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(Distribution Limitation Statement No. 2) .1
Three aircraft shelters, constructed of corrugated steel and concrete, were
tested by various conventional weapons. The shelters were instrumented with
strain gages, accelerometers, thermocouples, and pressure ttaahducerso This
rep•lrt aur.n-u rEhe oinsrtrumpntatf- - used, the exact locations of the
transducers, the calibration procedures used, and the data reductiou system.
All test data and the gage locatious are presented in the supplement. The
data are not analyzed in this report. However, the quality of the data is
briefly discussed.
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X •CTION I

This report describes the Concrete Sky, Phase VIII, Instrunentation

Program conducted at Hill Air Force Test Range, Utah. Three aircraft

shelters were tested by subjecting the shelters to blasts from various

conventional weapons. The shelters were instrumented to measure air

pressure, air temperature, strain of the arch shell and doors; vibration

of the arch shell, foundation, backwall and doors.

The structures were made from double corrugated, 10-gauge metal
arches with 24 -foot radii. Each shelter was covered with a diftercnt

thickness of concrete and had a different design and a different

material for the door. Each shelter had a different thickness of end-

wala. Mhe shelters were designated in the following manner:

Shelter A: 14-inch Minimim, Concrete Cover, Nylon Door,
24 -inch Endwall

Shelter B: 18-inch Minimum, Concrete Cover, Aluminum Door,
30-inch Endwall

Shelter C: 24-inch Minimum Concrete Cover, Steel Door,
36-inch Endwall

Figure 1 shows the layout of the shelters and the revetments. Fig-
ures 2, 3, and 4 show the shelters as seen from the front.

The shelters were subjected to blast pressure and. shrapnel effects

of 20 pound, 500 pound, and 1000 pound general purpose bombs, of

122 mm rockets, and to napalm. The weapons were aerially delivered

and statically detonated.

A multichannel instrumentation system (shown in Figure ý) was

used to record the data from the instrumented shelters. The outputs

from the measuring transducers were transmitted by cable to a data

acquisition system and recorded on magnetic tape. These data were

played back to an oscillograph for final data presentation. All the

data are presented in the supplement. This final data package pre-

sents each trace as a function of time with the vertical scale in

engineering units and with the horizontal scale in seconds.

6i
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1

A data package is presented for each test. The package includes the

time histories or eacn Transducer and a plan bii.wiLLS LM i J Ulf C.11

measuring sensors. Thus, the exac; location of measuring sensors is pre-

sented for each test. The data are filtered, amplified or attenuated, and

the arch accelerations are double integrated Detailed description of the
data reduction is presented latir in this report.

In this report there will be no analyses of the data. The report

covers the instrumentation system, the calibrations of the measuring

systems, and the data reduction system.

$*



SECTION II

INSTRUMENTATION SYSTEM

The Concrete Sky instrumentation system consisted of transducers which

measured pressure, vibration, strain, and temperature. Each transducer pro-

vided an electrical output proportional to the measured parameter. This

electrical signal was transmitted by cable to the data acquisition system.

Each of the measuring systems will now be discussed.

1. Pressure Measuring System

The pressure measuring system consisted of a pressure transducerI, aSlie rlv apliie2, a8-volt direct current power supply, and a magnetic

liedrive amplifier a2  8

tape recorder. Figure 6 shows a block diagram of the pressure system.

MICRODOT CABLE

MODEL I
KA-1006
OULTOE T
LINE DRIVE HEWLETT
AMPLIFIER PACKARD

MODEL 3924
MAGNETIC

TAPE
RECORDER

'II __ _ _ _ _

PRESSURE 26 V DC
DIRECTION POWER SUPPLY

OTHER
MODEL LD25 LINE DRIVERS
ATLANTIC RESEARCH I
PRESSURE T'IANSDUCER TEST . INSTRUMENTATION

SITE TRAILER

Figure 6
Block Diagram of the Pressure Measuring Sjstem

(1) Atlantic Research, Model LD-25

(2) Gulton, Model KA-1006

i ° 8



The nrenure transducer has a piezoelectric crystal sensing element

which provides an electrical output proportional to the pressure on the

W ul ieA Lry~L8.i. VuVu mAL1 LwUZA, %4= a w

tirns,.ent pressures. The transducer has a flat frequency response through

the rmnge of 20 Hz to 10,000 Hz. The transducer measures pressure in the

direction that ft is mounted, as shown in Figure 7. Thus, the mounting of

the transducer determines the type of pressure that will be measured.

When the transducei' Is mounted so that its face is directly in line with

the blast, the output voltage is proportional to the reflected pressure.

When the transducer is rotated 90°, it is measuring the blast overpressure.

Figure 7 shows the two basic mounting configurations.

BLAST

REFLECTED
PRESSURE

BLAST

SIDE -ON- PRESSURE

Figure 7

Mounting Configurations for the Pressure Transducers

9



Figuren t nrouga I eno O rino WC ua M~ rwiUin MV-.j U1ZK4V6V

abshoi the mounting plate for pressure measurements on the inside of the

shelters on the arch wall (P-15). Figure 9 shows the plate on the backwvall

(I-13) for inslde pressure measurements. In each case, the pressure traws-

ducer was thaeaded into the plate so that the transducer face was flush

iwith the plate. In these configurations, the reflected pressure is obtaixned.

Figure 8. Inside Pressure Transducer Side Wall Mounting Plate.

Figure 9. Inside Pressure Transducer Back Wall Mounting Plate.

10.



Figurea 10 and 11 show the mounting configuratiom for outside ii
pressure measurements. Holes were drilled through the arch shell and then

through the back wall, so that the transducer cable could be routed to the

inside. The transducer was threaded through a mount face plate, and the

plate was bolted to the arch shell mount. Both the transduoer and the face

plate were f.ush with the mitside ccocrete of the arch shell or the baciwall.

These tranEwducers were mounted at incident angles of 00, 4.51 and 90° with

the blast.

RIgure 10. Outside Pressure Transducer Arch Shell Mount

4L 'A 4. W"

. k ., . **. ",: .,. - OUTSIDE SURFACE OF

CONCRETE COVERED ARM SHELTER

CABU-E DPRESSURE TRANSDUCER

I"SIDE OF ARCH
PRESSURE

MOUNT FACE PLATE

, ALLEN BOLT "(3 PLACE$)

ARCH SHELL MOUNT .,1

Figure 11. Complete Outside Pressure Transducer Mounting System.

11



a. Wimure 1 2 shows the Dreasmre transd~ucer mounting configuration for i
all ground pressure measurements, bath inside tbe shelter and outlide the

shelter. Again, the. transducer was threaded into a plate so that the face

of the transducer warn flush with the plate. The plate was then placed at

ground level. The overpressuxre was measured in this configuration.

GROUN LEVE

It K12912
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The electrical output of the pressure transducer is approximately

80 mil)ivolts per psi, and the capacitance of tho crystal it approximately I
260p-ico farads. As a long cable was required between the shelters and the

data acquisition trailer, a preamplifier was required near the transducers.

The preamplifier, or the line drive amplifier, was a low-noise, high-input

impedance, and a high gain amplifier. The preamplifiers were placed within

10 feet from the transducers and were wrapped in a soft insulation material.

The transducer output was transmitted through a low-noise, low-capacitance

Microdct cable to the line driver. The line driver output was transmitted

through a cable1 of approximately 1500 feet to the tape recorder. The line

driver used has the specifications shown in Table I.

Table I Line Drive Amplifier Specifications

Frequency Response: 5 Hz to 12K Hz (1 5%)

Adjustable Gain: -40 DB to Output Voltage of 6.5 Volts

Power Supply
Voltage: 26 Volts

Noise Level: 5 Millivolts

The units were tested and evaluated by MRI. The specifications of Table I

are the results obtained, The gain of the line drivers was adjusted during

the calibration. The 28 volt direct current power for the line drive

amplifiers was transmitted by one cable to each shelter from the data

acquisition trailer.

The output from the line drivers was recorded on a magnetic tape

recorder. The recording system will be discussed in Section 5.

(I) Belden Shielded Instrumentation Cable, Type Mohawk 1661

13
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2. Vibration MeAsuring System u--

mountI ,an accelerometer2 unia1mon naceeoee , a gage control unta low-pass filter, a data -

amplifier', and a magnetic tape recorder". A block diagram of the system

is :ihowr in Figure 1. i

VEPTICAL VIDRATION SIGNAL
OAGE CONTROL UNIT

EE - HONEYWELL MODEL !05

S~ OMETER "

MODEL TRANSVERSE
2264A _ __VIBRATION___NA_

PAIPLIFIERSHIELD " J DANA MODEL S
., ~BLOCK ._.--"i L' "

&ARRY ISOLATOR MOUNT FILTER TAPE RECORDER
SElES E22-O2-60 CEC MODEL 3300

Figure 13. Block Diagram of the Vibration Measuring Systevi

The accelerometers were a strain gage type using semiconductor gages

for the sensing elements. These units are referred to as piezo-resistive

accelerometers. 1L¶e sensing elements provide electrical outputs which are

proportional to the G to which the transducers are subjected.

(I) Barry, Series E22-02-60

(2) Endevco, Model 2ý64A

(3) Yoneyvell, Model 105

(4) Dana "!20-

(5) Consolidated Electrodynamics Corp., Model 5300

I



In this particular program the accelerometer measurements were

to be used to obtain the structural response of the arches and their

program showed that the structural modes which contributed significantly !
to the displacement response were in the frquency band from zero to i0 Hz.

Thus, the acceleration response contributions from higher frequency

components were not desired in the measured response. Two corrective

measures were taken to reduce the higher frequency components frin the

acceleration measurements: electronic filtering of the accelerometer

signal and mechanicrJl isolation of the accelerometer body. The filter was a

law pass 10 Hz filter with the components and frequency response shown in

Figure 14.

ACCEL-

AMPLITUDE LEVELIN DI

0 5 !0 I5 20 25 30

FREQUEN4CY, Hi

Figure 14. Electrical Filter Used in the Vibration Measuring System.



In addition to the electrical filter, a vibration isolation mount was

used. A steel block Vas placed on the mount, and the acceleromneters were

plar-ad on the steel block. The mount isolated the block and the accelerometers

from the high- frequency vib~rations. Thus, the is olation mount provided3

mechanical protection for the acceleromete~ra. Th three mounts Vere tested

in the laboratory to determine the frequency spectrum~ of the mounit-bloc-accel-

eromter system. Figure 15 shows the laboratory test setup. Freq~uencies

above 1000 Hz were attenuated at a rate of 20 Db/octave.

STEEL Stoc

Figure 15. Evaluation of the 3&17 Mount.

'101

0.1~i

FREQUENCY, Hz
13&rry Mourit 1'req~uercy Res-ponse.



The accelerometer assembly was protected from the blast environment by 1
L " ltAl jhilA•i. an nhnwn in Fiiture 16.[ CROSS -SECTIONfS OF TRANSDUCER

MOUNT AND SHIELD)

VIBRATION
TRANSDUCeERS

ISOLATION MOUNT

' TRANSDUCER CABLE ROUTE

T .

Figure 16. Sketch of Vibration Transducer System

These shields were welded to the arch and to the foundation, as shown in

Figures 17 and 18.

Figure 17. Foundation Vibration Mounts

17
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.igure 18. Arch Vibration ounts

The output from the accelerometer vas transmitted through a three-

conductor shielded cable (approximtely 1.500 feet long) to the signal

conditioning equipment in the data acquisition trailer. The signal con-

ditioning equipment consisted of a gage control unit, a low-pass electri-

cal filter, and a data amplifier for each accelerometer.

The gage control unit provided the Wheatstone bridge completion

resistors, the bridge balancing circuit, the calibration resistors, and

the DC power supply. The accelerometers consisted of a half-bridge cir-

cuit) thus, the gage control unit provided two precision resistors to

complete the bridge. The balancing circuit rebalanced the measuring sys-

tem for a zero voltage output. A 114-K ohm calibration resistor was used

to obtain a known equivalent strain value. The gage control unit provided

a witch so that this resistor could be placed across one of the legs of

the Wheatstone bridge. The power for the bridge circuit was provided by

' the gage control unit. A voltage variation from 3 to 12 volts was avail-

able for each of the circuits.

18



The output of the gage control unit was routed through the low-pass

filter to a D.C. data ampliZler. The amp±iriers were wireic -L•ixK-

ential mode to minimize system noise. A gain range of 1 to 1000 was avail-

able for each channel.

The output of the amplifiers was recorded on magnetic tape.

3. Strain MeassurinS System
The strain measuring system consisted of a strain gage, a gage control

unit, a data amplifier, and a magnetic tape recorder. A block diagram of

the system is shown below in Figure 19.

TAPE.

[MOK 1o05 ,oODE, L 104 cEc

W. T. DEAN M L 3o0
BAE SERIES

Figure 19. Block Diagram of the Strain Gage Measuring System

Two types of gages were used for strain measurement. Gages placed

on steel were Model BAZ-06-250 EB-120 TE1 and gages placed on aLuminum were

Model BAE-12-250 BB-120 TE1. These gages have a nc•ainal resistance of 120

ohms and a gage factor of approximately 2.0. Each of the gages consisted

of a single element mounted along the axis of strain. The gages were mounted

by using a BR-600 adhesive for steel and Eastnan 910 for aluminum. The

gages were weatherproofed by placing Gagecoat #1 over the top of the gage-

wire installation.

(1) Bean Manufacturing Co.

19
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Figures 20 and 21. show a typical strain gage Installation.

I

Figure 20. Door Strain Gage Installation.

Figure 21. Door Strain Gage lnstallation with Prrstective Coating.

20



The strain gages were placed on the inside of the arch sahlls, the 1:
steel door andi tne aliumium= door. Four uwi&L.Lusaal giauuwcs& WQe-'A*MN-WM i6U'UW

large corrugations of the arch shell, as s9hown in Piguree 22. Theuu 5mg0e,

plac~ed in Shelter B (Sb-lIO, 50, 90, l00), were- Installed to measure. th

strain distribution in -the cross section or the arch.

/ i~\

"ugos MocA sTRAIN AXES n
AND STRAIN SASE LOCATIONS. I /

Figure 2.2 Arch Strain Gage Installation

21
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A three-wire cable was used from each gage to the data acquitsition

trailer. The three-wire system minimized the effects of temperature

chn•wes on the strain measurement system. However. temperature effects
were not a primary concern, as dynamic strain data were desired.

The cables from the strain gages were terminate(L In gage control

units. These units were similar to the gage control units used in the

vibration measurIng system. They completed the Wheatstone bridge circuit 4
and provided the calibration circuit, the balancing circuit, and the power

supply.

The output from the gage control unit was transositted through a D.C.

data taplifter to a magetic tape recorder.

4o Temperature Measuring syu t~s
The teraperature measuring system ocinalsted ,,f a thermocouple, aia ice

Juction, a data amplifier, and a magetic t.-pe recorder,, A syst4w block

diagram to shown in rigure 23.

,•.TRANSMISSION CABLE
, ,. T A P E

S~MODEL 3300
TlE MOCOUPLE

LEAD WIRE

Figure 23. Block Diagram of the Temperature Measuring System

22



i

The thermocouples used were made of chromel -s. alumel wire. This type

of thermocouple can measure temperatures to 2500CV F. and yields an output or u
aj.proxLnately 10 millivolts for every 500° F. Three configurations of therm-

couples were used: two for air temperatures inside the shelters and one for

the nylon door temperature. Figure 24 shows the configurations used for in- Iside shelter temperatures, and Figure 25 shows the configuration used for the

nylon door temperature. The exact location of the thermocouples is shown in

the data book prior to each test. i

"THERMOCOUPLE JUNCTION

I INCH

5~tI

,-'11/2 froch GALVANIZED PIPE
I WITH PACKED SAND

SHELTER FLOOR

,i~i

5•lot

I, ,

I ,4 -Sg

LJ L\J

\ ,.. LEAD WIRE TO THE I7
REFERENCE JUWCIN

Figure 24. Inside Temperature Transducer Installation

23



1 ~u jm' -Ynl I!

FRONT OF SHELTER
, LEAD WIRE TO

/ REFERENCE' " .JUNCTION

BOLTS AND WASHERS
ARE PART OF DOOR

THERMOCOUPLE ASSEIMBLY
JUNCTION

NYLON DONOR.I

Figure 25. Nylon Door Temperature Transducer Installation

The thermocouples were routed to an ice Junction located in the shelters.
This Junction provided a known reference for a.l temperature measuremeuts.

From the ice Junction to the trailer, a standard two-conductor cable was
utilized. A D.C. data amplifier was used to amplify the millivolt signals

prior to recording them on a magnetic tape recorder.

5. Data Acquisition System

The data acquisitioti system consisted of four tape recorders (Figure 26).

These magnetic tape recorders were used for all test data collection. The

tape units were standard IRIG, 1 inch tape units. The high-frequency pres-
sure data were recorded at 61 inches per second and at a center frequency

of 54 K Hz, while all the other datn were recorded at 15 inches per second
-and at a center frequency of 13.5 K Hz. All the data were recorded with

FM electronics using a deviation of f 4O%.

.24



HEWLETT PACKARD I

3924 8
PRESSURE

TAPE RECORDER

54K Hz 60Ips

CEC VR 3300

STRAIN TAPE RECORDER

13.5 K Hz 15 ips

CEC VR 3300

VIBRATION TAPE RECORDER

# * 13.5K IH 151ps

CEC VR 3300

TEMPERATURE TAPE RECORDER

13.5 K Hz 151ps

_ ECO 85'

L TIME CODE

GENERATION

Figure 26. Data Recording System
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Ii The 40% deviation enabled the pressure data to be recorded with a

±hfrequency response of 0 to 10,000 Hz-. These data were deviated through a 1
: ... r renm ner iP.) Y47. to '75,600 Hz at + 2.5 volts. (Thus, a pressure

equivalent to + 2.5 volts was recorded or, magnetic tape as 75,600 Hz, and

a negative pressure equivalent to - 2.5 volts was recorded at 32,400 Hz.)

All data, execpt the pressure data, were recorded with a frequency

responise of 0 to 2,500 Hz. These data were deviated + 40 from the center

fzequency of 13.5 K Hz at + 5 volts.
1

The four tape recorders were time correlated with a time code generator

The output of th,. time ccde generator was recorded on Track 13 of all four

tape recorders in an IRIG B format. This format is a 100-pulse-per-second

signal yielding the exact time of occurrence.

Voice annotation was. recorded on all tape units on Track 14. The voice

track identified each event on the tapes.

(1') E•CO 858

26



SECTION III

CALIBRATION OF INSTRUMENTATION SYSTEMS

Dynamic and electrical calibrations were per'ormed on all measuring

systems. Known pressure and vibration levels were applied to tae pressure

transducers and to the accelerometers. Electrical values simulating strain

and temperature were applied to the strain gages and to the thermocouples.

In this section detailed discussions are presented for the calibration

methods that were utilized.

1. Pressure System Calibrations

Each pressure transducer used on the Concrete Sky Project was now and

had a manufacturer's calibration certificate. A typical certificate is

shown in Enclosure 1. This vendor calibration yielded the sensitivity and

the linearity of the transducers. Thus, Pnch transducer obtained was

verified prior to actual installation.

Prior to each test and following each test, a dynamic pressure cali-

bration was performed. The purpose of the calibration was to adjust the

gain of line drive amplifiers and to calibrate the total end-to-end system.

The pressure calibration system is shown in Figure 27.

The calibration presure was obtained by usin a microph Ie .%is

unit was calibrated in an acoustical laboratory, so that a specified

voltage produced a decibel level at a given frequency. From this calibration

the following was obtained:

A voltage signal of 7.42 volts (EMS) at 400 Hz applied to the calibrator

produces an output of 160 D13, which is equivalent to 0.29 psi (IMS). Therefore,

the field calibrations performed on each pressure transducer yielded an output

equivalent to 0.29 psi. This transducer output was observed on an oscilloscope

in the instrumentation trailer, and the exact voltage was tabulated on a data

sheet.

(1) Whittaker Photocon Dynamic Pressure microphone, Model PC-120
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PT DNODEL 135 iI PRESSURE TRANSDUCERA.. . PHOTOCON DYNARIC A.i•! ~ PRESSURE CALIBRATOR,,

SMO ELTE ARC ORt

AMPLIFIER, j -,

TRANSDUCER"-

Q.C SENSIN IA PHRAI
VOLTMETER

SHELTER ARCH OR

L4STRUMENTATION TRAILER

Figure 27. Dynamic Pressure Transducer Calibration System

All dynamic pressure calibrations vere performed by placing the cali-

brator over the face of the transducer, as shawm in Figure 27. The

transducers were mounted in place prior to the calibrations, and the cali-

brator was moved to each location.
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2. Vibration System Calibration

A laboratory calibration was performed on each accelerometer. Figure

28 shows a block diagram of the laboratory calibration system.

A. C. VOLTMETERI1

MB VIBRATION
EXCITER

MB POWER 1
AMPLIFIER OSCILLOSCOPE

OSCILLATOR

Figure 28. Laboratory Vibration Transducer Calibration System

A transducer calibration certificate was obtained for each accelerometer, a

sample copy of which is shown in Enclosure 2. This calibration verified the

frequency response of the accelerometer and established the sensitivity and

linearity of the accelerometer.

Prior to each series of tests, a one g calibration was performed by

rotating the accelerometer 900, (Figure 29). This calibration was performed

with the total vibration measuring system connected. The output voltage

from the data amplifiers was recorded on a test data sheet.
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TEST AREAu INSTRUMENTATION TRAILER

f SAGE CONTROL UNIT
SENOEV1OI ,

MINATURE HONEYWELL MOCEL 105
ACCE L-

'• EROMETERS
MODEL

I - -AMPLIFIER
DANAMODEL 3420

LOW

F ILTER

I DC VOLTMETER

L_____________ i I

Figure 29. Field Vibration Transducer Calibration System

3. Strain Calibration Systqm

The strain gage measuring system was calibrated electrically by placing

a known precision resistor across the electrical circuit. This calibration

method is shown in Figure 30. The resistor calibration value, R calib'

was selected at 114 K ohms. By closing switch S, the circuit was unbalanced

and an output was obtained. This output was recorded on the tape recorder

prior to each test.
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TEST R IMOTRiIIsIUMEN-IIMIY 41110",~

S1 NOTU
I<** ti.. ..aa ean , ________

DUMMY DUMMY

RCALIB :

L DATA TPAMPLIFIER RECORDER

Figure 30. Schematic for the Strain Gage Calibration System

The resistor calibration value was equivalent to 518 pin/in as shown

below:

R
= (Rcalib + R7

where c = strain value in P.in/in

R = strain gage resistance in ohms

K = manufacturers gage factor

N = number of active gages
R =calibration resistance value in ohms

c alib

- R -518Pni
(2.03) (1) (14,ooo + 120) 8 pin/in
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The temperature~ meau ringUL-~L sytmwsclbaed -lcrcly

inserting a known voltage into the circuit as shoni~n Figure 31-L. i

precision voltage was recorded on tape and used for data reduction..

Standard conversion tables for thermocouples were used to establish

anequivalent temperature f or a given voltage. All thermocouples were

calibrated with a 15 millivolt signal equivalent to 6920 F. for the chromel

vs. alumel thermocouples used and with an ice reference junction..

OPERATE POSITION

TEST AREA INST. VAN

THERMOCOUPLEg

V1, I

REFERENCE PRECISION1 TP
FUNCTION MV SOURCE] RECORDER

Figure 31. Block Diagram of the Temperature Calibration System

5. Tape Re~order Calibration

The four tape recorders were set up for the correct carrier frequencies

and + 40.% deviation prior to each series of tests. After they were set up,

a known precise voltage was recorded on each channel of the tape recorders.

This voltage of 0.50 or 1.00 volt was eimultaneously recorded on each

channel. These recorded voltage calibrations were later used in the reduction

of data.
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SECTION IV

DATA REDUCTION

An analogue and a digital data reduction system were used to reduce the

data. The pressure, the strain, the temperature, and the foundation vibration

data recorded on magnetic tape were played back to an oscillograph and to

a plotter. Scales in engineering units were placed on the data. The arch

vibration data were digitized and double integrated by a computer, so that

arch displacements were obtained on a Calcomp plotter. All the data are

presented in data books under a separate cover. In this section the data

reduction techniues are discussed.

1. Analogue Reduction System

The analogue reduction system consisted of a tape recorder, variable

filter, amplifiers, a time code reader, an oscillograph, and an X-Y plotter.

This system is shown in Figure 32.

In order to obtain the desired oscillograph presentation, the tape

recorder speeds werc reduced. The pressure data were played back at 1-7/8

ipr, the strain and vibration data at 3-3/4 ips, and the temperature data

at 7-1/2 ips. The data were filtered when necessary by a Rockland variable

filter which alternates at 24 DB/octave. The output of the filter wasI 1amplified by a wide band amplifier . The output of the amplifier was
recorded on an oscillograph The temperature data were recorded on an X-Y

recorder 3 because the changes in temperature occurred very slowly. The X-T

recorder provided a more desirable presentation of the temperature data than

did the oscillograph.

The oscillograph data were reduced by utilizing the calibration data and

field calibration notes. Each oscillograph trace was scaled for amplitude in

engineering units and was scaled for time in seconds. All time scales for a

given test had the same reference point. The procedures used in scaling the

data to engineering units are presented in Enclosure 3.

(1) Preston, 8300
(2) Honeywell, 1508
(3) Mosley, 7004A

33



WilI-

AMPEX PRESSURE OUTPUT 1 T/o ps

FR 1300 STRAIN A ACCELLERATION OUTPUT 3 3/4 Ips

TAPE

RECORDER TIME CODE OUTPUT

TEMPERATURE OUTPUT 7 1/2 ps

PRESTON EECO S58 ROCKCLAND 1 ROCKLAND
TIME CODE 1020 F FILTER' 1020 F FILTER

WIDE BAND GENERATOR 24 db/OCT; I 24 db/OCT
AMPLIFIER (READER) 0.I11% TO J I Hz TO

______T100 313 Hz

Y INPUT

MOZELEY PRESTON PRESTON PRESTON
7004 A 630063WIDE BAND
X-Y RERDER WIDE BAND WIDE BAND AWPIIERBN

APLIFIER AMPLIFIERAMPLIFIER

II

HEWLETT
PACKARD HONEYWELL 1508
17172A OSCILL06RAPH
TINE BASE

M3300 GALYANOMETERS

Figure 32
Analogne Data Reduction System
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2. 4.- n4gni 1RnAiwtintrn .Svgtem

Shelter arch deflections were desired. Direct deflection measurements
could not be made; thus, the tccelerouluea- data were ut•i•izcd to-t o+-i

deflections. This data had to be double integrated to obtain displacement

data. The best method for double integration of data is by means of a com-

puter. The Kirtland AFB computer facility was used to reduce the acceleration A

time histories to displacement time histories. The method used to obtain

the displacement data is discussed below:

The data tapes were played back on an Ampex FR-1300 tape recorder. 'The

data were converted four channels at a time from analogue data to digital

data by means of a EDCCMP 8032C A/D converter. A digital multiplexed tape

was obtained (Figure 33). A CDC 8090 computer was used to de-multiplex the

AMPEX EMR 28? EDCOMP COC
FRI300 8032C A/D 8090

COMPUTER

TAPE DISCRIMINATOR CONVERTER

RECORDER

"MX TAPE
OUTPUT

ASTRO DATA
TIME CODE
GENERATOR

Figure 33. Digital Reduction System
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tape and produce a stripped digital tape. This tape was cthecked on a display

Unit and. on a prcLA~. f' this -orocedure.

CDC B090 COMPUTER

MX TAPE . STRIPPED

TAPE

STRIPPED MARQUARDT
TAPE DIGITAL

DISPLAY

CALCOMP j
PLOTTER

Figure 34. Procedure Used to De-Multiplex
and Check the Digital Tape

The digital stripped tape consisted of the acceleration time bistory

data. This tape wss then placed in a CDC 1604-B computer system to obtain

a plot tape which yielded displac-etent time history data.

COC 1604-5 COMPUTER

S STRIPPED . . PLOT

TAPE ... TAPE

Figure 35. Conversion -f Stripped Tape to Plot Tape
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m• • .••L •1 in CO f160-' •A •-m1ut• •A to'

obtain the final data. A Calcomn plotter vas used to reproduce the final

data. Both the acceleration and displýcement time histories are preaented.

CDC 160-A COMPUTER

PLOTE
TAPE PLOTTER

Figure 36. Displacement Data Presentation
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L• £ECrION V

DISCUSSION OF DATA

The test data are presented in three supplementary tooks:

Book I Data for Tests: 7-B-I (b)

3-B-i (a)

14-A-2

4-A-1

7-A-3

3-A-2

8-A-i (b)

8-A-2

Book II Data for Tests:, 7-A-2

8-A-i (a)

8-c-i
7-C-4.

6-c-i
8-C-e "-- -

7-c-3

7-C-2

Book III Data. for Tests: 8-B-3

8-B-2

8 '9- 1

7-B-3

7-B-3

10-C-2

10-A-i

10-c-1

7-B-i (a)

7-A-i

7-C-1
3-C-2
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ý:c ýbr i-er nw -iin-ho-, ,Red after commletioxi

of the test programs. Table II shows the original and new numbers, The

original numbers were used for voice annotation on Lhe tapes. 11ae tes

K . numbers were changed to establish meaning to the numbers. The following

information can be noted from the test number:

lst Digit: 6 = 250 lb. G. P. Bomb

7 = 500 lb. G. P. Bomb

8 =1000 lb. G. P. Bomb

3 = 122 mm Rocket (warhead)

10 = Napalm

Letters indicate shelters: Shelters A, B, and C.

Last digit indicates test number on a shelter.

Example: Test 8-A-3

1000 lb. G. P. Bomb detonated at Shelter A.

It is the third test of the series performed

on Shelter A.
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Table II Test Numbering System

Date oU Test Original Test Number _ New Test Number "

July 16, 1969 Test #2 Door of #2 7-B-i (b)

July 16, 1969 Test #1 Door of #2 3-B-i (a) U
July ii, 1969 Failure #2-1 1P-A-2
July 10, 1969 Failure #1-1 14-A-2 I

July 10, 1969 Revet. 2-1 7-A-3

July lo, 1969 Revet. 2-1 7-A-3

July 10, 1969 Rev pet. 1-1 3-A-2
July 10, 1969 9-A-i Repeat N 8-A-1 (b)

July 1o, 1969 9-B-I 8-A-2

July 9, 1969 8-D-1 7-A-2

July 9, 1969 9-A-i 8-A-i (a)

July 8, 1969 9-A-3 8-C-I

July 8, 1969 8-D-3 7-C-3

July 7, 1969 8-E-3N 6-C-I

July 7, 1969 9-B-3 8-C-2

July 7, 1969 8-B-3 7-C-3

July 7, 1969 8-A-3N 7-C-2

July 2, 1969 9-A-2S 8-B-3

July 2, 1969 9-B-2 8-B-2

July 2, 1969 9-A-2N 8-B-I

June 30, 1969 8-A-2S 7-B-4

June 30, 1969 8-B-2 7-B-3

June 30, 1969 8-A-2N 7-B-2 P

June 26, 1969 6-B-3 10-C-2

June 26, 1969 6-A-i 10-A-i w

June 26, 1969 6-A-3 10-C-1

June 25, 1969 8-0-2 7-B-I (a)

June 25, 1969 8-C-1 7-A-I

June 24, 1969 8-C-3 7-C-I

June 24, 1969 1-C-3 3-C-2
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The te5it ,An+ wo ri-t-rdi on four tane recorders, identified as

Tape Recorder 1, 2, 3, and 5. The first set of tests recorded on these

tap-s are identified by a -i (i.e., firs h Lu uf La. r.ukdv' ,ao. I I1<

identified 1-1). When this tape was full, the next tape of the recorder

was identified 1-2. Each tape recorder had a recording capacity of fourteen

channels. The functions recorded on each channel are identified by using

the first letter of each function, the shelter letter, and a number which

identifies the exact location. Examples are given below:

V - 10: Vibration, Shelter A, Location 10

Sb - 6: Strain, Shelter B, Location 6

-c " 4: Pressure, Shelter C, Location 4

Ta - 1: Temperature, Shelter A, Location 1

The test data will now be discussed for validity, and any questionable

data will be pointed out. For exact gage location and the actual time

histories obtained, refer to the data book supplements. Table III on the

following pages gives explanations regarding the data validity.
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This report presents discussions of the: instrumentation system, the

calibration system, and the data reductiiln system of the Concrete Sky

Instrumentation Prograun. These systems are reviewed in great detail so

that future data evaluations and analyses can be performed. The reduced

data is presented under separate cover; however, comments concerning data

validity are presented in Section V. Many of the reduced traces indicated

that the signals recorded were very low level signals. These signals when

reproduced on an oscillograph were in the noise level of the recorded signal

levels. The signal to noise ratio for the instrumentation systems was

approximately 40 decibels or 100 to 1. Therefore, a good detectable signal

had to be at least 1% of the full scale level. For ewuaple, an acceler-

cmeter set for a 10 G full scale level yielded data to a minimim level of

0.1 G. Many nignals were below this level; thus, the comment used in

Section V for these channels is: Noisy signal.

The shelter response dwta for the tests conducted is of a high

quality. This data clearly indicates the peak levels and the natural

frequencies of the structures. The pressure data is extremely high fre-

quency data and is a very diffiuult parameter to measuree. This data is

affected by items such as the placement of the bomb on the ground and the

shrapnel effects. These types of variables mnke the data inconsistent.

Thus, some of the pressure traces are suspect. A considerable amount of time

is still required to evaluate the validity of the pressure traces.
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AFWL-TR-69-181

APENDIX I

PRESSURF TRANSDUCER rALIBRATION CERTIFICATE

CALIBRATION CERTIFICATE

Transducer Flush Mounting No. LD-25 Serial No. 458

CALIBRATION METHOD

Atlantic Research pressure transducers are calibrated by a pulse tchnique.
The transducer is mounted in a vessel filled with nitrogen and the pressure
pumped up to the desired value. The suddett release of pressure by means of a
quick-acting valve results in a pressure step function being applied to the
transducer. The response is observed on an oscilloscope.

This method is simple, unambiguous, and lends itself to absolute calibration
through the use of a standard cell, standard capacitances, and a standard
bourdon tube.

The results of the calibration of the transducer with the above Serial
Number are given below. The calibration data are reproducible within +1%.
For accurate measurements, it is sugSested that a calibration curve be used,

CALIBRATION RESULTS

Temperature 26 0C. Detailed Calibration Data

Capacitance 259 upf Pressure Charge
(psi) G Coulombs)

DC Input Resistance 10.,000 megohms

Leakapt Resistance -- -- --  megohms 25 505

Aver.•w, Sensitivity 50 1090

?I. 5 1.kiC/psi 75 1650

0.083 volts/psi 100 2210
(open circuit)

-118 db ref 1 volt2dyneicm2

(open circuit)

*Resistance from the transducer mounting sleeve. or housing t.o the transducer
output terminal(s); given where applicable.

Measurements made and certified by

49
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APPENDIX II

ACCELERATIUN CALIMKAlUN

Model No. 2264A Serial No. 0995

Range+150 g Manufacturer ENDEVCO

Max. Excitation Voltage 10 V DC AC

Terminals No. R g Restance 1723 i

Terminals No. B g Resistqnce 1726 Q

SENSITIVITY:

Millivolts 2.78/s 7 ritation 10 VDC Applied Load 90 g

LINEARITY & HYSTERESIS: Temperature 809F

Units Millivolts Millivolts

0 0 0 Linearity_ 0.6 %

10 27.82 28.49 Hysteresis _ 0.3 %

30 83.28 83.67

50 138.73 139.01 PSID:

70 196.63 196.36 Millivolt Shift

90 253.66 At Line Pressure of

CALIBRATION FACTOR:

Resistance Millivolts Units (R)

250 k 9.86 3.52

100 k 24.75 8.81

50 k 49.29 17.55

25 k 97.50 34.70

Tested by .A Approved by •

Date 6-6-69

50
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APPENDIX III.

Procedure Used in Scaling the Amplitude

of Reduced Data to Engineering Units

A. Vibration in G

B. Pressure in PSI

C. Strain in • IN/IN

D. Temperature in OF

51
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A VIBRTAION

'Me followitig procedure wao used in obtaining the amplitude

Data Acquisition

1. The dynamic calibration value WLL,: IG = 1 .60* volts

at an amplifier gain of AH = 1000.

2. The test was conducted at an amplifier gain of AR = 300.

3. A 0.5 volt calibration was recorded on tape.

Data Playback

4. The calibration value of No. 3 (0.5 volts) was played

back to an oscillograph with a playback amplifier gain of

A w 20.
p

5. The test data were played back to an oscillograph with

a playback amplifier gain of A = 10

Calculations

a) From No. 1, 1.60 volts = 1 G at A = 1000

b) The test run gain was changed (No. 2), thus

1.60 volts = 1 G at A = 1000

or 00
1. 6 0x3 volts 1 Gat A = 300

1000

0.48 volts = 1 a

c) The voltage calibration level of 0.5 volts (No. 3)

is equivalent to

0.48 volts = 1 G

0.50 volts = 1 (.* ) G

0.50 volts = 1.04 G

d) Therefore, the calibration value played back in No. 4

is equal to:

1.04 G atA =20P

* Representative numbers are used in these procedures for clearer undear-
standing.
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The C'' wIl1iratiton) vrahei of' No. 4it reduced from the

oticillograph Rnd it Is equal to 0.77 inches of deflection.

Thus,

1.04G =G .77 in. at A = 20

p

or

1 .o0= 0.74 in.

f) The test data was played back (No. 5) with an amplifier

gain of 10, thus

1.0 G = 0.74 in. at A = 20

1.0 G 0.74 (10)atA= 10

or
1.0 G 0.37 in.

B. PRESSURE

The following procedure was used in obtaining the amplitude

scale for all pressure channels.

Data Acquiuicion

1. The dynamic calibration value was: 160 DB (o.41 psi)

= 34 millivolts.

2. A 1.0 volt calibration was recorded on tape.

Data Playback

3. The calibration value of 1.0 volts was played back to

an oscillograph with a playback amplifier gain of A = 20.

4. The test data was played back to oscillograph with a

playback amplifier gain of Ap = 10.

Calculations

a) From No. 1 we have 0.41 psi = .034 volts, thus the

equivalent psi level for the recorded voltage calibration of

No. 2 is:

.o34 volts = o.41 psi

and 1.00 volts = 12.05 psi

53
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12.05 psi at A P0. This calibration pltyed to an osc1ilo-

graph is equal to 1.-13 inches, Tlus,

12.05 psi = I.43 in. of deflection

or

I psi 1 0.119 in. at A - 20
12.05 - p

c) The test data was played back at a lower gain (No. 4)

than the calibration, A = 10. Therefore,
P

1psi ____L_
2 0 (0.119 in) = 0.059 inch

C. STRAIN

The following procedure was used in obtaining the amplitude

scale for all strain channels.

Data Acquisition

1. A calibration resistor was placed across one of the

legs of the strain gage bridge circuit. The value of the

resistor was:

RC = 114,0ooo n

This value of resistance is equivalent to a strain value of

720 pin/in. For gages s-4o, S-50, S-90 and S-100, two gtgev

were connected in series, thus the equivalent strain for

Re = 114,000 a is 1040 pin/in.

2. When the calibration resistor was placed across the

circuit, the output voltage was recorded on the tape recorders.

3. Step No. 2 above was always performed at the same

amplifier gain as the test run gain.

Data Playback

4. The R values were played back to an oscillograph

with a playback gain of A = 5.
p

5. The test data was played back to an oscillograph with

a playback amplifier gain of A 10.

p
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Calculations

a) From No. 1, the value of the calibration is 520 pin/in.

b) The calibration value played back to an oscillograph

is equal to

520 pin/in = 0.92 inch of deflection at A 5

c) The test data (No. 5) is played back at A = 10, thus,

520 pin/in = 0.92 (0 inch of deflection

520 pin/in = 1.84 in.

or

100 uin/in = 0.354 inch

D. TEMPERATURE

The following procedure was used in obtaining the amplitude

scale for aU temperature data.

Data Acquisition

1. A 15 millivolt signal was recorded on all channels of

the tape recorderb This signal i8 equivalent to 692* F.

Data Playback

2. The 15 millivolt signal was played back to the X-Y

recorder with a playback amplifier gain of Ap = 5.
L

3. The test data was played back to the X-Y recorder with

a playback amplifier gain of Ap = 25.

Calculations

a) The calibration value (No. 1) played back to the

plotter was equal to 1.7 inches. Thus

15 mv = 692" F = 1.7 in.

4, or

i•t '1000 F = 0.246 in. at A =5

b) The test data (No. 3) was played back at a gain of 25,

therefore,

o000 F = 0.246 in x 5

55
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