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(Distribution Limitation Statement No. 2)

Three aircraft shelters, constructed of corrugated steel and concrete, were
tested by various conventional weapons. The shelters ware instrumented with
strain goges, accelerometers, thermocouples, and pressure transducers. This
report Casurin~e the instrumentat{ - zv~tem used, the exact locations of the
transducers, the calibration procedures used, and the data reductlou system.
All test data and the gage locations are presented in the supplement, The
data are not analyzed in this report. Houever, the quality of the data is
briefly discussed.
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This report describes the Concrete Sky, Phase VIII, Instrumentation
Program conducted at Hill Alr Force Test Range, Utah., Three aircraft
shelters were tested by subjecting the shelters to blasts from various

A g TR £ R

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.

e v TR

The structures were made from double corrugated, 10-gauge metal
arches with 24-foot radii, Bach shelter wae covered with a differcnt
(! thickness of concrete and had a different design and a different
18] materlal for the door. Each shelter had a different thickness of epd-
18 4 wall. The shelters were designated in the following manner:

{ Shelter A: lé-inch Minimum Cencrete Ccver, Nylan Door,
~E _ 2h-inch Endwell
|

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

Shelter C; 24-ineh Minimum Concrete Cover, Steel Door,
36-inch Endwell
Flgure 1 shows the layout of the shelters and the revetments. Mg-
t' ures 2, 3, and 4 show the shelters as seen from the front.

The shelters were subjected to blast pressure and shrapnel effects
of 250 pound, 500 pound, and 1000 pound general purpose bombs, of
122 mm rockets, and to napalm. The weapons were gerially deliﬁared
and statically detonated.

A multichennel ingtrumentation system (shown in Figure %) 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 osclllograph for finasl dats presentation. All the
data are presented in the supplement, This final data puckuge.pre-

' sents each trace as a function of time with the vertical scale in
engineering units and with the horizontel scale in seconds.
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A dats package is presented for each test. The package includes the
time histories O each Transducer &nd a pian shoWing Lic luvabvivii Of &il
meacuring sensors. Thus, the exaci location of measuring sensors is pre-
sented for each test. The data are filtered, amplified or attenuated, and
the arch accelerations are double integrated. Detalled description of the
data reduction is presented latser 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 reductlon syetem.
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SECTION 1T

INSTRUMENTATION SYSTEM

The Concrete Sky instrumentation system consisted of “ransducers 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 transducerl, a
line drive a.mplirierz, a 28-volt direct current power supply, and a magnetic
tape recorder. Figure 6 shows a block diagram of the pressure system.

MICRODOT CABLE

) |
1 NODEL
e
| - UNE oRve | ! HEWLETT
AMPLIFIER | PACKARD
| MODEL 3924
MABNETIC
| TAPE
' RECORDER
|
| 28V DC
PRESSURE 9 |
DIRECTION |"_""' POWER SUPPLY
OTHER e
MODEL LD25 LINE DRIVERS l
ATLANTIC RESEARCH .
PRESSURE T :ANSDUCER TEST o= Jemp INSTRUMENTATION
SITE TRAILER

Figure 6
Block Diegram of the Pressure Measuring System

(1) Atlantic Research, Model ID-25
(2) Gulton, Model KA-1006




The pressure transducer has a piezoelectric crvstal sensing element
which provides an electrical output proportional to the pressure 6n the
face of bhe crysial. When wounbted flush, the transducer will respond &o
transient pressures. The transducer has a flat frequency response through
the rauge of 20 Hz to 10,000 Hz. The transducer measures presgsure in the
direction that it is mounted, as shown in Figure 7. Thus, the mounting of
the transducer determines the type of pressure that will be measured.

Yhen the transduces is mounted so that its face is direcfly in line with
the blast, the output voltage is proportional to the reflected pressure.
When the transducer is rotated 90°, it is measuring the blest overpressure.

Figure 7 shows the two basic mounting configurations.

¥\

REFLECTED
PRESSURE

BLAST |

N\

SIDE-ON
PRESSURE

M

Figure 7
Mounting Configurations for the Pressure Transducers
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! Figures O through i< BNowW The BCTUAL mounving cunilgurabiun. Tiguie o

: ehows the mounting plate for pressure measurements on the inside of the

| ; shelters on the arch wall (P-15)., Flgure 9 shows the plate on the backmall

; (p=13) for inside pressure messurements. In each cuse, the preasure traas-

I ducer was tlireaded into the plate so that the transducer face was fluah

with the plate. In these configurations, the reflected pressure is obtained.

R e R O

' Figure 8. Inside Pressure Transducer Side Wall Mount!ing Plate.

Figure 9. Inside Pressure Transducer Back Wall Mounting Plate.
10
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Figures 10 and 11 show the mounting configuration for outside
pressure messurements. 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 threeded through a mount face plate, and the
plate was bolted to the arch shell mount. Both the transducer and the face
plete were fiueh with the outside cancrete of the arch shell or the backwall.

These trancducers were mounted at incident angles of 0°, l+5°, and 90° with
the blast.

Plgure 10. Outside Pressure Transducer Arch Shell Mount

SV AR
T e T e S ——oursioe. suRFACE oF

: e ////// § CONCRETE COVERED ARCH SHELTER

PRESSURE TRANSDUCER

'CABLE aourso T0
IKSIDE OF ARCH PRESSUNE
B
~T 77 / / X MOUNT FACE PLATE
l". F
< ‘, / — ALLEN BOLT (3 PLACES)
s .'.~r,,~ Xy &, P
ARCH SHELL uouur , * PR
. ‘ ¢ _ ‘t ¢ f L] DR

Figure 11. Complete Outside Pressure Transducer Mounting System.
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Figure 12 shows the pressure transducer mounting configuration for
all ground pressure measurements, both inside the shelter and outside the
sheiter. Again, the transducer was threaded into a plate so that the face
of the transducer was flush with the plate, The plate was then placed at

- ground level, The overpressure was measured in this configuration.

PRESSURE TRANSDUCER
R 2"x 172"
MOUNTING PLATE

LINE ORIVER WITH
SOFT ISOLATION

JPAIII”B

{—comm FOOTING ] :
|

CABLE TO DATA ACQUISITION
TRAILER

S
e o b atne o e

¥

" Figure 12. Outside and Inside Ground Pressure Transducer Mounts

To measure outzide snd inside door pressures, the transducers were
mounted directly to the doors. The transducers were threaded into the steel
and into the aluminum doors so that the transducer faces were flush with
the surfaces of the doors.




The electrical output of the pressure transducer is approximately

80 millivolts per psi, and the capacitance of the erystal 1s approximately
260 pico farads., As a long cable was required between the shelters and the
date acqulsition traller, m preamplifier was required near the transducers,
The preamplifier, or the line drive amplifier, was a low-noise, high-input
impedance, and a high galn 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 = low-noise, low-capacitance
Microdct cable to the line driver. The line driver output wes transmitted
through & ca.ble1 of approximately 1500 feet to the tape recorder. The line
driver used has the specifications shown in Table I.

Teble I Iine Drive Amplifier Bpecifications

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

Adjustable Gain: ~40 DB to Output Voltage of 6,5 Volts
Power Supply

Voltage: 28 Volts

Noise Level: 5 Millivolts

The units were tested and evaluated by MRI. The specifications of Table 1
are the results obtained. The goin 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,

(1) Belden Shielded Instrumentation Cable, Type Mohawk 1661

13
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2. Vibration Measuring System

LY . 1 [] ' . ’ ) *a 1w P N Y
1T VAL ULUIL T DUL LI, DYS LTI COUUDLIVIEW Ul 2 VAUIdULUull Loulauviull

3

3 1 o
! mount , aF accelerometerc, a gage control unit”, a low-pass fllter, a data .

] g
amplifier , and a magnetic tape recorder’. A block diagram of the system

o e

is shown in Figure 13,

i VERTICAL VIBRATION SIGNAL
| . 15 GAGE CONTROL UNIT
! ENDEVCO HONEYWELL MODEL 05
i ACCELER- ‘
| Ay :
TRANSVERSE
2264A VIBRATION
SIGNAL

[ & A

AMPLIFIER
SHIELD
SHIELD DANA MODEL 3420
: Low l .
PASS
: BARRY ISOLATOR MOUMT FILTER 3
: JEKIES E22-02-60 CEt T NODEL 3500

i Figure 13, Block Diagram of the Vibration Measuring Systeu

The accelerometers were s strain gage type using semiconductor gages
for the sensing elements. These units ire referred tc as plezo-resistive
accelerometers, 'The sensing elements provide electrical outputs which are
propcrtional to the G to which the transducers are subjected,

(1) Barry, Series E22-02-60

(2) FEndevco, Model 2264A

(3) Honeywell, Model 105

(4) Dana 2420

{5) Consolidated Electrodynamics Corp., Model 3300
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Figure 14.
peoELoen ol MR o FILTER |l AwpLIFIER o] TAREL *
160 §) 132580 ;
Es @0— AN RPN
anp— ——
Butd Spfd
€- J-Ct. o
AMPLITUDE LEVEL ' ’
MIpgTURE LEVE .
T _
3*' .
6 12 ‘h/ﬁﬂ d
94. - - % '
24 ’ { :
ls ) $ : > \ -- 3
0 - 5 e 15 20 25 30
FREGQUENCY, Hz T
: g
Figure 14. Rlectrical Filter Used in the Vibration Meusuring System.
15 ;i '

In this particular progra.n‘x the accelerometer measurements were
to be used to obtain the structural response of the arches and their

~n L M A W emm A e msncsMecded mnl e . e
Cowdabicns., The anasyiical studise porformed pwiow 4o the mananrament.e

program showed that the structural modes which contributed significently

to the displacement response were in the tirequency band from zero vo 10 Hz.
Thus, the acceleration response contributicns from higher frequency '
components were not desired in the measured response. Two corrective
measures were taken to reduce the higher frequency components from the
acceleration measurements: electrcnic filtering of the accelerometer

signal and mechanicel isolation of the accelerometer body. The filter was a
low pags 10 Hz filter with the components and frequency response shown in
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In addition to the electrical filter, a vibration lsolation mount was
used. A steel block was placed on the mount, and the accelercmeters were
placsd on the steel block. The mount isolated the block and the accelerometers
from the high-frequency vibrations. Thus, the isolation mount provided
mechanical protection for the accelercmeters. The three mounts were tested
in the laboratory to determine the frequency spectrum of the mount-bloc-accel-
ercmeter system. Figure 15 shows the laboratory test setup. Freguencles
above 1000 Hz were attenuated at a rate of 20 Db/octave.

'STEEL BLOCK

)

-

. Fijg(uré 15. Evelustion of the Barry Mount.

Y

E
D
il
A
i }i{l
SHERRD ISR (R O I ! ‘.;=]|(4l t
PO A 5 O O 4 AT
0 100
FREQUENCY, Hz
Berry Mount irrequency Response.

o




! The accelercmeter assembly was protected from the blest environment by

3 A metal ghield. as shewn in Figure 16.

CROSS - SECT!ON
OF TRANSOUCER
MOUNT AND SHELD

L/
VAW

VIBRATION
TRANSDUCERS :

Wt

ISOLATION MOUNT

AABRANNN

Ty T S
RO EIC I il 4

=

TRANSDUCER CABLE ROUTE

ALV AMNNMAND

s

e e T T T
oD AR R NE PR

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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Figure 18. Arch vidration Mounts

The cutpit from the accelerometer was transmitted through a three-
conductor shielded cable (approximately 1500 feet long) to the signal
conditioning equipment in the data scquisition trsiler. The signal con-
ditioning equipment consisted of a gage control unit, a low~pass electri-
cal filter, and & data amplifier for each sccelerometer,

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 bcla.nciné circuit rebalanced the measuring sys-
tem for a zero voltage output, A 114-K ohm calibration resistor was used
to obtain s known equivalent strain value, The gage control unit provided
s switch so that this resistor could be placed across one of the legs of
the l_ﬂhu.tltom 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
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The output of the gage control unit was routed through the low-pass
filter to a D.C. data amplitier. The ampliriers were wired in a diifer-
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 msgnetic tape.

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

unit, a date amplifier, and a magnetic tape recorder. A block diagram of
the system is shown below in Figure 19.

e I m
- TAPE.
o GE_CONTROL AMPLIFIER RECORDER
SN HONEYWELL HONE YWELL |
' DEL 103 MODEL 104 CEC
W. T. BEAN
BAE SERIES WODEL. 3300

Figure 19. Block Diagram of the Strain Ceage Measuring System

Two types of gages were used for strain measurement. Gages placed
on steel were Model BAE-06~250 BB-120 TE]' and gages placed on sluminum were
Model BAE-12-250 EB-120 TE'. These gages have a nominal resistance of 120
ohms and a gage {actor 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-GOO:L adhesive for steel and Eastman 010 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 tyyical strain gage installation.

Figure 20. Door Strain Gage Installation.

Figure 21. Door Strain Gage Installation with Prrtective Coating.
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The strain gages were placed cn the inside of the arch shells, the
ateel door and the aluminum door. Four addiid

Four mddliionkl gages weie placed i the

AAAL W AL

large corrugations of the arch shell, as shown in Figuce 22. These gages,

placed in Shelter B (ﬂb-ho, 50, 90, 100), were installed to messure the
strain distribution in the cross section of the arch.

[

4
-’

ARROWS INDICATE STRAIN AXES ' £

AND STRAIN GAGE LOCATIONS. \

Figure 22, " Arch Strain Gage Installation

21
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A three-wire cable was used from each gage to the data acquisition
traller. The three-wire system minimized the uffects of temperaturc

changes on the strain messurement system,
were not & primary concern, as dynamic strain data were desired.

However, temperature effects

The cables from the strain gages were terminated 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
and provided the calibrasion circuit, the balancing cireuit, and the power

. 8upply.

¢

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

data auplifier to a magnatic tape recorder.

4. ('rup'outﬁu Measuring Sy:tim

The temperature measuring system consisted of a thermocouple, en ice

Junction, a data amplifier, and a megnetic tepe recorder.

dils?im 1s shown in Figure 23.

A gystem block

r WA L
r " -TRANSMISSION CABLE | .
Jm”m" ‘ RECORDER
J o A oy
JUNCTION [~ uo'B‘EL 3420

. MODEL 3300
THERMOCOUPLE
LEAD WIRE

Figure 23. Block Diagram of the Temperature Measuring System
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The thermocouples used were made of chromel'ﬁs. alunel wire. This type
‘ i of thermocouple can measure temperatures to 2500 F. and yields an output of
I A arproxinmately 10 miliivolts for every 500° F. Three configurations of thermo-

@ \\\ couples were used: two for alr temperatures inside the shelters and one for
] the nylon door temperature. Figure 24 shows the configurations used for in-

side shelter tempera.tures', and Figure 25 shows the configuration used for the
nylon door temperature. The exact location of the thermocouples 1g shown in
the data book prior to each test.

THERMOCOUPLE JUNCTION

-I | INCH

11/2 inch GALVANIZED PIPE
WITH PACKED SAND

SHELTER FLOOR

gin lin
:L‘%_E' !

\=eLEAD WIRE TO THE
REFERENCE JUNCTION.

Fgure 24. Inside Temperature Transducer Installation
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FRONT OF SHELTER
L l LEAD WIRE T0
s RENCE

p TG Tio
’ b

LTS MD 'lSHERS
I. OF DOOR

80
ARE
AS

R

THERMOCOUPLE
JUNCTION

NYLON DOOR

Figure 25. XNylon Door Temperature Transducer Installation

The thermocouples were routed to an ice junction located in the shelters.
This Junction provided a known reference for all temperature measurements.
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 i‘ecordi.ng them on a magnetic tape recorder.

5. Data Acquisition System

The data scquisition 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 dats. were recorded at 61 inches per second and at a center frequency
of 54 K Hz, while all the other datc were recorded at 15 inches per second
and at a center frequency of 15,5 K Hz. All the date were recorded with
FM electronics using a deviation of X Lo%.




T P N S o AeRS p0d RO 2

L HEWLETT PACKARD
i" ' ;
_‘ 3924 B |
1 PRESSURE — _
*T TAPE RECORDER .
: 54 K W2 60 ips ‘
, CEC VR 3300
STRAIN TAPE RECORDER + ;
i
"1 skm s ips
b
| CEC VR 3300
VIBRATION - TAPE RECORDER )
¥ 3.5KH 1Sips s
i
CEC VR 3300 s
E TEWPERATURE | TAPE RECORDER  [~—t—
I 13.5 KHz I5ips ]
TECO 856
' r TIME CODE
GENERATION
In ’ MCROPHONE
=Y FOR
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The 40% deviation enabled the pressure data to ve recurded with a
frequency response of O to 10,000 Hz. These dats were deviated through a
of 32,k00 Wz to 75,600 Hz at + 2.5 volts. (Thus, a pressure
equivalent to + 2.5 volts was recorded on magnetic tape as 75,0600 Hz, and
8 negative pressure equivalent to — 2.5 volts was recorded at 32,400 Hz.)

All data, except the preassure datae, were recorded with a frequency
respouge of 9 to 2,500 Hz. These date were deviated L Lo from the center

{requency of 13.5 K Hz at + 5 volts.

The four tape recorders were time correlated with a time code generatorl.

The output of the 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.

Volce annotation was recorded on all tepe units on Prack 14. The voice

+rack identified each event on the tapes.

—s am—

(1) FECO 858
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SECTION III

CALIBRATION OF INSTRUMENTATION SYSTEMS

Dynamic and electricel calibrations were pertormed on all messuring
systems. Known pressure and vibration levels were applied to tue 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 new and
hed 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, each transducer obtained was
verifled prior to actual installation.

Prior to each test and following each test, & 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 callbration pressure was cbtained by using a microphnn.l. This
unit was calibrated in an acoustical laboratory, so that a specified

P

el
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voltage produced a decibel level at a ygiven frequency. From this calibration

the following was obtained:

A voltage signal of 7.42 volts (RMS) at 40O Hz applied to the calibrator
produces an output of 160 DB, which iz equivelent to 0.29 psi (RMS). Therefore,
the fleld 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 traller, and the exact voltage was tabulated on a data

sheet.

——. w———

(1) Whittaker Photocon Dynamic Pressure microphone, Model PC-120
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0SCILLATOR, i il
PRESTON [ )
WODEL 135 | |
! 351 oTocon DYNAMIC Pnsssuae TRANSDUCER I
| PRESSURE CALIBRATOR , :
3 MODEL PC - '2°>a | / 77 |
. N /! i)
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 ANPLIFIER, ¥
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. TRANSDUCER

N A C . SENSING DIAPHRAGM o
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' l ) ‘4

DOOR PANEL B
i 1

S !
; ' - FLUKE ;
a - 0SCILLOSCOPE
. VOLTMETER ,
. t . i 5
: ﬂ : : INSTRUMENTATION TRAILER . -
:f; Figure 27. Dynamic Pressure Transducer Calibration System '
|
i_ All dynamic pressure callbrations were pexrformed by placing the cali-
' Ii brator over the face of the transducer, as showmn in Figure 27. The
i

transducers were mounted in place prior to the callbrations, 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 & block diagram of the laboratory calibration system.

e A. C. VOLTMETER

MB VIBRATION
EXCITER

MB POWER
AMPLIFIER

| —— 0SCIL LOSCOPE

T

OSCILLATOR

Figure 28, Laboratory Vibration Transducer Calibration System

A transducer calibration certificate was obtained for each accelercmeter, &
sample copy of wiilch is shown in Fnclosure 2. This calibration verified the
frequency response of the accelercmeter and established the sensitivity and
linearity of the accelerometer.

Prior to each series cf tests, a one g ~alibration was performed by
rotating the accelerometer 90°, (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,

PRV L e
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Figure 29. Field Vibration Transducer Calibration System

3. Strain Calibretion System

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 velue, 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 tepe recorder
prlor to each test.

30
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Figure 30. Schematic for the Strain Gage Calibration System

The resistor calibration value was equivalent to 518 Win/in as shown
below:

R
€ =
KN(Rca.lib +R)

where € = strain value in Min/in

R = strain gage resistance in ohms

X = manufacturers gage factor

N = number of active gages

Rca 1ib = calibration resistance value in ohms

R -
€ = T2.03) (1) (114,000 + 120)° 518 uin/in
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[ i 4, Temperature Caiibralion Sysisa ; :
§ ¥ ' The temperature measuring system was calibrated electrically by i;
{ g inserting s known voltage into the clrcuit as shown in Figure 3L. Tha ) %?
; precision voltage was recorded on tape and used for data reduction. ?;
: . .
P Standard conversion tables for thermocouples were used to establish 1
Ly an equivalent temperature for & given voltage. All thermocouples were !
calibrated with a 15 millivolt_signal equivalent to 692° F. for the chromel i
vs. alumel thermocouples used and with an ice reference junction. ?;
: “
| | . i
; OPERATE POSITION |
f TEST AREA <obe INST. VAN i
[t ' AMPLIFIER " g
| o~ : | ' :
;‘ " 1 ‘ - "
. ruenuocoupuz : i
- JUNCTION ‘ L CALIBRATE POS. - 1
H \ :
| - !
B - L-—-J ) @€
o REFERENCE PRECISION TAPE -
L FUNCTION MV SOURCE RECORDER |
| | -
L K
! Figure 31.. Block Disgram of the Tempersture Calibratlon System }
' v
é; 5. Tape Recorder Calibration
[

‘ The four tape recorders were set up for the correct carrier frequencies
and + 4L0% 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 simultaneously recorded on each

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

of data.

e s,




T ——— o —arr e e e < < o

SECTION IV

DATA REDUCTION

An analogue and a digitel deta reduction system were used to reduce the
data. The pressure, the strain, the temperature, and the foundation vibration
data recorded on megnetic tape were played back to sn oscillograph and to
a plotter. Scales in engineering unlts were placed on the data. The arch
vibration date were digitlzed and docuble integrated by a computer, so that
arch displacements were obtained on a Calcomp plotter. All the data are
presented in data books under & separate cover. In this section the dats
reduction techniques are discugsed.

1. Analogue Reduction System

The analogue reduction system consisted of a tape recorder, variasble
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 wevc reduced. The pressure deta were played back at 1-7/8
ips, 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 & Rockland variable
filter which alternates at 24 DBfoctave. The output of the filter was
amplified by a wide band a.mplifierl. The output of the amplifier was
recorded on an oscillographz. The temperature deta were recorded on an X-Y
recorder3 because the changes in temperature occurred very slowly. The X-Y
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 acaling the
datas to engineering units are presented in Enclosure 3.

TI) Preston, 8300

(2) Honeywell, 1508
(3) Mosley, T00kA




o AMPEX PRESSURE OUTRUT i 7/8 ips .
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aE FR 1300 STRAIN & ‘ACCELLERATION OUTPUT 3 3/4 ips .
g TAPE !
: RECORDER TIME CODE OUTPUT X

TEMPERATURE OUTPUT 7 1/21ips
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" T EECO 838 ROCKLAND ROCKLAND Co
Sl TIME CODE 1020 F FILTER 1020 F FILTER ;
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Figure 22
Anslogne Data Reduction System

34 ;o




P e i e e e e <

n !_\_'l_gitgl Radnetdon System

Shelter arch deflections were desired. Direct deflection measurements
could not be mede; thus, the uccelerometer data wers utlilized te cobtain
deflections. This data had to be double integrated tc cbtain displecement
data. The best method for double integration of date is by means of a com-
puter. The Kirtliand AFB computer facility was used to reduce the acceleration
time histories to displacement time histories. The method used to obtain
the displecement date is discussed below:

The data tapes were played back on an Ampex FR-1300 tape recorder. 1The
date were comverted four channels at a time from analogue data to digital
data by means of & EDCOMP 8032C A/D converter. A digital multiplexed tape
was obtained (Figure 33). A CDC 8090 computer was used to de-multiplex the

AMPEX EMR 267 EDCOMP " coe
FRI300 » 8032¢ A/D 8090
e COMPUTER
TAPE DISCRIMINATOR |—»  CONVERTER g
RECORDER e
B M MX TAPE
OUTPUT
ASTRODATA
L] e cooe |
GENERATOR

[T

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

unit ana on & piovier. Figuie % shows 2 block disgran of this vrocedure.

CDC 8090 COMPUTER

STRIPPED
TAPE

<

MX TAPE

STRIPPED o MARAUARDT ' -

TAPE : DISPLAY

v | . CALCOMP ' -
PLOTTER i

Figure 34. Procedure Used to De-Multiplex 3
and Check the Digital Tape :

The digital stripped tape ccnsisted of the acceleration time history
data. This tape was then placed in a (DC 1604-B computer system to obtain '
8 plot tape which ylelded displacement time history data.

COC 1604-B COMPUTER
STRIPPED PLOT
TAPE —® TAPE
' 1

Figure 35. Converslon ~f Stripped Tape to Plot Tape
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obtain the final data.

data. Both the acceleration and displacement time histories are presented.

v vrna
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i 1 .
4 in o CDC 160-A computar systam to

A Celcomp plotter wag usged to reproduce

<t

COC 160-A COMPUTER

PLOT o CALCOMP
TAPE PLOTYER
Pigure 36. Displecement Data Presentation
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SECTION V

DISCUSSION OF DATA

T HTE TETELET DT RO T T LHAVAET S A IAY RO S s s

The test data are presented ir three supplemenfary tcoks;

Book T

Book II

Book IIX

Data for Tests:

Dgta for Tests:.

Data for Tests:

38

7-B-1 (D)

3-B-1 (a)
1h-p-2
ikep-1

T-A-3

3-A-2 \
8-a-1 (b)

8-A~2

TeA~?
8-A~1 (=)

-~ §-C-1

7-C~ .
6-C-1

8-C-2 C T ~—
7-C-3 |

T-C-2

§-8-3
8-B-2
8- 71
7-B-b
7-B-3
T=B=2
10-C-2
10-A-1
10-C-1
T=B=1 (a)
T-A-1
7-C=1
302
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’I‘llc tést mankors :hc;m abcw‘re ware naw rimhers used after CQmpletion
of the test programs. Table II shows the original and new numbers, The

original numbers were used for voice annotation on Lhe tapes. The test

i ke A e A i et Tt =B

nurbers were changed to establish meaning to the numbers. The following i
information can be noted from the test number:

1st Digit: 6 = 250 1b, G. P. Bomb
T = 500 lb. G. P. Bomb
8 = 1000 1h. G. F. Bomb
3 = 122 mm Rocket (warhead)
10 = Napalm

letters indicate shelters: Shelters A, B, and C.
last digit indicates test number on & shelter.

Example: Test B8-A-3

1000 ib. G. P. Bomb detonated at Shelter A.
Tt is the third test of the serles performed
on Shelter A.

i
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. Table II Test Numbering System

Date of Test Original Test Number New Test Number
July 16, 1969 Test #2 Door of #2 7-B-1 (b)
July 16, 1969 Test #1 Door of #2 3-B-1 {8)
July 11, 1969 Failure #2-1 14-p-2 §
July 10, 1969 Failure #1-1 14=A-1 §:
July 10, 1969 Revet., 2-1 T-A-3 =
July 10, 1969 Revet. 1-l 3.A-2 H
July 10, 1969 9-A-1 Repeat N 8-a-1 (b)
July 10, 1969 9-B-1 8-A-2
July 9, 1969 8-D-1 T7-A~2
July 9, 1969 9-A-l 8-A-1 (a) o
July 8, 1969 9~A-3 8-C-1 )
July 8, 1969 8-D=3 7-C-3 §-
July 7, 1969 B-E-3N 6-C-1 S
July 7, 1969 9-3-3 8-0-2 ®
July 7, 1969 8-B-3 7-C=3
July 7, 1969 8-A=3N TaCug
July 2, 1969 9-A-28 8-B-3
July 2, 1969 9-B-2 8-B-2
July 2, 1969 Quhw2N 8-B-1
June 30, 1969 8-A-28 7-B-4
June 30, 1969 8-B-2 7-B-3 2
June 30, 1969 8-A~2N 7-B-2 g
June 26, 1969 6~B-3 10-C-2 §’
June 26, 1969 6mA=l 10-A~1 :
June 26, 1969 6-A=3 10-C-1
June 25, 1969 8-C-2 T=-B=1 (a)
June 25, 1969 8-C~1 T-A-1
June 2k, 1569 8-C-3 T-C-1
June 2L, 1969 1-C=3 5=C-2

é/
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The tact data were rerarded on four tape recorders. identified as
Tape Recorder 1, 2, 3, and 5. 'The first set of tests recorded on these
taprs are identified by & =1 (i.e., first tape ol Lape recorder no. 1 1s
identified 1-1). When this tape was full, the next tape of the recorder
was identified 1-2. Each tape recocrder had & recording capacity of fourteen
channels. The functions recorded on each channel are ldentified by using
the first letter of each function, the shelter letter, and a number which
identifies the exact location. Exemples are given below:

Va - 10: Vibration, Shelter A, Location 10
5, = 6: Strain, Shelter B, lLocation 6

P - ke Preseure, Shelter O, 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 ocut. For exact gage location and the actual time
histories obtained, refer to the date book supplements. Table III on the
following pages gilves explanations regarding the data validity.
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This report presgents discussions of the instrumentation system, the
calibration system, and the data reduction system of the Concrete Sky
Instrumentation Program. These systems are reviewed in great detall so
that future data evaluations and analyses can be performed. The reduced
data is presented under separate cover; however, comments concerning data
velidity 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 oscillogiaph were in the nolse level of the recorded signal
levels. The signal to noise ratio for the instrumentation systems was
approximately 4o decibels or 100 to 1. Therefore, a good detectable signal
had to be at least 1% of the full scale level. For example, an acceler-
cmeter set for a 10 G full scale level yielded data to a minlmum level of
0.1 G. Many nignals were below this level; thus, the comment used in
Section V for these channels 1s: Noisy signal.

THe shelter response duta for the tests conducted is of e high
quality. This deta clearly indicates the peak levels and the natural
frequencies of the structures. The pressure data is extremely high fre-
guency datea and is a very difficult parameter to measure. Thls 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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APPENDIX I
PRESSURF TRANSDUCER CALIBRATION CERTIFICATE

N e Tovmm 9 10£0

s —r veame 3

CALIBRATION CEKRTIFICATE

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

CALIBRATION METHOD

Atlantic Research pressure transducers are calibrated by a pulse technique.
The transducer is mounted in a vessel filled with nitrogen and the pressure
pumped up Lo the desired value. The sudden release of pressure by means of a
quick-acting valve results in a pressure step function beiung applied to the
transducer. The response i1s observed on an oscilloscope.

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

The results of the calibration of the transducer with the above Serial

Number are given below. The calibration data ave reproducible withim +1X.
For accurate measurements, it 1s suggested that a calibration curve be used.

CALIBRATION RESULTS

Temperature 26 °C. Detailed Calibration Data
Capacitance 259 up £ Pressure Charge

ggsiz (up_Coulombs)

DC Input Resistance 10,000 megohms

Leak:y - Resistance® w———=- megohms 25 505
Averav Sensitivity 30 1090
1.5 yucC/psi 15 1650
_0.083 volts/pei 100 2210

(open circuit)

~-118 db ref 1 volt:/dym:/‘c:m2
(open circuit)

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

Meagurements made and certified by M___
Vv P

(e
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APPENDIX 11

ACCELERATION CALLBRALION

Model No. 2264A Serial No. 0995

Range +150 8 Manufacturer ENDEVCO

Max. Exctitation Voltage 0v DC AC
Terminals No. Rg Restance 1723 @

Terminals No. B g Resistance 1726 Q

SENSITIVITY:

Millivolta__ 2.78/g ™ r~itation 10 VDC _ Applied Load __90 g

LINEARITY & HYSTERESIS: Temperature 80°F

Units Millivolts Millivolts
(g) (up) (down)
0 0 0 Linearity 0.6 %
10 27,82 28,49 Hysteresis _ 0.3 2
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 (g)

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 . Shaks Approved by m
Date 6-6-69 '
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APPENDIX III

Procedure Used in Scaling the Amplitude
of Reduced Data tc Engineering Units

A.
B.
c.
D.

Vibration in G
Pressure in PSI
Strain in p IN/IN
Temperature in °F
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A VIBRATION

The tollowlng procedure was used in obtaining the amplditude

Data Acquisition

1. The dynamie calibration value wus: 1G = 1.60* volts
at an amplifier gain of AR = 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
b, The calibration velue of No. 3 (0.5 volts) was played
back to an oscillograph with e playback amplifier gain of
A = 200
P
Se The test date were played back to an osclllograph with

8 playback amplifier gain of AP =10 T

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
290 - -
1.60 x 7000 volts = 1 G at A = 300
0.48 volts = 1 G
e) The voltage calibration level of 0.5 volts (No. 3)

is equivalent to

0.48 volts =1 @
0.50 volts = 1 (-:?;g ) G
0.50 volts = 1.0k G
d) Therefore, the calibration value played back in No. b
is equal to:
1.04 G at'Ap = 20

# Representative numbers are used in these procedures for clearer under-

standing.
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o The: enlibration value of No. 4 {ig reduced from the
onciilograph end it is equal to O.77 inches of deflection.

gain of 10, thus

1.0G = 0.74 in. at A = 20

1.0 G

o 110 _
0. 74 (53) at A = 10
or

“1,0 G = 0.37 in.

PRESSURE
The following procedure was used in obtaining the amplitude

scale for all pressure channels.

Data Acquisition
1. The dynamic calibration value was: 160 DB (0.41 psi)
= 34 millivolts.

Thus, '
1.0k G = 0.77 in. at Ap=20 _
or )
1.0(;._—%1-&,- = 0.7% in. :
) The test date was played back (No. 5) with an amplifier

2. A 1.0 volt calibration wes 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 AP = 20.

L, The test dats was played back to oscillograph with a
playback amplifier gain of AP = 10.

Calculations

a) From No. 1 we have 0.41 psi = .03 volts, thus the
equivalent psi level for the recorded voltage calibration of
No. 2 is:

.034 volts = 0.41 psi
and 1.00 (k1) s
1.00 volts = —'76%1;“‘1 = 12,05 psi :
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12.05 psi at Ap = 20. This calibration plryed to an oscillo-
graph is equal to {.43 inches, Thus,

12.05 psi = 1.43 in. of deflection

or
_ k3 dn. -
1 psi = N 0.119 1in. at Ap = 20
e) The test data was played beck at a lower gain (No. 4)

than the calibration, AP = 10. Therefore,

1 ped = %% (0.119 4n) = 0.059 inch

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:

R, = 114,000 @

T™is value of resistance is equivalent to a strain value of
520 pin/in. For gages S-40, S-50, 8-90 and $-100, two geges
were connected in series, thus the equivalent strain for

R, = 114,000 0 1s 1040 pin/in.

2. When the calibration resistor was placed across the

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

3. Step No. 2 above was always performed at the same
amplifier galn as the test run gain.

Data Playback
4, The R, values were played back to an oscillograph

with a playback gain of Ap =5.

5. The test data was played back to an oscillograph with
a playback amplifier gain of A.p = 10.
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Calculations

a) From No. 1, the value of the calibration is 520 uin/in.
b) The calibration value played back to an oscillograph
is equal to

520 uin/in = 0.92 inch of deflection at Ap =5

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

520 yin/in = 0.92 ("—‘52 ) ineh of deflection
520 pin/in = 1.84 in,
§ or
100 Hin{in = 0.221& inch
D. TEMPERATURE

The following procedure was used in obtaining the amplitude
scale for all temperature data.

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

the tape recorder. This signal is eguivaleat to 692° F.

Data Playback
2. The 15 millivolt signal was played back to the X-Y
recorder with a plasyback amplifier gain of Ap =5,

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

T TSI LAY SR Nmrrmwwm-.w‘m i

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

[T

poec- L

15 mv = 692° F = 1.7 in.

or

‘ 100° F = 0.246 in. at A = 5
|
b) The test data (No. 3) was played back at a gain of 25, i
¢ + therefore, 'i».
100° F = 0.246 in x 2%

100° F = 1.2% inches at A_ = 25

Snta—— P
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