-70, B-58, and F-104 aircraft; 'o compare predicted
response with actual or n~asured response as determined from the ins-:rumented

j test structures; and to develop a means of predicting structure response due

to sonic booms generated by the future SST based on data from presently avaIl-

able aircraft.

A comprehensive analysis of the response of a structure or structure

element to sonic boom overpressure loading Involves consideration of the free

field pressure wave as it envelopes the structure so as to determine the actual

loading on the structure. This procedure is quite complex and time consuming.

It was recognized that a method of approximating structure response that was

based on free field signature date, thereby eliminating the fabrication of the

loading waveform on the structure, would be extremely valuable.

Examination of the pressure signature data showed that the free field

pressure signatures were quite similar to the exterior and interior loading

pressure signatures. Preliminary analyses of the data Indicated that a direct

relation between predicted response based on free field data and predicted

response based on exterior loading data should exist. As the sctual or net

loading pressure on a wall or window is the exterior pressure minus the In-

terior pressure It seemed reasonable that a direct relationship between free

field and net pressure loading existed. Further analyses showed that the

response spectra or Dynamic Amplification Factors (DAF) computed from free

field, exterior and net pressure sigantures, were similar. OAF represents the

Influence on structure response of the change in the magnitude of the load with

respect to time. A DAF spectrum covers I) the natural frequencies for which the

response Is Impulse sensitive (low frequencies), 2) the natural frequencies for
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which the response is pressure and duration sensitive (middle frequencies) and

3) the natural frequencies for which the response is only pressure sensitive

(high frequencies). Therefore the DAr concept was used in the analyses of the

data.

Since the advantages of being able to predict response using free field

data were readily apparent, an analysis plan was developed to determine if
structural response calculated using free field data was a good approximation

of the actual or measured response of elements of the test structures. The

comparison of predicted response based on net loading with measured response

was also included.

Concurrently with the analyses of structure response, the free field
data was studied to determine if the data from the five microphone channels
were consistent and to determine the effects on structural response of varia-

tions in free field signature parameters. The study included a determination

of the relative effects of the different parameters on structural response.

If one or two parameters were predominant, a simp;e gage measuring these

parameters could supply adequate information to predict response. It was

apparent that a wave model described by free field signature parameters
(peak positive overpressure, P,, peak negative overpressure, P2, rise time,

TI, and time from start of boom to peak negative overpressure, T2 ) would be

necessary to evaluate the effects of variations in the parameters on DAF

spectra. However, DAF spectra calculated from the wave model would have to
be equal to spectra obtained from actual digitized free field signatures.

The model would make it possible to predict the response of a structure ele-

ment knowing the free field siganture parameters PI, P2 v Tip T2' and the
structural properties of the element. The wave model was also used to study
the effect on structure response of variations in free field siganture pa-

rameters beyond those in the recorded data and, therefore, provide a basis

for prediction of structure response to sonic booms produced by larger air-
craft such as the SST.

A generalized DAF spectrum was also developed, with which it is

possible to approximate response knowing only peak positive overpressure

and signature duration and the structural properties of the element. This

spectrum Is useful when preliminary results are required. For more detailed

answers the wave model with values of the required parameters may be used.
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In summary, a direct relationship between structural response and

free field signatures is extremely valuable because free field signatures

are easier and less costly to obtain than structural response data; free

field signature parameters such as peak overpressures, rise time and dura-

tion can be predicted using available procedures; and the effect of the

variations of the free field signature parameters have been investigated

and the results known.

In the analysis of the response data, Phase II data were used for the

major portion of the structural analysis, with Phase I data used where appro-

priate. Phase I missions were analysed only where the data could be used to

validate findings from Phase II missions. This procedure was followed because

the Phase II data contained measurements of omparable overhead and offset

missions of XB-70, B-58, and F-104 aircraft lown within minutes of each other,

while Phase I data contained measurements of only three XB-70 missions, two

of which were test program missions.

INVESTIGATION OF COMPLAINTS OF DAMAGE

During the planning phases of the Edwards Test Program It became

evident that many of the supersonic missions would subject a large number

of buildings and structures at Edwards AFB and in communities near Edwards

to sonic bocbs. Based on past experience, some damage was expected to occur.

Therefore, to pr'ovide a fairly reliable basis for determining the extent of

glass damage caused by the test program, a survey was made of all glass win-

dows and doors In buildings and structures at Edwards. Provisions were also

made to have an engineering Investigator Inspect each complaint received

from Edwards and the adjacent communities. The findings of the engineering
Investigator were evaluated and then compared with the missions flown.

SUMMARY OF FINDINGS

RESULTING FROM THE ANALYSES OF EDWARDS AFB DATA

The findings resulting from the analyses of free field signature

data, effects of free field signature parameters on dynamic amplification

factors, test structure plate response, test structure racking response,
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structure damage, generalized DAF spectrum, and damage complaint investiga-

tions are presented below. Detailed discussions can be found In the re-
spectlve chapters. Analyses were based on data that was recorded at Edwards

AFB and obtained from seventeen comparable XB-70, B-58, and F-104 missions

that were flown within minutes of each other.

Analyses of Free Field Signature Parameters (Chaptor V)

The free field signature parameters were analysed to determine if the

channels were statistically equal or if the measured values of a parameter

were independent of the channel on which it was recorded; to determine which

parameters most influenced the Dynamic Amplification Factor (DAF); and to

determine the number of samples necessary for studies of structure response
data. The analytical techniques were such that the findings are stated with

a 95 percent confidence level; that is, there is a 95 percent probability

tI that the findings are correct. Following are the findings resulting from

these analyses:

I. For the XB-70 missions the peak negative overpressure, P2, and the

ratio of the absolute value of peak negative overpressure to peak positive

overpressure, P2/PV, were not independent of the channel on which they were

recorded. All other parameters studied (positive overpressure, P,, rise time,

TV and time from start of boom to negative peak, T2 ) were independent of the

channels.

2. For the B-58 missions P2 was not independent of the channel on
which it was recorded. All other parameters studied (PV TIt T20 and P2/PI

were independent of the channels.

3. For the F-104 missions all parameters (PV P Tit T and P2 /PI)
20 21' 2'1

were independent of the channels on which they were recorded. A single channel

would have been adequate to measure free field signatures.

4. The magnitude of PI and of the absolute value of P2 decreased as the
lateral offset and/or altitude of the aircraft Increased.

5. The ratio P2 /PI decreased as the offset of the aircraft Increased

for XB-70 missions.

2.7
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6. There was Iltle lifference between rise times (T 1 of overhead

and offset missions for each type of aircraft.

7. There was little d' "6hence between times from start of boom to

negative peak (T2 ) of overhead an- offset missions for each type of aircraft.

8. The Dynamic Amplification Factors (DAF) computed from free field

signatLres were Independent of thes channel the signatures were recorded on.
Therefore, a single microphone would have been sufficient to evaluate DAFs.

9. The magnitude of the maximum DAF decreased as the ratio P2/P

decreased.

10. The natural frequency at which the maximum DAF occurred was a

function of the time from start of boom to negative peak T2 . As T2 Increased,

the maximum DAF occurred at a lower natural frequency.

II. Sonic booms from large aircraft such as the XB-70 and the future

SST will affect a greater range of structure elements than will sonic booms

from smaller aircraft such as the B-58 and the F-104.

12. The number of missions needed In the study of the response of

structure elements varied depending on the degree of precision In the results

and on the confidence level.

Effects of Free Field Signature Parameters on Dynamic Amplification Factors

(Chapter VI)

The effects of free field signature parameters on DAF were studied in

order to develoq a wave model from free field signature parameters (over-

pressures, rise time, duration) that could be used to make an accurate evalua-

tion of DAF, and to analyse the effects on DAF of values of free field signa-

ture parameters beyond the range of the recorded data. The findings of th!s

study are presentee below:

I. The DAF spectra obtained using a wave model described by free field
signature parameters PIV P2, TI, and T2 were equal at the 95 percent confidence

level to the DAF spectra obtained from digitized free field signatures.

2. Using the derived wave model It was found that:
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a. the magnitu.e of the maximum DAF decreased as the ratio

P2/Pl decreased,

b. the magnitude of the maximum DAF increased as the ratio

T I/T increased, and

c. the magnitude of the maximum DAF decreased as the damping

coefficient Increased.

3. In the analysis of the effects of lateral offset of aircraft, the

. P P/PI ,n the recorded free field signatures caused the predominant

:t on DAF. The recorded signatures showed little change In rise times

j or in durations (i) for overhead and offset missions for each type of

aircraft. Therefore, the influence of lateral offset on DAF spectra was

limited to the effect of the ratio P2 /P .

Analysis of Structural Response Data - Plate Response (Chapter VII)

The analysis of structural response data was divided into two sections:

plate response and racking response. Plate response was defined as the normal

deformation of individual structure elements and was prlmari!y of a bending

mode. Racking response was defined as the deformation of the structure as a

whole and was primarily of a shearing mode. The findings from the analyses

of plate response are presented under three headings: A. Wall Plate Response

In Test Houses E-I and E-2; B. Window Plate Response In Test House E-I; and

C. Response of Roof Frame of the Bowling Alley, E-3.

A. Wall Plate Response in Test Houses E-1 and E-2:

Predicted displacements were computed and compared with measured dis-

placements foi" three walls. The effects of flight track offset, Mach number

and aircraft vector on plate response wero investigated. In addition, the

results of Phase II tests were compared with those from previous tests. The

findings of these ar~lyses were as follows:

I. Peak plate displacements of three typical walls in the two test

houses were less than 0.034 inches for sonic boom overpressures of approxi-

mately 2 psf. Results from Phase I were of similar magnituG,.

I
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2. The OAF spectra curves determined from the free field, exterior

and net prassure load!ng signatures were In significant agreement for struc-

ture element natural frequencies from 10 to 40 cps.

3. There was an Indication that plate response may decrease with an

increase In offset for flights of the same altitude and Mach number.

4. Plate response decreased slightly with an increase In Mach number

for flights of the same altitude and offset. An increase in Mach number from
1.8 to 2.5 for overhead flights of the XI3-70 caused a decrease in p!ate re-

sponse of approximately 10 percent.

5. Peak displacements of a wall subjected to nearly side-on vectors

(flight track nearly oarallel to the wall surface) were 50 percent of the

displacements of an equivalent wall subjected to nearly head-on vectors

(flight track nearly perpendicular to the wall surface). Similar results

were also found at White Sands. 3

6. Measured displacements of three typical walls comparel very well

with predicted displacements based on either free field or net pressure

signature data. For predicted displacements computed using free field data,

the average ratios of predicted to measured displacements were equal to 1.03,

1.05, and 1.00 at the 95 percent confidence level for the BRI-I, DR-2, and

BRI-2 walls respectively. For predicted displacements computed using net

pressure data, the average ratios of predicted to measured displacements were

equal to 1.00 at the 95 percent confidence level for both tho BRI-I and DR-2

walls. These findings applied to comparable overhead missions of XB-70, B-58,

and F-104 aircraft (flights flown within a few minutes of each other), and to

XB-70 missions with different offset and Mach number.

7. Plate response could be adequately predicted using peak over-

pressures and DAF spectra calculated from free field signatures.

B. Window Plate Response in Test House E-1:

Predicted displacements based on peak overpressures and OAF spectra

calculated from free field signatures were corputed and compared with the

measured displacements. The findings are as follows:
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I. Measured displacements compared well wi+h predicted displacements

computed from free field data when the free field overpressure data were re-

duced by an appropriate factor to account for transmissibility, geometry, and

or!entation of the structure. For the E-I window it was determined that the

average ratio of the predicted to measured displacement was equal to 1.05 at

the 95 percent confidence level for XB-70, B-58, and F-104 missions.

2. Large glass windows such as the one in E-I garage respond to a

sonic boom loading primarily in the funiamental mode of vibration. A minor

excitation of the second symmetrical mode also occurs.

3. Fdr the E-I garage window, the maximum stress determined from the

strain data for the missions investigated was 790 psi. The corresponding

theoretical predicted stress was 980 psi.

4. Greater response of the E-I window was measured for B-58 missions

than for XB-70 and F-104 missions. This was expected, since the DAF spectra

curves obtained from B-58 signature data peaked at about 5 cps and the fre-

quency of the fundamental mode of vibration of this window was approxi-ately

5.7 cps.

5. Window plate response could be adequately predicted usin, oeak

S* overpressure and DAF spectra calculated from free field signatures. For

windows located on the trailing vector side of the structure, the free field

data was reduced by an appropriate factor to account for orientation and

geometry of the structure,

C. Response of the Roof Frame of the Bowling Alley, E-3:

One of the main steel roof girders (118 foot span) was Instrumented

to record strain In the bottom flange, vertical acceleration of the girder

and roof structure and overpressures on the roof. These records were ana-

lysed and the following findings resulted:

I. The maximum stress due to sonic boom loading In the bottom flange

of the building frame at mtdspan was approximately 450 psi.

2. Peak vertical displacements of the center of the bu Ilding frame

for )X-70 mission 12-2 and B-58 mission 12-1 were 0.19" and 0.'1" respectively.

Free field peak overpressures near E-2 for these missions were 2.19 psf and

2.39 psf respectively.
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3. The shape of net overpressure signatures on the root of the

Bowling Alley measurably differed from those for typical free field N-waves.

4. DAF spectra determined from net overprassure signatures differed

frw spectra determined from typical free field N-waves.

Analys!s of Structural Response Data - Racking Response (Chapter VIII)

Racking response was defined as ihe deformation of the structure is

a whole and was primarily of a shearing mode. The findings resulting from

the analyses of racking response data are presented under A. Test Houses

E-1 and E-2, and B. Bowling Alley E-3.

A. Test Houses E-1 and E-2:

Predicted response using free field peak overpressures a- DAF
spectra computed from free field signatures was compared with measured
racking response. The results of the Phase II tests were also compared

with those from Phase 119,20 and White Sands 2 tests. The following find-

ings resulted from these analyses:

i. Racking displacements at the roof line of the northeast corners

of Test Houseb E-I and E-2 were extremely small (less than 0.0018" for E-I

and less than 0.005"1 for E-2) for sonic booms on the order of 2 psf over-

pressure.

t •2. Racking displacements of E-1 and E-2 recorded during Phases I

and II were of similar magnitudes for similar overpressures.

3. The racking displacements of E-I and E-2 ;-ecorded during Phase II

were of magnitude similar to displacements obtained at White Sands2 for

structures of simi lar construction and for simi lar overpressures.

4. Racking displacoments predicted from free field peak overpressures

and DAF spectra calculated from free field pressure signatures were in good

agreement with measured displacements. For both the east-wast and north-

snuth racking of House E-1 the average ratio of the predicted to measured

displaceent was equal to 1.0 at the 95 percent confidence level for com-

parable XB-70, B-58, and F-104 missions. These findings applied to both

head-on and s I de-on vectors.
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5. Racking response could be adequately predicted by using peak

overpressures and DAF spectra calculated from free field signatures.

6. The future SST, for peak overpressures of about 2 pOt, should

produce racking displacements of typical houses that will he of similar

magnitude, or possibly smaller, than those caused by the XB-70 missions.

These racking displacements should be negligible and far below those re-

quired to cause damage.

B. Bowling Alley E-3:

As free field signatures were not measured near the Bowling Alley,

a comparison could not be mace of displacements predicted from ;ree field

data versus measured displacements. The magnitude of the racking dis- Iplacements were less than the maximum measured for E-2.

Structure Damage (Chapter IX)

A review of the results of the tests at Edwards and tests by others

as applied to damage from sonic boom of low magnitudes (in order of 2 psf)

* was made. The findings resulting therefrom are presented below:

I. Damage to properly designed and constructed houses from low

magnitude sonic booms is extremely unlikely.

2. Damage should not occur to structure elements such as glass

windows from racking motions caused by low magnitude sonic booms.

S3. Further data Is needed on In situ strengths and modes of failureI of structure elements in order to determine the most likely cause of damage.

1 •Generalized OAF Spectrum (Chapter X)

A generalized DAF spectrum was derived for use in predicting the

response of a structure element when only the nominal overpressure and the

type of aircraft are known. The findings are as follows:
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I. A generalized OAF spectrum was obtained by studying the asymptotic

behavior of OAF spectra computed from digitized free field signature data.

2. When the nominal pressure signature of d sonic boom Is known, the

generalized OAF spectrum can be used to predict the nominal response of a

known structure element.

3. The magnitudes of the generalized DAF spectrum for different dura-

tions (Figure 10-1) were:

Duration of Boom Range of Natural Frequencies Generalized OAF
in Seconds In cps Magnitude

0.5 0.8 to 50 2.0

0.4 1.1 to 50 2.0

0.3 1.5 to 50 2.0

0.2 2.1 to 50 2.0

0.1 4.4 to 50 2.15

4. If a OAF spectrum is desired that Is more detailed than the general-

Ized DAF spectrum, and if the free field signature parameters (P,, P2, TI, T2 )

have been measured, a OAF spectrum can be computed from the wave model as de-

scribed In Chapter VI.

Damage Complaint Investigations (Chapter Xl)

To provide a fairly reliable basis for determining the extent of glass

damage caused by the test program, a survey was made of all glass windows and

doors In buildings and structures at Edwards. Provisions were also made to

have an engineering Investigator Inspect each complaint received from Edwards

and the adjacent communities. The findings resulting from analyses made of

the survey data, complaint Investigations and test flight data are presented

below:

I. The rate of vaild glass damage in Edwards AFB buildings, all of

which had been condition surveyed prior to the test program, was 0.127 panes

dwmaged per million boom-pane exposures or 27 percent of the rate for build-
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ings in communities adjacent to Edwards which were not condition surveyed

prior to test missions.

2. During Phase I, the 110,390 glass panes in structures at Edwards
were subjected to more booms from test missions than were the 605,000 glass

panes In the adjacent communities; however, the aircraft while over Edwards

were flying straight courses and then made turns at supersonic speeds over

adjacent communities. Some focusing of the boom overpressure (or super booms)

may therefore have been produced with peak overpressures greatly exceeding
those produced on the Base.

3. During Phase I, 90 percent of the incidents of valid glass damage
(engineering investigator determined damage could have been caused by sonic

toom) were attributable to B-58 missions. The ramaining 10 percent were

apparently due to F-104 missions.

4. The valid glass damage rate per mission during Phase I was 8.8

times the rate during Phase II when aircraft generally flew straight courses
while at supersonic speeds.

5. The number of complaints received decreased from 61 during Phase I
to eleven during Phase II. This large decrease in number of complaints call

be attributed to two factors: a) the B-58 aircraft made turns and other
maneuvers at supersonic speeds over several communities adjacent to Edwards

AFB during Phase I, and b) during Phase II the XB-70 flew supersonically on

a relatively straight course over a few of the cities adjacent to Edwards.

6. For all incidents of damage recorded during Phases I and II, 60.5
percent were for glass damage.

7. Fifty-eight percent of all incidents of damage received during
Phases I and II were listed as valid. Of these valid incidents, 80 percent

were for glass, 5.5 percent for plaster or stucco, 0.0 percent for structural,

and 14.5 percent for bric-a-brac or other fallen object damage.

8. Glass damage was repaired or the broken glass removed for 55 per-

cent of the glass damage incidents before the engineering Investigator could

Investigate the alleged damage and hence, the validity of all glass damage

could not be definitely established.
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9. Damaged glass panes ranged In size from 1.3 squa.e feet to 82.5

square feet, 2.7, 43.2, 43.2, and 10.9 percent of the Incidents of damage

occurred In the 0-2, 2-9, 9-40 and over 40 square feet size groups respec-

tively.

10. No sonic boom damage was observed in the test structures prior to

or after the test flights. There were minor shrinkage cracks In the test

structures prior to start of test flights. However, no discernible extension

or wldening of these cracks was observed although observations were made and

recorded dal ly.

II. As the condition of the glass panes at Edwards AFB was determined

prior to the Test Program, the number of damaged panes caused by booms from

test missions should be a reliable Indicator of valid glass damage to be

expected from future level supersonic flights generating sonic boom peak

overpressures of 2 to 3 psf. The rate was one damaged pane per 7.9 million

boom-pane exposures.

12. A large percentage (from 51 to 84 percent) of future valid incidents

of damage from sonic boom should be for glass.

PROJECT ORGANIZATION

The work described In this report was performed under the general

Sdirection of the National Sonic Boom Evaluation Office, United States Air

Force. The JABARD project group was composed of R. L. Sharpe, Project

Manager; Dr. J. A. Blume, Senior Technical Consultant to the group; L. A.

Lee, Project Field Manager; G. Kost, Senior Research Engineer; J. Proulx,

Statistical-Research Engineer; K. F. Schopp, Head, Computer Support Services;

R. E. Monroe, Research Engineer; R. F. Runge, Research Engineer - Damage

Investigations; and W. W. Powers, Liaison and Photography.

Major subcontrattors supplIeo the following services:
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AETRON Division of Aerolet General Corporation - irstrumenttinfn

engineers and technicians for operating instrumentation during

Phase II.

The Boeing Company, Airplane Division - furnished pressure micro-

phone systems on exteriors cf E-I and E-2, and personnel to

install and operate instrumentation - Phase Ii.

Lockheed California Company - furnished pressure microphone systems

for measuring and recording boom signatures under NASA supervision,

and personnel to install and operate equipment - Phase II.

Datacraft, Inc. - furnished instrumentation for House L-2, and

personnel to install and operate systems - Phase I. Furnished high-
frequency acceleromneter systems for Houses E-I and E-2 - Phases I

and II. Dr. J. H. Wiggins was a technical consultant during Phase I.

PRESENTATION OF REPORT

A summary of the major findings was presented in Chapter I. This

chapter presented a brief description of the test program and test struc-

tures, the methods of analysis used, and-a summary of all findings resulting

from the work. The following chapters will present, in order, construction

cf the test structures, description of instrumentation and procedures followed

in recording and reducing data, analysis of free field signatures, effects of

f13e field signature parameters on response spectra or Dynamic Amplification

Factors (DAF), test structure plate .. ponse, test structure racking re-

sponse, structt-e damage, generalized DAF spectrum, and damage co.-plaint

investigations. A bibliography and glossari of terms then follow. The

report terminates with appendices containing details of the structural and

stctistical principles utilized, Instrumrentation details, calibration pro-

cedures, aircraft mission logs for Phases I and II, typical Instrumentation

4 log, summary of free field signature data, a typical analog tape log and

derivations of certain formulae.

2.17
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Il1. TEST STRUCTURES

The test facilities at Edwards Air Force Base cons:sted of two test

house structures located south of the main runway and a bowling alley

located about two miles northwest of the test house area. I.i additi"n,
a test house in Lancaster was leased for Phase I testing. The types of
test house structures to be constructed and Instrumented were selected

after review of many different house plans. Two houses were selected to

be built on the Base, a two-story house (National Homes Model 8603), and

a one-story house (Model 9855). These two models have been mass produced

and constructed In the midwest, and a survey of the midwest area indicated
that these homes were typical of contemporary midwestern construction.

Model 8603 Is a two-story home with four bedrooms, two and one-half

baths, living room, dining room, kitchen and family room with a total

living area of 1,905 square feet. Model 9855 is a one-story home with

three bedrooms, two baths, living room and kitchen-dining-family room with
a total living area of 1,205 square feet.

The structures were built on an expedited schedule. Authorization to

proceed with procurement was received on 18 April 1966. Contract documents
were then prepared, competitive bids taken, and notice to proceed with con-
struction of two houses, one Model 8603 andoneModel 9855 at Edwards AFB
was issued on 24 April 1966. Figire 3-la shows the Plot Plan for the two

structures at Edwards.

A two-story house, identical to the two-story house at Edwards, was

built and leased in Lancaster, California. Authorization to proceed was
issued on 18 April 1966, a lease was signed on 30 April, and construction
started I May 1966. Figure 3-lb shiws the location of the test structure

in Lancaster.

Blume representatives monitored and inspected the construction of test
structures at Edwards Air Force Base and Lancaster. The basic construction

materials are listed in Table 3-1. The construction of the houses at Edwards
AFB Included the required extensions of sewer, water and butane gas services,

construction of concrete driveways and sidewalks, and other minor work nec-
essary for installation and operation of test equipment. All test house con-
struction was completed on I June 1965. Construction schedules for the three
structures are listed in Table 3-2. Photographs of the one-story house, E-1,
and the two-story house, E-2 aý various stagee of construction are shown in

3.1



Figures 3-2 through 3-4. Figure 3-5 shows the completed house at Lancaster,

L-2. Ali houses were furnished and equipped with appliances, furniture,

drapes, rugs, dishes, etc. The test houses were constructed in accordance

with the drawings in Figures 3-7 through 3-15.

In addition to the three test houses, the Bowling Alley on the Base

was selected as a structure with a representative long-span roof. Instru-

ments were installed to measure and record the response of the roof struc-

ture and the building frame to sonic boom. The Bowling Alley (E-3) Is

shown In Figure 3-6. The structural frame is composed of three steel rigid

frames plus column-beam framing for the north wall. The roof and exterior

walls are fluted steel decking. Details of the framing are shown in Figure

3-16.

The Instrumentation of the test structures is discussed in the follow-

Ing chapter.

i 3.2
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TABLE 3-I

CONSTRUCTION MATERIALS

HOUSES E-I, E.-2. and L-2

Mud Sills Pressure Treated Foundation Grade
Redwood

Floor Joists Douglas Fir Construction Grade

Sub Floor 5/8" Plyscore Plywood

Trusses 2" x 4" "Gangnail" Wood Trusses

Wallboard 1/2" U.S. Gypsum

Studding Standard and Better Douglas Fir

Roof Sheathing I" x 6" Standard and Better Douglas Fir

Glass Double Strength Libby-Owens-Ford and

Plttsburg Plate Glass

Insulation 3-1/2" Owens-Corning Fiberglass with
Aluminum Foil One Face

Roof Shingles Asphalt 235#, U.S. Gypsum

All Concrete Local Aggregate 5 Sacks of Cement per
Yard

I Siding Ship-lap Redwood

3.

• 3.3



I
TARI F 3-2

ACTUAL CONSTR;2 ION SCHEDULES

House E-1 House E-2 House L-2

1966 1966 1966
Notice to Proceed 24 April 24 April I May

Foundation Concrete Placed Aoril 26 April 3 May

Floor Framing Started I 27 April 7 May

Rough Plumbing Started 27 April 28 April 7 May

Brick Work Completed 2 May 3 May 10 May

Windows Installed 3 May 3 May 13 May

Completed Roofing 5 May 6 May 13 May

Siding Completed 6 May 6 May 14 May

Wall Board Completed 8 May 9 May 15 May

Cabinets Installed II May II May '6 May

Doors, Trim, Finish Hardware 12 May 12 May 16 May

Tile Work Completed 15 May 15 May 22 May 4

Utilities Connected 17 May 17 May 23 May

Finished Plumbing 18 May 18 May 25 May

Concrete Drive, Walks 20 May 21 May 21 May

Preliminary Final Inspection 26 May 26 M;ay 28 May

Final Acceptance I June I June I June
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FIGURE 3-5

TWO-'STORY HOUSE L-2
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FIGURE 3-6

BOWLING ALTLEY E-3, EDWARDS AFB
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1 V. DATA RECORDINeG AND DATA PECxj(,f IN ;

The 'ast facililies at Edwards Air Force Base were comprised of two

test house structures; a one-story house, E-1, and a two-story house, E-2;

and a third te:t structure, a B~owling Alley, E-3, which~ was iocated aboul

i*

two miles northwest of the test house area (Figure 4-I). In addition aV

test house structure, L-2, was leased in Lancasier for Phase I testing.

The construction of the test houses has been covered in the previous chap-

ter. Free field sonic boom signatures were recorded by six microphones

located in a cruciform array 100 feet north of house E-2 (Figure 4-2).

Three basic types of measuring instruments (transducers) were in-

stalled; microphones, accelerometers, and strain gages. Microphones wiere

used to measurL overpressures at ground level near the Instrumented struc-

tures (free field signatures) and to measure exterior and interior over-

pressures on structure elements (loading signatures). Accelerometers

and strain gages were used to measure the response of the structures and

selectea structure elements. Each Instrument was selected to be com-

patible with the characteristics (frequency response and size) of the

structure element on which it was mounted.

The signals generated by these transducers when subjected to sonic

booms were recorded on analog magnetic tape by precision tape recorders.

The recordings we-e reviewed shortly after each mission and minor modifi-

cations were made in the insTrumentation when required. The quality of

recordings and recoverability of data recorded during Phase 11 were ex-

tremely high. Practically all da ta were recoverable and over 90 percent

of the records were of excellent quality.

DATA RECORDING

During Phase i, structural datawere recorded in the fcpr test struc-

"tures, E-1, E-2, E-3 and L-2. All Instrumentation except high frequency

accelerometers was furnished, installed and operated In E-1, E-2 and E-3

by NASAn, High frequency accelerometers in E-I and E-2, and all instru-

ments in L-2 were furnished, installed and operated by Datacraft, Inc.,

under subcontract to John A. Blume and Associates Research Division

(JABARD).
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The arranocemert of 1he instrumentation was modified for Phase H1 of

the program to increase the effectiveness of the information obtained.

The most important changes were the addition of loading microphones on

the outside of houses E-I and E-2 and additional audio microphones in-

side E-I and E-2. During Phase I, the boom Intenslt!es and structural

reactions at the Lancaster house, L-2, were oftenmasked by natural phe-

nomena due to the large lateral displacement of the aircraft and generally

prevailing windy conditions. Therefore, measurements were not recorded at

L-2 after Phase I because of the minimal Information obtained.

AETRON Division, Aerojet-General Corporation, under subcontract toiI

JABARD, operated instrumentation during Phase II in test structures E-1,

E-2 and E-3. Equipment was checked out and necessary adjustments were

made for Phase II operation during the last two weeks in October. Some

of the transducers were rearranged in E-I and E-2 to meet Phase II re-

quirements of other participants. Four additional microphone systems and

two displacement transducers in E-2 and two additional microphone systems

I in E-I were furnished and Installed. AETRON installed recording and sig-

.r nal conditioning equipment in a designated room at the Bowling Alley,

connected it to transducers previously installed by NASA and then checked

out and operated the ten transducer systems.

The Boeing Company, Airp!ane Division, under :ubcontract to JABARD,

furnished, Installed and operated twelve microphone syst-ems located on

the exteriors of E-I and E-2 to measure boom pressure loadings on these

two structures during Phase II. Recording, signal conditioning, and
I I

direct write equipment were installed In the garage of E-2. Power for

equipment was available In E-I and E-2 from power panels separate from

I 1those used for supplying power for lights, receptacles, and air condition-

Ing in the two structures.

i [Lockheed California Company, under subcontract to JABARD, furnished,

Installed, and operated 18 free field pressure microphone systems that

were located on the dry lake bed east of the test houses, Figure 4-1.

These instiuments were installed to meet the requirements of NASA and 4

iii ESSA.

Final reports describing work done by AETRON and Boeing are on file

with the National Sonic Boom Evaluation Office. AETRON's report is en-

titled "Final Report, Subcontract BR-AFSBR-III", and Boeing's report Is
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Gntitll.Z "Test S'upport to Sonic Boom Program, (Sub) Contract BR-AFSBR-II0".

Tables B-I to B-4 in Appendix B present listings of the locations of

the instrumentation with their specifications, and Figures B-I to B-7 pre-

sent plan and elevation sketches of the test structures showing locations

* of transducers for Phase II. Table B-5 lists the equipment used in the

various instrumentation systems, and Table B-6 lists the transducer fre-

quency response and accuracy.

A number of precautions were taken to minimize thermal drift in equip-

ment subject to temperature changes. In test structures E-1, E-2 and E-3,

power to all equipment was kept on continually so that temperature gra-

dients in the equipment could stabilize. Racks were generally enclosed so

that the temperature of the air immediately surrounding the equipment did

not change too rapidly in case of a sudden change in ambien" temperature.

Power was also left on to minimize thermal shocks which tend to shorten

component life. Instruments were calibrated according to the procedures

outlined under Instrument Calibration Procedures, Appendix C.

CEC Model No. VR-3300 magnetic tape recorders were used for all in-

strumantatlon except the Boeing microphone system. This system utilized

an Ampex CP-100 machine. Fourteen-track machines were used i., and near the
structures and seven-track machines on the large microphone arrays. Tape

speed is 30 ips with FM recording. Center frequency was 54.0 kcps with an

Informa, ion frequency of 0-10 kcps 1 0.5 dB. The full-scae signal to noise

ratio (RMS slgnal/RMS noise) was 43 dB. Harmonic distortion was 1.5.

A time code was recorded on one channel of each analog magnetic tape.

During Phase I and up to November 21, 1967 of Phase II, the time code was

standard IRIG Format "8", Figure 4-3. During Phase II on November 21, 1967,

a mission identification system was incorporated into the time code to pro-

vide positive mission identification on each analog tape. With this identi-

fication 1stem, 't was possible to insert mission numbers and aircraft

designations into the IRIG "B" time code. The resultant +lime code (Figure

* 4-4) consisted of a normal time code for seconds, minutes, hours, and days;

'ollowed by the number after the dash J.f the mission nL ber; then units,

I tens, and hundreds of the portion of the mission number before the dash;

followed by a blank; then units, tens, and hundreds of the aircraft desig-

nation; and the remaining three positions not assigned.
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Start and stop times for accurately digitizing analog data were based

on manual reading of direct-write oscillograph records. Nominal boom times

were recorded from a time code translator located in test structure E-2 as

a check on the values read from the oscillographs. Manual readout to the

nearest second was required for booms. Noise recordings of a typical air-

craft flyby Includeo three minutes of uninterrupted aircraft noise with

75 seconds recorded before and after 9 aircraft passed overhead. Nota-

tion of start and stop times for bo. -ecords was provided by JABARD per-

sonnel. "Recorders On" signals wert the responsibility of NASA and Edwards

AFB control.

When "Recorders On" signals were heard at the test structures, the

tape recorders were turned on by hand; and as previously mentioned, the

digitizing start and stop times were based on manual reading of the oscil-

lograph records. It was felt that these two hand operations could be elimi-

nated if a signal were automatically generated a short time before the boomr

occurred at the test structures. This signal could then be used to start

the tape recorders and digitizing automatically, In order to generate this

signal, a microphone was located along the flight track about -00 feet north-

east of E-2. This microphone functioned well and generated the signal as

expected.

DATA REDUCTION AND DISSEMINATION

The JABARD Data Reduction and Dissemination Group (DR&D) during Phase II

were responsible for performing certain preliminary data reduction; assembling,

card punching and processing free field cruciform microphone data; card punch-

Ing and processing mission logs and Instrument location logs; digitizing free

field and structure response data; duplicating certain analog tape records;

and disseminating summaries of the data as directed to appropriate participants.

NASA was responsible for providing values of positive overpressures, rise

time, boom duration and waveform as shown by the sample waveforms In Figure 4-5.
These values were measured from oscillographic records of the free field cruci-

form array microphones. The data were supplied for Inclusion Into the data

printout scheme setup and Implemented by DR and D as soon as possible after

missions were flown. NASA also reduced data from the radar plots for all mis-

sions and furnished DR and D a summary together with copies of the radar plots.
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The data 'urnished to DR and ) was logged daily and all informatlon

was punched on a series of six data cards so that they could be processed

by computer and printed output furnished to participants. the information

contained on each card and the arrangement of the data for Phase II is as

follows:

I. Mission Log

a. Date
b. Mission
c. Aircraft
d. Altitude, 1000 ft., MSL*
6. Mach number (or speed kph for subsonic aircraft)*
f. EPR (take-off or landing)*
g. Heading*
h. Offset from track, left or right*
i. Observed boom time, or time overhead for subsonic aircraft, ZULU*
j. Remarks
k. Card type Identification number (I)

*Over test structure E-2

2. Digitization Log - Data

a. Data
b. Mission
c. Aircraftd. Digitizing start time
e. Digitizing stop time
f. Locatizon

g. Card type identification number (2)

3. Instrument Location Log

a. Date
b. Channel
c. House number and Instrument designation
d. Instrument type
e. Location
f. Location number (0 = inoperative, I = Ist position, 2 2nd position,

etc.
g. Card type Identification number (3)
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4. Channi.l Calibration Loa

a. Mission
b. Channel
c. House number and instrument designation
d. *-re-calibrations
e. Post-calibrations
f. Ru- attenuailon and gain setting
g. kemarks
h. Digitization sample rate, sps
I. Digitization filter cutoff
J. Card type identification number (4)

5 Digitization Log - Calibrations

a. Date
b. Channel
c. House number and Instrument designation
d. Calibration type (pre or post)
e. Digitizing start and stop times
f. Digitization sample rate, sps
g. Digitization filter cutoff, cps
h. Card type identificatior iumber (5)

6. Summary of Cruciform Data

a. Mission
b. Channe'
c. House number and Instrument designation 'i
d. Wave form type code number for pressure mikes, see Figure 4-5
e. Peak amplitudes in psf
f. Rise time, seconds
g. Period or duration of N-wave In seconds
h. Wave angle, degrees

Wave angle Is the angle between the pressure wave front and
the ground as determined from, the cruciform ai'ray

I. Wave ground speed, ft/sec
J. Card Identification number (6)

The Mission Log in chronological order for Phase I Is given as Table D-I,

Appendix D. The Phase II Mission Log In order of mission numbers is given In

Table D-2. The Instrument Location Log for a typical day, 15 November 1966,

is given as Appendix E. A copy of the sunynry of Cruciform Data is presen'ed

In Appendix F. Table F-I is the data for Phase I, EAF'3; F-2 Is for Phase I,

Lancaster; and F-3 is for Phase II, EAFB. The data are arranged In order by

mission number to facilitate their use with the Mission Log. A description

of the N-wave and its characterlsticsare given in Figure 4-5. Cards 2, rind
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5wereprimarily for use during digitizing of the analog data.

In addition to the data punched on the series of six data cards, an

Analog Tape Log 3rd a Digital Tape Log were prepared conta!ning the follow-

ing Information:

I. Analog Tape Log

The purpose of this log was to record the Information contained on

each analog tape. There is one master copy of each log plus one

copy of tho appropriate iog is filed with each analog tape. The

log for each tape is as follows: (Numbers in parenthesis refer

to data care .:,nbers.)

a. Heading card, containing analog tape number, date, tape

recorder number, and total number of missions

b. Channel locations (Card 3)

c. Pre-calibration digitization start-stop times (Card 5)

d. Mission identification (Card I)

e. Mission digiTization start-stop times 'card 2)

f, Channa! calibrations (Card 4)

g. Pos: -,libration digitization start-stop times (Card 5)

A samplo of the Analog Tape Log for a typical day and tape re-

corder is given in Appendix G.

2. Digital Tape Log

The analog tape records all channel data, whereas the digital tape

contains only selected channels. The digital tape log Is similar

to the analog tape log, but contains the necessary identification
for only those channels that he,'q been digitized.

The free field cruciform array analog tapes were digitized using the

facilities available at Edwards AFB. The analog to digital conversion (A/D)
equipment at Edwards AFB was capable of digitizing six channels of data at

a sampling rate of 5000 samples per second per channel. The computer facill-

ties consisted of an IBM 7094/44 direct coupled system. The raw digital cru-

ciform tapes were In multiplexed form and a computer program was developed in

order to provide a check of the digital data and to arrange the data In a

readily usdble form. This program de-multiplexed and arranged the data serl-

ally by mission and channel, evalua+r, the sinusoldal calibrations by a curve
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fitting and averaging process, edited the digital data so that the final

output was one second of data, converted the pressure data to pounds per

square foot, located positive and negative peaks and computed the time

SInterval botween them, and stored Identification information on the tape.

A brief description of the format of the cruciform digital tapes Is given

below:

I. Sampling rate - 5000 samples/second/channel

2. Number of words per record - 920

3. Number of bits per word - 24

4. Bit density - 556 B.P.I.

Structural analog data for the test flights were converted to digital

form to facilitate processing on a digital computer. Digitizing rates for

tho structural data are given in the following table:

DIGITIZATI%0' UIREMENTS

Instrumerit Tape Recorder Digitization Filter
Number Rate SPS Cutoff CPS

Low Frequency Accelerometers TR-2 8000
Low Frequency Accelerometers TR-4 8000
Low Frequency Accelerometers TR-5 8000
Loading Microphones TR-2 8000
Loading Microphones TR-4 1600
Loading Microphones TR-5 8000
Loading Microphones

Channels 801-807 TR-8 8000
Loading Microphones

Channels 808-812 TR-8 1600
Strain Gages TR-2 1600
Strain Gages TR-5 1600
Displacement Gages TR-4 1600

Cruciform Array

Loading Microphones TR-6 5000 1350

NOTES:

I) For tape recorders 2, 4, 5 and 8, the time code (tape channel 14) is

digitized as a data channel and the sampling rate is 8000 sps.
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Data Retrieval

All analog digital tapes have been numbered and cataloged and will be

stored under conlrolled temperaTure and humidity conditions. Through the

use of analog jital tape logs described in the previous section, a

detailed record has been kept of the data recorded on each tape. This rec-

ord includes instrument locations, calibrations, mission logs, and digitiza-

tion start and stop times. Data cards for all logs, mission log, cruciform

summary, etc., are also readily available.

Phase I tapes have been indexed and are presently being stored in a

conTrolled temperature and humidity atmosphere.

The following is a summary of the location of data taken during the

Edwards AFB Phase II test program:

John A. Blume & Associates Research Uivision
612 Howard Street
San Francisco, California 94105

"I. For tape recorders 2, 4, 5, and 8:

a. Analog tapes,
b. oscillographic recordings,
c. analog tape logs,
d. original calibration data sht- d
e. digital tapes and accompanyi, imentation.

2. For tape recorder 6:

a. Copies of analog tapes,
b. oscillographic recordings for XB-70 missions,
c. raw digital tapes, and
d. final digital tapes and accompanying documentation.

3. Master copies of:

a. Mission Log,
b. Summary of Cruciform Data,

S - c. Instrument Location Log, and
d. Analog Tape Logs for tape recorders I, 2, 3, 4, 5, 6, and 8.

V-
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4. Data card decks for:

a. Misilon Log,
b. Dlitilzation Log - Data,
c. Instrument Location Log,
d, Channel Calibration Log,
3. Digitization Log - Calibrations,
f. Summay of Cruciform Data, and
gj. Analog Tape Logs for tape recorders 1, 2, 3, 4, 5, 6, and 8.

I

5. Copies of Radar Plots.

Stanford Research Institute
333 Ravenswood Avenue
Menlo Park, California

I. For tape recorders I and 3:

a. Analog tapes,
b. oscillographic recordings,
c. analog tape logs, and
d. original calibration Zata sheets.

2. For tape recorder 6:

"a. Copies of original digital tapes and accompanying documentation.

NASA, Langley Research Center
Langley Station

Hampton, Virginia

I. For tape recorder 6:

a. Original analog tapes,
b. original calibration data sheets,
c. oscillographic recordings, and
d. original cruciform summary data sheets.

•4..1
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V. ANALYSIS OF FREE FIELD SIGNATURE PARAMETERS

There were three objectives in the analysis of free fleid signature

parameters. First, it was of interest to find if the channe!3 were sta-

tisticaI y equal or if the measured values of a parameter were independent

of the channel on which It was measured and recorded. The immediate con-

sequence of thi's study was to answer the question: Is it possible to use

only one channel instead of five channels in recording free field signa-
tures? Secondly, tests of equality of means were performed on free field

signature parameters and on the Dynamic Amplification Factors (DAF) computed

from free field signatures in order to determine which parameters most in-

fluenced the DAF. The results of these tests were needed in establishing a

criterion for random sampling of missions in ,urther studies. Thirdly, to

determine the number of samples for structure response studies, a complete

statistical description (mean, standard deviation and coefficient of varia-

tion) of the parameters was reeded.

In the statistical analysis of free field signatures, each sonic boom

mission was defined as a random phenomenon. The parameters of the free

field signature (overpressures, duration and rise time) were defined as
random variables. The measured values obtained from oscillographic prints

of the signatures were defined as observations of random variables. The

data used in the analyses were measured by five microphones arranged in a

cruciform array located near structure E-2 for comparable missions of

XB-70/B-58/F-104 aircraft (flights flown within a few minutes of each

other). A channel as defined for the study of free field signature param-

eters, consisted of a measuring instrument (microphone), the signal con-

ditioning and recording system, an oscillographic print of the record and

the manual measurement of the parameter from this print.

An analysis of variance was the statistical test from which It was

possible to obtain simultaneously the results for the equality of channels

and the equality of ,neans for each parameter and a complete statistical

description of each parameter. With this test It was assumed that the

channels and the missions were chosen at random. Random sampling meant

that each item had an equal probability of being chosen. It was reasonable

to assume that the channels in the E-2 cruciform array were selected at

random from a number of channels used to measure and record free field sig-
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natures in this experiment. It was also reasonable to assume that the

missions were selected from a large number of possible missions with

different combinations of altitude, offset, speed and weight of the air-

craft which would create similar signatures. In he analysis of variance 14 '' 5

the hypothesis that the effects (channel and mission) were not present

was tested against the alternate hypothesis that the effects were present.

When the result of a'test showed that an effect was present, a factor was

calculated to determine which mls'ions or channels were different. The

hypotheses were tested at different confidence levels to make sure that

the results were not Influenced by lower decimal values of the data. The

hypotheses were tested in this chapter at the 95 percent confidence level.

The free field signature parameters studied were: Peak positive

overpressure (P I), the absolute value of peak negative overpressu-e (P2

the rise time (T I), the time from start of boom to the negative peak IT2),

and the ratio of the absolute value of peak negative overpressure to peak

positive overpressure (P2/P

The tests for channel effects of free field signature parameters pro-

duced the following results. There is a channel effect in P2 for the

XE-70 and B-58 missions and in the ratio P2 /PI for the XB-70 missions.2 29
Similar results have been found using a different test . The difference

in channels In each case was found between channels 605 and 607. This did

not mean that the data from those channels should have been rejected, but

that the coefficient of variation within each mission was composed of a

coefficient of variation due to the boom and of a coefficient of variation

due to the Instruments. It was observed that, in most cases, the coeffi-

dcent of variation of the data was primarily influenced by the coefficient

of variation of the boom. The channel effect could be explained. As noted

previously, a channel as used for the free field signature parameter study

consisted of a measuring instrument (microphone), a signal conditioning and

recording system, an oscillographic print of the record and a manual mea-

surement from the print. The microphones used for free field signature
iE.

measurement were modified to extend the low frequency response to 0.02 cps.

The channel effect In P2 for the XB-70 missions was large enough to affect

the ratio P2 /PI, but was not large enough for the B-58 missions to affect

"the .;ame ratio. Also the channel effect In P2 was not present for the F-104

missions. As the average frequency (I/T 2) of.P 2 for XB-70 missions was
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S 3.64 cps. for B-58 missions 6.1 cps. and for F-104 missions 12.8 CpS; It

could be inferred that the channel effect increased as the frequency re- I

sponse decreased below the normal lower limit of the microphone. It could V

also be inferred that one channel would have been sufficient to measure

free field signature parameters when the measured response frequency was

within the normal range of the microphone. Based on -licrophones used and

data recorded, it was concluded that to adequately measure the free field

signature parameters more than one microphone was needed for XB-70 and B-58

missions, but only one was needed for F-104 missions. A

The tests of eqballty of free field signature parameters for different

missions produced the following results. The magnitude of peak positive

overpressura (P I) and of the absolute value of peak negative overpressure

(P2 ) decreased as the altitude aid/or lateral offset of the aircraft in-

creased, as can be determined from Tables 5-I, 5-2, and 5-3. The averages

- the parameters were .. , u., the iactors at mne UoTrom of the

table. These factors indicated when two averages were different at the 95%

confidence level. For example, in Table 5-1, the average positive over-

pressure (P,) of mission 5-2 was equal to 1.20 psf and of mission 10-1 to

2.41 psf. The difference between the two averages was !.21 and was greater

than 0.3, the factor at the bottom of the table. Therefore, the average PI

of mission 10-1 was greater than the average P! of mission 5-2 at the 95%

confidence level. The ratio of the absolute value of negative overpressure

to positive overpressure (P2 /P ) decreased as the offset of the aircraft

increased. This result was evident only for the XB-70 missions as illus-

trated in Figure 5-1. There was only a small difference in the averages of

rise time (TI) and time from start of boom to negative peak (T2 ) recorded

for overhead and offset missions for each type of aircraft. This result

can be determined from Tables 5-1, 5-2, and 5-3.

The coefficients of variation of the free field signature parameters

calculated for all missions listed in Tables 5-1, 5-2, and 5-3 were:

Coefficient of Variation of

Aircraft P2  T 2 2/1

XB-70 20% 31% 54% 10% 17%

B-58 35% 25% 64% 6% 14%

F-104 20% 18% 45% 10% 10%
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The number of missions needed for a comparative stuay of predictedJ Bodd wosauld bepos diffren depending onl whiha coefficient of vaariation was
the data. From the above table It was evident that the number of missions
needed would be different depending on which coefficient of variation was

used. It was therefore necessary to know which of the free field signa-

ture parameters studied most Influenced the OAF computed from free field

signatures. Thus an analysis of the variance test was performed on maxi-

mum DAF's computed from free field signatures to study again the channel

effect and the mission effect. The natural frequencies of the DAFS

studied were, for the XB-70 missions 2.66, 3.23 and 3.93 cps, and fcr the

B-58 missions 3.93, 4.78 and 5.81 cps. These natural frequencies were

chosen as they were in the range of maximum OAF values.

There were no channel effects found in computed DAFs . Even if P2

and the ratio P2 /PI affected the forcing function used to determine the

OAF, the impulse response function and the damping (2%) were sufficient

to eliminate the channel effect found in P2 and P2 /PI. Therefore, the

Sdata from a single channel would have been adequate to evaluate the OAF

computed from free field signatures.

The results of the tests of equality of maximum DAFs for different

missions indicated the following. The magnitudes of the maximum DAFS

for each aircraft were different and occurred at different natural fre-

quencies. In comparing the difference In DAF magnitude with the differ- '

once In free field signature parameters, it was found that the magnitude

of the OAF decreased as the ratio P2 /PI decreased for XB-70 missions;

Figure 5-2. It was found that the natural frequency at which the maximum

DAF occurred decreased as T2 increased for the XB-70 missions, as shown in
Figure 5-3. The effect of T2 was also evident in a visual comparison be-
tween DAF envelopes for eight XB-70 missions, eight B-58 missions and five

F-104 missions in Figure 5-4. From this figure It was evident that dura-

tion of sonic boom affected the range of structure natural frequencies

over which maximum dynamic amplification occurred. Since boom duration

increased with aircraft size, sonic booms from large aircraft such as the

XB-70 and the future SST will affect a greater range of structure elements

than sonic booms from smaller aircraft such as the B-58 and the F-104.

Previous studies have Indicated that rise time also affects the magnitude

of the OAF. However, with the data recorded, this effect could not be veri-

fled. It was therefore concluded that the ratio P2 /PI caused the major effect
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on the magnitude of the OAF and that the number of missions needed in further

studies of structure response should be determined from the statistical de-

scription of the ratio P2 /PI.

The number of missions needed to study the response of structure elements
16

was obtained from statistical sampling techniques. The sample size varied

according to the degree of precision desired in the results and the confidence

level of the conclusions about the results. The following table demonstrates

this process.

Degree of
Precision Confidence Number of Missions Needed

in Results Level
in % in % XB-70 B-58 F-104

10 95 II 8 4

15 95 5 4 2

20 95 3 2 I

10 90 8 6 3

15 90 4 2

20 90 2 2 I

The degree of precision In the results meant that the results obtained

from the analyses of the sampled missions would be within 10% (or 15% or

20%) of the results which would have been obtained if all missions had been

analysed. The probability that the results were within such a percentage

was given bv the confidence level. The degree of precision in the results

and the confidence level were chosen according to the pertinence of the

study.

SUMMARY OF FINDINGS

The free field signature parameters were analysed to determine if the

channels were statistically equal or if the measured values of a parameter
I were Independent of the channel on which it was recorded; to determine which

* parameters most influenced the Dynamic Amplification Factor (DAF); and to

determine the number of samples necessary for studies of structure response

dat5. The analytical techniques were such that the findings are stated with
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a 95 percent confidence level; that is, there is a 95 percnt probability

that the findings are correci. Following are the findings resulting from

these analyses:

"I. For the XB-70 missions the peak negative overpressure, P2 P and the

rctlo of the absolute value of peak negative oerpressure to peak positive

overpressure, P2 /PI, were not independent of the channel on which they were

recorded. All other parameters studied (positive overpressure, P,# rise

tIls, TI, and the time from start of boom to negative peak, T2 ) were Inde-

pendent of the channels.

2. For the B-58 missions P2 was not Independent of the channel on which

It was recorded. All other parameters studied (PI, TI' T2 ' and P2 /PI) were

Independent of the channels.

3. For the F-104 missions 311 parameters (PI, P2 0 Tip T2, and P2 /PI)

were independent of the channels on which they were recorded. A single

channel would have been adequate to measure free field signatures.

4. The magnitude of PI and of the absolute value of P2 decreased as the

lateral offset and/or altitude of the aircraft Increased.

5. The ratio P2 /PI decreased as the offse÷ of the aircraft Increased

for XB-70 missions. V

6. There was little difference between rise times (T 1) of overhead and

offset missions for each type of aircraft.

7. There was little difference between times fr(yn start o'• boom to

negative peak (T2 ) of overhead and offset missions for each type of aircraft.

8. The Dynamic Amplnificat!on Factors (OAF) computed from free field

signatures were independent of the channel the signatures were recorded on.

Therefore, a single microphone would have been sufficient to evaluate DAFs.

9. The magnitude of the maximum DAF decreased as the ratio P2 /PI de-

creased.

10. The natural frequency at which the maximum DAF occurred was a function

of the time from start of boom to negative peak T2. As T2 Increased, the maxi-

mum DAF occurred at a lower natural frequency.
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II. Sonic booms from large aricraft such as the XB-70 and the future

"SST will affect a greater range of structure elements than will sonic booms

from smaller aircraft such as the B-58 and the F-104.

12. The number of missions needed in the study of the response of

structure elements varied depending on the degree of precision in the results

and on the confidence level.
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E, I S C r FrL Qrrr n I Q1 V eI f.VIATI V V'•A ALM9Tfn%

ON QYNAMIC AMPLIFICATION FACTORS

SP

There were two objectives In making the study of the effects of free

*, field signature parameters on DAF spectra. First, it was of Interest to

derive a wave model from free field signature parameters (over-pressures,

rise time, duration) that could be used to make an accurate evaluation of

the DAF and thereby eliminate the lengthy and costly process of digitizing

iree field signatures that is presently needed to compute the DAF. Secondly,

to gain a greater insight on the probable magnitude of the DAF for large

lateral offsets of an aircraft, the effects of values of frec field signa-

ture parameters beyond the range of the data recorded by the E-2 cruciform

microphone array on the DAF were analysed using the wave model.

To fulfill the first objective, the derivation of a wave model, It was

assumed that for purposes of calculating DAF a free field signature could be

completely described by the parameters; peak positive overpressure (PI), rise

time (TI), peak negative overpressure (P ), and time from start of boom toSngtvpekThe total duration 2f th
negative peak (T2 ). of the signature (T) was assumed to

be equal to T2 plus T,. Linearity was assumed between peak overpressure
2

points, as illustrated in Figure 6-1. The averages of P2/Pi T and T2 were

computed for eight XB-70 missions, eight B-58 missions and five F-104 missions.

They were:

Aircraft P2/PI x 10-3 sec T2 x 10-Isec

XB-70 0.773 5.15 2.88
B-58 0.852 5.63 1.67

F-104 0.966 4.66 0.75
"absolute value

These average values were used in computing OAF 5pectra from the wave model.

Two different methods of comparison were used to see If the DAF spectra calcu-

lated from the wave model were representative of the spectra computed from,

* •digitized free field signatures. A visual comparison of the spectra in Fig-
ures 6-2, 6-3, and 6-4 showed that the DAF spectra of the wave model were

generally within the envelopes of the DAF spectra obtained from dig!'Ized

free field signatures of the same missions. Then to mathematically substan-
14 "

tiate the visual comparisons, a "goodness of fit" (chi-square) test was per-
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formed. In this statistical test the average values of the DAF spectra com-

puted from digitized free field signatures were compared with the values of

the wave model DAF spectra at twenty-one different natural frequencies be-

tween I and 50 cps. The results of the test showed the fit is good at the

95% confidence level for all three types of aircraft. These results are

il usirated In the following tabulation of values of the test statistic com-

* puied from the data and the chi-square value. The test statistic must be

smaller than ch!-square value to conclude that the fit is good at the 95%

confidence level.

Chi-Square Value

Aircraft Test Statistic @ 95% C. L.

XB-70 0.07 31.4

B-58 0.05 31.4

F-104 0.57 31.4

The small values of the test statistic were due to the small difference be-

tween the average values of the DAF spectra computed from digitized free field

signatures and the values of the DAF spectra computed from the wave model. A

value graater than 31.4 would have indicated that there was no fit at all. It

wes therefore concluded that a free field signature wave model described by

PI1 P2, T, and T2 could be used to accurately evaluate the DAF computed from

digitized free field signatures. It was further concluded that, for future

work with free field signatures, knowledge of the values of PI, P2, T, and T

would be sufficient for obtaining DAF spectra that would be representative of

those obtained directly from free field signatures. The digitization of free

field signatures coulJ therefore be eliminated.

The wave model was then used to fulfill the second objective of this study

which was to Investioate the effects of values of free field signature param-

eters beyond the ran-, -f the data recorded by the E-2 cruciform array on the

DAF spectra. First, different values of P11 P2 , TI, T2 were used to confirm

that the ratio of the absolute value of peak negaTive overpressure to peak

positive o,;erpressure (P2 /PI) Influenced the magnitude of maximum'DAF. The

same Input values were then used to study the Influence of TI on the magnitude

of the DAF and finally to obtain OAF spectra for values of T2 larger than those

measured and recorded by the E-2 cruciform microphone array.

It was found that as the ratio P2 /PI Increased the magnitude of the maximum
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DAF Increased. This result was derived for natural frequencies of 4 to 7 cps,

and a wave duration of 0.2 sec. as Indicated in Figure 6-5. Similar resultc

were found I- Chapter V for the XB-70 missions. It was also found that, for

the XB-70 mli.:ons, the ratio P2 /PI decreased with Increasing lateral offset

of the aircraft. It was therefore evident that one effect of Increasing

lateral offset was to cause a corresponding decrease in the magnitude of the

maximum DAF.

In previous studies 32 It was found that TI Increased with increasing

lateral offset, and that the two limiting shapes of a free field signature

could be an N wave with zero rise time and a sinusoidal pulse, Figure 6-6.

The effect of TI on the DAF was therefore studied within these limits. To

general!ze the findings, the ratio of rise time to duration (TI/t) was used

in the study Instead of the value of TI. The results were plotted In Figure
6-7. It was found that as the ratio TI/A Increased, the magnitude of the

maximum DAF increased. For this study a wave duration of 0.2 sec. and a o

ratio P2/PI equal to I were used and the values of maximum DAF were computed

for naiural frequencies of 4 to 7 cps. Therefore it was concluded that In-
creasing the lateral offset of an aircraft Increased the maximum DAF values.

The total Influence of lateral offset on the magn:tude of the DAF could not

be determined. There were Insufficient recorded data to definitely Indicate
which of the two ratios, P2 /PI or Ti/t, was predominant. Analyses of more

data recorded at large lateral distances from the flight track are needed.

Throughout this study the OAF spectra were computed with a damping c-.-

efficient of 2%. The effect of different damping coefficients was studied

for different wave durations. The results plotted In Figure 6-8 were com-

puted for a wave duration of 0.3 sec. with a rise time equal to 2% of the

wave duration and a ratio P2 /PI equal to I. The DAF values Olotted were
calculated for a natural frequency of 3 cps. It was fov I that the magni-
tude of the DAF decreased as the damping coefficient Increased.

It was assumed that free field signatures for aircraft larger than the

XB-70 would be similar In shape. By using the wave model OAF spectra were

then computed for durations of 0.4 and 0.5 sec. and different combinations

of ratio TI/I and P2/PI as illustrated In Figures 6-9 and 6-10. As found

in Chapter V, durations of 0.4 and 0.5 sec. Increased the range of structure

natural frequencies over which maximum dynamic implification occurred.
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SLMARY OF FINDINGS

The objectives of this chapter were first, to derive a wave model in

order to eliminate the digitization of free field signatures presently

needed to compute DAF spectra and second, to study the change in magnitude

of the maximum DAF for different large lateral offsets of an aircraft. The

data used In the analyses were measured during Phase II by five microphones

arranged in a cruciform array located near structure E-2 for the comparable
missions of XB-70/B-58/F-104 aircraft (flights flown within a few minutes of

each other). The following findings resulted from these studies:

I. The DAF spectra obtained using a wave model described by free field

signature parameters PI, P2, T, and T2 were equal at the 95 percent confidence

level to the DAF spectra obtained from digitized free field signatures.

2. Using the derived wave model it was found that:

a. the magnitude of the maximum DAF decreased as the ratio P2/PI

decreased,

b. the magnitude of the maximum DAF Increased as the ratio TI/T

Increased, and

c. the magnitude of the maximum OAF decreased as the dampirg

coefficient Increased.

3. In the analysis of the effects of lateral offset of aircraft, the

ratio P2/PI In the recorded free field signatures caused the predominent

effect on OAF. The recorded signatures showed Iittle change in rise times

(TI) or In durations (T) for overhead and offset mtssi.,ns for each type of

aircraft. Therefore th3 Influence of lateral offset on DAF spectra was limited

to the effect of the ratio P2 /PI.
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