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ABSTRACT

The work reported herein constitutes Phase I of an NSF

Small Business Innovative Research Project concerned with evalu­

ating the feasibility and validity of simulating seismic motions

on a sizable structure by using cold gas pulse generators that

duplicate the effects of strong-motion earthquakes. To this

end, the following tasks were accomplished: (1) a test struc­

ture resembling a three-story moment resisting building frame

was designed and erected; (2) a finite-element model of the

structure was developed and used to generate the system impulse

and criteria response under the EI Centro and San Fernando'

earthquakes; (3) previously-developed optimization techniques

were then used to design suitable pulse trains for motion simu­

lation; (4) two cold-gas pulse generators were mounted on the

top floors of the test frame and after being connected to a

suitable hydraulic system, energy storage devices, and a control

microcomputer, were used to apply the optimum pulse trains.

Analysis of the experimental measurements show that the demon­

stration tests were successful in validating the pulse simula­

tion methodology as well as the capability of the gas pulse

generators to reproduce 1 with sufficient accuracy 1 the micro­

computer-commanded pulse trains. Addi tionally, this research

was supplemented by design and construction of a solid propel­

lant rocket which was test fired on the test structure. Patents

for both the gas pulse system and the solid propellant rocket

are being applied for.
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SECTION 1

INTRODUCTION

1.1 BACKGROUND

Recent analytical and experimental studies [1-4] indicate

that a rUdimentary series of rectangular or other simple pulses

could be convolved with the impulse response functions of a

structure to induce motions closely approximating those caused

by nautral and man-made events. This result greatly simplifies

the control of high energy devices as the problem is reduced to

three functions of on, off, and amplitude control. It was

further determined that the excitation could also be applied

directly to structures at one location or at multiple locations

of test convenience and in single or multiple axes. When the

structural excitation is caused by base motions, pulse simula­

tion with generators attached to the same structure can dupli­

cate the natural or man-made event with the exception of the

rigid body modes.

1.2 SCOPE OF WORK

The goal of this research proj ect is to investigate the

feasibility and validity of simulating motions of sizable struc­

tures by using cold gas pulse generators that duplicate strong

motion earthquake effects. To this end, the following tasks

were accomplished:

a. A test structure resembling a three-story building

frame was designed and erected (Section 2).

b. A finite element model of the test structure was

constructed and used to generate the system impulse

response functions and criteria response under two

well known earthquakes as well as under swept-sine

excitation (Section 3).

1
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c. Previously-developed parametric optimization tech­

niques were then used to select suitable pulse trains

for motion simulation (Section 4).

d. Two cold-gas pulse generators were mounted on the top

floor of the test frame and attached to the hydraulic

system, energy storage devices, and the control micro­

computer (Section 5) ..

e. The pulse generators and the frame were then provided

with suitable pressure, force and motion sensors

together with the associated data acquisition hardware

(Section 6).

f. The pulse generators were then used to furnish an

impulsive excitation for force calibration purposes as

well as to provide experimentally determined impulse

response functions of the frame (Section 7).

g. With the pulsers configured as in part (d), they were

used to apply the optimum pulse trains of part (c)

(Section 8).

h. The measured frame response as well as the signals

used to monitor the performance of the gas pulsers

were recorded and later used to evaluate the test

adequacy (Section 9).

i. A preliminary investigation of using solid fuel

rockets to furnish needed pulse trains was conducted

(Section 10).

2
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SECTION 2

TEST STRUCTURE

2.1 DESIGN OF BUILDING FRAME

A building frame resembling a three-story steel frame

structure [5] that has been extensively tested by means of the

earthquake simulation facility at the University of California,

Berkeley (UCB) was designed. This test structure consisted of

two identical, single-bay, moment-resistant frames having the

dimensions shown in Figure 2.1-1.

The test structure was designed to support a total weight

of approximately 5000 lbs and to have a fundamental frequency of

about 1.7 Hz. All columns were made of standard steel sections

5/8 in. x 6 ~n. flat bars of 1018 cold rolled steel and all

beams were S 3 x 5.7.

2.2 MODAL CHARACTERISTICS OF BUILDING FRAME

A finite element analysis of the test frame shown in Fig­

ure 2.1-1 was conducted to determine its modal characteristics.

The input data file used for this analysis is shown in Fig­

ure 2.2-1, the corresponding discretized mathematical model is

given in Figure 2.2-2, and the first four mode shapes are illus­

trated in Figure 2.2-3.

2.3 STABILITY ANALYSIS OF BUILDING FRAME

In order to determine the stability boundaries of the test

frame, a buckling analysis was performed to determine the criti­

cal static load Wcr that will cause the frame to buckle. The

input file for the stability analysis is given in Figure 2.3-1.

Treating the concentrated masses in Figure 2.2-2 as concen­

trated weights totaling 13.308 units, results in the value of

the eigenvalue Acr associated with the buckling analysis being

equal to 7709 with a buckled shape indicated in Figure 2.3-2.

Thus, the critical buckling weight Wcr ~n this case is

7709 x 13.308 = 102,560 lb. Using a knock-down factor of 10

3
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leads to a corresponding buckling load
significantly higher than the operational
test.

2.4 FOUNDATION DESIGN

R-8428-5764

of 10,256 lb which is
values used during the

Due to the high thrust levels anticipated during the test,
special attention was devoted to the design of the base slab
supporting the test stucture so as to ensure sufficient resis­
tance to overturning. The plan and elevation views of the
foundation are shown in Figure 2.4-1.

2.5 CONSTRUCTION PROCEDURE

The test structure was assembled at its final location from
the individual components shown in Figure 2.1-1. Details of the
construction procedure for the welded base plate as well as the
welded structural joints are shown in Figures 2.5-1 and 2.5-2.
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SECTION 3

CRITERIA RESPONSE

3.1 GENERATION OF IMPULSE FUNCTIONS

The impulsive response of the test frame to a unit impulse
applied to its top (free end) were analytically determined by
applying a short duration force to the mathematical model shown
in Figure 2.2-2. The resulting impulsive displacement,
velocity, and acceleration responses, under the assumption that
the test structure has a damping ratio ~ = 0.02, are shown in
Figures 3.1-1, 3.1-2, and 3.1-3 respectively.

3.2 GENERATION OF CRITERIA RESPONSE FOR EL CENTRO
EARTHQUAKE

The acceleration time history corresponding to the 1940 El
Centro earthquake was applied in the form of an inertia load to
the finite element model shown in Figure 2.2-2. The El Centro
earthquake record characteristics are summarized in Figure 3.2-1
and the corresponding criteria displacement response Xl (t) of
the top floor of the test structure is shown in Figure 3.2-2.

3.3 GENERATION OF CRITERIA RESPONSE FOR SAN FERNANDO
EARTHQUAKE

The charateristics of the San Fernando earthquake record
that was used are summarized in Figure 3.3-1 and the corres­
ponding criteria response is shown in Figure 3.3-2.

3.4 GENERATION OF CRITERIA RESPONSE FOR SWEPT-SINE
EXCITATION

The criteria response of the test structure
example deterministic excitation consisting of a
excitation covering its fundamental frequency is

Figure 3.4-1.
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SECTION 4

OPTIMUM PULSE TRAINS

4.1 PULSE OPTIMIZATION TECHNIQUES

The mathematical approach depicted in Figure 4.1-1 was used

to determine the optimum pulse trains for each of the criteria

responses. Details concerning the computer algorithm used for

pulse optimization are available in Reference [3].

4.2 GENERATION OF OPTIMUM PULSE TRAINS FOR EL CENTRO
EARTHQUAKE

Following the procedure of Section 4.1, an optimum pulse

train was determined to match the criteria response of the test

structure under the El Centro earthquake. The optimum pulse

train characteristics are summarized in Figure 4.2-1. The

designations "APOLD," "DPOLD," and "TPOLD II correspond to the

amplitude, duration, and initiation time, respectively, of each

pulse.

Figure 4.2-2(a) compares the exact (criteria) and approxi­

mate (estimated) response. The corresponding optimum pulse

train is shown in Figure 4.2-2(b). The same results 1n

Figure 4.2-2 are plotted with more time resolution 1n

Figures 4.2-3 to 4.2-5.

4.3 GENERATION OF OPTIMUM PULSE TRAIN FOR SAN FERNANDO
EARTHQUAKE

The optimum pulse train characteristics for San Fernando

earthquake are shown in Figure 4.3-1. A comparison of the exact

and approximate response 1S given 1n Figure 4.3-2. Similar

results with higher time resolution are shown in Figures 4.3-3

to 4.3-5.
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I .:': APOLO( J I K;• OPIJLO( J I ~~ ) TPOLO( J J K).'
1 1 2. a:34E+02 4. 442E-02 1.204E-01
1 .;. 5. 762E+02 4. 689E-02 5.001E-01-1 3 -9. 041E+02 1.705E-01 1.400E+00
1 4 5. 000E+03 3.e00E-02 1.637E+00
1 5 -4.070E+03 3.e03E-02 2. 000E+00
1 .- 7. 371E+02 1.52SE-01 2.531E+00t,)

1 "7 -4. 421E+02 1.210E-01 3. 024E+0e•
1 -:. 1.352E+03 3. 715E-02 3. 510E+e0'J

1 9 -1.e43E+03 9. 481E-02 4.ee8E+00
1 10 -1.212E+03 1.020E-01 4. 655E+00
1 11 2. 663E+03 3.0e0E-02 5.0e0E+e0
1 12 -3. 192E+03 3. 716E-02 S.S4SE+0e
1 13 -1.196E+03 3.S23E-02 6. 233E+00
1 14 -1.773E+03 5. 332E-02 6. 745E+'3e
1 15 -1.S92E+03 3.0eeE-02 7. 376E+0e
1 16 -1.239E+03 6. 928E-02 7. 616E+0e
1 17 6. 474E+02 6.2S0E-02 8.ee0E+0e
1 18 1.021E+03 6.248E-02 8.S06E+00
1 19 2. 134E+02 9. 296E-02 9. 117E+0e
1 20 -2. 163E+02 8. 215E-02 9.500E+0e
1 21 -4. 042E+02 6. 736E-tZt2 1.e00E+01
1 22 1.125E+03 5. 535E-02 1.059E+01
1 23 3. 084E+03 3.e00E-e2 1. 127E.+01
1 24 -4.678E+03 3.eeeE-02 1.167E+01
1 25 3. 434E+03 3. 000E-02 1.200E+01
1 26 -1.338E+e3 3. 000E-et2 1.2S0E+01
1 27 -2.969E+03 3.000E-02 1.300E+01
1 28 -4.874E+02 6. 916E-02 1.362E+01
1 29 -5. 678E+02 9.8SSE-02 1.419E+01-----------_...--------.-.-------- ._--------------

FIGURE 4.2-1. OPTIMUM PULSE TRAIN FOR EL CENTRO EARTHQUAKE
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J K APOLD(J,K) DPOLD<J,K) TPOLO( J,K)
1 1 -1.257E+01 4. 888E-02 a.716E-03
1 2 -1. 153E+02 4. 125E-02 3. 851E-01
1 3 -4. 10SE+02 4. 203E-02 6. 865E-01
1 4 1.335E+03 3.000E-02 1.052E+0e
1 5 -1.e75E+03 S.425E-02 1.358E+0e
1 ... -5. 821E+02 6.041E-02 1.750E+0eb

1 7 6.949E+02 7.5S4E-02 1.954E+e0
1 8 -6. 129E+02 1.0S0E-01 2. 321E+0e
1 9 6. 490E+02 1. 191E-.0I 2.4S0E+Oe
1 10 -7. 794E+02 7. 286E-02 2. 713E+00
1 11 -7.S28E+0I 1.2eeE-Ol 3. I60E+00
1 12 -3.266E+02 1.e46E-01 3.SS0E+00
1 13 -7. 234E+02 6.S70E-02 3. 723E+00
1 14 S.317E+02 7.S2IE-02 4. 103E+00
1 15 -1.885E+02 I. l18E-01 4. 392E+Oe
I 16 -5. 781E+01 1. l11E-01 4. 694E+eO
1 17 3.3eSE+Ol 1. 137E-el 4. 988E+oe
1 18 2. 121E+02 1. 142E-01 S.286E+oe
1 19 -1.364E+02 1.068E-01 5. 557E+00
1 213 -8.280E+e1 1.e43E-01 5.9S0E+OO
1 21 -9.688E+02 3.0eOE-0Z 6. 103E+oe
1 22. 5. 867E+02 4.40SE-02 6.30eE+oa
1 23 6. 070E+02 4.219E-02 6. 770E+eo
1 24 -7.212E+02 3. 02IE-02 7.10SE+eo
1 2S 9. 877E+02 3.0eOE-02 7. 241E+ee
1 26 -2. 09~3E+02 4.525E-02 7.S23E+0e
1 27 -1 . 45-5E+03 3.eeeE-02 7. 979E+e0
1 2S 3. 581E+0Z 3.709E-02 8.3S0E+oe
1 29 4. 764E+02 5. 16SE-02 8. 567E+00
1 30 9.457E+(1l 4. 843E-02 8. 826E+eo
1 31 -5. HHE+ez 4.5!52E-02 9. 117E+OO
1 32 5. 442E+01 3.eOOE-02 9. 429E+ee
1 33 6. 785E+02 3.000E-e2 9. 766E+ee
1 34 2. 676E+02 3. 564E-02 1.0ISE+el
1 35 -6. 254E+02 3. 923E-02 1.036E+Ol
1 36 5. I44E+02 3.eOOE-02 1.0S9E+Ol
1 37 -4. 402E+02 3. 049E-02 1.093E+01
1 38 7. 322E+01 4. 803E-02 1. 110E+01
1 39 8. 666E+02 3.e00E-02 1.151E+01
1 40 -2.441E+02 5. 151E-e2 1. 187E+01
1 41 -2. 151E+02 8. 623E-02 1. 221E+01
1 42 6. 519E+01 8. 798E-02 1.251E+01
1 43 1.58eE+02 8. 77eE-a2 1.276E+01
1 44 1.702E+02 8. 437E-02 1.30SE+01
1 45 -2. 147E+e2 8. 651E-02 1. 337E+01
1 46 -1.4l1E+0Z 9. 185E-02 1.369E+01
1 47 7. 462E+01 8. 985E-02 1.40SE+01
1 48 1.532E+02 7. 981E-9Z 1.431E+91+++++. fo I I I I I I I , tot , , , I fo+ , , I , I , ,

FIGURE 4.3-1. OPTIMUM PULSE TRAIN FOR SAN FERNANDO EARTHQUAKE
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4.4 GENERATION OF OPTIMUM PULSE TRAIN FOR SWEPT-SINE
EXCITATION

The optimum pulse train characteristics for the swept-sine

excitation are shown in Figure 4.4-1, and a comparison between
the exact and approximate response is given in Figure 4.4-2.
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J .< APOLD( J .' K) DPOLO( J J f< ) TPOLO(.J,K)
1 1 -7.547E+01 3. 000E-02 4. 548E-e5
1 -. 2. 882E+02 3.000E-02 5. 500E-01.-"-

I 3 ., "'6~E+13" 3.015E-02 8.445E-01I • I '. "-

I 4 1.196E+03 3.e05E-02 1.148E+e0
1 5 1.416E+03 3. 007E-02 1.447E+00
1 6 1.471E+03' 3. 481E-02 1.733E+00
1 '7 1.279E+03 3. 577E-02 2. 027E+00
1 8 8.401E+02 3. 585E-02 2.317E+00
1 9 .".\ -7 -E+0? 3. 00(1E-02 2. 579E+0e.c:. .... ·.·6 ~

1 10 -4 .4:37E+02 4 .1~)9E-e2 2. 950E+00
1 11 -9. 754E+02 4.314E-02 3. 245E+00
1 1'-' -1.083E+03 4.007E-02 3.521E+00~

1 13 -1.053E+03 3. 842E-02 3.81SE+0e
. 1 14 -1.806E+02 4.022E-02 4.068E+0e

1 15 6 C'C"'~E+0'" 4. 686E-02 4.450E+00....1.;,). . '-

1 16 Q Q7(1E+0? 4. 420E-02 4.731E+00-- ._. '-'- ~

1 17 9. 640E+02 3. 284E-02 5.010E+00 .
1 18 1 7.,C:E+fr" 3.e00E-02 5. 100E+0e• -.'1 __I _,-

I 19 ";J 9'~6E+e'" 3. ~)04E-02 5. 405E+00..... -'_ c;.

1 ""0 _? C;6C;E+02 4. 448E-02 5. 764E+0e.c:.. 4;. • -. ••

1 21 -6.691E+02 , 4. 436E-02 6. 070E+Oe
1 22 5. 468E+02 5. 172E-02 6.5S0E+0a
1 23 1. 163E+03 3.021E-02 6.S19E+00
1 24 2. 378E+02 3.0eeE~e2 6.901E+0a
1 25 -1.366E+03 3. 089E-02 7. 445E+0e
1 26 -1.e16E+03 3. 746E-02 7.711E+00
1 27 4. 709E+02 5. 422E-02 a.0S0E+00
1 28 1. 149E+03 4. 408E-02 S.31SE+00
1 29 4.117E+02 3. 808E-02 8. 552E+0e
1 30 -7.334E+02 4. 152E-02 8. 930E+00
1 31 -4.91SE+02 3·. 294E-'32 9. 170E+08
1 32 7.623E+02 4.e40E-02 9.517E+0e
1 37 4.094E+02 5. 227E-'.32 9. 736E+00.'
1 34 -5. 194E+02 S.043E,;.e2 1.011E+01
1 35 -2. 808E+02 7. 904E-e2 1.038E+01

._---~ .._---.._------------------------------ --------

FIGURE 4.4-1. OPTIMUM PULSE TRAIN FOR SWEPT-SINE EXCITATION
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SECTION 5

GAS PULSE GENERATOR

5.1 SYSTEM CHARACTERISTICS

Two gas pulse systems were used and are schematically

illustrated in Figure 5.1-1. The pulsers were positioned so as

to place each system in opposing directions during the test of

the structure. This "opposed positioning" permits the sense of

positive and negative force pulses. The operations of the two

systems are controlled by a common microcomputer. Each gas

pulse system is composed of the following subsystems:

• Pulse Rocket

• Hydraulic subsystem

• High pressure gas supply

• Control microcomputer

In addition, signal monitors and data recordings are

provided. A photograph of the gas pulse generator is shown in

Figure 5.1-2 and a sketch of the system including a slave valve

and a pilot valve is given in Figure 5.1-3.

5.2 HYDRAULIC SUBSYSTEM

The function of the hydraulic subsystem, upon command from

a microcomputer, ~s to position the metering plug in the gas

rocket. This subsystem consists of a hydraulic actuator,

hydraulic power supply, power control panel and signal

controller.

The hydraulic actuator ~s shown schematically ~n

Figures 5.1-1 and 5.1-3. This actuator has an output force of

6,600 lbf and a stroke of 2 in. Overall dimensions are 24 in.

~n length and 6.3 in. body diameter.

The hydraulic power supply is given ~n the schematic of

Figure 5.2-1. The principal energy source ~s the 10 gal

accumulator which is used to drive the actuators. The accumu­

lator has sufficient capacity for most earthquake applications

38



R-8428-5764

GAS SUPPLY STORAGE
6 K BOTTLES

2640 PSI
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FIGURE 5.1-1. SCHEMATIC OF TWO GAS REACTION PULSE-GENERATING
SYSTEMS CONTROLLED BY CENTRAL MICROCOMPUTER
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and thereby eliminates the need for a high cost hydraulic pump.
A small hydrualic pump (5 gpm) proved adequate to bring the
subsystem up to operating pressure (3000 psi) and sustain the
leakage flow in the actuator because actuator leakage occurs in
both slave and pilot valves and in the hydrostatic bearings.

5.3 GAS STORAGE SUBSYSTEM

Gas supply storage for nitrogen gas consists of S1X

standard industrial high pressure tanks, four 10 ft long
1-1/4 in. dia. flexible hoses and the plenum chamber for each
gas pulse generator system. Three pressure tanks are mounted as
a group with each tank equipped with a valve and a manifold. A
typical unit is pictured in Figure 5.3-1.

5.4 CONTROL MICROCOMPUTER

The microcomputer controls the firing pulses for both pulse
generating systems. This computer, a PDP 11V03L, manufactured
by the Digital Equipment Corp., is pictured in Figure 5.4-1, and
its main features are diagrammed in Figure 5.4-2. Operation of
the pulse generator requires that the pulse generating algorithm
be programmed in machine language (real time).

Four channels are available for output via a D/A converter,
and these are used in channel pairs for valve position and time
commands to each pulse generator (hydraulic servo controller).
Sixteen system channels are available for input via A/D con­
verter to receive input signals of dYnamic response of
structures.

Programming for earthquake testing is straightforward. A

test program is initiated and the valve position (amplitude) and
the on/off times 'are entered for each pulse unit from the
keyboard. The desired pulse program is stored in memory and

upon call-up will initiate the pulse firing sequence.
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FIGURE 5.3-1. HIGH PRESSURE GAS STORAGE UNITS
(ONE SET OF FOUR) USED TO SUPPLY
PULSER
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FIGURE 5.4-1. CONTROL MICROCOMPUTER (LEFT) AND DATA
RECORDING AND PROCESSING SYSTEM (CENTER
AND RIGHT)
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SECTION 6

INSTRUMENTATION

6.1 SENSORS

potentiometer-type displacement sensors were used to

measure the dynamic response of the test structure. The

location of the motion sensors is shown in Figure 9.3-1.

The following sensors are used to measure the performance

of the pulse generators:

• Metering nozzle position - Hydraulic actuator LVDT

• Plenum chamber pressure - Pressure transducer Teledyne

model 206AGX, 0-3000 psig

• Thrust

0~25,OOO lbf

Load cell Interface model 1220AF,

• Command pulse train - Direct recording signals.

6.2 SIGNAL MONITORING AND DATA ACQUISITION

The method used in this report for recording test results

is by signal capture via an A/D converter into circulating

registers. Subsequent processiug on digital data acquisi tion/

processing equipment is performed within a few minutes after

testing; the Zonic equipment used for this procedure is pictured

~n Figure 5.4-1. Data. diaplays .are in time histories and

Fourier spectra. Eventually, data is transferred to a main­

frame computer for time series analysis.
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SECTION 7

THRUST CALCULATIONS

7.1 MACHINE OPERATIONS

A major factor that influences the performance of the pulse

generator 1.S the value of the internal gas pressure. The

setting of maximum pressure levels was determined by safety

considerations and the availability of standard pipe fittings

and hoses and commercially available high pessure nitrogen

tanks. These considerations set the nominal operating gas

pressure of the system at 2640 psig (standard commercial K size

gas storage bottle 1.54 ft 3 ).

In order to improve the high frequency performance of the

pulse generator, a pressure balancing piston was added to

compensate for the pressure forces on the rear of the metering

nozzle. other key features of the metering nozzle unit are a

throat diameter dt of the De Laval nozzle at 2 in. and a

hydraulic actuator with a 6,600 lb force capacity (see

Fig. 7.1-1)

Thrust may be varied by commanding the position of the

metering plug from the closed (no flow) position to the full

open (maximum flow). On command from a signal programmed in the

microcomputer, the metering plug retracts to a specified

position, at which point the throat area is an annulus between

the conic surface of the metering plug and the wall of the

convergent section of the nozzle. Figure 7.1-1 shows the

functional relation between the retracted position of the

metering plug and the throat are, At'

7.2 THRUST CALCULATIONS

The gas storage capacity for each pulse generator consists

of six gas bottles, four 10 ft long hoses, and the plenum

chamber of the gas rocket. This storage capacity amounts to

10.2 ft 3 , and 134 lb of nitrogen compressed at 2640 psig. After
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each pulse, the stored gas is reduced in pressure, and hence,

less potential energy is available.. Thus, to program a pulse

train, a series of incremental solutions to the gas equations

are required. For example, in a particular test, the initial

chamber pressure of 2640 psig can reduce to 400 psig and

internal energy would reduce thereby from 134 BTU/lb to

119 BTU/lb after the last pulse. At the beginning of each

pulse, the state of the pressure, internal energy, temperature,

and weight of gas (reservoir) must be known in order to program

the next pulse for thrust, by the throat area and the calibrated

nozzle coefficient. An example of these calculations is given

in Table 7.2-1.

Thrust is g1ven by

where

F = Thrust, lbf
.
m = Mass rate of flow, lb-sec/ft

Ae = Exit area of nozzle, in.2

Pe = Exit pressure, psia

Po = Ambient pressure, psia

For these calculations P = P was assumed, with subsequente 0

correction made using the calibrated nozzle coefficient CFX '

For the jet velocity,

49



U
1 o

TA
B

LE
7

.2
-1

.
EX

A
M

PL
E

O
F

IN
C

R
EM

EN
TA

L
C

A
LC

U
LA

TI
O

N
S

N
EE

D
ED

TO
E

ST
A

B
L

IS
H

V
A

LV
E

PO
SI

T
IO

N
FO

R
TH

R
U

ST
R

EQ
U

IR
EM

EN
TS

P
le

n
u

m
C

h
am

b
er

W
e
ig

h
t

J
e
t

s
to

ra
g

e
C

a
p

a
c
it

y
R

a
te

o
f

V
e
lo

c
it

y
D

e
n

si
ty

s
ta

ti
c

T
ra

n
s
ie

n
t

F
lo

w

V
a
lv

e

P
u

ls
e

R
e
q

'd
p

o
s
it

io
n

P
s
ta

rt
P

en
d

P
c

s
ta

r
t

s
to

p
D

if
f.

.
V

ex
W

W
aw

w
lb

s
if

t3
N

o
.

F
o

rc
e

in
2

(p
s
ig

)
(p

s
ig

)
(p

s
ig

)
(l

b
)

(l
b

)
(l

b
)

lb
/s

e
c

ft
/s

e
c

in
.

1
1

,2
3

0
0

.1
2

0
.4

4
2

,2
0

0
2

,1
5

7
2

,1
4

5
1

1
1

.8
7

1
1

0
.3

2
1

.5
5

1
8

.3
2

,1
6

1
1

0
.9

7

2
8

4
7

0
.1

0
0

.3
4

2
,1

5
7

2
,1

2
7

2
,0

9
9

1
1

0
.3

2
1

0
9

.3
1

.0
7

1
2

.6
8

2
,1

4
9

1
0

.8
6

3
4

,3
3

2
0

.4
6

1
.6

3
2

,1
2

7
1

,9
8

5
1

,8
1

2
1

0
9

.3
1

0
4

.1
5

.2
6

6
.1

2
,1

0
9

1
0

.1
3

4
2

,7
4

2
0

.3
0

1
.1

2
1

,9
8

5
1

,8
9

6
1

,7
9

3
1

0
4

.1
1

0
0

.8
3

.3
4

1
.6

3
2

,1
1

9
9

.7
1

5
1

,1
0

5
0

.1
3

0
.5

1
1

,8
9

6
1

,8
7

6
1

,8
2

8
1

0
0

.8
1

0
0

.1
5

0
.7

5
1

6
.7

2
,1

2
4

9
.5

3

6
2

,0
7

8
0

.2
3

0
.8

8
1

,8
7

6
1

,8
1

0
1

,7
1

6
1

0
0

.0
5

9
7

.5
4

2
.5

1
3

1
.

5
2

2
,1

2
1

9
.1

7

7
2

,3
4

8
0

.2
9

1
.0

8
1

,8
1

0
1

,7
3

5
1

,6
5

8
9

7
.5

4
9

4
.6

8
2

.8
6

3
5

.6
3

2
,1

2
0

8
.8

1

8
3

,5
5

4
0

.4
5

1
.6

0
1

,7
3

5
1

,6
2

5
1

,5
4

2
9

4
.6

8
9

0
.4

5
4

.2
3

5
4

.1
3

2
,1

1
2

8
.4

5

9
1

,4
0

0
0

.2
0

.7
5

1
,6

2
5

1
,5

8
3

1
,5

3
7

9
0

.4
5

8
8

.8
1

.6
5

2
1

.5
3

2
,0

9
2

8
.2

7

1
0

3
0

2
0

.0
5

0
.1

8
1

,5
8

3
1

,5
7

4
1

,5
5

6
8

8
.8

8
8

.4
3

0
.3

7
5

4
.6

4
2

,0
9

3
8

.2
0

::0 I 0
0

J:
>,

IV 0
0 I U
1

-.
.J m J:
>,



where

A =Nozzle divergence factor = 0.98
Ve = Jet velocity, ft/sec

R-8428-5764

where
Pc = Gas density ~n chamber, Ib-sec2/ft4

Other parameters as given before.

The mass flow through nozzle is

where Ac is the acoustic velocity (ft/sec) ~n the chamber and ~s

given by:

J:rcA = y-
c Pc

plus temperature correction

Other parameters have been defined previously.

From the general flow equation and for the condition of no
flow, the chamber pressure is given by:
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where

"c

R-8428-5764

= Specific volume, ft3/lb

= Internal energy, Btu/lb

= Heat equivalent of work, 778 ft-lb/BTU

Flow occurs upon retraction of the metering plug, which
results in a drop in chamber pressure (Pc). This quantity is
required to predict thrust:

Pc " - 0.53 Pc "t v2
c + (Uc - Ut ) t= 2gJJ

and

-.::L

(Y ~ y-lPt = 1 Pc = 0.53 Pc

~
0.53 Pc'"Vt '" Pt

where

"c' "t = Specific volumes at chamber and throat, ft3/lb

= Density at throat, lb-sec2/ft4

= Pressure at throat, psia

= Velocity ln throat, ft/sec

For practical applications, the nozzle coefficient CFX must be

calibrated for a range of chamber pressure, throat area, and thrust, using

the relation

F.
1

A Pt. c·
1 1
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The preceeding thrust calculation equations have been
converted to a computer algorithm and implemented on a digital
computer . The 1i sting 0 f the FORTRAN code, together with a
sample input and output file, are shown in Figures 7.2-1 through
7.2-4.

7.3 THRUST PREDICTION FOR EL CENTRO EARTHQUAKE

Since a single pulse generator can produce thrust forces in
only one direction (opposite to the direction of mass ejection),
the positive and negative pulses in the optimum pulse train of
Section 4.2 were separated into two groups: (1) the positive
pulses to be generated by the pulser on the North side of the
test frame, and (2) the negative pulses to be generated by the
pulser on the South side of that frame.

The thrust calculation results based on the algorithm
discussed in Section 7.2 are shown in Figures 7.3-1 and 7.3-4.

7.4 THRUST PREDICTION FOR SAN FERNANDO EARTHQUAKE

The thrust calculations corresponding to the positive and
negative pulses of the optimum pulse train for the San Fernando
earthquake are shown in Figures 7.4-1 through 7.4-4.
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c-·---------------------------------------------------------------------
C I 2 3 ~ 5 b ,
C234~&18901234S07890l2j4Sb78~0123~Sold9012345b189012j4~b78901234S018~OI2

c---------~-------------------------------------------------------------C 201.FO~

C
SFM

DOUBLE PRECISION INS, OUTb
DIMENSION ALPHA(SO),CFX(SOJ,F(SO},OT(SO),~(~O},~(50l

UATA NUS,NUb 15,&1

c-----------------------------------------------------------------------
wRITE. ( 10, 1 )
FO~MAT(IX,'TYPE NAME UF INPUT FIL~: " Z )
READ ( 11, 2) INS

2 FOHMAT ( 58 )
C
C OPEN A NEw OUTPUT FILE
C

3 OPEN NUS, INS, lTT:'ti'
4 kEAD (NUS,11) 61,02,83,64,65

11 FO~MAT ( Al )
5 kEAO(NUS,12) OUT&

12 FUw~AT (lOX, S~ )
o UPEN NUb,OUTb,ATr='p'
7 "'RITE (NUb,l3) INS,UUTo

13 FOkMAr (sx,'THWUST ANALY~IS, IN~:',S8,3X,'uUIb:',S8)

20 kEAUlNUS,21) N
21 FOkMAT ( lUX,II0)
30 kEAO(NUS,31l PO,GAMHA,G,VOLuM~,PSrARr,~STAHT

31 FOHMAT ( lOX,EIO.O)
40 wRITE(NUo,41) PO,GAMMA,G,VULUME,PSTANT,WSTARI
41 FUWMAT(5X,'PO :',lPEIO.3,sx,'{iAMHA. :',ttJEIO.3

1 IS~,'G :',IP~10.3,5x,'vULUME=',I"EI0.3

2 ISX,'PSTARr:',IPEIO.3,5~,·wSIA~T:',I ..EI0.3}
c
C SK IP 5 LlNES
C

so ~EAO(NUS,ll) 81, 82, ~3, 8~, tiS
00 I'iRlTE(NUo,&lJ
&1 FORMAT (118X,'~',oX,'F',dX,'UI',7~,'ALPHA',SX,'CF~'

* ,8X,'P',qX,·~',7X,·FCHECK',4~,'PNE~',7X,'NNEW')

c
C DEFINE STARTING CONDITIONS
C

70 pel) : PST ART
,,(lJ : WSTART
lJO 100 K : 1, 1'4

85 kEAO(NUS,8&) F(K),DT(K),ALPHA(K),CFX(K)
80 FORMATlIOX,4EI0.0)
90 CALL THRUS1(PO,GAMMA,G,VOLUME,ALPHA(K),CFXlK),F(~),DT(K)

1 ,P(K),~(K),P(K+IJ,~(K+l),NCHECK)

c
qs "RITElNU&,9&) K,F[K},Or{K),ALPHA(K),CFX(K),PlK),~[K)

* ,FCHECK,PlK+l),~lK+l)

90 FURMAT{II0,lpQEIO.3)
100 CONTINUE
110 ~RITE(NU&,lll)

111 FOR~AT(IIIOX,'** NATURAL ENU uF lHkUST ANALYSIS **',IX,SOl'+')}
120 STuP

ENO

c-----------------------------------------------------------------------
C 1 2 3 ~ 5 & 7
C234So789012J~S&789012345b7~90123~~o7dqOI234Sb7890l234~&7d90123~S0789012

c-----------------------------------------------------------------------

FIGURE 7.2-1. LISTING OF THRUST MAIN PROGRAM
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c------------------------------------------------------.---------.-.----
C 1 2 3 4 5 6 7
C2345b1890123450789012345&18q0123~Sb7dq012345&789012j4~&78901234S6789012

c-----------------------------------------------------------------------
C

SUBROUTINE THRUST(PO,GAMMA,G,VOLUME,ALPHA,CFx,FOKCE,UELT
* ,pSrAWT,WSrAKT,PFINAL,wFINAL,FCHECK)

DATA KWRITE,NU& 11,61
C EG1

1 PC = ALPHA*PSTART
C EQ2

2 AT = FORCE/(CFX*PC}
C Ea3

3 HHO= WSTAWT/VOLUME
RHOC= RHO*(PC/PSIAHT)**(1.0/GAMMAJ

C Ea4
4 AC = SQRT(GAMMA*PC*G/RHOC)

C EgS
5 PARTl = (2.0*GAMMA)/(GAMMA-1.O»-(PC*G/AHUC)

PARTa = 1.0 - (PU/PC)_*(lGAMMA-1.U)/GAMMA)
VXE = O.98*SQRT(PAHT1*PAHT2)

C eQo
o rEAM = GAMMA*(2.0/lGAMMA.l.0)}**(lGAMMA.l.U)/l2.0*lGAMMA-1.O»)

wOOT = G*TERM*PC*AT/AC
C Eg7

7 OEL,; = WOOl*DEI.T
C Ega

8 ~FINAL = l'iSTART - OEl.w
C Eaq

9 kHQNEw = wFINAl./VOLUME
C E(HO

10 PFINAL = PS TAR '* (WF INAL/wST Ate r) ul;AMMA
C flH 1

11 FCnECK = WOOhVXl:::/G
c-----------------------------------------------------------------_.----

101 IF(KWRIT£.NE.l) GU TO 104
102 wRITE(NU&,103)PO,GAMMA,G,VULUM~,AI.P~A,CFX,FOHC~

1 ,OEI.T,?START,~~TA~r,~FINAL,~FINAL,F~HECK

2 ,PC,AT,~HO,~HUC,AC,vxE,wOOT,D~Lw,WHUNEW

C
103 FORMAT (SX,'FRUM END OF THRu~r·,sx,30('*')1

1 3X,'PO =',lPEIO.3,3X,'GAMMA :',lPEI0.3
2 ,3x,·G =',lPEI0.3,3X,'VUI.UME:',lPEIO.31
3 3X,'ALPHA =',lPEI0.3,3X,'Cfx =',lPE10.3
4 ,3X,·FURCE =',lPEI0.3,3X,'Otl.r =',lPEIO.31
5 3x,'P~TART=',lPEI0.3,3x,'~~TARI=',lPe10.3

& ,3X,'PFINAL=',lP~10.3,3X,'NFINAL=',lPEIO.31

7 3X,·FCHECK=·,lPEI0.3,3X,'PC :',l PEI0.3
8 ,3X,'AT :',lPEI0.3,3X,'HHU :',lPEIO.31
~ 3X,'RHQC =',lP£10.3,3X,'AC =',lPEIO.3
1 ,3x,'VXE =',lPEI0.3,3x,'wUOT =·,lPEI0.31
2 3X,'O~LW :',lPEIU.3,3X,'RHU~E~=·,lPElO.3)

lOti corHlNUE
RETURN
ENU

FIGURE 7.2 -2. LISTING OF THRUST SUBPROGRAM
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OATA Fllf FO~ THRUST CAlCULAIIU"S
c-----------------------------------------------------------------------
C 1 2 3 ~ 5 b 7
C2j~5b78q0123~5b78q0123~Sb7~q0123~Sb7~qU12345b78~012j4507~q012345b78q012

c-----------------------------------------------------------------------
UUT& =THHST.OT** NAME OF OUTPul FILt lC*8)
N = 3 rUTAl NUMdeH UF PULSES (1IOJ
PO = lQ.7 EO ATMOSPHEHIC ~RfS~UHE (PSI) (EI0.0)
GAMMA = 1.41 EO GAS CUNSTANT
G = 38&.4 EO ACCEl. OF GRAVITY (1~/S**2)

VOLUME = 17025.&EO VOLUMt (l~**j)

PSTAHT = 1~15. EO SIARTING PRESS~k€ (PSI)
wSTAHT = 91.7 EO STARTING ~E!bHI ~PUUNOS)

t-----------------------------------------------------------------------
C 1 2 3 q 5 & 7
C2345b7a901234Sb78q012345078q0123~507~qu1234sb76~012J4S&78q012345&78~U12

c----~-----~-------------------------·-----------------.----------------Nl FOlotC-£(N) Of-LT(N) AL~HA(I~) CF~(N)

1 2Ug. EO 0.044 EO o.qq Ev 1.0 EO
2 57&. EO 0.047 EO 0.~8 CV 1.2 ~o

2 50uo. EO 0.030 EO o.~o Ev 1.5 EO
c-----------------·_·---------------------------------------------------
C 1 2 3 4 507
C23~Sb78qUlc34S&7BqOt234S&78q012jij5b7dqu1234567~~012jq~&7gq012j45078q012

c···--------------------------------···----------------.-----------._.--

FIGURE 7.2-3. INPUT FILE FOR THRUST
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R-8428-5764

~-----------------------------------------------------------------------C 1 2 3 ~ 5 b 1
C23~So1890123~S07890123~5b78~0123~5Q7oqu123~~0189012j~~078qo123~50189012

c-----------------------------------------------------------------------
QuTb :ELCN1.0h* NAME OF OUT?Uf FIL~ (C*8)
N : 12 TOTAL NUMtlER UF tlUL.SES (It 0)
PO : 14.7 EO ATMOSi>hERIC t'}o/ESSU~E (PSI) (EI0.0)
I>A"'MA : 1.41 Eo GAS CONSTANT
G = 38&.~ EO ACCEL.. UF GI<AVlTY (IN/Su2)
VOL.UME : 17&25.bEO VULUMt (lNu3)
PSTART : 1314.7 to SfARTING PWE~SUW~ (PSU
I'ISTAWT = 100.785 EO Sf .liH 1NG liE 1bli T lPOUNOS)

c-----------------------------------------------------------------------
C 1 2 3 ~ 5 b 7
C23~5078q01234S07Hq012345b18q01234501tlqV12345&76i012J4jb769012J45b169vlc

t-------------------------------·-·------------------------------~------Nl FOiolCE(N)
1 208. EO
2 57&. EO
3 5000. EO
4 737. EO
5 1353. EO
o 20&3. EO
7 &48. £0
a 1021. Ell
9 214. Eo

10 1125. EO
11 3084. Eo
12 343~. EO

DEL T(N) .lLt>HA(N)
0.044 Eo 0.~9 till
0.047 EO 0.96 EO
0.030 Eo O.iO EO
0.153 EO 0.97 tV
0.037 EO 0.~5 Eo
0.030 EO 0.91 EO
0.003 Eo 0.97 EO
0.003 EO 0.9&- EO
0.093 Eo 0.i9 ~O

0.055 EO O.~o EO
0.030 EO 0.90 EO
0.030 EO 0.90 EO

CF X (N)

1.0 Eo
1.2 t:0
1.5 tiO
1.25 EO
1.30 EO
1.~ EO
1.25 EO
1.3 Eo
1.0 EO
1.3 EO
1.~ I:U
1.~5 1:0

c----------------------~-·---------------·------·----- ------------------
C 1 2 3 " 5 & 7
Ca345&789012345&78901a34S&789012345Q7~9U123"5&78~01234~&78901234S&789012

c-----------------------------------------------------------------------

FIGURE 7.3-1. INPUT FILE FOR EL CENTRO (NORTH DIRECTION)
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Reproduced from
best available copy"

R-8428-5764

THHUST ... ,.. ... LYSIS, IN5::;l:L.l:.Nl uuTo::;EL.CNI.OI
PO ::; 1.1410E 111 10 .....14 A ::; I.II1ut. 00
G : 3.8b14E 02 IIUL.UHt:: 1.103t. 04
PSI ... HT: 1.315E 03 "'STAHT: b.bl,*" 01

N F or AL.Plt ... CFx P ... FCHE.CK PNEI'I WNI:.W
FROM END OF THRUST -* •••• - •••••••_*-*_.- ....._*--

PO : 1.410E 01 GAMMA : 1.1410t'. uu G : 3.lIb4E 02 IJOL.UME: 1.1b3E Oll
... LPH ... : 9.900E-Ol cn : 1.0uOt. 1,10 FORCE : ~.1I80E 02 OELl : lI.lI00E-02
PsrAkr: 1.315E 05 wSTAHT: b.b/qt'. ul PF"INAL::; 1.30,*E 03 liFIN"'L: b.b56E 01
fCHECK: 3.132E 02 PC : 1.3u~t'. 03 AT ::; 1.59I1E-Ol RHO : 3.789E-03
kHUC : 3.7b2E-03 ... C : 1.3' 3t: UI4 IJXE ::; c!.53l>E 04 wDor : 1I.772E 00
DELW : 2.099E-Ol IhiONEIi: 5.717t:-1I3

1 2.080E 02 II.IIooE-02 9.qIl0t:-UI 1.000E 00 1.31~E 03 b.b7qE 01 O.OOOE-Ol 1.30qE 03 b.b511E 01
FRUM END OF TH1WST *a*a •• -._ ••• *•••• __ ._ •• *•• _*_*

PO : 1.1170E 01 G... MMA : l.lI10E 00 G : J.llb4E 02 IJULUHE: 1.1b3E 04
4LPHA : 9.600E-Ol CFX : l.eIlOt. 00 FORCE ::; ~.1bOE 02 UELl : 4.100E-02
PSUkT: 1.30qE 03 f/STAtH: b.b'5lil: 111 PFIN ... L.::; 1.c!9~E 03 liFIN ... L: b.bObE 01
FCHECK: 7.222E 02 PC : 1. i!1I3E 03 AT : 3.7l12E-01 RHO : 3.771E-1I3
RHOC : 3.123E-03 ...C : 1.31 Ot. 011 IJXE : 2.529E 04 I'lDOT = 1.103E 01
DELw : 5.18bE-01 HHUNEw: 3.11181::-03

2 5.7bOE 02 1I.100E-0i! q.lluOE-UI 1.200E 00 1.30qE 03 b.b58E 01 o.uOOE-OI 1.2q5E 03 b.bObE 01
FROM END OF THHUST *_* __ a_.*_*a.** •• __ ._. ____ ••• *

PO : 1.1I10E 01 G... MMA : 1.1I10E 00 G : 3.lIbliE 02 VOLUHE: 1.1b3E 04
... LPH ... : 9.000E-Ol CFx : 1.51101: uO FORCE : S.OOoE 03 UELl : 3.000E-02
PSTAkT: 1.295£ 03 wST"'IH: b.bUbt: III PFINAL= 1.231E 03 wF IllAL: b.373E 01
FCHECK: 1I.988E 03 PC : 1.105E 115 AT = 2.lIblE 00 RHO : 3. 7~lIE-03
RHOC - 3.416E-03 AC : 1.3~IE Oil \litE = 2.1160E. 011 wOUT : .1.171E 01
DELli : 2.331E 00 KHUNEw: 3.bI51:-u3

3 5.00uE 03 3.000€-0i! q.OIlOt:-\I1 i.500E OU 1.i!q5E 03 b.bObE 01 o.oooE-OI I.B1E 03 b.313E 01
fRuM END Of THRUST .*•• -**-- •.•.• ******- •••• *-***

PO : 1.1170E 01 GAMMA : 1.4111t. 110 G : 3.lIb'lE 02 VOLUME: 1.7b3E 011
"'LPH ... : 9.700E-01 CfX = 1.2~0C: 110 FORCE : 7.37 uE 02 DEll : i.530E-1i1
PST ... HT::; I.H1E 03 I'ISTAHT= b.313t: 01 PF1NAL: 1.1714E 03 wF ItlAL: b.lb3£ 01
FCHECK: 8.83bE 02 PC : 1.1"'IC: 03 AT = 'I.'*39E-Ol HHU : 3.bl~E-03

KHUC : 3.53I1E-03 AC : 1.3::»blO: IIlI 'HE : <!.'Iq3E Oll wouT : 1.31uE 01
OEL.1I : 2.0'lbE 00 wHONEw: 3.'l'Ht:-1I3

II 1.31 oE 02 1.530t-ol 9.1uOC:-UI 1.25uE Ou 1.231E 03 b. 37 3E 01 o.oooE-OI 1.1714E 03 0.1 b 3E 01
FRO" END OF THHIJST _*._* __ ._.t.. _***_*_* ••• *** __ *

PO .,. t.1l10E 01 GAMM'" : 1.1I10t. 110 G : 3.lIbliE Oi! VOLUME: 1.1b3E Oil
... LPH ... : q.500E-01 CFA : I.Juue: 110 FOHC!:: : 1.353E 03 U€Ll : 3.700£"02
?STAHT: 1.1711E 03 ... STAHT::; b.lo3t. III PFIN ... L.::; 1.1511E 03 "FINAL::; b.073E Ul
FCHECK: 1.5511E 03 PC : I.U5E uJ "'T : ~ • .533E-0 1 RHU : 3.lIqlE-U3
kHUC : 3.312E-03 AC : 1.3'12t. 1111 IJxE = 2.145'*E 04 ~~uUT = 2.11112E 01
DELw : q.035E-tll RHUtlEW= 3.141451::-03

5 1.353E 03 3.700E-02 9.5uot.-ul 1.300E 00 1.11I1E u3 b. 10 3E 01 O.OoOE-OI 1.15uE 03 b.013E 01
FRUM END Of THRUST *tt*t*t.*t*t •• **._._._**_.*.*_

PO : 1. q1 oE 01 G",MMA : 1.1Il0t. Ull G : 3.lIb'lE 02 IJOLUME: 1.7b3E 04
ALPHA : 9.100t.-Ol CFA : I.III1UC: 00 FOHCE : 2.bb.5E 03 DELl : 3.000E-02
I'SI ... HT: 1.150E 03 "STAHl: b.O 131: III PFIN ...L= 1.11 /IE 03 I'lFIN"'L: 5.'HIE 01
FCHECK: 2.1129E 03 pC : 1.0llot. 1,13 "'T ::; 1.1I10E 00 HHU : 3.II11SE-03
kHOC : 3.i!22E-03 AC : 1.330E 1,111 IJXE : <!./l27E Oll wllUT = II.S0IlE 01
UELW : 1.351E 00 HHONt\'i= 3.3&91:-\15

b 2.bb3E 03 3.000E-02 9.1uOt.-UI 1.1I00E 00 1.15uE 03 b. 013E 01 O.uooE-OI 1.11qE 0.5 S.931E 01
fRUM ENO OF THHUST --*----*.**---*--**-*.**... ***PO = 1.1110£ 01 t;AMI-lA : 1.'UOl:: \10 b = 3.lIb/lE 02 IJOLUME: 1.7b3E till

ALI'H'" : q.700E-01 CFX ::; 1.2:iut. 1,10 FOKCE = l>./I/lot. 02 DELl = b.30IlE-uc!
I'SIAHT: 1.1111E 03 wST 41H= S.qHE 01 PflNAL: 1. uq 3E 03 wfINAL= 5.clblE 01
FCHECK::; 7.1211E 02 PC : I.Uoot. 1,13 AT = 14.1'lIlE-ul "HU = 3.3bq£-u3
RHUC ::; 3.2'l7E-03 AC ::; 1.33b" 11'1 VAl:. : c!. '1/1 3E Oil woor = 1.2UE 01
DEL.w : 1.bQ8E-01 HHUNEI\: J.32St:-u3

FIGURE 7.3- 2 (a) • OUTPUT FILE FOR EL CENTRO (NORTH)
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R-8428-5764

7 b.4110E 02 b.300t;-uc! '1.7UUI:.-Ol 1.2501:: ou 1.11'1E 03 5.'1371: 01 O.UUuE-Ol 1.0'l3E 03 5.lIbll: 01
F~UM ENO Ill' IHkU:il *.*.*.*.-.**_.*.**************

Po = 1."70E ul uA"'MA = 1."IUt. UO G = 3.ob'lt:: U2 ~ULUME= 1.7 b 3E 0'1
ALPHA = q.oOOE-OI CFX = 1.3uot. uu FOHCI: = 1.u21E 05 OELT = b.JOuE-02
p5fAlH= 1. uq3E 03 IfSTAIH= 5.111>110 ul I'FINAL= 1. Ub 3E 03 I'iF lNAL= 5.7'13E Ul
FCHECK= l.lbllE 03 PC = 1.0';)Ot. 0,5 AT = 1."8cE-01 ~HU = 3.325E-u3
RHOC : 3.230E-03 AC = 1.3J1E U'I VXE = 2."2I1E 011 ",DOT : 1.115QE 01
DELli : 1.171E 00 HtlUNEw= J.2';)91::-u5

8 1.021E 03 b.300E-u2 q.bUUE-ul 1.300E OU 1. uQ 3E 03 5.80 1E 01 0.00UE-U1 1.0b3E OJ 5.743E 01
FROM END OF THRUST *_._.- ...**._._.•._**._.*.*- ..

PO = 1.470E 01 GAM"'A : 1."101:. UO G : J.llb"E 02 VOLUME: 1.7b3E 04
ALPHA = q.900E-01 CFX = 1.0uOI:. UO FUfoICE = 2.1110E u2 DELT = q.30UE-02
pSTAfoIT= 1.0b3E 03 "'STAIU= 5.7'151:. 01 PFINAL= 1.u51E 03 wFINAL= 5.bQbE 01
FCHECK: 3.16'1E 02 PC = 1.0';)2t. uJ AT = 2.U3'1E-Ol RHO : 3.25'1E-03
RUOC : 3.235E-03 AC = 1.3.$11:. U4 VXE = 2.43UE 011 WOOl : 5.0b3E OU
DELli = 4.10'11:-01 ~HUNEw: 3.232E-U3

9 2.140E 02 '1.300E-02 9.'1001:.-01 1.000E Ou 1. Ub:SE 03 5.1'13E 01 O.OOuE-ol I.U51E 03 5.b'lbE 01
FRuM END OF THRusT **_*. __ ._._a_.*_.*_**._._.* __ .

Po = 1.410E 01 GAMMA = 1.410E uO G = 3.tl04E 02 VOLUME= 1.703E 04
ALPHA = '1.bOOE-OI cn = 1.3uOt 00 FOkCE = 1.125E 03 DEll = 5.500E-02
pSTAtU: 1.051E 03 wHART: 5.b'1bt:: ul pFINAL= 1.u21E 03 "FINAL: 5.563E 01
FCHECK= 1.284E 03 PC = 1.uo'H:: 03 AT = 1l.561E-01 ~HO = 3.232E-03
ilHOC : 3.140E-03 AC = 1.3251:. 0'1 VlCE : 2.40'lE 04 wOOT = 2.0bOE 01
OELW = 1.133E 00 HHUNEw: 3.11>6E-V3

10 1.125E 03 5.500E-02 '1.bVOC:-Vl 1.300E Ou 1.u51E 03 5.b'1bE 01 O.liliOE-Ul 1.021E Ol 5.563E 01
FROM END OF THRUST •••• * ••• - •• _._-_ •• _*-**---**-*

PO = 1.410E 01 GAMMA = 1.410t: Oli G : 3.11b4E 02 ~OLUME= 1.1b3E 04
ALPHA = ~.IlOOE-OI en = 1.4UOE 00 FOHCE : 3.u1l4E 03 OELl :: 3.uooE-02
PSTAIH= \.021E 03 I'iSTAWT= 5.5ll51:: 01 PFINAL= ".llOlE O~ ",FINAL: 5.42'1£ 0\
FCHECK= 3.25uE 03 PC : '1.1'1\1:: u2 AT : 2.3'11E Oli WHU : 3.1bIlE-u3
HHUC = 2.939E-03 AC = 1.3U5t: 04 VXE : 2.5blE 011 WOOT : 5.31bE 01
DEL ... = 1.5'15E 00 HHuNI::W= 3.u171::-03

11 3.0911E 03 3.000E-02 'I.uoOte-VI 1.400E 00 l.u21E 03 5,563£ 01 O.oouE-OI 9.903E 02 5.424E 01
FROM END OF THfoIUST --- ... -----_.**----*----*---.-PO : 1.470E 01 GAMMA = I.II10E 00 G : 3.llbliE 02 ~OLUME: 1.7b3E UII

ALPHA = 9.000£-01 Cl'~ :: 1.'1::'ulO uO l'OkCE :: 3 ... 3'1E 03 OELl :: 3.000E-02
PSTAHT=' 9.903E u2 "STA"T: 5.4C41:. vi PFINAL: '1.:Sb/E 02 ",FINAL: 5.251E 01
FCHECK= 3.1160E 03 PC : ll.lle3e: oo:! AT = 2.bll"l: Oli RHU : 3.U77£-05
HHUC : 2.850E-03 AC = 1.2'HI:. u4 ~xt: = 2.34 :SE 0'1 1'101.11 : 5.74"E 0\
OELW : 1.725E 00 "I1UNEw: 2.9/qte-1J3

\2 3.'13'1E 03 3.0001::-02 '1.UUUt::-1I1 1.'I50E ou '1.ll03E 02 5.'124E 01 o.uooE-o\ 9.301E 02 5.251E 01

•• NATURAL ENII OF THHuST AIUL. YSIS •• •• ~.+••+++++++++~+++++++++++++++++++++++++++++++++

FIGURE 7.3-2(b). OUTPUT FILE FOR EL CENTRO (NORTH)
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DAIA FilE FOW IH~u~r CALCULAIIO~~

c-----------------------------------------------------------------------C I 2 3 'I 5 I> 1
C2j4~1>76~01234~b78~01254~1>7~90125'1501d90123451>78~OI254~b1~90I2345b7H9012

l-----------------------------------------------------------------------U~Tb =ElCS3.UT** NAME Uf OUTPuT Filt (C*a)
~ = 11 TOTAL NUMbER Ot PULSES (110)
PO = 14.1 EO ATMUSPHEWIC ~W~SjUHE (PSI) (EI0.0)
GAMMA = 1.41 EO GAS CONSTANT
G = 38b.'I EO ACCEL. UF GWAviTV lIN/S**2)
VOLUME = 11b25.bEO VOLUME (IN**5)
PS1AWT = 171'1.1 EO SIAWTING PRE~Suw~ lPSIY
wSTAKT = 67.100 EO STAWTING wElbHr (POUNDS)

~-----------------------------------------------------------------------C I 2 3 'I 5 I> 7
C2345b78~012345b7a90123451>7890123'150/U9012345b78~012j'l~b7890125451>789012

C-----------------------------------------------------------------------Nl FOWCE(N) OElTlN) Al~HA(~) CfX(N)
I 904. EO 0.171 EO 0.9b Eo 1.3 EO
2 4070. EO 0.030 EO O.~O EO 1.5 EO
3 442. EO 0.121 EO 0.98 to 1.2 EO
4 1045. Eo 0.0~5 EO O.~b EO 1.3 EO
5 1212. EO 0.100 EO O.~b EO 1.30 EO
& 3192. EO 0.037 EO 0.90 Eo 1.45 EO
7 1191>. EO 0.035 EO O.~b EO 1.30 EO
6 1773. EO 0.053 EO 0.93 EO 1.3 Eo
9 1892. Eo 0.030 EO 0.~2 EO 1.35 to

10 1239. Eo 0.0&9 EO O.~b Eo 1.35 EO
II 21&. EO 0.082 EO 0.99 EO 1.15 EO
12 404. EO 0.Ob1 EO 0.96 EO 1.20 EO
13 4&76. EO 0.030 EO o.~o EO 1.5 EO
1'1 1336. Eo 0.030 EO O.~b Eo 1.3 EO
15 29&9. EO 0.030 EO 0.90 Eo 1.'15 EO
1& '167. Eo 0.0&9 EO 0.98 EO 1.25 EO
17 5b8. EO 0.099 EO 0.~6 Eo 1.25 to

C-----------------------------------------------------------------------C I 2 3 'I 5 I> 7
C23'15&7690123'15&7890123'15&1690123'15b7d~OI2345&78~0123'15&7890123'15&789012

c------------------------------~--_·_---------------------.-------------

FIGURE 7.3-3. INPUT FILE FOR EL CENTRO (SOUTH DIRECTION)
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R-8428-5764

THRUST A/IoALYSI:., II\~:t:L.C.S~ uuTu:E.LCS3.1I1
PO : l. l00E 01 l.AMM/\ : 1."101:. 00
G : 3.II1>lIE 02 VULUME ;:: 1.103t. Oll
"'SIART: 1."I':iE 03 ... :i1ART: lI.l1 Ot. 01

N F OT PoL.PHA CFX P w FCHf.CK plIIEw WNEw
FROM ENIl OF THRUST *******.***.*.*******_*c******

PO : 1.410E 01 GAMMA : 1.1I10';' 00 G = j.llhllE 02 VOLUME: 1.1b3£ Oll
ALPHA = 9.bOOE-01 cn = l.jUlle. UII FORCE = 9.II'IuE 02 DELl : 1.1IuE-01
PSTART= 1.1l5E 03 wSTAHT= 1I.110E 01 pFINAL: 1.039E 0] wFINAL: 1l.'I3bE 01
FChECK= 1.0bOE 0] PC : l.b"bE uJ AT = 'I.22'1E-Ol RHU : 'I.9112E-OJ
RHue = 'I.IIOIE-O] AC = 1.301e. 0'1 VXE = 2.5SbE Oll \,OOT = 1. b02E 01
OELVI = 2.1'10E 00 RHUtJEw= 4~111bE-03

1 'l.0'lOE 02 1.110E-1I1 9.bOUI:.-01 1.]ooE OU 1.71 SE 0] tl.l10E 01 O.OooE-Ol 1.1>39E 03 1l.'I3bE 01
FROM ENI) OF THRUST *----*._*- .. ----*-----*--_....PO = 1. '17 Of. 01 GAMMA = 1.'110':: 00 G = .l.lIb4E 02 VOLUME= 1.7b3E 04

ALPHA = 9.000E-Ol CFX = I.SUOt: 00 FORCE = 'I.Ol0E 03 DELl = 3.000E-02
PSIART= l.b39E 03 wSTAIH= tl.'I~bl:: 01 pF INAL= 1.5t11E 03 wFINAL= tl.211':iE 01
FCHECK= 4.1DE 03 PC = 1.'I.,SE 03 AT = 1.IIHE 00 RhO = 1I.76bE-03
RHUC = 'I.4'12E-03 AC = I.HSE 1I1I VXE = 2.~02E 04 WOOT = b.j53E 01
DELli = 1.'iOH 00 HHUNf.W= 'I.b/IlE-1/3

2 Q. 07 oE 03 3.0001'-02 9.000C.-1/1 I.S00E 00 1.039E 03 tI.'I3bE 01 O.OOOE-Ol I.SEl7E 03 tl.211SE III
FlolOM END OF THRUST .__ ._.-*._..._._-.*--****--._-

PO = 1.470E 01 GAMMA = 1.'1101:. 00 G = j.lIb'll: 02 VUI,.UME= 1.7tdE 0'1
ALPHA : 9.aooE-01 CFX = 1.2uOE 00 FOHCE = 'I.1I2uE 02 DELl : 1.210E-01
PST"RT: 1.581E 03 WSTAIH: 1l.24SE ul pFIN"L= 1.559E 03 ...FINAL= 1l.142E 01
FCHECK: 5.5'ltiE 02 PC = I.S~5t: 03 AT = 2.jbIlE-Ol RHO :: 'I.016E-03
RHuC :: 4.bI2E-03 Ae = 1.3~0.;. 04 VXE = ~.'l2tlE 04 ... OOT :: 1l.557E 00
OELVI = 1.0~5E 00 RHONr.w: 4.bI9'::-u3

3 4.420E 02 1.2101:-01 '1.IIUO~-l/l 1.200E 00 1.~87E 03 8.245E 01 o.oooE-OI 1.559E O~ tl.l'12E 01
FfWM END OF lHHUST **.*-_•• -**.-.-.....__ .*----..

PO = 1.1I70E 01 GAMMA = 1.1I101: 00 & = j.tlb'lE 02 VOLUME= 1.1b3E 0'1
ALPHA = 9.bOOE-01 CFx :: 1.3\10lO. 00 FOHCt: :: 1.114JE 03 UELT :: 9.500E-0;!
PSTAH1= I.S59E 03 WSTAld:: lI.l'12':: 01 PFIN"L= 1.511E 03 WF INAl= 7.9b4E 01
FCHECK:: 1.211E 03 PC = 1.497E 03 AT = 5.3bOE-01 HHO = 4.bI9E-03
RHoe = 'I.486E-03 AC = 1.3"tlE 04 v)(E = 2.509E 0'1 WOOT = 1.81'1E 01
DELli .. 1.781E 00 ~HUNEw: 'I.SI81::-03

'I 1.043E 03 9.SooE-oC! 9.buoE-OI 1.300E 00 1.~59E 03 tI.142E 01 O.oooE-OI I.SI1E 03 1.'1b4E 01
FROM END OF THHUS T ***_a_**_*. __ ._. __ ••••••••••• _

PO = 1. Q70E 01 GAMMA = 1.'II0E 00 & = 3.11b'lE 02 VOLUME: 1.7b3E 0'1
ALPHA = 9.bOOE-OI CFX = 1.3uot:: 00 FOHCE = 1.212E 03 DEll = 1.00IlE-01
t>STAHT= 1.511E 03 .,START= 1.90'lE 01 PFINAL= 1.453E 03 .,FINAL: 1.745E 01
FCHECK: I.QI2E 03 PC = 1.'I:iIt. 03 AT ;: 0."2bE-01 HHO : 'I.SUE-03
RHUC : 4.389E-03 AC ;: 1.3'12E 04 VXE = C!.4'lJE 04 \'tOOl = 2.188E 01
OELVI ;: 2.1l16E 00 RHUNEi><= 4.394E-U3

5 1.212E 03 1.0001:-01 'i.booe-Ol 1.300E .00 I.SIIE 03 7.9b'lE 01 o.oooE-OI 1.'IS3E 03 1.145E 01
FHO'" END OF THRUST *a*._.t._._•. _._._* ___ .... * •••

PO = 1.410E 01 GAMMA ;: 1.'110':' 00 G : 3./lb'lE 02 VOLUME= 1.7b3E 0'1
ALPHA .. 'l.000E-01 CFX = 1.1I~OE I/O FORCE : 3.1'l2E 03 !lEU : 3.70<lE-02
PSJART= 1.'IS3E 03 "'STAHT= 1.7<iSt:. 01 pF HUL= 1.'IOC!E 03 i><FII~AL: 1.551 E 01
FCHECK= 3.]lbE 03 PC = 1.30111;; 03 AT : l.b83E 00 RHO = 'I. 3 l11IE -0 3
HHue = 4.01IlE-03 Ae : 1.322t. 011 vxE = 2.443E 0'1 wOOT : 5.2'1SE 01
OELI'I " 1-.9'11E 00 RHONEw= 4.211'1C.-03

b ].1'i2E 03 3.100E-02 9.001l1:: 4 Ul 1.450E 00 1.'453E 03 1.7'15E 01 O.OOOE-Ol 1.402E 03 1.551E 01
FRO'" END OF THfWST a_*_ •• t __ .*_ ... ___ .•_.._...__•

PO = 1.470E 01 GAMMA = 1.'III1E: 00 G : J.llb'lE 02 VULUME= 1.1b3E 04
ALPHA = 9.bOO£-01 CFx .. 1.3UOc:. 00 FOHCE .. 1.19bE 03 DELT : 3.S001::-02
PSIAHT= 1.'IU2E 03 V'STAH1= 7.5~11:. 01 PFINAL= 1.31l2f 03 VtFINAL: 1.'I75E 0)
FCHECK;: 1.3l1&£ 03 PC = 1.3ilb~ 03 AT ;: b.83bE-01 RHO ;: 'I.2l1'1E-03
HHue = 4.1bC!E-03 AC = 1.3Ut. Ull VXE : C!.1I57E 0'1 wOOf = 2.11i3E 01
!lELW = 1.b'l0£-01 RHUNEIo= ".2411:.-03

FIGURE 7.3-4 (a) • OUTPUT FILE FOR EL CENTRO (SOUTH)
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7 1.1~1>t:: 03 3.:>00£-02 '*.I>uot.-ul 1.30uE 00 l.qOc!t:: uJ 1.5511:. 01 0.0001:.-01 1.382E 03 1.q7~E 01
fHUM b~U OF 1HIWS r -**-_.- •.• -.*....*-*----*-*-**

1'0 = 1.470f. 01 bAI~"'A :: 1.IHot UO (i = 3.ClI>'If oc! VULlIl~E = 1.71>3E 0'1
ALI'HA = 'I.300E-OI CF X = 1.3uue. uo FOHCt: = 1.17 3f 03 OELl = 5.3uoE-Oc!
I'SlAI(T= 1.362E 03 1'15 lAin = 1.ll/5t:. 01 PFINAl: 1 •.BlE 03 \'IFINAL: 1.302E 01
FCHECK: i!.05c!E 03 I'C :: 1.i!05E 03 AT : I.UblE 00 RHU : 4.c!llIE-03
HHUC : ll.026E-03 AC :: 1.31'*t. U'I lIxE = c.'I3'1E 04 wOUT = 3.i!5bE 01
DELW : 1.727E 00 HHUNE"= ll.I'I3t:-03

b 1.1131: 03 5.300E-02 '*.3uut.-Ul 1.300E 00 1.38c!E 03 1.1I15E 01 O.OOOE-Ol 1.337E 03 7.302E 01
FIWM fNO OF IHHUSI ***-** •••• _***-------*----**_.

PO = 1.4701:: 01 (;AMI~A : 1.'110E 00 G : 3.db'lE 02 VOLUME: 1.1IdE 011
ALPHA : 'i.200E-01 cn : 1.3:>0e. 00 fOflCE = 1.1192E 03 llEL T = 3.00uE-02
PSIAHT: 1.337E 03 WS1AR1= 1.3U21:: 01 PFINAL: 1 •.H IE 03 \'IF !NAl: 7.201E 01
FCHECK: i!.10llE 03 I'C = 1.230t u3 AT = 1.13'*E 00 ImO = 4.1113E-03
kHUC : 3.905E-03· AC : 1.310E U'I lIxE = 2. 'I UE 04 \'lOOT = 3.31>9E 01
OELrl : 1.0IIE 00 WHOIvEw= 4.0051:.-03

9 1.692f. 03 3.0001:.-02 9.2uOI:.-01 1.350E Ou 1.337E 03 1.3021: 01 u.OOOE-OI 1.311 E 03 7.2uIE 01
FRUM END OF IHRUST a** __ .i •• _. __ • ___ ••• __ .***_ •• *

PO : 1.470E 01 bAI1MA = I.III0f. 00 G : 3.8&'IE 02 vOLUME: 1.1&3E Oil
ALPHA : 9.1>00E-01 CFX : 1.3:>0t:. 00 FUHCE : 1.23,*E 03 I)EL T : 0.9lJoE-0i!
PS1ART: 1.311 E 03 "'STAHl: 7.i!uII:: 01 PFINAL: 1. i!7 2E 03 wFINAL= 1.049E 01
F(;HECK: 1.319E 03 PC = 1.2:>91:: 03 AT : 7.291E-OI flHO : ll.085E-03
itHOC : 3.9&9E-03 AC = 1.315':' Oll lIxE : 2.'I2<1E Oll woOT : 2.19,*E 01
DELw = 1.511E 00 HHUNE .. : 3.'1'1,*1:.-03

'10 1. i!39E 03 b.900E-u2 9.l>uut.-ol 1.350E OU 1.311E 03 7.201E 01 O.uOOE-Ol 1.27c!E 03 7.0ll9E 01
FIWM END UF THtWST *-****-.*_ •• -._** .•. _** •• _* .. -

Po : 1.470E 01 bAMMA : 1.'1101:. uO G : 3.li&llE 02 VOLUME.: 1.11>3E Oll
ALPHA = 9.900E-01 CFA : 1.1~0t: 00 FUI(CE : 2.1&oE 02 llELl : 8.i!00E-02
PST ART: 1.272E 03 \'ISlANT= 1.0'l9f. 01 t>fINAL: 1.~&3E 03 wF lt~AL: 7.01~E 01
fCHECK: 2.823E 02 I'C : 1.200E 03 AT : 1.491E-01 RHO : 3.9'19E-03
itHOC : 3.97IE-03 AC = 1.315t Oil . VXE : 2.ll211E Oll woOT : 'I.500E 00
DELW = 3.&90E-Ol RHONl:.w= 3.911lt:-03

11 2.11>0E 02 8.200e-0i! 9.'luOt.-VI 1.150E 00 1.27ce 03 7.04'1E 01 O.OOUE-Ol 1.2&3E 03 7.012E 01
FRUM END OF THRUST *-*_.*.***--*_•.•••_*_.-*----*

PO : 1.470E 01 GAMMA : 1.410E 00 G = 3.li&'IE 02 VOLUME= 1.7&3£ 04
ALPHA = 9.800E-Ol CFt : 1.2I1ut. 00 fOHCE : 'I.ulluE 02 oELT : 1>.700E-02
PST ART: 1.i!&3E 03 WSTART: 7.0121:: 01 PFINAL: 1.2ll9E 03 ",FINAL: 1>.'I58E 01
fCHECK: 5.055E 02 PC : 1.2381:. 03 AT : 2.120£-01 RHO : 3.97liE-03
RHOC : 3.922E-03 AC : 1.3 II t Oll lIAE : ~.'IloE 011 ",DOT : 1l.U8bE 00
DEL'" : 5.'I18E-Ol RHUNE,,: 3.9-111t.-03

12 4.0ll0E 02 1>.100E-02 9.11uot-01 1.200E Ou 1.21>3E 03 1.012E 01 1I.000E-01 1.2'19E 03 b.958E 01
FROM END OF THRUST *-* •• - ••••• ** ••• _---.*.-. __ ._.

PO : 1.470E 01 GAMMA = 1.1I10E uo G : 3.li&4E 02 VOLUME: 1.1&3£ 0'1
ALPHA : 9.000E-01 cn = 1.5uOti uO FORCE : 4.&711E 03 DEll = 3.00uE-02
PSTAtU: 1.2'19£ 03 wS14Rl: 1>.9'Jtlt: 01 PFINAl: 1.19i!E 03 wfiNAL: 1>.73uE 01
FCHECK: 4.&58E 03 PC = 1.I~llti U3 Ar = <:.17l1E 00 RHO = 3.,*48E-03
HHUC = 3.&&3E-03 AC = 1.i!'I3E Oll litE = 2.3&'IE Oll woOT : 7.59bE 01
DELW : 2.279E 00 RHUNEw= 3.8111e-03

13 ll.&111E 03 3.uouE-02 'l.oooE-Ol 1.500E 'Ou 1.2119E 03 &.958£ 01 O.OOOE-Ol 1.192E 03 I> .130E 01
FRUM END OF THHUST *••*-_._*_._._._---.-. __ . __ ._.

PO : 1.470E 01 GAMMA : 1.ll10t: uo G : 3.11&llE Oi! VOLUME: 1.1&3E Oil
ALPHA : 9.1>00E-Ol cn : 1.3uOt: UO FOHCE : 1•.BIlE 03 DELT = 3.000E-02
PSUHT: 1.192£ 03 WSlAHl: &.730t:: 01 PFINAL: 1.17 3E 03 wFINAL: 1>.&5~E 01
fCHECK= 1.539E 03 PC = l.ll111':: 03 AT : tl.9911E-01 flHO : 3.8111E-03
RHUC : 3.709E-03 AC = 1.2'1&t: U4 lIXE : 2.3711E 04 wOOT : 2.500E 01
DELw = 1.50lE-OI flHUNtlll: 3.7/&1:.-1.13

14 1.338E 03 3.• OOOE -Oi! 'l.&uoe.-Ol 1.300E 00 1.192E 03 &.130E 01 o.oOOE-OI 1.113E 03 0.&55E 01
FRO" END OF THIlUST ***_.**at.tt. ___ •• __ .*._._ .. _*

PO : 1.410e 01 GAMMA : l.lllOc Uo G : J.lll>llE 02 VOLUME: 1.103E 04
ALPHA = 9.000f-01 CF X = 1.q:l0i:. 00 FUtiCE = ~.9&ge 03 DEll = 3.000E-0i!
PSUIH: 1.173E 03 WSTAHT: l>.b:>5E 01 PfINAL= 1.130E 03 "FINAL: 1>.50llE 01
FCHEt.:K= 3.0ll7E 03 PC = 1.0:>1>t. U3 Al : 1. 'I 39E OU flHO = 3.17;'E-03
RHOC : 3.504£-03 AC = 1.21111:. 0'1 v xl:. : c!.H,*E 0'1 wOOl : 5.0 BE 01

FIGURE 7.3-4 (b) . OUTPUT FILE FOR EL CENTRO (SOUTH)
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DEL'" : I.SluE 00 ,hlUNt ..= 's.o'#01:.-03
IS 2.9091'. 03 J.OuoE-ol 9.ouOr.-ul 1.'I50E 00 1.17 ,SE oj b.055f. 01 O.OOOE-Ol 1.1301:. 03 b.~O'lE 01

FHu~ ENU UF IHHUST ****.*.******.*.**************
Po : 1.'I70E 01 GAMMA : l.lll"t 00 Ii : 's.tlI>4E 02 VOLUME: 1.1 b3E 0'1
ALPHA = 'I.800E-Ol CFlI = 1.i!:lOt 00 FlluCi'. : 'I.d7vE 02 UEL T : b.900E-02
PSTART: 1.131>1'. 03 wSTA,n: 0.SU41:: 01 PI' HIAl: 1.1201'. 03 wI'INAL: 1>.4391'. 01
FCHI:.CK: 5.11151'. 02 I'C : 1.1Ut. 03 AT = j.~OuE-OI HHO = 3.&901'.-03
RHUC : 3.03111'.-03 AC = 1.2'#IE U4 VXE = 2.3b~E 0''1 wOOT : '1.503E 00
DELli : o.SS7E-OI HHUNEw= 3.o:l,S':;-03

10 4.870E 02 0.9001'.-02 9.1l00t-Ol 1.2501'. ou 1.1301'. 03 o.SOqE 01 o.uIIOE-OI 1.120E 03 0.'139£ 01
FRUM ENO OF lHRUST *** ••• ***.********************

PO : 1.470£ 01 bAMMA = 1.'1101:: 00 Ii : ,S.llb'll:: 02 \lULUME: 1.1b3E 04
ALI'HA : 9.1I00E-Ol CFlI : 1.i!~0f. 00 rORCE. : ~.b8UE 02 UELl : 9.'J00E-02
PSTARl: 1.1~oE 03 wSTAH1: 0.4391:: III PFll'UL= L.O'HE ll3 wFINAL= 0.329E 01
FCHECK: 0.777E 02 PC = 1.09 11:: 03 Al = 4.141E-Ol RHO : 3.053E-03
RHOC = 3.blllE-03 AC : 1.2091:: 04 \lXf. : 2.3511E 04 1'4001 = 1.1I1E 01
OELW = 1.100E 00 RHONE ... = 3.S'Ilt-u3

17 5.blloE 02 9.900E-Oi! 9.8UOE-Ol 1.2501'. 00 1.120E 03 0.439E 01 O.OOOE-Ol 1 .09 3f. 03 0.3291:: 01

FIGURE 7.3-4 (c) • OUTPUT FILE FOR EL CENTRO (SOUTH)
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OATA F1L~ fU~ rH~U~r CALluLAllU~~

(._---------------------------------------------------------------------
C I 2 3 4 5 I> 7
C234SI>7890123q~b78qOl~34~l>loq01234~o7~~01234SbI8q01234~1>78901234S&189012

c-·---------------------------------------------------------------------
uUTI> =SFCN1.0T** NAMe OF ourpur FIL~ (C*d)
N = 23 TUTAL NUM~EW OF PULSES (110)
PO = 14.7 EO ATMOSPHEH1C PH~SSUHE (PSI) (flO.OJ
GAMMA = 1.41 EO GAS CON~TANT

G = 36&.4 Eo ACCEL. OF GHAV1TY (IN/S-*2)
VOLUME = 17625.bEO VULUME (!~ •• ))
~STAWT = 1314.7 Eo STAHrlN~ PRe~SUH~ tPSI)
~STAHT = 1>0.785 EO STAHT1NG WE!bHr (POUNuS)
C~~·-·~·~·-····-·-·-~--~~~-··-~·~-------~-·-·~---~-~·-~-.-..~~~~~~~~~.-~
C 1 2 3 4 S I> 7
C2j4SI>78~01234Sb78~012345b7a90123450109012345b78~0123qS1>7890123451>18qOl~

C~···~···-··-···-··-·~·--·-----··~--·-·~··-·----~·---- --.-----.-.-
Nl FOWCEIN) DELTIN) ALPHA(~) CFX(N)

1 1335. EO 0.030 EO 0.95 ~o 1.32 ~O

2 b9'S. EO 0.01& Eo 0.~1 Ev 1.2& EO
3 &50. EO 0.119 EO 0.97 Ev 1.25 EO
4 532. EO 0.015 to 0.~8 Ev 1.23 ~O

5 125. EO 0.030 EO o.~q Eo 1.12 EO
& 403. EO 0.0&0 EO 0.~8 EO 1.20 EO
7 S87. EO 0.044 EO 0.~7 Eo 1.24 EO
6 607. EO 0.042 EO 0.91 EO 1.25 ~o

9 968. EO 0.030 EO 0.~1 Eo 1.2d EO
10 358. EO 0.037 to O.~o EO 1.20 ~O

11 477. ~o 0.0~2 ~o 0.98 tv 1.22 EO
12 155. EO 0.030 EO 0.~8 EO 1.10 EO
13 lb2. EO 0.010 EO 0.9Q Ev 1.10 ~O

14 &79. EO 0.030 EO o.~q EO 1.21> EO
15 2b8. Eo 0.031> EO 0.~7 Eo 1.18 eO
II> 514. EO 0.030 EO o.~q EO 1.24 to
17 178. Eo 0.030 to 0.98 EO 1.18 EO
18 6b7. Eo 0.030 EO 0.99 tv 1.28 ~O

19 191. Eo 0.030 ~O 0.90 tv 1.10 EO
20 IS8. EO 0.Ob6 EO 0.99 EO 1.10 EO
21 110. EO 0.084 EO o.qq Eu 1.10 Eo
2222'S. EO 0.030 EO O.~9 to 1.11> ~O

23 153. EO 0.080 Eo u.99 Eo 1.10 ~o

C···-~-·-~----·-------·---·····--------···-·------··-~------....-.-..--.
C 1 2 3 4 5 b 7
C23qSI>7890123q5b78901~5q5b78qOI23~~o7b~01234SI>1690123451>1890123q51>7~q012

C·······--···~·---··--·-·-·-·---·-·--·---~·--··--·····.....---....-.....

FIGURE 7.4-1. INPUT FILE FOR SAN FERNANDO (NORTH DIRECTION)
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THHUST ANALY:;IS, IN5:SfC.NI ulJlb=SfCIH .UT
PO = 1.'1701: 01 bAMrU = 1.11101:. 00
G = 3.dbliE 02 VULUME= 1.7b-S1:. 04
..STAHT= 1.31SE 03 l'4STAH1= b.1>191:. 01

N f OT ALP"A CF X P lii FCHI:.CK PNEw l'4NEW
FROM ENO OF IHHlJ:iT t*_.* __ ._._._***.**** •• _._** ..

PO = 1.470E 01 bAMMA = l.lIIOt. 1)0 G = .5.bb'lE 02 VOLUME= 1.103E 04
ALt'HA :: 9.500E-Ol CFX :: 1.3cOI:. 1)0 FOHCE ; I.H~E 03 OELT = 3.000E-02
PSUHT; 1•.51 sE 03 ilS1A~T= b.o/9l::. 01 PfII'lAL; 1.<!9~E 03 wFINAL; b.bOllE 01
FCHECK= 1.519E 03 PC = 1.2'19l:; 03 AT = 8.U9dE-01 RHO = 3.1d9E-03
HHUC = 3.05'1E-03 AC = 1.3o~c. v'l "xl:: = c.~I~E 0'1 wOOT ; 2.33'1€ 01
OELtI : 1.002E-ol HHONEw= 3.1'1'll::.-u3

1 1.335E 03 3.000E-02 9.5uol::.-Ol 1.320E 00 1.51 'jE 03 b.b79E 01 o.oOOE-Ol 1.295£ 03 b.b08E 01
FROM END OF THRUST **._**at* ____ t_* __ * __ ** •• * ___ *

PO = 1.'170E 01 bAMMA ;: 1.'110C:: 00 CO ; 3.00'lE 02 yOLUME= 1.703E 0'1
ALPHA : 9.100E-Ol CFX = 1.21>01:. 00 FOHCE ; 0.950E 02 OELT = 7.bOoE-02
PSTAHT: 1.295£ 03 WS1AHT= l>.bVdC:: 01 PFINAL= 1.2b'lE 03 I'll' HIAL= b.512£ 01
fCHECK= 1).2901:. 02 PC = 1.2~bE v3 AT = 'I.-S'lvl:-Ol RHO = 3.74'1£-03
HHOC = 3.b091:.-03 AC = 1.31>1>1:. 1)4 yXE = 2.'jlbE 04 ",OUT : l.cHeE 01
OELW = 9.bbbE-OI RHUNI:W= 3.b'lSI:.-03

2 0.950E 02 7.bOoE-02 9.7VOI:.-01 1.200E 00 1.29~E 03 b.bOdE 01 O.oOOE-Ol 1.2b9E 03 b.512E 01
FRu,", ENO 01' THIWST __ * __ • __ ** __ .*t_ •••• _._* .. ____

Po = 1.'110E 01 GAMMA = 1.'1101:. vO Ii : .5.bb'lE 02 yOLUME= 1.70.5£ 04
ALPHA = 9.100E-Ol CFX = 1.C!::I0t. 00 FOHCt: = b.~OvE 02 OELT = 1.1'10E-Ol
pSURr= 1.209E 03 "'S1A~T= b.512t. VI PFINAL= 1.C!30E 03 I'll' ItlAL = b.36'1£ 01
FCHECK= 1.80bl:. 02 PC = 1.2-S11:. 03 AT ; 4 • .:2bE-01 Imo : 3.b'l~£-03

RHUC ;: 3.bloE-03 AC = 1.3b2t. 04 UXl::. : 2.~00E 04 ...OOT : 1.20-SE 01
OELI'! = 1.<l31E 00 HHUNI::W= 3.&131:.-u.3

3 b.500E 02 1.190£-01 'I.700':'-Vl 1.250E 00 1.':&'iE 0.5 0.512E 01 O.OOOE-Ol 1.230E O-S b • .3o'lE 01
FROM END OF THRlJ~r *****.*.*.**************.*****

PO : 1.'170£ 01 IiAMI4A = 1.'I10t vO G : 5.db4E 02 VOLUME: 1.7tdE 04
ALPHA : 9.bOOE-01 CF)( = 1.':-S0t. vo FOwCI:. : 5 • .320E 02 OELl = 7.~00£-O2

PS1AHT= 1.230E 03 .,STAHT= 1>.3&91:. 01 PFINAL= 1.209E 03 wFINAL= b.293E 01
FCHECK= 0.'185E 0C! PC = 1.2v51:. 0.5 AT = .5.590E-01 HHU : .5.b13E-03
RHOC : 3.5021:.-05 AC : I. 5~1lt. v'l YXI:. = 2.'I97E 0" wuuT = I.UO.5E 01
OELW ; 1.525E-Ol Rt1UNEw= .3.5711:.-v3

'I S.320E 02 7.'500E-02 'i.t1uot.-vl 1.230£ 00 1.23v£ 0.5 &.309E 01 o.ooOE-OI 1.20'11:: 0.5 b.293E 01
FROM £NO OF THI<U:;T *-*---*_._.*._***_.--*---_ ....

PO = 1.'1701:. 01 GAMMA = 1.<l101:. 00 Ii : .3.bo'l£ 02 yOLUMI::: 1.71>3E 0'1
ALPHA : 9.900E-Ol CFX = 1.leOI:; 00 FORCE : l.e'50E 02 OELT : .5.000£-0':
pSTAHr= 1. C!09E U3 ",~rAIH= o.2~3t; 01 pFIN"I.; 1.201E 03 ",FINAL: 0.28b£ 01
FCHECK= 1. &75£ 02 PC = l.l~11:. v3 AT ; 9.~2<1£-02 RHO = '.5.571£-03
RIWC : 3.5'1'jE-03 AC = 1• .5~bl:. U4 YXE ; 2.'I9I1E 04 ",DOT : 2.j9<:£ 00
OELI'! = 7.775E-02 HHUNE"= .3.'joot.-o.5

5 1.250E 02 5.00uE-v.: 'I.'1oot.-vl 1.120£ 00 1.20~E 0.5 &.2931:. 01 0.(10111:.-01 1.207E o-S 1>.26bE 01
FRUM END OF nllWST _.**._-_ .• -*-***---_._-**.***-

PO = 1.'170E 01 GAMMA = 1.'1101:. 00 b : -S.tlo'l" 02 VULUME: 1.71>3£ 04
ALPHA = '1.IIOOE-ol CH = 1.2vot. 00 FORCE. ; 'I.03vE 02 OfLT : b.00ot:.-02
PSTAHT= 1.2071:. 03 .. s TA,n = 0.21101:. vi PFINAL: 1.19"£ 03 ~F INAL: b.239E 01
FCHECI\= 5.030E OC! PC = 1.1 0 31:. 0.5 AT : 2.tH'iE-OI I<HU = .5.Soo£-OJ
HHUC : 3.515£-03 AC = 1• .5~41:. 0'1 UXl:. : 2.<llIoE 011 wOOT : 7.d12£ 00
OELI'! = 'I.bIlIE-(l1 HHUNl:.w= .3.5<101:.-v.5

0 1I.030E 02 b.oooE- v2 9.lIvOt.-01 1.200E 00 1.20/E 03 0.28bE 01 O.oOOE-ol 1.19'1E 0.3 b.239E 01
fRUM ENU OF THI<USr * •••• _*_a._ ... _.* ___ *_._._._._

PO = 1.'1701: 01 bAMM" : 1.'Ill)t. I/O G : .3.11b'lE 02 ~ULUME= 1.76.5£ 04
ALPHA = 9.700E-01 Cfx = 1.':'I0t. vo FORCt: : ::I.d70E U2 llELT : 'I.'Iovl::-02
PSIAI<T: 1.1941:. 03 "SIA"T= b.c's91:. vI "I' U>lAL= 1.181E 11.5 "f INAL= b.190£ 01
FCHECI\= 1.01l2E 02 PC : I.l~lll:. u.5 AI = 'I.U8bE-01 I<Hll = -S.~'IoE-03

HHOC = 5.'Ib'lE-03 AC = 1• .5::101:. 0'1 ~xl:. = <:.'I7/1E 0'1 "uur = 1.IO'lE 01
DELw = '1./lboE-OI I< t1lJNt.,,: -S.5Ict.-I/.5

FIGURE 7.4-2(a). OUTPUT FILE FOR SAN FERNANDO (NORTH)
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Reproduced from
best available copy.
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1 ~.1l70E U2 'I.'IUUE-02 'i.1vOI:.-vl 1.ZlIuE 00 1.19'1E OJ b.239E Ul o.vOOE-l.l1 1.11111; u3 b.1~Of 01
FRUM ENU OF lo1lW:>1 ... _..... _- ... _-*----**.***--*

Po :: 1.1170E 01 GAMMA : 1.1I10e. 00 G : .5 .IU,IIE OC! VOLUME: 1.7bJE UII
ALPHA : 9.100E-Ol en : 1.2~Ut:. 00 FOHet:. : b.070E 02 OELI : 1I.200e:-02
PSTAHT: 1.181E 03 wSlAtel: b.l'iOI; U1 PFINAL: 1.1b1lE 03 wFINAL: b.1113E· 01
FCHEeK: 7.2ooE 02 PC : 1.1'11>1:. 03 AT :: 1I ••BllE-Ol HHO : J.::ilc!E-03
RHuC :: 3.1l31E-05 AC :: 1.3'11le. 011 VXE : Z.'472E 011 wOOT : 1.13sE 01
OELW : 4.7obE-01 HHONt.w: 3.1I115t.-03

II b.070E 02 II.Z00E-02 9.700e.-Ul 1.250E 00 1.1 1l 1E 05 0.1'10E 01 o.oOUE-Ol 1.101lE 03 b. 111 3E 01
FROM END UF rHIWST *****.*.******.****.**********

PO : 1.1l70E 01 GAMMA = 1.'I10e. 00 G : 3.11b'lE 02 VOLUME: 1.7b3E 011
ALI'HA : 9.70oE-01 CFx = 1.200t. uo FOHCl:: : 9.tlIlUE 02 DELT : 3.000E-02
PSlAIH: 1.lbllE 03 wSTAHT= 0.1'131:: 01 PFINAL: 1.lS'IE 03 wfINAL:: b.OIHIE 01
FChECK: 1.IS3E 03 PC : I.I.HE u3 AT : a.lIluE-Ol RHO : 3.1l1l5E-03
kHUC ;: 3.41IE-05 AC : 1.3'10t:. 011 VXE : 2.407E 0'1 wOOl : l.ll07E 01
OELW : 5.420E-Ol HHUNEw: 3.4~'It:.-u5

9 '1.88uE 02 3.uOOE-OZ 9.700t:.-ul 1.280E 00 l.lbllE 03 0.1113E 01 O.OOOE-Ol 1.1511E 03 o.UIlIlE 01
FROM ENO OF THRUST

*__ a __ ••• _a ___ • ____ • ____ .*____

PO : 1.1170E 01 GAMMA : 1.410e. UO G : J.lIb'lE 02 VOLUME: 1.7b3E 011
ALPHA : '1.bOoE-Ol CFx : 1.2UOe. uu FOHCE : 3.58uE U2 DELT : 3.700E-02
pSTAHr: 1.1S4E 03 "'STAHT: b.uOllt. vi PF lNAL: 1.14/E 03 wF INAL: b.Ob2E 01
FCHECK: 1I.4SZE 02 tiC : 1.10lle. 05 AT : 2.b9JE-Ol RHU : 3.45I1E-05
RHUC : 3.5SoE-03 AC : 1.3'111; 04 vxE : 2.'I5~E 04 wOOl :; 7.UObE 00
DE L\'II : 2.5'12E-Ol RHUNEw: 3.'IolOe.-u3

10 3.S80E 02 J.70UE-02 9.&vOE-Ul 1.200E 00 1.15'1E 03 &.0 88£ 01 O.OOUE-Vl 1.1117E 03 b.ObC!E 01
FRUM END OF THRUST *.*- .. -----*-*--*-***-* ..... *-PO : 1.'I7uE Ul GAMMA : 1.1I10e: VO G : 3.110'lE 02 VOLUME: 1.7&3E 04

ALtlHA : 9.80IlE-01 CFX : 1.':~0~ 00 FOHCl : 4.17 OE 02 OELl : S.200E-02
PSTAIH: 1.147E 03 w:>UIH:; o.o,,~e. 01 PFINAL: 1.13'1E 03 wFINAL: c..01SE 01
FCHECK: 5.83'1E 02 PC :; 1.1~'I1::: u3 AT :: 3.11711E-01 RHO :; 3.1I110E-03
kHUC : 3.391E-03 AC : 1.3<111t:. 0'1 vxt. : 2.'Ib3E 04 ..001 : '1.1a2E 00
DELW : 1I.1b'lE-Ol HHUNEw: 3.1113e.-03

11 11.77 oE 02 ':i.20uE-01! '1.IlUOe.-vl 1.220E 00 1.14/E 03 b.Ob~E 01 0.000£-01 1.15'11; 0$ b.Vl~E ul
FROM ENO OF IHHUST ********---*-*_.*---_._-**_ •••

PO : 1.470E Ul GAMMA : 1.'I1UI:. UO G : .s.llo'lE 02 VOLUMt: 1.7b5e 04
ALPHA : 9.1I0UE-Ol CFX : 1.lilOt. UO FORCE : 1.::>'50E 02 OELl : $.uOoE-02
PSTAHT: 1.134E 05 WSTAHl: ".U1St:: ul PFINAL: 10132E 05 wFINAL:; 6.00::>E III
FCtlECK: 2.105E 02 PC :; 1.112t:. u3 AT : 1.20IlE-01 HHO : 3.4UE-03
RHUC : 3.3b4E-03 AC : 1.3'12t:. V'I VXE : 2.'451E 0'1 wUUl : 3.301E 00
DELW : 9.922E-02 RHOlljEyj: 5.'Iull;-03

12 I.S50E 02 3.uuoE-02 '1.llvOe.-Ol l.l00E 00 1.13'1E 03 0.015E 01 U.UOUE-Ul 1.132E 03 b.u05E 01
FRUM END OF THRUSr *.*---*_._-* .... * ••• --_._._---

Po : 1.470E 01 GAMMA : 1.410t. 1.10 G : J.ob<lE 02 VULUME: 1.7b5e 0'1
ALPHA : q.'100E-01 CFX : 1.10UI::: 00 FOliCE :; 1.b2uE 02 OELT : 1.00uE-02
PSTAHT: 1.1321::: 03 WSTAHT: b.uv5t. UI PFINAL: 1.131E 03 wFINAL: o.OOlE 01
FCHECK: 2.1qqE 02 tiC : 1.1~0t:. u3 AT :; 1.JI::>E-01 HHO : 3.1107E-03
RHUC : 3.383E-03 AC : 1.3'131::: 1.14 VXE : 2.4blE 04 wOOl :; 3.'153£ 00
DELw :: 3.453E-02 HHUNI;W: 3.IIUSt.-u3

13 1.1>20E 02 1.000E-02 9.'1UUe.-ul 1.100E 00 1.13~E 03 b.OOSE 01 O.OOUE-Ol 1.131E 03 b.001E 111
FRUM END OF rHkUS T **************.**********.****

Po : 1.470t:: 01 GAMMA : 1.41Ut:. UO Ii : 5.11b'lE 02 VOLUME: 1.765E: 011
ALI'HA ;: "I.9110E-Ol cn : 1.2QOI:. UO FOHCf:. : b.l'1vE 02 OELT :; 5.0UOE-02
PSTAItT: 1.131E 03 ",SlAin: b.OV11:. ul PFINAL= 1.121E 03 wFINAL: 5.9b3E 01
FCHHI<: 8.0'lbE 02 I"C : 1.11~t. \13 AT : 'I.1I1'l£-UI kHU : 3.'I05E-03
HHUC : 3.JlllE-03 AC - 1.jol3e. 04 VXE .. 2.'IoOE 04 wOOl : 1.20111:. 01
DELli : 3.7'11E-Ol HHUNE\<j_ 3.J.j3t:.-03

III b.1 QOE 02 3.Uoof-U2 '1.9vO~-vl 1.2oUE OU 1.131E 03 b.U01E 01 O.OOOE-Ol 1.1Z1E 05 S.9b3E 01
FROM END OF rHIWST ***---* ••• --.---*-.-----_._._-

PO : 1.47010 01 bAMI~A : 1.<l10e. ltO G = 3.11b'lE U2 VOLIJME: 1.763£ 04
AU'HA : 9.10UE-Ul l:FX : 1.10UI:. VU FllHCf:. : 2.,,8uE 02 DEll : 3.blJvl::-02
PsrAkT: 1.12110 u3 .~srIlHr= ~.<;n51:. Vl p~ l"'AL: 1.11nE 03 ...FINAL: ~.<;'Il4t; 01
FCI1ECK: 3.31\5E 02 PC :; 1.v cHt:. v5 Ar ;: ,:.u6~E-01 HHU :; 3.JIi3£-\l$
HHUC : 3.jl11;-03 Ae ;: 1.5jl" u'l VXE :; ~ ... 'IoE 011 I'llJuT .. ~ •.HIlt; 00

FIGURE 7.4-2 (b) • OUTPUT FILE FOR SAN FERNANDO (NORTH)
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OELI'I : 1."2~E-OI ~HU"t ... _ 3 •.Hc!t-1I3
15 2.060E 02 3.booE-oc 'j.7vvt-ol 1.llIlIE 00 1.121E 03 S.'hdE 01 O.OooE-Ol 1.11 bE 03 ~.'j'l'lE 01

fRuM ENO OF THflUST *********.-*******************
PU : 1."70E 01 GAMMA - 1.'11lJc. vO Ii - 3.1I0'lE UC VOLUME: 1.703E 0'1
ALPHA : 9.90uE-01 en. : 1.2"Ot vO FORCE : 5.1110E 02 OELT : 3.000E-02
PSHtH: 1.11bE 03 ",STAIH: 5.9'111t. vi flFINAL: l.l0llE 03 I'IfINAL: 5.915E 01
FCHECK: b.1611E 02 PC : 1.1V'lt v3 AT - J.153E-Ol HHO : 3.J12E-03
RHOC : 3.349E-03 AC : 1.3'11t: 1.111 VXt. : 2.45"E 0'1 wOUT : 9.139E 00
OELW a 2.922E-Ol HHUNt.",: 3.3';)0t:-03

II> 5.I'IOE 02 3.000E-02 9.900t.-1I1 1.211,OE 00 1.11 oE 03 5.91111E 01 U.vOOE-OI 1.11111E 03 5.91SE 01
FRUM ENO OF THl<UST ****-**------.*-**-------_.--*PO : 1.'HuE 01 GAMMA : 1.'1lot 00 G : 1.llb'lE oa VOLUME: l.lb3E Oil

ALPHA : 9.600E-OI CFX : 1.loOt uO FOHCE : 1.160E oa OELl : 3.vllllE-Oa
PSTAkT: 1.101lE 01 I'ISTAnT: 5.'1ISt: 01 PFINAL: 1.10 )E 03 wFINAL- 5.90'lE 01
FCHECK: 2.2411E 02 PC : 1.0obt 03 AT : I.J6'1E-ul RHU : 3.350E-03
RHUC : 3.306E-03 AC : I •.un: VII VXE : a.III1::1E 0.. WOOT : 3.5S3E Ou
OELI'l : 1.0bbE-01 HtWNEI'l: J.3::1O':'-03

11 1.760E 02 3.000E-0.! ".6VOt-01 1.160E 00 1.1011E 03 5.915E III O.uOoE-OI 1.105E 03 5.901lE 01
FROM END OF THRUST

*_* __ *a*_* _________ ••• *_ ••• ___

PO : 1.1I70E 01 GAMMA : 1."10':' VO G : J.llb ..E oa VOLUME: 1.703E 0'1
ALPHA : 9.900E-Ol cn : 1.2OIlt:. 00 FORCE : ll.blvE va OELl : 3.000E-02
PSTAHT: 1.105E 03 wsrAkT: 5.q04t Ul pflNAL- l.vq2E 03 ",FINAL: 5.1157E 01
FCHECK: 1.010E 05 PC : 1.11'1 .. t: 03 AT -0.191E-01 RHO : 3.350E-03
RHOC : 3.32t1E-03 AC : l.lHt. 0'1 vxE : 2.'1'1'1E 04 wOUT : 1.59'1E 01
OELW : '1.181E-OI kHUNEII: 3.3~3t::-03

III 8.b70E 02 3.000E-02 q.900e-ol 1.280E 00 1. lOSE 113 5.90'lE 01 o.oooE-OI 1.092E 03 S.857E 01
FRUM eND OF THRUST _._ ••• -_.*--*.•*-_...... ---- ..

PO : 1.'170E 01 bUtMA : 1.1I10e. 00 Ii : j.tlo'lE 02 VOLUME: 1.1b3E 04
ALPHA : 9.bOOE-01 CFX : 1.11101:: 110 FORCE : 1.'HoE 02 OELl : 3.000E-02
PSTAIH: 1.092E 03 ..STAHT: ~.d::l71:: 111 PF INAL: 1.08'1E 03 I'iIF(NAL= 5.III1'1E 01
FCHECK: 2. Sll3E 02 i"C : 1.0'l9E 03 AT : l.b5bE-01 HHO : 3.323E-03
RHOC : 3.2c!IlE-03 AC = 1.3301:: 0'1 VXE : ~.'I211E u4 wOOT = 1I.110E 00
OEl.ft : 1.233E-Ol RHONt.W: 3.310t-03

19 1.910E 02 3.000E-t1~ 9.bvOt-vl l.l00E 00 1.092E 03 5.1157E III lI.oooE-Ol 1.06\1E 03 5.64'1E 01
FROM END Of THIWS T ********.**.~****.*****.******

PO : 1.'170E 01 GAMMA : 1.410t 00 G : 3.11t1'1E 02 VOLUME: 1.7t13E 04
ALPHA : 9.900E-01 l:FX = 1.lvOC:: uo FOwCI:: : 1.';)IIOE 02 Of-loT : 1l.1I00E-0i!
pSTAHT: 1.01l9E 03 wSTAHT= 5.8'111':' 01 PFINAL; I.O/HE 03 wFIIiAL: 5.614E 01
FCHECK: 2.1'101:: 02 PC : I.o/at. 03 AT : I.H2E-01 HHO : 3.3IbE-03
RHOC : 3.292E-03 AC : 1.3 'sot V'I vxE = i!.lI'1~E 0.. "lOOT " 3.36DE 00
OEl.w -2.'HIOE-Ol kHUl'llw_ 3.''/9t-V3

20 1. SdOE 02 1I.600E-Oc 9.'jvvt-ol l.l00E 00 I.VIl91:: 03 5.611'1E III O.OOOE-Ol 1.061E 03 S.III'1E 01
FRUM END OF IHHUST t*** __ t._._._ .. *._. _____ *_ •• _.

PO - 1."70E 01 GAMMA : 1."IOt: 00 G - J.llo'lE 02 VOLUME: 1.1b3£ 0'1
ALPHA " 9.9001::-01 CFX - I.IVUC. 00 FORCE - 1.10vE 02 OELl = tI.'100E-oC!
flSTART: 1.081E 03 wSTAHT: 'i.1I1'lt III PFINAL: 1.1173E 03 WF(NAL: 5.711'1E 01
FCHECK: 2.30~E 02 PC : I.Ollt v3 AT : 1.1I11'1E-01 RHO : 3.299E-03
RHUC : 3.~75E-03 AC - 1.3j'lt. v4 IIxE " e!.1I3I1E 0'1 \,/OUT - 3.0'lIE 00
OELI'I : 3.00'lE-01 HHONt.w= 3.2t1lt-v3

~I 1.1011E 02 1I.1I00E-02 9.9I1ut:-VI 1.10uE 00 l.v81t: 03 5.1I1'1t. 01 O.OOOE-11I 1.013E 03 S.1811t. 01
FRUM ENO OF IHHUST •• * __ *a._* ___ ._._* ..... *______

PO : I. '17 oE 01 bAMMA - 1.'110t. vO (; = 's.lIb'lE 0, VOLUME: 1.703E 0'1
ALPHA " 9.900E-Ol CFX " 1.loot 110 FOHCE : 2.e!50E oa OELl : 3.000E-02
f'S rAN T: 1.0731:: 03 "'START_ 5.70"':' 01 t>FINAL= 1.1170E 113 Wf HUL: 5.77oE 01
FCHEl:I\: i!.661E 02 i"e " 1.003t v3 AT = I.II~::IE-OI NHU " 3.2611::-03
RHUC : 3.2511E-03 AC : 1.333t: 0'1 vxE : e!."35E 11'1 wOUT : 1I.5t13t. 00
OELW : 1.31St.-OI HHUtlt .. : J.a/'1e.-1l3

2~ 2.250E 02 3.000E-02 ".91.10c.-UI 1.lol1t: 01.1 I. u7 3E 03 5.111'11:'. 01 o.ooOE-OI 1.07 Of: 03 os .170E 01
FROM END uF rHtW:H *a*.t.a._.c_a.** •• *••• _. _____ •

PO : 1.'I7oE 01 GAMMA : 1.'Ilot: ou b : 3.tlo"E 02 VOLUME: 1.7b31:: 0'1
ALPHA : 9.900t-ol CFA " I.lvoe. vO fOflCt - 1.530E 1)2 UELl - !l.oooE-o,
psrAHr: l.ul01:. 03 "STAHT: ':J.lll1t vi !'FINAL- l.voJ€ 113 ..FINAl.: 5.711'1t 01
FCHECK- 2.070t. 02 I"C = I.O~'1e. 1.13 AT = 1.3DE-ol f(HU -3.d,,t-03

FIGURE 7.4-2(c). OUTPUT FILE FOR SAN FERNANDO (NORTH)
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HHUC : 3.250t-oJ AC : I.Jj2t u~ vxE : 2.43JE 04 wOUl : 3.28~E 00
DE~w : 2.b30E-Ol KHUNtW: J.2~~t-uJ

23 1.530E 02 d.OUO£-oZ ~.9uOt-ul l.l00E 00 1.010E 03 5.710£ 01 O.uOO£-OI I.Ob3E 03 ~.144E 01

FIGURE 7.4-2 (d) . OUTPUT FILE FOR SAN FERNANDO (NORTH)
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UAI4 FILt FU~ THkU~T CALCUL41IU~S

L-----------------------------------------------------------------------
(. I 2 3 .. 5 b 7
Ld3 ..~&7~qOI23 .. S&1890123 .. 5&18901234501dqoI23 ..5&18901234~b1d9012345&789012

~----------------------------------------------------- ------------------vUTt> =~FCSI.UT.* NA~E uF UUTPUT FI~t (C*8)
~ = 2b TUTA~ NUM~EH OF ~u~~ES (110J
PO = 14.1 EO AIMUS~HtklC ~Ht~~U~E (PSI) lEIO.OJ
I~AMMA = t .41 t:.0 GAS CUNSl ANT
~ : 38&.4 EO ACCtL. UF ~kAvITr lIN/S**2)
vOLUME : 11b25.&EO VULUME lIN.*3)
~STAkT : 1314.7 EO SrAHTINb ~RE~S~E l~SI)

~~TAkT = bo.785 EO SIAHTING ~ElbHI (POUNUS)

~---.------------------_.----------------------------- -.----------------
~ 1 2 3 " 5 & 1
L2345&1890123"Sb789012345&1890123"So7890123 .. 5&189012j ..~&189012345&789012
c----------------------·-·----------------------------------------------

Nl ~OHCE(N) oEL I (N) AU'HA ('~J CFJ((N)
1 &!l. EO 0.010 to I.VO Ev 1.00 to
2 II S. to 0.041 to 1.00 EO 1.20 EO
3 1111. EO 0.042 cO 0.99 to 1.21.1 Ell
II 1075. EO o.OS" EO 0.91> Eo 1.311 1::0
5 ~~2. Eo O.Obl.l Eo 0.98 Eo 1.23 1::0
& b 13. Eo 1l.10~ Eo 0.98 Eo 1.211 EO
7 780. EO 0.073 EO 0.97 Eo 1.2b eO
8 312. EO 0.030 1:.0 0.99 Eo 1.20 1:.0
9 3'H. Eo 0.1115 EO 0.99 Eo 1.211 1::0

10 723. to 0.0&9 Eo 0.911 Eo 1.2& 1:.0
II 189. Eo 0.111 1::0 0.'19 Eo 1.10 EO
12 215. EO 0.030 Eo 0.99 1:.0 1.IS 1:.0
13 13b. Eo 0.107 EO 0.'19 EO 1.10 1:.0
III 2118. EO 0.030 EO 0.99 EO 1.15 EO
15 'H.9. EO 0.0.50 Eo lI.91> Ev 1.28 to
1& 721. to 0.030 EO 0.98 cli 1.2& 1:0
17 209. EO 0.045 Eo 0.99 Eli 1.1 & EO
18 14~1>. EO 0.030 Eo 0. 95 Eo 1.34 Eo
19 510. EO 0.041> to 0.98 Ell 1.24 EO
20 b2&. Eo 0.039 Eo 0.'18 EO 1.24 to
21 440. Eo 0.031 EO 0.98 Eo I.U 1:.0
22 2'111. E.o 0.0'52 to 0.'19 Eo 1.18 EO
23 215. EO O.Od& eo 0.'19 EU 1.10 1:0
24 215. e.o 0.0~7 c.O 0.99 Eo 1.1& ~o

c5 141. E.u 1l.092 1:.0 0.99 Eo 1.10 EO
2& 172. Eo ll.030 Eo 0.99 E.o 1.10 E.O

L-----------------------------------------------------------------------
L 1 2 3 .. 5 b 7
~~3qSo769u12345b769012345&1890123 .. 5b111901234507890123.. j0789U1231150789012

~._---_._---------------------------------------------------------------

FIGURE 7.4 -3. INPUT FILE FOR SAN FERNANDO (SOUTH DIRECTION)
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Reproduced from
best available copy.
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IHHU:>T ANALY:>lli. 11'1o;::iI'C.:>1 uuTo=SFC;)I.ul
I'U : 1.q70~ 01 bAM"'A : 1.4101: 00
G : 3.S&'IE OC VULUME= 1.7031: 04
!'STAIH: 1.31':>E OJ /WSTAHT: O. b (91:. 01

N F 01 ALPHA Cfx I' w f-CHECK PNEw wNl::t'I
FROM ENO OF IHHUST **-*_ •••*.---*-_.-... _*.--_ ...

PO ;; 1.II1UE 01 GAMMA : 1.4101:. 00 G : 3.1I&'IE OC! VOLUMe: 1.1&.3E 011
ALPHA • 1.0OoE 00 CFx ;; 1.0UUI:. 00 fORCE • o.~OUE 01 OEL T • 1.00uE-0.:!
PSTAHT. 1.31:)1;. 03 wS1AHT. 0.0/91:. vi PFINAL: 1.314E 03 ...FINAL: &.077E 01
fChECK. 9.793E 01 I-'C : 1.31':>1:. u3 AT • 1I.94'1E-02 RHO : 3.7~9E-03

l'lHOC : 3.789E-03 AC • 1.31'jl:. VII vxt : 2.'j4IE 011 wOOT : 1.11119E 00
OELW : 1.489E-02 HHONcW: 3. 7ll/II:.-O 3

I &.500E 01 1.000E-o.:! 1.0001:. 00 l.oooE 00 1.31~E 03 b.b7 9 E 01 o.oOOE-OI 1.3111E 03 b.b77E 01
FROM END OF THRUST ***_t_t __ t. __ ••• _._*_* __ ._. __ •

PO • 1.1170E 01 GAMMA : 1.1I10t 00 G : 3.1I&'IE 02 VOLUME: 1.7b3E 04
ALPHA • 1.000E 00 CFX : 1.2vOt: 1)0 FORCE : 1.150E 02 OELl : 1I.100E-02
PSTAIH: 1.3111E 03 nSIAHl: b.bI71:. 01 PFINAL: 1.31~E 03 I'lFINAL: o.&oIlE 01
FCHECK. 1.III1I1E 02 I-'C • 1.3111l:. 03 AT : 7.c92E-02 HHO : 3.78I)E-03
RHoC : 3.188E-03 AC : 1.3751:. V'l vxE : 1!.::i41E 04 wOOT : .:!.19SE 00
OELW : 9.001E.-02 HHONI:.W: 3.1031:.-03

2 1.150E Oe! 4.100E-1I2 1.0001:. 00 1.200E 00 1.31'1E 03 &.07710 01 o.oooE-Ol 1.312E 03 &.b&IIE 01
fROM ENO Of THltU:>T *****************.************

1'0 • 1.'I70E 01 bAMMA : 1.11101:. 00 Ii • 3.1I&4E O.:! VOLUME: 1.7&3E 04
ALPHA : 9.900E-Ol Cfj( : 1.2001:. vO fORCE : '1.11 oE 02 DELT : 1I.200E-02
PSTAHT: 1. H2E 03 I'4SlAHT: 0.&0111:. vI PFINAL: 1.30jE 03 wF I NAL: b.b3S£ 01
FCHEeK: 5.151E 02 PC : 1.2~9l:. v3 AT : 2.031E-01 HHO : 3.183E-03
flHoe : 3.75bE-03 AC : 1.312£ 011 VXt :; e!.::i35E 0'1 1'400T : 7.1159E 00
DELW : 3.301E-Ol kHUNl::w: 3.70111:.-11.3

.3 'I.II0E OC! 1I.C!oIlE-Oe! '1.9001::-lIl 1.200E 011 1.31e!E 03 o.b&IIE 01 O.oOOE-OI 1.303E 03 &.035E 01
fRuM Ellill Of IHRUST **a** ••• a.a_****._.* __ *_._*_**

Po : 1.1I10E 01 GAMMA : 1.1I10t ull Ii • ).()b'lE 02 VOLUME:; 1.1&3E 04
ALPHA : 9.600E-Ol CFA : 1 • .30UI:: 00 fOWCE : 1.07~E 03 OEU : 5.'IOOE-02
PSlAkT· 1.303E 03 I'4SlAHT: b.o.sS£ 01 PFINAL: 1.~111£ 0.3 wF INAL: 0.532£ 01
FCHEeK: 1.2'12E 03 I'C : 1.2:11<: u3 Af : o.bljli.-Ol HHU • 3.7&'IE-0.3
liHue : 3.&51E-03 Ae • 1.305t: U4 VXt. : ~.)lbE 011 ,.,OOT : 1.901lE 01
DELW : 1.1I30E 00 WHUNI:.W: 3.10bt.-o.s

4 1.075E 03 5.'1001::-02 9.!>1I01:.-ol 1.300E IIU 1.303E 03 &.035E ·01 O.oooE-OI 1.27'1E 03 b.S32E 01
FROM EI~O OF fHIWSl ._._a_***._a** ___ *_* _____ * ___ *

Po = 1.'170':' 01 GAMMA : 1.'1101:: 00 to - 3.1I0'lE OC VULUME. 1.1&3E 0'1
ALI'''A :: 9.1I00E-Ol cn : 1.2301:. 110 FOI'lCE : 5.112uE OC! DELT • b.1I00E-1)2
I'SIAHf: 1.214E 03 .~s 1Ali I:; &.532t. 01 pf !NAL: 1.250E 03 ...F INAL= o.'1&bE 01
FCH£CK: 7.109E 02 I'C : 1.2'1'11:. 1)3 AT : 3.18'1E-Ol WHO : 3.100E-03
WHUC : 3.&5310-03 AC : 1.3b5t. u'l VXE : e!.~I~E 04 WOOT : l.u9C!1:: ul
OELW : 0.552E-01 kHuNtW: 3.1>0'lI:.-u3

5 'i.IIe!oE 02 b.UOoE-Oe '1.lIuOl:.-ol 1.230E 011 1.214£ 03 &.5321:: 01 O.oOOE-1)1 1 •.?5bE 03 b.1I6&1:: 01
FROM ENO llF IHIWSf ___ a* __ a_. __ ***_** ___ • ___ •• __ *

PO : 1.1I10E 01 GAMMA : 1.'1101:. 011 l> : .s.bO'lt 02 VULUME: 1.1&3E 011
ALI-'HA : 9.1I00E-01 CFx : 1.c:!1I01: 00 fOWCl:. = 0.130E 02 U£LT : l.uIlOE-ol
PS1AHT: 1.c:!SbE 03 ",SlAHT: b.llb&I:. 01 pfiNAL. 1.e!23E OJ wF INAL: 1> • .3 I13E III
fCHECK: 1.421E 02 I'C : 1.c:!31t. 03 AT : 4.010E-01 HHU : 3.009E-03
HHUC : 3.617£-03 AC : 1• .s0c:!t. 11'1 VXE : ~.500E 04 wOUT : 1.1'13E 01
DEL" : 1.235E 00 IiHur~l:... : j.':>'l'lt.-03

& &.13010 ill! 1.0llU£-01 '1.1I110e.-ol 1.211l1E 011 1.~SbE lI3 &.II&bE 01 o.oooE-OI 1.22.3£ 03 0.j43E III
fROM £"'0 lIf fHRIJSI *** __ a_ •• t __ ** __ • _______ ._* __ .

PO : 1.470t. 01 liAMMA = 1.41vl: VO G = .s.llbIlE 02 VlILlI:-1E= 1.11>.51: VII
ALPHA : '1.700E-ol CF X : 1.20111: vO FiJkCI: : 1.tlOuE 02 OEU : 1.30UI:.-0~

PSTAI<I. 1.2~.5t. o.s /W~IAHT: b.3'1.se. 01 PFINAL_ 1.1'1'1£ OJ "FIflAL: I>.c!.sli£ III
FCHEeK: 9.011£ Oi! I-'C = I.l obe. 1.13 Af : :;).cc:!OE-1I1 NHU : ~.5'1'11:.-03

IiHUC - 3.5~e!E-03 AI.: = l.j":>lIt. 0'1 VXl: - ~.'Ill'1E 011 "UUI : 1... 5'1£ Ul
Of.L.., : l.v5lf. Oll Ht1lJNI:.": 3.~j91:.-lIj

FIGURE 7.4 -4 (a) • OUTPUT FILE FOR SAN FERNANDO (SOUTH)
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c " . "
.~ L ... t \ .. '.' ., \1 ~ - ~ I l.r .. 1.<.'_11l... t" IIU \,..:.. ~ I.011VL \I c~ lJtLI :. i • .)VVl-Oc:

I':>IA"I; I. ~~jt iJj ":>IA,,I; b.3~3t. VI I'f INAl= 1.1'1<1£ V3 nF lllAl; b.~511e III
fCHELI\; 9.<1711f. O~ t'C ; 1.lobe. ,,3 AT ; ~.~2uE-01 kHU = 3.~'I'IE-03

kHUC : 5.5<:!<:!1:.-03 AC : 1 • j';>1I1:. U'I VXl:. : ~.';lI'IE Oil nUUl = 1. <15'11'. 01
UI:.LN : 1.0SIE 011 kt1UNt.,.;: 3.~j'lI:.-1/3

7 7.1I00t O~ 7.3001:.-0~ 'I.7,,0e.-1/1 1.2bOE 01/ 1.~2jE 03 b.3113£ 01 O.ovOI:-Ol 1.1'1<1E 03 b.23/1E 01
FRU" I:.NU OF IHrlU:>l .-._ .. -... -... _-**-----------*

PO : 1.1I70E 01 GAMMA = 1.'1101:. 00 G : 3.llb'lE 02 VOLUME; 1.lb3E Oil
ALI'HA ; 9.9UOE-Ol CfX = 1.~VOt. I/O fOrlCI:. ; j.120E 02 lIELl ; 3.voOe-02
PS1Arll; 1.1911E 03 t1SIAlil; b.23tlt. U1 pFINAl; 1.IIl'll: 03 wflNAl: b.220E 01
fCHECK: 3.d'lIiE O~ I'C ; 1.lll~t. 03 AT : ~.19<jE-01 kHU : 3.~3'lE-03

RHUC : .3.~I11e-03 AC : 1.3~1It. UII VXI:. : ~.1l8I1E 011 wUUl : b.OllilE 00
UELW : 1.1l1~t-01 Ii HONI:.l'l: 3.S~qt.-03

II 3.120E 02 3.000E-0<1 'I.9UOt.-01 1.200E 00 1.1 9'1E 03 b.238E 01 U.UUOE-Ol 1.189E 03 b.220E 01
fRuM ENU Of IHIWSl ._* __ *a __ *_••• _._*_* ___ * __ **._

Po : 1.1170E 01 bAMMA : 1.'1101:. 00 G : 3.lIb"E 02 VULUME; 1.7b3E 0'1
ALPHA : '1.900e-Ol CFx : 1.200t. 00 FORCE : 3.c!70E 02 uHT : 1.0501:-01
PS1Akl: 1.18'lE 03 l'ISIArll: b.2~0t. 01 pFINAL: 1.1HE 03 vtFINAL: b.153E 01
fCHEcK: 11.01101: 02 PC : 1.1Ilt. \13 A1 : ~.31~E-Ol RHO : 3.52'1E-03
kHUC : 3.50IlE-03 AC : 1.3~3t: 011 VXI: : 2.'IlIbE 011 1'1001 : b.3lI3E 00
uELW : b.bbO[-OI HHONEw: 3.11'#11:.-1/3

9 3.270E 02 1.050E-Ol 'I. 'hlllt.-O I 1.200E 00 1.18'lE 03 b.220E 01 o.OOOE-Ol 1.171E 03 b.153E 01
FROM Ei>lO OF IHRuST *************-****************

PO : 1.1170E 01 GAMMA : 1.1I10r. Uti to : 3.lIo'lE 02 VOLUME: 1.7b3E 011
ALPHA : 9.dOOt:-01 CFx ; 1.200t. 00 FOliCI: : 1.230E (12 UEL T : 0.900E-02
I'SIART: 1.171E. 03 roSIAHT= b.l~3t:: 01 PFINAl= l.l47E 03 "F INAL; b.ol:>lE 01
FCHE(;K: ll.saoE 02 PC " l.l l1 tll:. U3 AT : 'I.'19'lE-01 HHU : 3.1I'11E-03
RHUC : 3.III1IE-03 AC : 1.3'I~1:. 04 VXE : ':.'173£ 04 ...001 ; 1.341£ 01
OEL~ : 9.250E-01 I(HU!'l£W: 05.11391:.-03

10 7.230E 02 b.'100E-0<1 '1.IIUOI:.-ol 1.2bOE 00 1.lHE 03 I> .1531' 01 o.ooOE-Ol 1.1117E 03 I>.UblE 01
FkOM ENU ()f Ilil(uST ***-**************************

PO : 1.1I10E 01 GAMMA : 1.11101:. 00 G ; 3.db'lE 02 VOLUMe: 1.11>JE 011
ALI'HA : 9.900£-01 CFll : 1.100t. 00 fUHCt: : 1.II'1oE 02 Ot:Ll : l.lloE-OI
PSIAHl: 1.1 HE 03 "'SlArlT: b.oo11:. ul PFINAL: 1.13::>£ 03 "F INAL: b.011>E 01
FCHECJ(: 2.5b7E 02 1'(; = 1.1351:. 03 AT : 1.~hE-01 WHU : 3.1139£-03
HHUC : 3.41'1E-03 AC : 1.3'161' 04 vxE = ~.'Ib/E 011 ,,001 : 1I.021E 00
OELW : 1I.1I63E-Ol HHUikw= 3.413t.-03

11 1.~'1uE. 02 1.1I0E-01 9.'100t.-l/l 1.100E OU 1.14/E 03 b.Ol>lE 01 o.OOOE-Ol 1.135E 03 b.01bE 01
FRuM END OF THRUST *.*._**a.*****.*****•••• ** __ ••

PO : 1.1170E 01 loAMMA ; 1.111i1t. Ull G : J.ob'lE 02 VOLUME: 1.703E Oil
ALPHA : 9.900E-Ol en : 1.IJol:. 00 fOWCE. : ~.150E 02 OtLl : 3.uOOE-02
PSTAW1= 1.13SE 03 "'STAl'll: b.01b':: 01 PFINAL: 1.131E 03 ...FINAL: b.U03E 01
fCHECK: 2.1'l2E 02 PC : 1.1~3t:: 03 Al : 1.bo'l£-01 HHU : 3.1113E-03
HHUC : 3.369E-\)j AC : 1. Hilt. \Ill vxE : ~.'Ib2E 011 \'1001 : 1I • .3112E 00
O£LfI = 1.3111[-01 HHUNI:W: 3.1101:>t:-03

12 2.1S0E 02 3.000E-02 '1.9001:.-01 1.150E 00 1.13~E 03 b.OII:>E 01 0.0001'-01 1.131E 03 b.003E 01
FROM END Of THkUST t***._*_ •• _.*._*_.*_. __ .. _... _

1'0 : 1.470E 01 IOAMMA : 1.1I1ut. 00 G : 3.lIb'lE 02 VOLUME: 1.7b3E 011
All'HA : 9.900E-Ol CFX : 1.100t; 00 FOHCE : 1.3bOE 02 LlELl : 1.070E-01
PSIAH1; 1.131E 03 ",STAHl: b.003t:. 01 pFINAL: 1.123E 03 ",FINAL: 5.'172E 01
fCHECK: 1.611bE 02 PC : 1.1~IIE U3 AT : 1.104E-Ol RHO : 3.1101:>£-03
HHUC : 3 • .3~2E-03 AC : 1.3'l3t: 011 VXE = 2.'II:>IE 04 \'lOOT : 2.11'l9E 00
UELW : 3.102E-01 HHUNl:.w: 3.3~1lt.-03

13 1.3bOE 02 1.070E-01 '1.900E-\ll 1.100E 00 1.131E 03 1:>.003E 01 1.I.000E-01 1.123E 03 ~.972E· 01
FHOM EI.O OF THHUST .**-*.-_ •••••• _*.---**-*.... _*

PO : 1.470E 01 bAMMA = 1.1I10t:. 00 G : 3.dbllE 02 VULOME: 1.7tdE 0'1
ALI'HA : 9.900£-01 cn = 1.1~0t. uO fOWCE ; ~.1I6uE 02 UELl : 3.000E-02
PSlAkl= 1.123E 03 ",SIAHI: ~.'l/21:. 01 PFINAL: 1.1Il1E 03 O'lFIfIIAL: 5.'15'1E 01
fCHELK: 3.736E 02 I'C : 1.112t:. v3 Al : 2.253E-01 HHO = 3.3116E-03
RHUC : 3.3bIlE-03 AC = 1.H2t. 1/11 VXE : 2.1151£ 011 1'1001 : 5.11711£ 00
DELvI : 1.7b3t:-01 WHuNl ...= 3.3/111:.-03

111 2.6~oE 02 3.000£-02 9.9uOt.-01 1.150E 00 1.12.sE 03 5.972E 01 O.OOOE-Ol 1.11~E 03 5.'l511E 01
filUM ENU Of llil(u:> 1 **t __ * ___ *.a •• __ •• __ ._*_. __ ...

PO : 1. II 7 liE 01 loAMMA : 1.'I111e. 110 b : .).<ib'l£ 02 VUlUMl: : 1.7" 3E Oil
AU'HA : '1."OoE-OI Cf ~ = 1.2l1Ve. 00 fOHCt. : ~.b~UE 02 OtL T : J.000E-02
PSIAkl: 1.11111: 03 ",51A"T: 5."~'It. 01 PF1NAl: 1.IOQE OJ M INAl = ~.'1111E 01
fCHtLK: 1.12&1: 03 I'C : I.II/"t. 1/3 AT : 7.u5~E-01 HIiU = 3.37dt.-Oj
HtiUC : 3.2!\~t-1l3 AL = 1.3')~t. '/" VXt = ~.~~ut:: ,,'I ,,1>,/1 : I. I ""l \II

FIGURE 7.4-4 (b) • OUTPUT FILE FOR SAN FERNANDO (SOUTH)
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OtLW : 5.35dE-01 WriUNt",: 3.3'lbt.-II~

lOS 9.109010 02 3.000t-1I~ ':I.buut-ol 1.21l0E OU 1.11 dE 03 5.954E 01 0.000£-01 1.10'll; 03 ~.90IE 01
ffCUM END OF THtW:;1 -*---_._._._._.**_. __ .. _... -.-

1'0 : 1.'I70t III uAMMA : 1.'I1ot uO G : 3.bb'lf 112 VULUME: 1.7103E 0'1
ALPHA : 9.600E-Ol CFX : 1.2bOt UO FGkCt : 1.~luE 02 U£Lf : 3.01l0E-02
PSlAwT: 1.104E 113 ",STAIU: 5.901t 01 PF1NAL: 1.093£ 03 wF1NAL: 'i.lIbIlE 01
FCHECK: 6.527E 02 PC : 1.0112t 113 AT : ~.~lI'iE-OI WHO : 3.3'1dE-03
RHUC : 3.300E-03 AC : 1.331t 0'1 vxE : 2.'1'1'1E 0'1 wHOT : 1.311IlE 01
OEL", : II. 0'l5E-0 1 HHUNt",: 3.32~t.-1I3

110 7.210E 112 3.000E-02 'I.bIlOt-1I1 1.2boE 00 1.10'lE 03 5.901E 01 O.OOOE-Ol 1.093E 03 'i.lIbO£ 01
FRUM ENO OF THRUST

*._* ____ a ____ *_.* ____ ••• ____ *_

Po : 1.470E 01 GAMMA : 1.1I10t: 00 G : 3.11b'lE 02 VOLUME: 1.7b3E 04
ALPHA : 9.900E-Ol CFX : 1.IDOt 00 fORCE : 2.0911E 02 IlELT : 4.~1I0E-02
PSlART: 1.093E 03 WSTAWT: 5.6001: 01 PFINAL: 1.1I1111E 03 WfINAL: 5.lI41E 01
FCHECK: 2.1085E 02 PC : 1.0 11 21: 113 AT : l.bo"E-OI RHU : 3.32!)E-03
RHOC : 3.301E-03 AC : 1.337t II" VXE : 2.1I"'IE Oil WOOT : 1I.2"5E 00
DELIO : 1.'UOE-Ol RHONEw: 3.31 "t-u3

17 2.090E 02 'I.500E-Oe 9.9uot-01 l.lbOE 00 1.1193E 03 5.lIbOE 01 O.OOOE-Ol 1.081lE 03 5.1I111E 01
FRUM END OF THHUST *-*_.*----*-----*------*._**--PO : 1.410E 01 GA~IMA : 1.11101;. 00 G : 3.110"E 02 VOLUME: 1.1b3E Oil

ALPHA : 9.500E-Ol CFX : I.Hllt OQ FOUCI:. : 1.115bE 03 OELT : 3.01101:.-02
PST Aid: 1.088E 03 wSTAHT: 5.8'+1t 01 PFINAL: 1.0b1lE 03 wFINAL: 5. ]bllt 111
FCHECK: 1.b15E ()3 PC : 1.03'1t 03 AT : l.u51E 00 RHU : 3.314E-03
WHOC : 3.19bf-03 AC : 1.328t. Oil VXf : 2.1121E 011 wOOT : 2.577E 01
GELW : 7.732E-Ol kHONEw: 3.210t-03

111 1.45bE 03 3.000E-02 9.5\/01:.-111 1.3110E 00 1. UIHIE 03 5.8111£ 01 o.ooOE-Ol 1.0b8E 03 5.7104£ 01
FRUM END OF THHUST **._*_. __ ._t*** __ ._. ____ * __ .**

PO : 1.470E 01 GAMMA : 1.1I1uE 110 G : 3.11o'lE 02 VOLUME: 1.1b3EOII
ALPHA : 9.800E-Ol CFX : 1.24101: 110 FORCE : ~.100E 02 DELl : 'I.buoE-Oe!
PSI ANT: 1.00~1:. 03 ",STAHT: ~.70Ilt vi PFINAL: 1.050E 03 wFINAL: S.1l'1t 01
FCHECK: b.117E 02 PC : I.U'llt 113 AT : 3.'12'1E-Ol WHO : 3. ,!JoE-03
RHUC : 3.224E-03 AC : 1 • .530t u4 VXE : 2.'121E 04 ",DOT : 'I.n9E 00
OELW : II.1180E-Ol Ht/ONEw: 3.e"::'I:.-U3

19 ':I. fOOE 02 1I.000E-02 9.dOOt-ul 1.240E 00 1.00<lE 03 5.76"£ 01 o.oooE-OI 1.05bE 03 S.119E III
FRUM ENG UF THtW:;1 ***._.-.-.-. __ ._- ... --*--**-**

PO : 1.470E 01 GAMMA : 1.11101: II Ii G : 3.ijo'lE 02 VULUME: 1.1b3E 0"
ALPHA : 9.1100E-Ol CfoX : 1.e!"01O \/0 FONCE : 1o.e!bOE U2 UELT : 3.'I00E-02
PSIAHT: 1.0S6E 03 r.STA~T: 5.71 9t 01 I'F lI'.. AL: 1.1144f 03 ",FINAL: 5.b72£ 01
FCHECK: 7.S03E 02 PC : I.U55t \/3 AT : 4.117bE-01 RlilJ : 3.2"~E-03
RHUC : 3.199E-03 AC : 1.320t u4 VlE : 2.'I22E Oil .. DOT : 1.197E 01
DELW : 4.10&9£ -01 HHUNEw: 3.210i-v3

20 b.260t: 02 3.900E-1I2 'I.llUOt-l!! 1.2110£ 110 1.05bE 03 5.71'l£ 01 o.oOvE-OI 1.04"E 03 'i.b72t::: 01
fROM END OF IHUOST *.**a_*_.a_* ___ ._._*. __ * _____ *

PO : 1."70£ 01 GAMMA : 1.'1101:. \/0 G : 5.11&"£ 02 VULUME: 1.710310 0'1
ALPHA : 9.1l00E-01 CFx : 1.220t UO FOI<Ct. : 4.'IOOE 112 UELT : 3.10010-02
PSlA'H: 1.04'1E 03 ",SIAWT: 5.bI2r: 01 t>FI~IAL: 1.037E 03 wF If.. AL: 5.b"oE 01
FCHECK: S.351£ Oe:! PC : l.udE 113 AT : 3.5211£-01 ~HU : 3.2111E-03
RHOC : 3.112E-u3 AC : 1.32101: UII VXI: : 2.410E 011 r.OUT : 1l.~oIlE 00
DELW : 2.1050£-01 kHUNtw: 3.2v3t-\/3

21 ".1I00E 02 3.100E-02 9.1l0UI:.-01 1.220E 00 1.0'l'lE 113 5.b12E 01 0.000t::-01 1.0HE 113 5.1>41010 vi
fRUM END OF THIH):> I a.*.*_a_a._._. ______ ._. ____ .*.

PO : 1.1170E 01 GAMMA : 1.4111t oil G : 3.11b'lE 02 VULUME: l.lto3E. Oil
ALPHA : 9.'100E-Ol CFl : 1.11101:. \/11 FOkCf : 2."40E 02 UtLT : 5.e:!ouE-02
PSTAwT: 1.037£ 03 ",STAkT: 5.10'101: vi f'FINAL: 1.uHE 03 ",FINAL: 5.b20E 01
FCHECK: 3.012E 02 PC : 1.021t v3 AT : 2.1113E-Ol HIH) : 3.203E-1i3
kHOC : 3.11\0f-03 AC : 1.3201:. \/'1 'I Xl:: : 2."lij£ 011 wOUT : 'I.'HoE 00
DELl'I : 2.553E-Ol WHUN£I": 3.lu'it.-u3

22 e:!."40t 112 ,).20ut::-u<! 9.9uot-01 l.ldOE 00 I.UHE 1I.s 5.041>£ 01 0.00010-01 1.031E o.s ~.b.!Ul: 01
FilUM END UF THHU:.T .***.~****a.**.******.***.*.*.

PO : 1.'1701: I) 1 GAMMA = 1.'1101: uO G : 3.11b'lE Oe VULUME::= 1.11>310 04
ALPHA : 9.9')OE-Ol CFx : 1.loul:. 110 tUwet : ~.15uE 02 UELT : d.buU£-Oc!
PSIAloIT= 1.0.Ht uj .,:; I Awl= ~.o~oc. UI f'FIl\;AL: l.v.!lE ill wF INAL= 5.~~~E 01
"CHECK: 2.1':i2E 02 PC : 1.0~0c. u5 AI : l.llloE-ul HHll : 3.111'1E.-03

FIGURE 7.4-4(c). OUTPUT FILE FOR SAN FERNANDO (SOUTH)
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•• & ........................... ". A.'

PI, 1 .... , V r "l ........ ·'1·... ~ l ... J. \• .;. V\.:
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;. .).Ot'>'ir 'I<' VUL UI·,~ .:. ! • J (,.)1 "~
ALPHA : 'I. 'hI lIE. -0 1 L~ A ::: 1.10ut. IIU ~UliCt : c.15v':: O~ UtLl ::: a.buUt-Ue
PSIAW1= 1.0.Slt Cd .,<> I lord: :'.bcOt. 01 PF II\AL; I.O~IE 03 ... FINAl: 5.~,,~f 01
~CHECK: ~.75~E O~ PC : 1.0cOt. 03 AT : 1."lbE-II1 HHu : 3.111'11:.-03

WHUC : 3.11>01:.-03 AC : I. 3~~r: Oil ~tE : ~.lIllIE 0'1 r;DUl : 11.11051: 00
DEL'" : :S.I11bf-OI r<11UNt:"';; 3.101t.-V3

23 2.150t: IJ~ d.bOIlE-lJ2 't.'1uor:-OI 1.11>01: Oil 1.031E 03 5.b20t 01 O.OOOE-Ol 1.021E 03 5.~tl21:. 01
FHUM EI~D UF IHHU51 ***.*.************************

PO : 1.1I10E 01 bAMMA : 1.4Iur: 00 b : 3.Ub"!: 02 ~ULUME: 1.lb3E 1111
ALI'HA : '1.900£-01 Cf A ::: l.loOt. uO fOliC!: : ~ .15u£ 02 IlELl : o.luuE-Oc
psrAH1: 1.02H. 03 ",srAHl: 5.5a~t. 01 I'FINAL: 1.0l1E 03 i'jf I NAL; 5.511"E III
FCHECK= ~.7511:. 02 t"C : I.OIIe. 113 Al ; 1.03I1E-1l1 HHO ; 3.lb71:-1l3
kHuC : 3.1115t:-03 AC : 1.3~3t. 011 ~Xl:. : ':.'lIuE 011 r;OUl : II." liE OU
DELw : 3.tl311E-01 wIlU~jl:.(j::: :S.1'I~t.-03

211 c!.15I1E 02 !l.100E.-u~ 'I.900e.-01 l.lbOE 00 l.uelE u.s 5.5621: 01 O.IIOvE-OI I.Ol1E 03 5.511'1E 01
FRUM !:NO OF 'HllUSl • __ c* __ *c**c* •• ,*.** ___ **** •• _

PO ; 1.'110E 01 bAMMA : 1.1l10t. 110 G : :S.lib'lE 02 VOLUME: 1.71>3E 0'1
ALPHA : '1.900£-01 Cf l\ : 1.11I0t. uO FOwCE ; 1.lIloE 02 DtL T : 9.~001:-02

PSIAI(f: 1.0 II E OJ "'SIAHl: 5.51l1lt. III PF INAL: I.II0'lE 03 ",fINAL: 5.511lE 01
FCHECK: 1.90 IE 02 I'C : 1.0UIt. 03 AT : l.c8IE-01 HHU : 3.1115E-03
HHI.lC : 3.1231:-03 AC : I. 3c It 04 ~xE : ~.1I05E 011 r;OUl : 3.0S5E 00
DELW ; 2.811E.-OI HHlINI: ... : j.I~'It.-03

25 I.IIIOE 02 '1.cOO E-uc '1.'1110t.-Ol I.IOOE 00 1.011E 03 5.511'1f 01 O.oooE-OI 1.0011£ 03 5.~ll>f 01
fRUM END OF IHkUST *******.****_.**************_.

"0 ; 1.'1701: 01 bAMMA : l.llll1e. 00 G ; J.tlbllE 02 VULUHE: 1.7&3E 04
ALPHA ; 9.900E-II1 Cf X : 1.100e. 00 FOHn : 1./2vE 02 lll:.Ll ; 3.000E-02
PSTAHI: 1.00llE 03 ",STAIn: 5.5101: 01 PF H'AL; 1.001£ 03 ",FINAL: 5.505E 01
fCHECK= 2 • .3181:. 02 PC : '1.93'11". u2 AT : 1.~1jE-01 HHO ; 3.12'1£-03
kHUC : 3.107E-03 AC : l.j~Or; VII vxE = 2.'101£ VII "UOT : 3.13u£ Oil
ufLW : 1.11'1£-01 HHUNt .. : 3.lc31:-U3

2b 1.720E 02 j.Oool:-v~ '1.900'::-01. I.IOOE 00 1.00111: 03 5.51b£ 01 O.OOof-OI .1.001'" oj 5.505f 01

FIGURE 7.4 -4 (d) . OUTPUT FILE FOR SAN FERNANDO (SOUTH)
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SECTION 8

MOTION SIMULATION TESTS

8.1 OBJECTIVES

The objectives of the motion simulation tests were: (1) to

specify a pulse train and compare it to the test pulse train

achieved, and (2) compare the criterion motions with the

measured simulated motions.

Originally, a more complete set of demonstration tests were

planned; however, the design, fabrication, and construction of

the test frame and teething problems with the electromechanical

and hydraulic components of the gas pulsers were of such

magnitude as to curtail the extent of the calibration/demon­

stration tests.

8.2 EL CENTRO EARTHQUAKE DEMONSTRATION

The optimum pulse train for El Centro earthquake discussed

in Section 3.2 and Section 7.3 was applied to the demonstration

structure . The measured excitation and response for this case

are shown in Figures 8.2-1 through 8.2-2.

8.3 SAN FERNANDO EARTHQUAKE DEMONSTRATION

The optimum pulse train for San Fernando earthquake

discussed in Section 3.3 and Section 7.4 was also applied to the

demonstration structure. Measurements of the test excitation

and the corresponding response are shown in Figures 8.3-1 and

8.3-2.
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SECTION 9

SOLID PROPELLANT ROCKET

9.1 OBJECTIVE

In order to explore alternative energy sources for gener­

ating high-level pulse trains needed for use on mass1ve

structures, an exploratory study was conducted to evaluate the

feasibility of using solid-propellant rockets.

9.2 ROCKET CHARACTERISTICS

A sketch

rocket that was

illustrated in

Figures 9.2-2.

of the basic design of a solid-propellant

built for structural dynamic testing purposes is

Figure 9.2-1 and a photograph 1S shown in

9.3 DEMONSTRATION TEST

The rocket under discussion was attached to the test

structure as shown ln Figure 9.3-1. Upon ignition (see

Fig. 9.3-2), impulsive force generated by the rocket caused the

demonstration structure to undergo the response shown in

Figure 9.3-3. At this initial stage and the office area where

the test stand was located, a prudent low yield propellant was

used.
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FIGURE 9.2-2. PHOTOGRAPH OF ROCKET COMPONENTS
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SECTION 10

SYSTEM PERFORMANCE

Examination of the pulse train in Figure 8.2-1 and 8.3-1
show quite accurate timing of the test pulse train with respect
to the command signal. The displacement of the metering nozzle
also tracks the command signal voltage. Force output from the
south pulse unit for the San Fernando earthquake, 1972 (Castaic)
is displayed in Figure 10-1 together with its associated command
signal. Short bars on the force signal plot indicate the .speci­
fied force amplitude required. In general, these bars are
located at midheight of the force pulses. The oscillation on
the force trace between pulses is a consequence of the inertial
reaction of the pulse units on the load cell due to motion of
the test structure.

Preliminary tests showed for the pulse durations, that the
thrust force was generally triangular in shape and that about
half the impulse was actually delivered. This effect resulted
in about a 50 percent reduction in the displacement response of
the test structure in the test for El Centro (Fig. 8.2-1). For
the castaic test shown in Figure 10-1, the amplitude gain for
the nozzle displacement was doubled for the entire programed

pulse train to approximate the impulse required. This change
really required individual pulse adjustment as the metering
nozzle displacement is not a linear function of the thrust area
(see Fig. 7.1-1).

The gas pulsers require two machine dependent empirical
coefficients for thrust calculations for each pulse. These
coefficients are the nozzle coefficient (CFX ) and the static to

transient chamber pressure ratio (a). The nozzle coefficient
varl.es from 1.5 down to less than unity and is dependent upon
pulse duration, friction loss (particularly for smaller
thrusts), and expansion in the nozzle. For maximum thrust, the

system was designed for complete expansion at the exit plane of
the nozzle at 10,000 lbf thrust. These smaller thrust openings
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by the metering cone generate higher friction losses, over

expansion and internal secondary expansion shocks. The last

coefficient, a, relates the static chamber pressure to the

transient chamber pressure during thrust. This relationship can

be developed from the chamber pressure-time history shown in

Figure 10-2.

The above two empirical coefficients do not present a

serious problem nor does the thrust wave form (triangular vs

rectangular). A detailed series of calibration tests will

provide this information and permit quite accurate a priori

thrust predictions.

Overall, the performance of the pulse units was quite good

bearing in mind that thrusts ranged from 1500 lbf to 115 lbf for

Castaic and from 5000 lbs to 200 lbf for El Centro.
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SECTION 11

SUMMARY AND CONCLUSIONS

Phase I research was successfully accomplished ~n demon­
strating the feasibility and validity of simulating motion on a
sizeable structure by using cold gas pulse generators that
duplicate strong motion earthquakes. This research was further
supplemented by the development and construction of a solid
propellant rocket which was test fired on the same test
structure.

A test structure resembling a three story moment resisting
frame was designed and erected upon a concrete foundation. Two
cold gas pulse units were placed on the third floor in opposed
directions and twelve high pressure nitrogen storage tanks were
located on the second floor. Weight of the structure and equip­
ment was 5,000 lbs.

A finite element model of the structure was developed and
used to generate the system impulses and criteria responses
under EI Centro 1940 and San Fernando (Castaic) 1971 earth­
quakes. Previously developed optimization techniques were then
used to design suitable pulse trains for motion simulation of
the structure. Analysis of the experimental measurements showed
that the demonstration tests were successful in validating the
pulse simulation methodology as well as the capability of the
gas pulse generators to reproduce with sufficient accuracy the

microcomputer pulse trains.

A unique solid propellant rocket was designed, constructed,
and test fired on the same test structure. A low yield propel­
lant was used due to the considerations of the local office
building community. This rocket departs from conventional
rocket design in performance characteristics of high chamber
pressures, rapid burn rates and short pulse durations suited to
earthquake motion stimulation of structures.

Results of tests for both EI Centro and San Fernando Valley
earthquake disclosed the need for detailed calibration of the
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pulse units for more precise nozzle

pressure static/transient ratios for

thrust levels and thrust wave forms.

permit very accurate pulse simulation

R-8428-5764

coefficients and chamber

the pulse time durations,

Refined calibration will

of structures.

Patents for both the cold gas system and for the solid

propellant rocket are being applied for, with particular empha­

sis in earthquake applications. Overall, this research in

Phase I is considered to be successful and presages that

Phase I I will deliver to the earthquake community a means of

practical earthquake testing of massive civil structures up to

damage and collapse levels.
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SECTION 12

REFERENCES

1. Safford, F.B. and Masri, S.F. "Analytical and Experimental
Studies of a Mechanical Pulse Generator, Jnl. Eng. for
Industrg Trans., ASME, Series B., 96:2, May 1974.

2. Masri, S.F.; Bekey, G.A.; Safford, F.B. "0ptimum Response
Simulation of Multidegree Systems by Pulse Excitation, II

Jnl. Dgn. Sgstems, Measurement and Control, ASME, 97:1, Mar
1975.

3. Masri, S.F. and Safford, f.B., "Dynamic Environment Simula­
tion by Pulse Techniques, II Proc. ASCE Eng. Mech. Div.,
101:EMI, Feb 1976, pp 151, 170.

4. Masri, S. F . and Safford, F . B. , "Earthquake Environment
Simulation by Pulse Generators, II Proc. 7th World Conf. on
Earthquake Eng., Istanbul, Turkey, Sep 8-13, 1980.

5. Clough, R.W. and Tang, D.T. Earthquake simulator Study of a
Steel Frame Structure, Experimental Results, Vol. 1, EERC
75-6. Berkeley, CA: Univ. of Calif. Earthquake Engineering
Center, 1975.

90


