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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 earthguakes. 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 El1 Centroc 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, with sufficient accuracy, the micro-
computer-commanded pulse trains, Additionally, 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 ofyhigh 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 te 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 project 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).
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Previously-developed parametric optimizaticn tech-
niques were then used to select suitable pulse trains
for motion simulation (Section 4).

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).

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).

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).

With the pulsers configured as in part (d), they were
used to apply the optimum pulse trains of part (c)
(Section 8).

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).

A preliminary investigation of wusing solid fuel
rockets to furnish needed pulse trains was conducted
{Section 10).
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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 1identical, 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 in. 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 %igure 2.2-2 as concen-
trated weights totaling 13.308 units, results in the wvalue 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 c¢ritical buckling weight wcr in this case 1is
7709 x 13.308 = 102,560 1b. Using a knock-down factor of 10

3
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(a) Nodal Points
AF2

(b) Discrete Elements

FIGURE 2.2-2., FINITE ELEMENT MODEL OF TEST STRUCTURE
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FIGURE 2.3-2.

BUCKLING SHAPE OF TEST STRUCTURE — Acr = 7709,
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leads to a corresponding buckling load of i0,256 1b which is
significantly higher than the operational values used during the
test.

2.4 FOUNDATION DESIGN

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 locaticn 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.

10
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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 E1
Centro earthquake was applied in the form of an inertia locad to
the finite element model shown in Figure 2.2-2. The E1 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 earthguake 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 under an
example deterministic excitation consisting of a swept-sine
excitation covering its fundamental frequency 1is shown in
Figure 3.4-1.

14
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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 E1 Centro earthquake. The optimum pulse
train characteristics are summarized in Figure 4.2-1. The
designations "APOLD," "DPOLD," and "TPOLD" 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 1is shown in Figure 4.2-2(b). The same results in
Figure 4.2-2 are plotted with more time vresolution in
Figures 4.2-3 to 4.2-5.

4.3 GENERATION OF OPTIMUM PULSE TRAIN FOR SAN FERNANDO
EARTHOUAKE

The optimum pulse train characteristics for San Fernando
earthquake are shown in Figure 4.3-1. A comparison of the exact
and approximate response 1is given in 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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4.4 CGENERATION 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 1is given in Figure 4.4-2.
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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 mnmicrocomputer. 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 wvalve is given in Figure 5.1-3,

5.2 HYDRAULIC SUBSYSTEM

The function of the hydraulic subsystem, upon command from
a microcomputer, 1is 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 is shown schematically in
Figures 5.1-1 and 5.1-3. This actuator has an output force of
6,600 1bf and a stroke of 2 in. Overall dimensions are 24 in.
in length and 6.3 in. body diameter.

The hydraulic power supply is given in the schematic of
Figure 5.2«1. The principal energy source is the 10 gal
accumulator which is used to drive the actuators. The accumu-
lator has sufficient capacity for most earthguake applications
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FIGURE 5.1-1. SCHEMATIC OF TWO GAS REACTICN PULSE-GENERATING
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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 wvalves and in the hydrostatic bearings.

5.3 GAS STORAGE SUBSYSTEM

Gas supply storage for nitrogen gas consists of six
standard industrial high pressure tanks, four 10 ft 1long
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 CONTRCL 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 availlable 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 earthqguake 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
upen 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 MICRCCOMPUTER (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 focllowing 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 — Load cell Interface model 1220AF,
0=-25,000 1bf

® 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 acquisition/
processing equipment is performed within a few minutes after
testing; the Zonic equipment used for this procedure is pictured
in 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.

46



;!l‘ R-8428-5764
/N
SECTION 7

THRUST CALCULATIONS

7.1 MACHINE OPERATIONS

A major factor that influences the performance of the pulse
generator is the wvalue 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 £ft3).

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 d, of the De Laval nozzle at 2 in. and a
hydraulic actuator with a 6,600 1lb force capacity (see

Fig. 7.1-1)

Thrust may be wvaried by commanding the position of the
metering plug from the closed (no flow) pesition te 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 netering 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 1long hoses, and the plenum
chamber of the gas rocket. This storage capacity amounts to
10.2 £ft3, and 134 1b 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 enerqgy would reduce thereby from 134 BTU/lb to
119 BTU/1b 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 given by

F=-ﬁ1vxe+Ae (P, - P,)
where
F = Thrust, 1bf
m = Mass rate of flow, lb-sec/ft
Ae = ExXit area of nozzle, in.2
Pe = Exit pressure, psia
Po = Ambient pressure, psia

For these calculations P, = P, was assumed, with subsequent

correction made using the calibrated nozzle coefficient Cox-

For the jet velocity,

Vxe = A Ve
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where
A = Nozzle divergence factor = (.98
Ve = Jet velocity, ft/sec
-1 1/2
Y
P P
Ve = ( 2- 1)(_9) 1- ?9
where .
P = Cas density in chamber, lb-secz/ft4

Other parameters as given before.

The mass flow through nozzle is

+ 1
2(y-1)
2,) P_ A

= _ t
m=1y (y T 1 A

where AC is the acoustic velocity (ft/sec) in the chamber and is
given by: '

rd

plus temperature correction

-
OlO

Other parameters have been defined previously.

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

C C
+ =
i Uc constant
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where
V. = Specific volume, ft3/lb
Uc = Internal energy, Btu/lb
J = Heat equivalent of work, 778 ft-1b/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:

2
PC Vo - 0.53 PC vy c U - = Vt
J c t gJ
and
X
(2 Wt oL
Py = (75T P, = 0.53 P ‘
0.53 P
Vt ~ ‘/y <
Pt
where
Ve Yy = Specific volumes at chamber and throat, ft3/lb
Py = Density at throat, 1b-sec2/ft4
Py = Pressure at throat, psia
vy = Velocity in threcat, 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
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converted to a computer algorithm and implemented on a digital
computer. The listing of the FORTRAN code, together with a
sample input and output file, are shown in Figures 7.2-1 through
7.2=4,

he preceeding thrust calculation eguations have been

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 pesitive 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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C234%67890123456789012445678901234507890123456789012349678901234567849¢1¢
[ L L T Y A Y ettt L L P P PR L P L T
C 201.FOR SFM Bwildemdy
c

DOUBLE PRECISION INS, QuTs -
DIMENSION ALPHA(SU),CFX(S0),F(50),0T{50),P(50),n{%0)
UATA NUS,NUE /9,6/
c---.---------..--QO-.Q-*--C----.-.-----.-------.------------‘---------.
CWRITE ( 10, 1)
1 FURMAT(IX, TYPE NAME UF INPUT FILE: *, Z )
READ ( 11, 2 ) INS
2 FORMAT ( S& }
c
C QPEN A NEW QUTPUT FILE
c
UPEN NUS, INS, ATT='p°®
KEAD (NUS,11) B1,82,83,B84,85
FORMAT ( A1 }
READ(NUS,12) QUTe
FORMAT (10X, S& )
UPEN NUB,QUTO,ATT="P"
WRITE {Nue,13) INS,0uTs
13 FORMAT ($X, THRUST AnALYSIS, InNs=*,58,3%X,°uUls=’,38)
20 REAUINUS,ZL) N
21 FORMAT ( 10X,110)
30 READ(NUS,31) PO,GAMMA,G,VOLUME,PSTART  wSTART
31 FORMAT ( 10X,E10.0)
80 ARITE(NUG,41) PO,GAMMA,G, VOLUME ,PSTAKT ,KSTAR!
41 FURMAT{5X,’'P0 =’ ,IPEL0.3,5%,"GAMMA. =Y, 1PEL0,.3
i 194,°G =, 1PE10, 3, 5K, "VOLUME=',{PELG.3
2 /5Ky "PSTART=' ,IPELU, 3,58, "WSTART=",1PELD,3)

-

p—
e 0 L VI T AR - T )

c
C SKIP 9 LINES
c
3¢ READ(NUS,t1) B1, 82, B3, B4, BS
60 WRITE(NUB,61)
61 FOHMAT (//8%X,*N’,6X,*F*,a8x,"D1%,7X,7aLPHA®,SX,CFY’
* AN, PN, YW LT, FCHECK ", 4%, "PNEN’ , 7YX, "ANEW*)

i
C UEFINE STARTING CONDITIONS
c
70 P(1) PSTART
n(l) WSTART
DO 160 K = [, N
85 READ(NUS,86) F(X),0T(X),aLPna(K),LFX(X)
86 FORMAT{i0X,4E10.0)
90 CALL THRUST(PO,GAMMA,G, VULUME,ALPRA(K) JCEX(K) ,F(K),DT(K)
1 pPR) oW (K], P(Ke1),n(K+]1),NCHRECK)

95 WRITE(NUG,96) K,FIK),DI(K),ALPHA(K),CFX(K) ,P(K},n(K}
n JFCHECK ,P(K+1) s {K+1)
96 FURMAT(I10,1P9E10.3)
100 CONTINUE
110 ARITE(NUG,111)
111 FORMAT(//10%X, "#% NATURAL ENU UF THKUST ANALYSIS #+°,1X,50("+°))
120 STuP
END
c.----------‘---.---“.-----Q‘..----------O---.--.-ﬂ-----------'------‘-.
c 1 2 3 ¥ 3 6 7
C23456789012345678901234567890123490789u123456789012354967890123456789012

C= -ee - - T WD A A -

FIGURE 7.2-1. LISTING OF THRUST MAIN PROGRAM
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. C 1 2 3 4 ] -] 7
C23456789012345678901234567890123456739012345678901234567890123456789012

(P o R e e u a Rt a o w o e n e o oo e e e S m i o - o - - - = - = T T - . - - . -
SUBROUTINE THRUST(PO,GAMMA, G, VOLUME , ALPHA,CFX,FURCE,DELT
] fPSTART WS TART , PFINAL,WFINAL,FCHECK)

DATA KWRITE,NUb 71,6/

(2]

EG)
1 PC = ALPHA=PSTART
C EQ@2 '
2 AT = FUORCE/(CFXxPC)
C EQ3 -
3 RHU= WSTART/VOLUME
RHQC= RHUX{PC/PSTART)wx{1,U/GAMMA)
C EG4
4 AC = SGRT(GAMMAxPCxG/RHOC)
¢ EQs
S PARTY = ((2.0%GAMMA)/{GAMMA=]1,0) )% (PCk5/RHUC)
PARTZ = 1.0 = (PO/PC)ax((GAMMA=] Y} /GAMMA]
VXE = 0,98+SURT(PARTLI*PARTZ)
C E@s
6 TERM = GAMMA®(2.0/ (GAMMA+1 U] ]Jax ((GAMMA+L U}/ (2. 0x (GAMMA=]L,0]}))
nO0T = GaTERM=PC»AT /A
C EQ7
7 LELW
C EQs

WOOT«DELT

8 WFINAL = WSTART = DELW
C EQ9
9 RHONEWN = WFINAL/VOLUME
C EQiO :
10 PFINAL = PSTARTR{NFINAL/WSTART)2axtaMMA
C EQt1
11 FCHECK = wDOTavYIE/G
C-’-----‘-‘------‘---C--'---------“-----‘-------‘...--‘----ﬂ-----.-----
101 IF(XWRITELNE,1) GU TO jus
102 WRITE(NUS,103)P0,5AMMA,G, VULUME ,ALPHA,CFX,FOHCE .
1 sUELT,PSTART WS TART,PFINAL ,wF INAL,FLHECK
2 .PcaAT,RHU.RHUC,iC;VKE,WDUT;DELH,HHUNEW
[
103 FORMAT (SX,’FRUM END OF THRUST®,54,30("*")/
3x,°PO 2", IPEI0.3, 3%, ‘GAMMA =°¢,1PEL10,.3
13%,°6G =*,1PEL0.3, 3%, "VULUMES ", 1PELO,3/
IX,PALPHA =, 1PELV.3,3X, CFx TL,1PELVLS
»IXLTFURCE =", 1PE10,3,3X, 0Ll =*,1PELD,3/
32, "PSTART=S, 1PEL1V.3,3%, "ASTARI=Z ,1PELD,.3
pIX,PPFINALZ",IPELO0 .3, 3%, "aF INAL=",1PEL10.3/
3x, 'FCHECK=',1PE10,3,3%, 'FC =',1FELQ,3
s 3XeTAT S ,IPEIO,3, 3%, RO ="y 1PE10.3/
3%, "RHOC =',1PE£0.3|3X"“C =*,1PEL0.3
¢ 3%, *VXE =',IPEL0,3, 3%, "wbOT =*,i1PE10,3/
3X, "DELN =7, 1PELV,.3,3X, "HHUNENZ", 1PEL0,3)
104 CONTINUE
RETURN
ENO

N O~ O A S e

FIGURE 7.2-2. LISTING OF THRUST SUBPROGRAM
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I
/ R-8428-5764

DATA FILE FUW THRUST CALCULATIUNS

(cesemccemccccarmcc s e e rrre e m e e eceeeNesammeeeemeeTmemseaceym.

C i 2 3 4 5 6 7
C23456789012345678901234%67490123456789012345678901254967890123456789912
[ T P
udte STHRST 0T+« NAME OF QUTPUT FLLE (C*48)

N 2 3 TUTAL NUMBER UF PULSES (I}10)

Po = 14,7 E0 ATMUSPHERIC PHESSUKE (PSI) (E10.0)

GAMMA = 1,41 E0 GAS CUNSTANT

4 = 38b,4 EQ ACCEL. OF GRAVITY (InN/Sxe32)

VUOLUME = 176254680 VOLUME (Iinex3)

PSTART s j8195, EO STARTING PRESSUKRE (PSI1)

W3TAKT = 91,7 - EO STARTING wEluH{ (POUNDS)
c-“.----ﬁ-------------—--—------‘------‘--------------—-----‘--------..
c 1 2 3 4 5 6 ?

Ca33456789012345678901234567890123450789U1254567890]1254%67890123456789¢912
c-----_-—---—_—----------------—---—-_---—-——-----——-———-—g--—-—----—-----—
Nl FUORCE(N) DELT(N) ALFHA(N) CFX(N)
{ 204, EQ 0,044 EOQ 0,99 Ev 1.0 EQ
e 576, EQ 0,047 EOQ 0,98 kv 1,2 B
2 5000, EC 0,030 E0 0,90 Ev 1.5 EQ
c--------------------------.-.-ﬂ‘--.---‘-..----C-----.-----------..-.--'
c 1 2 3 o4 S 6 7
C23d36789912345678901234567890125456708%012345H789012354%567890123456789012

[ T T Ty Ty Y e N YT P T Y L Y T S P T Y T Y TRy B g e

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

1o

10

1o

LSO¥YHL ¥04d H71I4 LN4LNO

‘p~-CTL dENDTIA

57

A

PE4 4444242441144 FEE P4 EF 4 F AL 4L L 4444444404444 k% SIQATTIYNY ISAHHL 40 GNI IVHNLYN =X
3698°R £0 3INCL®T T0=3000°0 10 3260’6 £0 3IG6L°1 00 300S°1 10-20n0°¢ 20-3000°% £0 3000°S ¢
$0=-306€0°C =MINNHY 00 352¢°2 = MI30
10 36hL°L = 10aM ho 327g8°? = IXA PO AGCE*T = v g0=-306L°h = JOHNM
£0=3191°C = NHN 00 3n9nc? = iv £0 3619°1 = 2d €0 3920°G =)I3HI4
10 3699°Q =IYNT 4 €0 3INgL*T =TyNTdd 10 3L60°6 2NV LICH £0 3G56L°1 =)xvisd
20=3000°¢ = 730 £0 3000°C = 3J340d 00 3008°1 = X493 10=3000°6 = YHdY
b0 3€9L°1 =3WNI0A 20 aIrgp°g = 9 00 A0TIN°T = YWWYH 10 30Lv°1 = od
EENENERERYSFRENRERANRSXNYRNERENEN _wDII.— uO 31w I:m&
3160°6 §0 3S6L°T 10-3000°0 10 36h1°6 £0 3600°T 00 3002°1 10=3008°% 20-3002°h 20 3097°G 2
$0~-3101°C =MINDHN 10=31121°6 = M13Q
10 3001°1 = 100M b0 3RLS°? = 3IXA PO AngeE*l = v §0-3L11°C = JNHY
£9=3161°¢ = OHN 1037012 = 1V €0 ATIL°T = Jd 20 32r§°L =¥23IMI4
10 31606 =TIYNT M §0 3G66L°1 = ¥N]14d 10 2601°6 =L1MYLISM £0 3608°T =1N8v1S4d
20=300,°b = {730 20 309/.°G6 = 3I3N04 on 3n02°1 = X43 10-3000°6 = YHIY
h0 3£971° T =3WNI0A 20 3Ir9p°g = 9 00 F0TH°T = VvWWY9 10 3020°1 = 0d
SENNNRNENRESXEREENNEERERNERNEEX hWD&I— uD QZN EOIL
A601°6 €0 3600°T 10-3000°0 10 3I0LT1°6 £0 3IGIQ°T 00 3000°T 30=-3006°6 20-300n°h 20 3080°2 1|
- - FN=ATAT®C =MIANNHY 10-3b60°2 = MI30
N0 3652°t = 10aM  ©0 36EG°2 = 3IXA  h0 FLIE°Y = JY  £0-3991°6¢ =  J0HMM
£0-3702°S = OHY 10-3aG1°1 = 1v €0 u~o®.~ = Jd 20 3IheT*E =)33HI4
10 36h1°6 =TYNT 4™ £0 360A°1 ="1YN] 44 10 3071°6 =L1HVISM €0 35IR°1 =Ldvisd
20=300b°0 = 1730 20 3080°2 = 3IIM04d 00 3000°1 = X432 10-3006°6 = YHJIY
H0 3F9L°1 =3IWNT0A 20 3n9p°’s = 9 00 0TN°T = VWWYY 10 3040°T = 04
BENENUSRREIBEENERENEFANE RN RIS N hw:lrb uo OZW IQ&.&
MINM MaNd NJAHI4 - M d X342 VHAEY 10 3 N
10 3041%6 =1luv]lSEM £0 3618°1 =IxNviSd
p0 3AE9/°1 =3IWNI0A 20 3n9R°*g = 9
00 20I0°Y = YWWVA 10 3049°1 = 0d

JOCLSHHI=AIND T*1SNYHI=6NT ‘SISATIYNY LQNHHE



R-8428=5764
Lemeeuecemscmana= s mem e e —e——mec—————————— reevm———— e wm— e —e—————
C 1 2 3 4 S [ 7
C23456789012345678901234567890123450709y123456789012345674901234567849012
Cc PR P ——mm .o ———
0uth SELCNL.OT*2 NAME OF DUTPUT FILE (Cx8)
N = 12 TUTAL NUMBER UF PULSES (110}
PO 2 14,7 EQ ATMUSPRERIC PRESSURE (PSI) {E10,0)
GAMMA = 1,41 E0 GAS CONSTANT
] = 38644 EQ ACCEL, UF GRAVITY (IN/S=e2)
VOLUME 2 1762S5,.,6E0 YULUME (INex3)
PSTART = 1314.7 EO STARTING PRESSURE (PSI)
W3TART = 66,735 £0 STARTING wELIGHT (POUNDS)

c —nao- D L LT L T R P T P
c 1 2 3 4 5 6 7

C2345678901234567H9012345678901234507089¢1234567890125493678901235456789%012
c - —— B

N1 FORCE(N)} DELT{N) ALPHA(N} CFXIN}

1 208, £0 0,044 EO 0,99 el 1,0 EC
2 S76. €0 0,047 EO 0.98 E¢ 1.2 £0
3 S000. EO 0,030 EO 0.%0 EY 1,5 EQ
4 737, E0 0.153 €0 0,97 Ev 1.25 £9
5 1353, EO 0,037 EO0 0,99 EU f.30 £0
6 2663. EO 0.030 E0 0.91 E0 1.4 EQ
7 &48, £0 0,063 E0 0,97 EV 1,25 €9
8 t1021. Eo 0,083 EO 0,96 EU [,3 (]
9 214, E0 0,093 Ev 0.99 E¢ .0 Y
10 1125. EO 0.0S5 ED 0.Y6 EV 1.3 £0
11 3084, E0 0.030 E0 ¢,90 E0 1.4 3]
12 3434, £0 0,030 EO 0,90 EU 1,45 £0
c - - - [
c 1 2 3 4 5 [} 7

C23a56789012345678901234567890123450789412345678901234567890123456789012

[ - 0 g 4 e - -

FIGURE 7.3-1. INPUT FILE FOR EL CENTRO (NORTH DIRECTICN)
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‘W

Ré;;oduceﬁ from
best available cOpy.

THRUST ANALYSIS, INOSELC.NIL uuTo=ELLCNL O]

PG = | 470€ 01 GAMMA = 1.4lue 00

6 = 3,8b4E D2 vOLUME= 1.Teldc 04

PSTART= | ,315E 63 w31ART= a.679c 01

N F 0¥ ALPHA CFX [

FRUM END OF THRUST ARRARNAAARANAN I AR R ARARRA R AN AR
PO S 1,470E 01} GAMMA = 1, 4i0k oy 6 = 3.864E 02
ALPHA = 9,900E=-01 CFX =z 1,000 vi FORCE = Z,UBUE 02
PSTART= 1.315€E 03 NSTARTZ b,6/% ui PFINAL= 1 ,3509E 03
FCHECK= 3,132E 02 PC = 1,3u2E 03 AT S §4394E=01
HHUC = 3,762E~Q3 AC 2 1.373K w4 VXE = 2.930E 04
DELW = 2.099E-01 RMUNEWS 3. T717E-03

1 2.080E 02 4.40uE=02 9,900Em=yl 1,000E Oy 1.3515€ 03

FRUM END DF THRUST AN NRARR AR AR RN RN ARSI ARARRRRARS
PO = 14470E 01 GAMMA = 1,410 00 [ = 3.d864E 02
ALPHA = 9,800E-01 CFx 2 1,800 VO FORCE = S,76U0€ 02
PSTART= 1.309E 03 ASTART= 6,.698E ut PFINALS 1.,29%E 03
FCHECK=z 7,222E o2 PC = 1,283E 93 AT = 3.742E=01
RHOC = 3.723£-03 AC = 1,370 04 VXE T 2.529E 04
DELW = S5,.186E«01 RHUNEWS 3,748E=03

2 S,160E 02 4,700E-02 9,8upE=u} 1,200E 0¢ 1,309E 03

FRUM END OF THRUST AR NAR RN RN RN RN AN R Ak kAR kA Ak
PO S L4T0E 01 GAMMA = ]1,410E U¢ G 3 3,864E 02
ALPHA = 9,000E-01 CFx = 1,900k 00 FORCE = 5,000E 03
PSTAKT= {,295E ¢3 #START= b.b6ubk 0] PFINAL= §,231E 03
FCHECK= 4.988E 03 PC S 1.105E 43 AT = 24861E 00
RHOC = 3,478E«03 AC = l.,391E v4 VXE = 2.480E 04
DELW = 2,331E Q0 RAUNEW= 3,6)8k=03

3 S.000€ 03 3,000E-02 9,0uvE=01 1,500€ DU 1,299€ 03

FRuM END QF THRUST RAARAN RN AR RARR AR R AR AN R AR R R R RN
PO T 1,470E 01 BAMMA = §,41l0c V0 6 = 3,HBUE 02
ALPHA = 9,7100E=-01 CFx S 1,290E G0 FORCE = 1,37wE o2
PSTART= § _ 231E 03 WSTAHTS 6_.373E o1 PFINAL=Z [, 174€ 03
FCHECK= 8,836f {2 PC T 1,194k 43 AT = 4 93IVE=01
RHOC = 3,538£-03 AC = 1,398 va vxE S 2,493E 04
DELWN = 2,.096E Q0 HHUNEWS 3_.497E=vu}

4 T.3708 02 1,536E=-01 9,7u0t-ut 1,250E Oy 1,231E 03

FRUM END OF THRUST KRR R AN AR AR R AR KRN RANR AR R A R AR
PO = 1.470E ot GAMMA = 1,410C Uy G = S,864E 02
ALPHA = 9_500E-91 CFx = 1.3v0c vo FORCE = 1,353E 03
PSTARTS 1.174E 03 nSTANTS b,103c 1 PFINAL= t,150E 03
FCHECK= 1,55%4E 03 PC S 1,115 u3 AT = 9,333€E~-01
HHOC = 3, 372E-903 AC 21,3426 va vxE 2 2,459E 04
DELN 3= 9,035E~01 RHUMNEWS 3_445E=~03

S 1.353E 05 3.T00E=02 9,500E=v1 §,300E 00 1,174 u3

FROM END QF THRUST AR RN R AR AR AR AR AN M AR AR A AR AN
PO = 1,47T0E 01 GAMMA = ], 410K 0¢ 6 = 3, HB4E 02
ALPHA = 9_,100t-01 CFx = 1.400E 00 FORCE = 2_063E ¢3
PSIART= 1.150€ 03 wSTART= b,073L Ul PFINALZ 1,114E 03
FCHECK= 2.829E 03 PC 2 {.04068 V3 AT = 1.814E OU
RHUC = 3,222E-q3 AC S 1.3308 v VXE = d.u42TE U4
DELW = 1.351E 00 HHUNEWS §.369k-ud

6 2.663E 03 3.000E=02 9,1v0E=y]l 1,400 Oy L.15vE oS

FRUM END OF THRUST AEERRAN AN N ANR AN ARNNARKRARNE R
(] = 1.,470E 01 GAMMA = 1 _4)0E wQ 5 = 3.004E Q2
ALPHA = 9,7G0E-01 CFX = l,23uc Uy FORCE = o 48VE 02
PSIART=® 1.154E 03 WSTART=E 5,937E v PFINAL= L1, U93E 03
FCHECK= 7,724 o2 PC T j.oouk U3 AT s 4,]198E=u1
RHUC = 3,297E=03 AC z f.3s6c Uy VXe = 2. H43E 04
DELW = 7,69HE=01 RHUNEWS $,329C=U3

FIGURE 7.3-2(a).
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6.679E 01

VOLUME=
UELT
WF INAL
RHD
NOOT =

o

5,658E 01

VOLUMES
BELTY
wF INAL
RHU
wooT

L)

6,606E 01

VOLUME =
OELT
wiF [NAL
RHL
noOT

naHn

6,3713E 0t

VOLUME 2
VELT
nEINAL
RHO
wouT

8N u

b,lbu3E 0}

YOLUME =
DELT =
wWF INAL=
KHD
ni)OT =

[

6.073E 01

VOLUME=
DELT
nF INALS
RHO =
wDUT =

FCHEEK

1.763E 04
4, H00E=02
6.654E 01
3.,789E-03
4.772€ 00

0.000€=01

1.763E 04
4,700E«02
b,606E 0}
3.777E=03
1.103€ 01

0,VQ0E~CY

1.763E 04
3,000E=02
6.373E i
3,748E=-03
T.7T11E 01

O U0LE=O]

1.763E 04
1.530E~01
6.163E 01
5.,819E£-03
1.,37T0& 0}

0,U0uE~-u1

1.,763E 04
1. 700E=-02
6+073E ot
I, 497E=03
2.442E 01

Q. 000E-01

1.763E 04
3.000E~02
5,937 01
3.449€E=03
4,594E o1

0.U0VvE=01

1.765E a4
6.30uE=ue
S.861E 0}
3.369E=03
1.222€ 01

R-8428-5764

PNEN

1.309€

1,29%€

1,231

1.,174E

1.15u€

1.114E

OUTPUT FILE FOR EL CENTRO (NORTH)

03

G3

03

Q3

03

03

wWNEWw

b.b58E

b,b0bE

6,373E

b,163E

b ,073E

$.9237E

a1

01

01

01

t1

01



/AN

T 6.4B0E 02 b.300E=yu2 Y,700t=0L 1,250 QU J.114E €3 S.937€E 01

ERERAANENERN ALK ERANRASAREANEA AL

FRuUM END OF THKUSII

PO - S 1L4470E 0}
ALPHA = 9,600E=-01
P3TART= 1, U93E 03
FCHECK= 1,1648E 03
RHOC = 3,230E~03
DELw = 1,171E 00

GAMMA =
CFX
NSTANF
PC
AC
HHUNERNS

1,410 wu
1.3vun wu
S.861 Ul
1,090 U3
1.331E 94
3,299E=~u3

] =
FOoxCt =
PFINAL=
AT

VXE

8 $.021€E 03 6,.300E=02 9,6u0E=vl 1,300E 04

PO = 1.470€E 01
ALPHA = §,90DE~-01
PSTANT= 1,063E 03
FCHECK= 3,184E 02
RHOC = 3,23S5€E~-03
DELW = 4,T709E-01
9
FRUM END OF THRUST
PO S 1.,470E 0}
ALPHA 2 9.600E=01
PSTARY= 1,.0S1E 03
FCHECK= {,284£ 03
RHOC = 3,140E~-03
DELN = 1.133E 00
10
FROM END OF THRUST
PO = 1,470 0t
ALPHA = 9,000E=01
PSTART= 1,021E 03
FCHECK= 3,2SuE 03
RHUC = 2,.939E-03
DELw = 1,59S5E 00
11
FRUH eno OF THHUST
PO 1,470 01
ALPHAE = 9 ,000E=-01
PSTARTS 9,803E p2
FCHECX= 3.886E 03
RHUC = 2.B856E-03
VELW = ),T25E 00
12

FROM END OF THRUST

5,0b04E 02
1.021E 03
1,Ub3E 03
1,482€-01
2.428E 04

1,093 03

AARAREARN N AN AR N TR S RN AR ANKARR AR

GAMMA =
CFX
W3TART
B
AC
RHUNEwW=

utihn

2,140£ 02 9,300E-02

GAMMA =
CFX
WSTART
PC
AC
RHUNEWS

n o u

1,129E 03 5,590E~¢2

GAMMA
CFX
HSTART
PC’

AC

4 U Honp

1,4106 00 G = S,864E 02
1,000 U0 FOHEE = 2, 4UE 02
5,743 01 PFINAL=E [.uS1E 03
1,092 93 AT = 2.034E-01
1,351 V4 VXE S 2,430E o4
3,232E~03 .
9,.900E=U] 1 ,000E 90 | ,Ub3E 03
L2 RS2 RENS R S s R R S 2]

1.410E vo 6 S 3,.864E Q2
{.3v0e OC FOKCE = 1,125€E 03
5.6%4E Ui PFINALE | U2IE ¢3
1.0u8E u3 AT = 84,5B1E~01
1,325 v4 vXE S 2.409E 04
3. 108E=y3

9.6U0E~v1 1,300E 0¢ t,951E 03

NERAARREARARERRAT R AN AN R RN NR AR

t.4i0E 00 G = 3.864E 02
1. 4u0€ 00 FORCE = 3,u84F 03
5,593 ¢t PFINAL= 9, 003€ Q2
9,191E va AT E 2,391E 00
1,3U5€ 04 VXE = 2.363E 04
3.077E~03

HHUNEW=

3,084E 03 3,000E-02 9,0u0E~=ul },400E @0

1.021€ 03

ARERNBARRE AR AR AR AN EARTANAREARR AN

GAMMA
CFx
ASTART
PC

AC
RHUNEWS

HHtinn

3.434E 03 3,000E=02

1,410E u0
1,450 00
S.4248 ul
8.4238 ve
1.297e 4
2.919E=03
9, UU0E=y1

G
FORCE
PFINAL
AT

vXE

[T T L 1)

1,850E o0

S,864E 02
3,434E 03
9,3561E 02
2.bBUE VU
2.543E ua

F.,005E 02

VOLUME=
DELT
wWF INAL
LIV
nDOT

S.861E 01

VOLUME=
DEL1T
WF INAL
RKO
woot

3,743 01

VOLUME=
DELT =
wF InAL=
RHOD =
woorT =

S.,696E 0}

YOLUME=
DELT =
wF [NAL=
RHU =
OOl =

5,583E 01

VOLUME=
bELY =
nF [NAL=
RHU :
wlut =

S.424E 01

V,00uE=V1

1.763E u4
b.30UE-02
S,T43E vl
3,3295€E=03
1.859€ 91

0.00uE=01

1.763E 04
9. 300E-v2
S.696E 01
3.259€=-03
5.063€ o0

0.000E=0l

1.763E 04
S.SO0LE=02
S5.583E 01
3.232E=03
2+ 060E DY

0.000E=01

1.763E 04
3,000E=02
S.424E 01
J.l60E~)3
5.316€ 01

G 000E=01

1.763€ b4
J.00uE=Q2
5.251E 01
3.077E=-035
S.749E vl

R-8428-5764

1,093E

1,003€

1.U51E

1.621E

3, 803E

03

03

03

[ ]

ve

G U00E=01 9, 367E 02

S.8hit

5,743E

S5.696E

5.5683E

S,424E

S,251E

dd NATURAL ENI} UF THRUST ANALYSIS %A #r 4ttt st t et ettt re ettt rsrstt st 4t 444 4220440420404 94

FIGURE 7.3-2(b).

OUTPUT FILE FOR EL CENTRO (NORTH)
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i
/ R-8428-5764

DAIA FILE FOR THRUST CALCULALIONS
C------'--------—-------‘----------‘---'--------------------------------
c 1 2 3 4 5 6 7
C2345678901234567890123492670901234%074%0123456789012349678901234567489012
(i 00 e e P b e D e D e P R e e 0 e A e e
Udls SELCS3,UT#» NAME UF DUTPUT FILL (Cwy)

1] 17 TOTAL NUMBER GF PULSES (I10)

PO = 14,7 EQ AIMUSPHERIC PHeS3URE (PSI) (E10.0)
GAMMA = .41 ED GAS CONSTANT

6 = 386.4 EO0 ACCEL. UF GRAVITY (IN/Sew2)

VOLUME S 17625,6E0 VODLUME (INxx$)

PSTART = 1714, E0 SYARTING PRESSUKe (PSIY

wWITART = 87,100 EO STARYING wElULHT (POUNDS)

c-—--—-—--—--—--————----------——-—-—--—----—-—-——-—--o---—--.--------—-—
[ 1 2 3 4 F) [ 7

C234567890123456789012345678901234507890123456789012342670901235456789012
o mmm m e e e e o - ———— - 2 e e

N1 FORCE(N) DELTIN) ALPRA(N) CFX{N)

1 904, EO0 G.ITL EO 0.Y6 Eu 1.3 £0
2 4070, €0 0,030 EO 0,40 eV 1.9 €0
3 a4e, E0 0.121 EQ 0.v4 E¢ 1,2 EV
4 10435, EO 0,095 €0 0,96 EV0 1.3 (4]
5 1212, EN 0,100 EO0 0,96 EY 1,30 £0
6 3192, €0 0.037 EO 0.490 Ev 1.45 E¢
7 1196, Ey 0,035 EQ 0,4% Ed 1,30 [31]
8 1773, E0 0,053 &0 0,93 EV 1,3 £0
9 1892. €0 0.030 €0 0.92 E0 1,35 £0
10 1239, Euy 0,069 E( 0,96 EV 1,35 el
11 216, E0 0,082 EO 0,99 E0 1,15 EO
12 ag4a, €0 0,067 EO0 0,48 E0 1.20 £q
13 4678, E0 0.030 E£0 0.94¢ EV 1,5 E0
14 1338, E0 0.030 €0 0.46 Ev 1.3 Eo
19 2969, EO 0,050 EO 0,40 Ev 1,45 [XY]
e aat, E0 0,069 EO U.98 €U 1.25 " &0

17 568. €0 ¢.099 EO0 0,49 £v 1,25 co

LT T T LT T T VP DR SRS SRR

C 1 2 3 4 5 6 7
C2345678Y9012345678901234967890]123450Td9012345678901234%67890123456789012

(eewecomumermonccee v asnr e e et et m e e s s e a et ————————————

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

61



/ |
i
Repraduced from "
bgftavaﬂabm copy. iﬁ:/

THRUST ANALYSIS, Ih9sELC.S5 GUTozELCS3 Ul

(4] = 1 4TUE O LAMMA = J.4180L 00

G = 3.8h4f O¢ VULUME= J+la03E 04

PSTARYI= {,71%E 03 AS1ART= B,710F 0]

N ¥ nt ALPHA CFX P

FROM END OF THRUST AR RRANAR R R A NA AR AN RAAR AR A AR R R
PO 2 JLU4T70E 01 GAMMA = | _410E 40 6 = 4,864E (2
ALPHA = 9.600E8-01 CFx s 1,30 Ul FORCE = 9,04UE 02
PSTART= 11,7158 03 nSTAKTS B,TIUE 01 PFINALS |1 ,.039E 03
FCHECK= 1,060f 03 PC s ).bd4bE yi Al % 4,224E=01
RHUC 4,801€-03 AC s 1,307 04 VXE S 2,956E 04

DELW = 2,740 00  HHUNEWE 4_.786E=y3 .
1 9,040E 02 §J,710E-01 9,6uuvk=0) 1,300€ OV |,7159E 03
FROM END OF THRUST AR R AR AR AN R AR AR RANERRARER AR

Pg T 1LAT0E O GAMMA = 1 4108 00 G = 3.3b64E 02
ALPHA = 9,.000E~01 CFX = 1,500E w0 FORCE = 4,070E 03
PSTART= 1,639E 03 WSTARTS B,4356E ¢} PRINALE 1 SHT7E 03
FCHECK= 4,113E 03 PC s 1,u/9E 03 AT = 1 ,839F 00
RHUC belugE=03 AC = 1.345%E o4 VXE = 2.302E 04

DELW = 1,906& 00 HHUNEwW= 4 b/BE=-y3
2 4.070F 03 3.u00E=-ve Y,000E=-u1 1,.500E 00 1,039E 03
FRUM END OF THRUST ARANRRN AR RN RARNARARRRRANANARR RS

PO = 1.470E 01 GAMMA = 1,4l0L ut G S 3.0b4E 02
ALPHA = 9,800E~01 CFx = 1.2008 wo FORCE = 4,420E 02
PSTART= | . 5878 03 wSTART=S 4, ,249E o1 PFINALS | ,959E 03
FCHECK= S5_.S594E (2 PC = 1,595 03 AT = ¢,3b0E=01
NHOC 4.612E=-03 AC = 1,35 ud VYE = 2,928 04

DELW = 1.035E 00 RHONEWS 4,619€-03
34,4208 02 1.210E=-01 9_.800K=yl 1.200E 00 1,987E€ 03
FRUM END UF THRUST EANARRARANERNARARRRARTRARRA RGN

PO S 1,470E 01 GAMMA = L1, 410E 00 [ = 5.8b4E 02
ALPHA = 9,600E~01 CFx 2 1.3uee Oy FawCE = 1,043E 03
PSTAKkY= 1,.559E 03 wSTART= B,142E 01 PFINALZ 1,911F 03
FCHECK= 1,257€ 03 PC = 1.497€ 03 AT = 5.36UE=01
RHUC 4,8BBE=~03 AC = 1.348E b4 1213 = 2.9049E 04

DELW = 1.781E 09 RHUNEWS 4,918E=9)
9 1.043E 03 9,.500E=0e 9.6U0E=u] 1.300E Qv 1,959E 03
FROM END OF THRUST NRARREARRARR AN RN NRARAARRRNRIR AR

PO = 1.470E ot GAMMA = 1.410E U4 G = 3,8bY4E 02
ALPHA = 9,600E=0] CFX = 1.,3u0k 00 FORCE = {,.,212€ 03
PSTART= 1,511E 03 wSTanT=z 7 ,904€ 41 PFINALS § ,453E 03
FCHECK= 1,412 03 PC s 1.451E o3 AT = D.426E=01
RHUC = 4,389E=03 AC s 1,342E 04 VXE 5 ¢,495E 04

OELW 2 2,188E 00 RHUNEW= 4_,394E=03
5 1,252E 03 1,000E«91 9,000E-0L 1,.300E 00 1,911E 03
FROM END OF THRUST AN MR AR EAAAAR RN AN AR AR NN AN R ARk

P9 = 1,470E 01 GAMMA = J 410E o0 6 = 3,864E (2
ALPHA = 9.000E=~01 CFX = 1,4308 vo FORCE = 3,192E 03
PSTARTZ {.4S3E (3 NSTART= 7,745 yi PFINALZ §,402E 0%
FCHECK= 3,.316€ 03 PC = 1,30BE 03 AT. = ) ,6H3E 00 .
HHUC = 4,078E«(3 AC = 1,322 o4 vxE = 2.443E 03
DELN 3 1,941E 00 HHONEWZ &, 28dE=(3

6 3.1928 03 3.700E=02 9,0V0E=0L 1,450E 0U } 4535 03

FROM END OF THRUST AT RAR AR AR E AR RN R AR N AR R AR A AR R AR

Po = 1,470€ 01 GAMMA = 1 d10E 0O G 3 4,864E (2
ALPHA = 9 b600E-01 CFXx = 1.3v0e 00 FORCE = 1,196E 03
PSTART= 1.402E 03 wsTanfz 7,9921E 01 PFINALS },3B2F 03
FCHECK= |, 386E 03 PC = 1,346 03 Al 3 b,830E=0]1
RHUC 4,16cE=-03 AC 2 1,327k yu VXE 2 2,457E ug

DEWLW = 7.640k~0} RHUNEWS

FIGURE 7.3-4(a).
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L]

VOLUME =
DELT
WF INAL
RHO
NoT

"

B,710€ 01}

VOLUME =
DELT =
WF INALS
KRG H
NDOT =

8,436E 01

VOLUME=
DELT =
wWFLINAL=
RHD
whoT

8,.245E 01

VULUME
DELT
WF INAL
RHO
WoOT

Mo

4,142€ 01

VOLUME=
DELT
wF 1NAL
RHO
Wl QT

LIRETINE IO ]

7,964 0}

VOLUMES=
DELT =
wf ALz
RHO H
wboT =

7.745E 01t

VOLUME 2
DELT =
Wi INAL=
RHO =
wboT =

FCHECK

1.763E 04
1,710E=01Y
8.436E 01
4,942E=03
1.6028 01

0,000E=01

1.763E 04
J,00uE=-02
B.245E 01
4,786E=03
b S53E 01

0,000E=D1

1.763E 04
1.210E~01
8,142 01
4,6T8E=-03
8.557€ 090

0. 00UE=-01

1. 763E 04
9.500E=0¢2
7.964E 01
4.619E=03
1.874E v}

0 VG0E=01

1.763E 04
1,0uUE=0})
T.,745E 0t
4,518E-03
2.188E 01

0,000E=D1

1.763E o4
3., 700E=02
7.551E 0t
4,394g-03
5,24%€ 01

U,000g=01

1.763E 04
3,.500E-02
TL479E 01
4,2084E-03
2.183E 01

R-8428-5764

PREwW nE W

1.639E 03 8,436E 01

1.587E 03 B,245E ¢}

1,559€ 03 8,142E 01}

1.511E 03 7,964& 01

1,453 03 7,745E 01

1,402E 03 7,554 0}

OUTPUT FILE FOR EL CENTRO (SOUTH)



/

R-8428-5764
T $1.1%6E §3 3,500E=02 Y,8u0kwv) §,.300E 0u ),402E 03 7,551E 0l u.0buk=0] ) 3826 03 7,475 ol
FROUM Enb OF THRUST EARAXAANR AR AR RAR AR N A A g A Ak Rk
PO = ) L4T0E 0} LAMMA S ], 41uE Uy 9 = 3,db4F o2 VULUMES 1 .763E ua
ALPHA = 9_300E-0Q1 CFX = 1,3uue Vo FOHCE = 1, 175E v} VELT = S,3u0E-02
PS5TART= § 3828 03  nw3taklz 7_,4/58 v PFINALZ 1 ,3378 03 wFINAL= 7,302E 01
FLRECKzs 2.052E 03 P = 1,209k U3 AT = l.uelE 0O RHO = §,20tE=93
KHYC = 4,02BE-03 AC 5 1.319e u4 vxE = g.434€ 04 wloT = 3,2%9BE 01
DELW = 1,727E 00 HHUNEWZ 4,143E-03
8 3 TT3E 03 S,.50uE-02 9,3uuE=u1 1,3500E 00 1,38¢E 03 7,47SE 41 0,000E=0) 1,.337E 93 7,.302E 0}
FHUM END OF THxUST R AR E RN AN R AN R AR A A AR AR AR NI R AN AR
PO = 1.470& 01 LAMMA 3 1, 4108 00 [ = 3,db4E 02 VOLUME= | ,763E 04
ALPHA = 9,20vE=~0} CFa s 1.320e8 990 FORCE = },892E 03 DELT = 3.00uE-02
PSTART= ) 337E 03 WSTARTE 7,302k o) PFINALS },3)1E 03 wFINALS T,.201E 01
FCHECK= 2.104E 03 (44 = l.230t w3 AT 3 11396 W0 RHO = = 4,143E~03
KHUC = 3,90%E-03" AL = 1,310 b4 VaE S 2.,413E 04 wlQT = 3,.369E 01
DELW = 1.011E 00 RHONEW= 4,0049E=03
9 1,892 03 3_000E-02 9,200k~u) 1.350E Ou 1,.337E 03 7,302E 01 0,000E~01 1,311E 03 7,.201E ¢}
FRUM END OF THRUST AR ARAR RN R RN RN ANN RN AR RN RN AR
(4] = 1.470& py GAMMA = ), 410E 00 G = 3,8b64E 02 VOLUMES | ,763E 04
ALPHA = 9,000E~0} CFX = 1.330E V¢ FURCE = },239€ 03 DELT 3 o,900E-02
PSTART= 1.311E 03  wSTAKRT= 7,201E 0} PFINALZ },272E 03  WFINAL=Z 7.049E 0}
FCHECK= 1.379€ 03 PC = 1,.229€ 03 AT = 7.2916=01 RHO S 4,085=03
KHUC = 3.969E=03  AC S 1,315 o4 214 S 2,424E u4 wDOT = 2.199E 01
DELW = 1,.517€E 00 HHUNE®= 3,999E=-03
10 1,239€ 03 5,900E~02 9,600c~-u) 1.3SUE Ou 1.311E 63 7,20%E 01 U,UQCE-01 1,272E D3 7,049€ O}
FRUM EnD OF THHUSY AT TSR A AN E N R AR R R L R AN R kA AN N R AN
Po = 1.470E 01 GAMMA = 1,410€ g G s 3,464E 02 VOLUMES 1,783E 04
ALPHA = 9,900E=01 CFax = 1.130E wo FUHCE = 2,160E 02 DELT = 8.20uE-02
PS1ARTZ 1.2728 03 wSTakTz 7,049k 01 PFINAL= 1,638 03 wFItaL= 7,012€ 01}
FCHECK= 2, H823E o2 #C = 1,200E U3 AT T 1.491E=0] RHQY = 5,999E-03
RHOC = 3,971E-Q3 AC = 1.315L vg . VXE S 2,424€ 04  wDOT = 4,Su0E ¢
DELN = 3.690E-01 RHONEWS 3,978E=-03
11 2.160E 02 8.200E=02 9,.%9900k=ul 1.150E 00 1.27¢E 03 7,089 0! 0.000E=01 1,.263F 03 7,012€ ¢}
FRUM END OF THRUST ERAMNARARAR RN R AN AR R RN AARNRRRAR S AW
Po = 1.470E D1 GAMMA = 1 410E 0o G S 3.d64E 02 VUOLUME= ],763E 04
ALPHA = 9,800E=-01 CFx = f,2vvE DY FORCE = 4,uquE 02 DELT = b.790E=-02
PSTART= 1.263E 03 WSTART= 7,012E U1 PFINALS 1,249E 03 nF INALS 6,958E 0}
FCHECK= 5,055E 02 PC = 1,238E 03 AT 2 2,720E=0] RHO S 3,974E=03
RHUC = 3,922E~(3 AC = 1.311E b4 VAE = 2.410E v4 wiOT = s,086E 00
DELN = S,.418E=-01 HHUNEWS 3,948E=-03
12 4,040k 02 6.TOUE-02 9,8uuk-ut 1,200E Ou 1.263E 03 7,012E 01 u,000E-01 ],.2499E 03 6,958E 0}
FROM END OF ThRUSIT R E R AR AN AN AR E N AR RNARNEA AN AR
PO = 1.470E 01 GAMMA = | 4108 wo G 3 3,.8564E 02 YOLUME= | ,763E 04
ALPHA = 9,000E-01 CFx = 1,500 VO FORCE = 4,b78E 03 DELY = 3.00vE-02
PSTART= 1.249E 03 WSTARTS &,990E 01 PFINAL= 1,192E 03 WFINALS 5,730E 01}
FCHECK= 4,658E (3 PC S l.ic4ak U3 AT = 2.17T4E 00 RHO T 3 JUBE=U]
RHUC 3 3.663E-03 AC 5 J.2Y3E 04 VXE = 2e369E U4 wDOT = 7,59b€ 01
DELW = 2.279€E 00 RHUNEWS 3,818E-03
13 4,678E 03 3,000E=02 9,000E~01 1,500FE Qv 1,249E 03 6.958E 01 0.000E~01 1.192E 03 6.730E€ uit
FRUM END OF THRUST EARARN AN A RN RARANNARRA RN R AN
PO = 1.470E 01 GAMMA = §,410£ w0 [} = 3. U64E U2 VOLUME= 1.763E 04
ALPHA = 9,b600E=~D1} CFX = 1.3u0c v FOMCE = 1,338 03 DELT = 3.000E-u2
PSTART= 1 _,192E 03 KSTARTZ 6,750 U} PFINALS 1,173E 03 wF INAL2 b, b65%E @1
FCHECK= 3,539k 03 PC 31,1446 03 Al = §,.994E-01 RH0 5 3,818E-03
RHOC = 3,709€=-03 AC = 1,296E U4 VYE = 2,374E 04 wDOT = 2,500 01
DELw = T.501E=01 KHONEws 3,.776bt-u3
14 1,338E D3 3,000E-02 9,buue=0] 1,.300E 00 1.192€ 03 6,730FE 01 0.0V0E=01 1,173E 03 b.655E 01
FROM END OF THNUST KARNRANARR R AR R NANNANARNARAR RGN
PO 5 1,470 81 GAmMa = | ,410C 0o G = 3.0b4€ U2 VOLUME= 1 .7b63F 04
ALPHA = 4 _000E=D1} CFx T 1.420E 00 FORCE = 2,969E 03 DELT = 3,000E-02
PSTART= 1,173 03  wSTanFz 5,635% 01 PFINAL= 1,136€ 03  #FINAL= &,.504E 01}
FCHEEK= 3,047E 03 rc = J,U>0c U3 Al = 1,939 0o NG = 3.776E=03
RHUC = 3,504E-03 AC = 1,201c U4 vXk = 2,539E 04 w001 3 S,033E 0]
FIGURE 7.3-4(b). OUTPUT FILE FOR EL CENTRO (SOUTH)
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/f

DELw =

1.51uE 00

RHUNEWS

S.bYUE=U3

15 2.909E 03 3,.000€=02 F.0vuE=y]

FruMm END OF THRUST

PO =
ALPHA =
PSTART=S
FCHECK=
RBUC
DELW

cHu

1
FRUM

1.470E 01
Y.B800E=0Y
1.136E8 03
S.815E oe
3-638E'03
b.357E~0]

1.450E pu 1.173E

03

I EES SRR RARERRERRR AR SRS

LAMMA
CFa
WSTART
[ 4™
AC
RHUNEW=

[1]

4.870E 02 6.900E=02

END OF THRUST

1.470€ 01
9,800E~01
l.lcuE 03
b, T77E 02
3.601E~03
1.100E 00

GAMMA =
CFx
WSTART
4

AC
RHUNE®R =

W oH N

5.680E 02 9.900E~02

FIGURE

1.,4lut
1.exvc
8,504k
1,1138 v3
1.291E vd
3,625c=03

uu
g0
vl

G
FORCE
PF INAL
Al

VXE

3.5800=-01 1,250E Qv

AREN A ASER AR AR ER N AR NARNNNRARR A K

1,410 0w
t.250E 00
0,439 91
1,097 03
1,209E 04
3,991E=03

[
FORCE
PFINAL
AT

1212

nunm

[}

9,800E«01 1.299E 00

7.3=4(c).

3, 864E D2
4,.8TvE D2
1.120E 03
3,900E=01
2+369E vy

1.130E 03

A.464E 02

S.,68UE (2

1.U93E 43
4,141E=-01
2,358E v4

b,655E 01

VOLUMES=
DELT
nwF ENAL
RHO
whOT

(]I IO ]

b,.SY4E 0}

VULUME S
DELTY
WF INAL
RMO
whoT

1.12V0€ 03 6,439E 01
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Hun

V.00UE~0L

1.763E 04
6 YOCE=0E
6,439 01
3.69¢E=03
9.,903E 00

0.0u0E=01

1.763E 04
9,.%00E~02
6,329E 01
3.653E-03
1.111E 01

0.000E~01

R-8428-5764

1.136L 03 o.904E

1,120 03 b, 439

1,093 03 b,329E

e NAJURAL END UF THRUST ANALYSIS #% 242424901022+ 2 2422424+t T 284222+ 44222 2P+t or et e

QUTPUT FILE FOR EL CENTRO (SQUTH)
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iﬁ\
1’ R-8428-5764

UATA FLILE FUR THRUST CALCULAIIUwG

e et e 20 0 0 e e e e e

c i 2 3 L] 5 6 1
C23456789012345%678901234567d901254907090123456789012345678%01234567689012
C-.---------—--------------—----------------------------------——-----‘--
uudTe =SFCN1.0Tsw NAME OF OUTPUT FlLt (Cau)

N ' = 23 TUTAL NuMBEH UF PULSES (Il4)

PO = 14,7 E0 ATMUSPHERLIC PRESSUKE (PSI) (ELl0,0)

GAMMA = 1.41 €0 GAS CUNSTANT

G = 386,4 EO0 ACCEL, UF GHRAVLTY (InNsSwag)

YOLUME = 17625.0E0 VULUME (INwa3)

FSTART = 1314,7 €0 STARTING PREISURE (PS])

wSTART = 66,789 EO0 STARTLNG wWEloni {POUNDS)

[ et e e e L e R L e L L e L L LY Y
c i 2 3 L - Y 7
C234567890123456789012345678901234%50749912345678%01234967830125456789¢012
oo o o om0 o 0 o o o o s e o 0 0 9 0 R R R 4 S R R Y S T S
Nt FORCE(N) DELT{n) ALPHA(N) CFX{N)
1335, E0 0,030 E0¢ 0,95 £V 1,32 (1)
695. ED 0.07T6 EU 0.97 Ev 1.26 £Eo
650. E0 0.119 EO0 0.97 Ev 1.25 EO
$32, EQ 0,015 EO 0,98 Ev 1,23 1]
1295, €0 0.030 E0 0,99 £V 1,12 EQ
403, €0 0.0b0 EO 0,94 EV 1,29 EO
S87. E0 O0.0u4 EO 0,97 Ev 1.24 EQ
607, €0 0,042 E0 0,97 EU 1,29 0
S84, E0 0,030 EO 0,97 Ev 1,28 EOQ
10 3sa. E0 0,037 EQ 0,96 Ev 1,20 EQ
11 417, ) 0,052 c£d 0,98 kv 1,22 EQ
12 15S. E0 0.030 EO 0.98 EU 1,10 EQ
13 162, EO6 v.0lu E0 0.99 EVv 1.10 cQ
14 679, £E0 0,030 EOQ 0,99 £V 1,26 1]
15 268, £E0 0,036 EO0 0,97 EU 1,14 [ X0]
16 Si4, £0 0.630 E0 0.99 Ev t.24 [ 41]
17 178, EQ0 U,030 &0 0.9Y8 €0 1,18 EC
18 8a7. E0 0,050 EQ 0.99 kv t,28 £0
19 191. Eo 0.0350 EO 0.9o Ev f.10 £9Q
20 138, E0 0.08B €0 0.99 EV 1.10 EO
el 170, £0 0,080 E0 0,99 Eu 1,10 EQ
22 229, EO0 U,030 EO 6,99 EU 1,16 0
23 153, E0 0.080 Ev u,99 Ev 1,10 [ )
[ e L L R et E L L PR R L e DL L PSR £
c 1 2 3 4 5 [ 7
C234S67890123456789012345678901234%a708%0123456789012345967890125456789012

LEE L P L P LR T P P P R L L L L P S P L L L P PR L L L 2 D dadaded

O NG U E W

FIGURE 7.4-1, INPUT FILE FOR SAN FERNANDC (NORTHE DIRECTION)
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A

THHUST ANALYSIS, INS=SFC NI vuUlbaSFCIY 0T
(4} = 1,470 01 LAMMA = 1.410E 00
] = 3 d64E 02 YOLUME= 1. 763t 04
PSTART= 1 ,315E 03 WSTARTS 6,679 0}
N F or ALPHA CFX P
FRUM END OF [HWUST RARAAARAR KA RN N AN R ANRA TR R A A AW
PO S 1.470E 01 GAMMA = | 4l0E uo G & 3,.b64E 02
ALPHA = 9,50uE=01 CFX = 1,320 uy FORCE 5 1,539 03
P3TARTS 1, 319E 03 wSlARTz 6_e0/9t ui PFINALZ 1 ,299E 03
FCHECKS 1.519E 03 PC 2 1,249E u3 AT = B,y98E-01
RHUC = 3,654E=-03 AC = 1.305%c u4 VXE & 2,515€ 04
DELW = 7,002E~01 RHUONEws 3_.749L-y3
1 1+33SE 03 3.000€~p2 9.5v0k=yl 1.320f D0 1.515E 03
FROM END OF THRUST AR RAAA NN AR AN SN R RRRARARAA RN AR
PO T 1,L,470E 01 GAMMA = 1,410 40 G = 3,864F 02
ALPHA = 9, 700E-01 CFX = t.2008 vo FORCE = 6,9%0€ ve
PSTARTZ 1.29%E 03 WSTANTS p.6UBE U1 PFINALS | ,269E 03
FCHECK= 8.290E 02 [ 4" = [,2%6E u3 AT s 4,390kE-01
KRHOC 2 3,669E=03 AC 2 j.3ost yd VXE = 2.518E 04
DELW = 9.bb6E-0} RHUNEWS 3,695C«u3
2 6,950 v2 T.60UE«OZ 9,TUQE=ULl 1.260E 00 1,299 U3
FRUM END OF THRUST AN R AR A AN A R R R A AN REARAR AR ON
[£1] = 1.47uE 01t GAMMA = 1 410 ¢o [ = 3,504E 02
ALPHA = 9,700E~01 CFX = 1.220E @0 FORLE = 6,50uE 02
PSTART= 1,269E 03 wS3TART=z 6,512 wui PFINAL=E 1.230E 03
FCHECK= 7,.806E 02 PC = [.,231L u3 AT S 4,420E=0)
RHUC = 3.616E-03 AC 2 l,3bet U4 VXE = 2,%06E 04
DELWM = 1.431E 06 KHONEw= 3,613c~y3
3 6.500€ 02 1,190€E=01 9,700L=vl | ,250E 00 1,¢69E 03

FROM END OF THRUST

AANT AR SRR A AR AR AR ARA N ARRAN RN

PO S 1 L4TOE 01 BAMMA = ] .410k uD G 2 3.864E 02
ALPHA = 9_.BUUE=01 CFX = l.230C WO FORCE = %,32VE @2
POTART= 1,.230E 03 wSTART= ©,.3b98 ul PFINALE L,.209E 03
FCHECK= b6,48%E 02 PL = 1.,2u5%e u3 AT = 3.59uE=0%
KHUC = 3,562E=03 AL S 1,896k u4 VXt 2 2,497E g
DELW = 7.952%5E~01 RHUNEWS 3,971L-u3
4 9,320E 02 7,90uE=~y2 Y ,8u0k-ul 1,230E Qu 1,230E 03
FROM END OF THRUST AARRRRA N AR R AR R A RANRARARRARA RN
Po = 1.4708 of GAMMA = | 4108 uy [ = S.864E 02
ALPHA 2 9.900E=01 CFX = 1,126k GO FORCE = 1,¢5U0E 02
PSTART= |,209E 03 wW3TARTE b, 29¥3E o0l PFINALE § 2028 03
FCHECK= 1,673E 02 (4™ = leivit ul AT = 9,324E=02
RHUC = 3.545E-03 AL = |.396C G4 VXE = 2.494E 08
DELY = 7.77S€E=-02 RAUNEWS $,906be=¢3
S 1.250E ¢2 J.vovE-ye 9,9vvk-ul 1,120E QU 1,209E 03
FRUM ENO OF THRUST AR N ARR AR ARATRARRRRARNRARNARARER
PG = 1.470E 01 GAMMA = 1.4l0L U9 G = 3.864E V&
ALPHA = 9,80yE=0y} CFx = 1.2ubk vy FOURCE = d4,03¢E 2
PSTAKRT= 1,207€ 03 ASTART= &,2086c U1 PFINALZ 1 ,194F 03
FCHECK= S_030€ ve PC = 1,103k u3 AT = 2,839E=01
RHUL = 3.919E~03 AC =z l. 354 ud VXE = 2 ,4BBE U4
DELW = 4.6d7E=01 RHUNEWS §,540c=v3 ’
6 4,039E 92 6,000E«v2 9,8uGb=y] 1.200E QU },20/E 03
FRUM END} OF THRUST AR AN AR A AT AN AR RANANRAMNARAINNAN
PO = 1.470E 01 GAMMA = | 4lok vo G = S,0864E U2
ALPHA = 9,70¢E~0] CF X 21,2408 ul FORCE & >5,8470€ 2
PSTAKT= | J194E (3 nOTART= 8,239 ul PFINALZ 1,}81E U4
FCHECK= 7.082€ (2 [ = f.lo%c vl Al 3 4.UdpE=01
KHOC = 3,d404E=u3 AC 2 1.320c ua vXE = d.4THE 04
DELW = 4,.B6UE=01 HHUNENT $,Slcbeus
FIGURE 7.4-2(a).
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n

vOLUMES
DELT =
wF INAL=
RHLU =
wiut =

6.679E 01

VOLUMES
DELT
wF TlAL
RHO
a)lT

Hlan

b.008E 01

VOLUME=
DELT
WFINAL
KHY
WouT

(1 [ T 1}

6,512€ 01

VOLUME=
DELT
wF INAL
Hhi)
WUU F

Hnnu

6,369 Q1

VOLUME =
UELT
wF In AL
RHOD
wDOT

[ LI A

6,293E 01

VUOLUME =
OELT
wF INAL
HHY
adQT

HonwMh

6,286 01

YOLUME =
DELY
nF INAL
RHY
wigl

oo

FCHECK

1.763E (4
3,0UVE=02
6.608E 01
3,789€=03
2.334€ 01

Cew0UVE=01

1.763E 34
1.600E-02
6+512E 01
3,749E=013
1.27¢E 0}

0.,UU0E=~01

1.763E u4
ilYvE=0}
6.369€ 01
3.649%9E=~03
1.205E 91

0 OOUE=9}

i.703E 04
TSU0E=42
b.293E 01
3.613E~03
la0use 4}

U.0V0E=01
1, 763E 04

3.00u0E~ue
b.286E 01

*3L.9T1E=(3

2e39¢E 00
0. 000E=-01

1.763E 04
b.obub~ue
6,239 01
5,560E=-01
T.,812€ 8¢

U.000E=ul

1.763€ 04
d,ayuk=9¢e
6,190k 0f
3.94VE=0]3
1.l04E 01

OUTPUT FILE FOR SAN FERNANDO

R-8428-5764

PNEW

1.295E

1.269E

1.230€

1.209E

1,207€

1. 194¢€

03

03

¢3

03

03

03

NNEW

b.b8E

©.512E

b, 369E

6.293E

b,24bE

6,239

(NORTH)

41

41

Gl

0t

0l

01



/i

Reproduced from
best available copy.

R-8428-5764

7 9.870E 02 4 ,40UE=ué 9. 7uucaul 1,290E 0u 1,194E 03 b,239E 91 0.UGUE=yL

FRUM END OF TdwusT RN RA NN AR RN RN AR RN ERA AN N AR

1.181& 03 66,1908 0t

PO = 1. AT4E 01 GAMMA = 1 _4i0t vy G = 3,064E @2 VUOLUME= 1 ,T763E v«
ALPHA = 9,.T00E=01 CFX = 1,é9Uc VU FUKCE % b UTUE 02 DELT = 4,200E=0¢
PSTARTS 1,181E (3 WSTAKT=S b.iYUE vt PFINAL= |, 108E 03 WEINAL= 6,143E 01
FCHECK= 7.260E 02 [4M = 1l.,1u4bc 03 AT 2 4,238E=0} RHO S 3.912E=03
RHUC = 3.437E-03 AC S l.348k vy YXE = 2,472E 04 woOT = 1.13SE 01 v
DELW = 4.766E=01 RHONEWS 3,485E=03 )
8 6.Q07TuE 02 4,200E=02 9,7vuk=u1 1,250E 00 1,181E 03 6,190E 01 0,000E=01 1,168E 03 b,143E 01
FROM END OF THRUST AR A AN AR NN R A AR AN EANR AN R AR ARk R
] = 1.470E 01 GAMMA = 1,.,4L40c wo G & 3,Ub4E 02 VOLUME= 1,763E o4
ALPHA = 9,700E-01 CFx = 1.200E vy FORCE = 9,880E 02 DELT = 3,0UuC-u2
PSTARTS §,168E 03 WSTARTS 0,143 ¢l PF INALS |, 1S4E 03 nF INALE 6,084E 01
FChHECK= 1.153E 03 PC s 1,1436 v3 AT 3 b,tluE~0] RHU s 3, 485E«(3
RHUC = 3,411E-03 AC s 1,546 ud vxE & CLULTE U4 wO0T =5 1 L,807E ¢
DELW = S,420E=-01 RHONEWS 3,4534E~93 -
9 9,880E 02 3,u00E-02 9,7v0c-ul 1,280E V0 1,16H8E 03 6,143E 01 0,00UE=0G] 1,154E 03 6, u8BE 0}
FROM END OF THRUST MR AR R AR AR R AR AN A AN AR AARAK AN A
PO = 1.470E O GAMMA = ] 4luE WO G S 3, 864E 02 YOLUME= }.763E 04
ALPHA = § _600E=Q1 CFx = 1,200 QU FORCE = 3, SBUE v2 DELT 5 3,700E-02
PSTARKT= | ,1594E Q3% w3TARTIZ b, pedt yl PFINALS 1, L4FE 03 WFINALS &.002E Ul
FCHECK= a4.4S52E 02 PC s lo.lusk V3 AT = 2,095E-01 RHOU 3 3,454E-03
RHOL = 3,356£-03 AC S 1.341E w4 VXE = 2,459E 04 wOOT = 7T.,u0E 00
DELW = 2,%92E-01 RHUNEW=S 3,940t~u3
10 3,.580€ ¢2 3,70u0€«02 9,0v0E=ul 1,200E 00 1,154€ 035 6,088E Q01 0,000E~ul J,147€ 03 b6_06¢E 01
FRUM END OF THRUST AANE AN R R R RN ER R AR NN R ANRNRRARR AR
PO S 1,470E 01 GAMMA = |, 4l vo G S 3.Ub4E 02 VOLUME= | T63E 04
ALPHA = 9 800E=01 CFXx z 1,208 Wo FOHCE = 4,770E€ 02 DELT = S,200E-¢2
PSTARTZ . 147E 03 WSTARTzZ 6,yede yl PFINALS 1 _134E 03 wFINALS 6,015E ui
FCHECK= S5.839E o2 PC S l.lg4E u3 AT & 3,47BE=U1 RHO 2 3,4U0E=O3
RHUC = 3.391E-¢3 AC = 1,3448 Y4 VXE = 2,403E vu wDOT 3 9,162E 00
DELW 3= 4,764E=0} HHUNEWS 3,4t3k=u3 .
i1 4,77uE 02 S5,200€=-02 9,8u0t=ul ,220E GO 1,L47€E 03 6,062E 01 Q0,U00E=01 1,134k 03 6,015 yl
FROM END OF THRUST AR AR AN AN E A A NN E AR AN A RN AR A NR
PO = 1,4T0E 0t BAMMA = |, 4lue Ui G = S,864E 02 VOLUMES | ,.763E 04
ALPHA = 9 _80uE-01 CFX S 1,100E uu FORCE = 1,550E ua DELT 2 $,v00E=yg
PSTARTS j.134E 03 wSTART= baulSE i PFINAL= J.132E 03 WFINAL= 6.0U%E u1
FEHECKE 2.103€ 02 PC 2 1,12c 03 AT = 1,268E-01 HHO S 3,U13E«03
RHUC = 3_.364LE-03 aC 2 l,342E w4 vXE = 2,457E 04 WOUT = 3,307E 0v
DELN = 9,922E-y2 RHONEWE 3,407k =~=03
i2 1.550E 02 3.VUVE=02 9,8v0k=~Ul 1,1UUE Ou 1,134E 03 6,015€ 01 0,U0VE~01 1,1326 03 6,005 01
FRUM END OF THRUST AKANRARNRARNARNRRKRARARRARRR AR AR
PO = 1,470E 01 GAMMA = 1 ,dl0E vo G = 5,.d64E 02 VOLUME= L 7636 (4
ALPHA = 9,900E=01 CFX S j.lu0E @U FORCE = 1,u20E 02 DELT = 1,00vE=@2
PSTAKTS 1,132 63 nSTarTz 6,0ude vl PFINAL= 1,131E 03 WEINALZ 6.001E 0L
FCHECK= 2.199€ 02  pC = 1,120 03 ATV = 1,3513E=-01 KHO = 3,407E-03
RHUC 3 3,383E=03 AC = 1.343c ud VXE = 2.401E Q4 wDOT = 3,.453E w0
DELW = 3.453E~0Q2 RHUNEWS 3,40%E=u3
13 1.620€ V2 1.000E~02 9,9uvk~vl 1.10UE GV 1.13CE U3 ©.005E 01 0,U0UE-0G1 1,131 03 b,001E o1
FRUM END OF THRUST AR AN A AN R AR AN R AR N ARAANRAN
PO = 1.,470£ 01 GAMMA = 1, 4Luc UV 6 = 3,804kt 02 VOLUMES | ,763E (4
ALPHA = 9,900E-01 CFX z 1l.,20bk vd FURCE = g,79vE 02 DELT = 3.0UUE=~(2
PSTANT= 1,131E 03 nWSTARTZ b,OVLE U1 PFINALS 1,121E 03 wWFINALS 5,983E 01
FCHECK= 3,040€ 02 rc 2 l.1i9E 43 AT = 4,014E=0} kHu = 3,405E=03
RHUC = 3,381E«03 AC 2 1,343 04 yXE & 2,460E 04 nootT = 1,264k 0f
DEL% = .3.791€-01 RHUNEWN= 3.383E-03 .
14 6,7908 02 3,000E~y2 Y,9vlc=vl |.260F Uy 1.131E 03 6.001E 0L 0,000E=u) 1,121E 03 H,963E o]
FROM EMND OF THRUST XA AN ANA R AR AR ANARRA RN N AR AN }
P00 = 1,470E 01 LGAMMA = 1.4l08 U G = 3.064E 02 VOLUME= 1 ,763E 04
ALFHA = 9, 700E=01 LFX = f.loue vu FURCE = 2,08UE 02 DELT = J.ouutE~=0¢
PSTANT= 1.121E 03 WSTARTZ Y,9035c Ul PHLINALS 1.}10E 03 wFINALE S, 94aE O} i
FERECKS 3,3R5E 02 PC = l.usie v} AT S CLUBYE=-UL HHY S 3,3583E-u3
RHUC = 3,311k-uy3 AC T le557c ud ¥XeE = dLudok Da nbuT 3 9,3548E 00

FIGURE 7.4-2(b).
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FERNANDO (NORTH)




AN\

DELW = 1.92%E=01 HHUNEWS 3,5726-93
§9 2.68UE 02 3,000E=02 9,7vuk=01 Y ,180UE VU 1,121E 03

FRUM ENU OF THRUST EXRARRAARERRRARNARRRANSRRRNRNAN

PO S 1LUTOE u) GAMMA = ] _4lUe U0 G & 3.004E G2
ALPHA = 9,900E~u1 CF2 S 1,240t w0 FORCE = S,140E 02
PSTANT= [ 110E ¢3 wSTATz 5,.9448 vl PFINAL=E 1.100UE 03
FCHECKS 6,1B84E 02 PC 2 1,104k 03 AT 5 $,793E=0})
RHOC = 3_349E-03 AC 5 1,341 uvd VXt 3 2,454E ¢4
DELN = 2.922E-~01 HHUNEwW= 3. 35%66=03%
16 95,1408 02 3,00CE=~02 9,900E~ul 1,240E 00 1,116€ 03
FRUM END OF THhUST AR AR AR AN R R AN AN RERANA RN R AN
Po 3 L4TUE 01 GAMMA = | 410k yU G s 3,864E 02
ALPHA 3 9.800E=-01 CFx s 1.100t w0 FORCE = §1.78vE (e
PSTARTS 1,108 03 ASTARTS S,915%E Ut PFINALS 1,10%E 03
FCHEEKS 2.248E 02 PLC S {.,006k U3 AT S 1,389E-91
RHUC % 3,308€~03 AC z |, 351E ud VXE & 2.445E ¢4
DELW & 1.066E=-01 HAUNEW= $,390E=0%
i7 1.780E 02 3.0Q0E=02 9,8uGE=01 1,180E O0U L. 108E u3
FROM END OF THRUST AR AR AN AN E AN ANTRANRRAANRAS
PO = 1.470€ 0% GAMMA = ],410E wU [] = 3,H64E u2
ALPHA = 9,900E=D1 CFx z 1,280k 40 FORCE = 8,6TvE o2
PSTART=S 1,10%E 03 wSTARTS H,904E ol PFINALS | ,U92E 03
FCHECK= 1.010E 03 £ s j,u%4E 03 AT 2 6,191£-01
HHUL = 3,326E-03 AC z 1,359 04 VXE S 2L4UYE 04
DELW 5 d4,7BlE=0Y KHUNENS 3,325E-03
18 8.670E 02 3.00uE=02 9,900c=ui 1,280E QU 1,103 03
FROM END UF TRHRUST ANRRARNER I NS AAR P EANANARARNRR AR
PO 2 31.470E 01 GAMMA = 1,410t U0 b s S,864E 02
ALPHA = §_600E~01 CFx = 1,100E 00 FORCE = 1,.91uE 02
PSTARTZ | ,092E 03 ASTARYTZ 5,697E ul PFINALS L,08Y9E 03
FCHECK= 2,383E ¢e [£M s 1,049E 03 AT 5 [l,b96E~01
RHUC = 3,2J8E-03 AC = },350E o4 VXE 2 d.,4928E U4
DELn 7 1.233E-91 KHONEWS $,31bL=-U3
19 1.910€ 02 3,.000E=02 9 6ulE-ul 1,.100€ 0u L.092E 03
FROM END OF THRUST AARR AR AN A ANAARTANNRCAARANARARR
PO = 1,470E 01 GAMMA 2 1,410 00 6 = S.Bb64E U2
ALPHA = 9,90uE-qQlL CFX s .19 uu FORCE = 1,96U0E Q2
PSTART= 1,0H9E 03 WSTART= S,844E 01 PFINALE 1,081E 03
FCHECK= 2,J4GE 92 PC = l.ul8k u3 AT = [J33CE~01
RHUC = 3.292€E-03 AC = §,336L 04 ViE 2 2,44¢E 04
DELM = 2,98¢E=41l HHUNEWNS 3_299E=93
20 1,560€ 02 8,800E~92 9,9vuk=01 1,100E 00 1,9B89E 03
FRUM END OF IHKUST ARAN A AR R R R AR RANKRRAANRRRRRNRAR
PO S jL.470E 03 GAMMA = |, 4a}0E uy el = 3.,8064E 02
ALPHA = 9,900E=01 CFx S l.lvue UG FUREE = |,700E 02
PSTART= {,081E 03 #31ART= 5,614t 9} PFINAL= |, 073E 03
FCHECK= 2,3023E 0@ BC z 1,071k w3 AT S ] HUUE=OL
RHUC = 3,275E-03 AC 2 1,354 u4 vXE = 2,434E 04
DELW = 3.064E-¢1 RAUNER= S,2816=-93
21 1,700E 02 8,400E-92 9,90ul-ul {,10vE Gu 1,uBLE 03
FRUM END OF TrHRUST ANARARAN AN R RN AN N RN R ARARA R AR N
4 S 1.4T0E 01 LAMMA = |, 4luk v@ s S 3.464E 02
ALPHA = 9.900E-01 CFX = l.,loUt vo FORCE = 2,25uE 02
PSTART=S 1 ,073E 03 nSTARTS S,704E 0} PFINALS 1. 0T70E U3
FOHECKS 2,8B7E y¢ (4 2 l,ue3c v3 AY 2 1l 823£-01
RHULC = 3,.2S58E-~03 aAC ® 1,333c va VXE S 2,435 04
DELW = 1,375 =0} RHLUNE Az $_27d4c=ul
22 2.254E 02 3,.U0UE=02 Y,9%uuc=ul 1,16UE OU L,973E 03
FROM END UF [THRUST ANAERERAARRR A KK R AR AAR AR N AR & ko
PO = 1 47UE 01t GAMMA = | . d4luE Uu 6 s 3,864E U2
ALPHA = 9,90UE=0} CFx = l.luue 0o FORCE = 1,530E w2
PSTARTS 0708 03 aSTARTZE 9,7/0e o} PFINALZ 1,u63€ 43
FLHECKS 2,070k 02 rC = 1,u9%c Ul Al = §,313E-01

FIGURE 7.4-2(c).
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S.963€ 01

voLumEs
DELT
wF INAL
HHQ
wout

Hu

" H

Se944E Q1

VULUME=
DELT
nF ENAL
RHU
Lhi3)

LU LI [ ]

S,915E 01

VOLUME=
DELT
nf TNAL
RHO
Wiyt

"oaoaH

5.904€ 01

VOLUME
DELT =
WF [NAL=
HHG H
wootT =

5,4857E o1

VOLUME=
DELT
WF [HAL
RHO
aloT

LINE (T ]

9.844E 9t

YOLUME
DELT
WF [NAL
RHQ
nOQTY

5,814k ¢}

VOLUME
DELTY
WFE inAL
HHY
wout

#iw N

5,784 ¢1

VOLUME =
VELT =
wf ENALS
HHU =

U, QU0E=J1L

1.763E 04
3.000E=02
S.915€ 01
3.372E~y3
9,739 00

0,000E=0}

1.763€ 04
3.U00E=02
9,304E 0t
3,356E=93
3.953E Qv

G U0UE=0]

1.763E 04
3.000€E=¢2
5,857E 0}
3.350E-03
12594€ 0%

0.0u0E=01

1.763E 04
J.000E=Q2
S.o44E 01
3,323E=03
4,110 90

0,U00E=01

1.763€ 04
B.80uE-pg
5,814 0t
3.310E-03
3.,38e0E VU

0.000E=91

1.763E g4
B, 400E=02
$.784E 01
3.299€~=03
3.b47€ Gu

d.000E=01

1.763E G4
3, 00uE=0Q2
9.77VE 01t
3.281E-03
4,383k 0u

D UUUE=01

L7638 04
8.UVUE=L2
S, 744k 04
$,274E~03

R-8428-5764

L1168 03 H.944E ¢

1o 10BE

1,109

1,092€

1,089E

1.081E

1.073¢E

1. 070E

03

03

03

03

03

03

03

S.915€

5,904E

5,857E

S,844E

S.614E

5,784k

5,TT0E

OQUTPUT FILE FOR SAN FERNANDO (NORTH)

01

01

01

01

U1

01

01



B
" R-8428-5764

3.e50E-ys AC 3 1,552 vd 213 3 2 4335E 04 wDUT = 3_284E U¢

RHUC =
DELW = g2,630E~y] KHUNEWS 3,299k=03
23 1.950E 02 s,0uuf=ye Y,9vut=ut 1,100€E QU 1,07VE ¢85 S.T7GE 01 C.u0UE=ul 1,063E 03 %,744E 01t

kn NATURAL ENO UF THRUST ANALYILIS AR 0434344300434+ + 441+ttt v ettt 304044 btd4ti bttt s

FIGURE 7.4-2(d). OUTPUT FILE FOR SAN FERNANDO (NORTH)
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l
/ R-8428-5764

LATA FILE Fur THNUST CaLCULALIUWS
(o o 0 o o e o o Y 0
C i 2 3 4 S b 7
CA3496789012345678901234967490123450709012345678901234567890123436789%012
[ 0 T T e o AP D TP e T
uuTe SHFC31.UTaw NAME JF UUTPUT FILE (C#d)
o 26 TOTAL NUMBER OF PULSES (1i4)

4t} = 14,7 EQ ATMUSPHERIC PRESIURE (PSI) (EL0.0)
AMMA = l.4i EQ0 GAS CUNSTaNT

ts = 386.4 EQ ACCEL. UF GRAVITY (IN/Swe22)

vULUME S 17689.bE0 VULUME (Ihwxx])

rPETAKT =z 1314,7 EQ STARTING PREJISURE (PSI}

ASTART = 60,785 EQ STARTING wElounl] (POUNDS)

L - - - . - - R DA A R R AR TRy D S R ED AR R D R s -
¢ 1 2 3 4 5 6 7
L234S67890123496789012349678901234507489y1234567890123549678901234567894012
[ L L T ) - 4 YT W W - W -
N1  FORCE(N} DELI{N) ALPMA(N) CFX{N)

e, £0 0,010 kO 1,00 Ev 1,00 £0

1195, Eu 0.041 EO t.uv Eu t.2¢ £0

all, EO 0,042 EU 0,99 Eu 1,2V B0

1U475. EO0 0.054 EO 0.9 Ev 1,30 G

582, EQ 0.060 Ev 0,98 Ev 1,23 E£¢

613, E0 U,108 EQ {,98 Eu .24 E0

T60. £0 0,073 Eu 0,97 Eu 1.8b EQ

312, EY D,030 EO 0,99 EV 1,20 EO

327. E0 0,108 EQ 0.99 Ev 1.2V £Q

723, £EQ 0,069 EU 0,98 Ed 1,26 0

149, E0 0.11% EU ¢.99 Evu 1.1v £0

213, E0 0,050 EQ 0,99 E0 1419 £9

t3n, EQ Q.107 EQ Q.99 Ev 1.10 (1]

2H8, EQ 0,050 EO 0,99 EU 1,15 EQ

969, E0O 0.030 EO U.Yb Ey (.28 c0

721, EQ 0,030 EO (.48 Ev 1,26 g0

209, E0 0,045 Eu 0,99 E¢ 1.106 £V

1456, EQ 0,030 EQ 0,95 Ey 1,34 EQ

Sio, E0 0,046 EO 0,98 EV .24 EQ

s e g Bt B e e s
WE NG U WML D O~ U E A

2% 626, £9 0.039 EC (.99 EG (.24 E£0
21 440, EQ 0,031 EO 0,98 EV 1,22 ed
22 244, Eo o.0%2 ko 0,99 Ev 1,18 £0
23 21S. EQ 0.006 E0 0.99 EV 1.50 e
24 21S. E0 0.08T &0 0,99 Eu f.18 £0
45 141, €y 0,092 EO 0,Y9 Eu 1,10 £0

ge 172, E0 0,030 E0 g,99 Eu 1,10 E0
o o o 0 v T D D A W ST W T T A D S WD D WD W A A W e W
L 1 2 3 4 S [ 7
L23R967899123495678901234567890123450789012345678901234967890]123450789012

Ce - e et aem s mn et At e ... ...

FIGURE 7.4-3., INPUT FILE FOR SAN FERNANDO (SOUTH DIRECTION)
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PHRUST ANALYSIS,
= 1.470E UL
5 3.864E 02

Py
G

INSSSFCe51
BAMMA =
vubkumEs

e —
Reproduced from
best available copy.

vulo=SFCat Juf
l.dile 0V
le7u3k 04

PSTART= 1.315E 0%

wSTARTZS 0.6f9t 01

N F 01 ALPHA CFx P
FROM END UOF [HRUSTY RARNRARN R A ANAEANANRRRTANAAARSR LR

PO s 1.470E ot GAMMA = 1,410 wb 6 = S5.8b4F 02
ALPHA = ]1,000E 0¢ CFx S 1.0UGk ui FORCE = 0.,5%00E 01
PSTARTZ 1,315 03 wS1ART= o, ,6/9k uli PFINALS | ,314E 03
FLHELK=z 9,793E 0% ¢ = 1.315t vl AT 2 4.944k~02
RHUC = 3,7B9E«(3 AC S 1,315 o4 VXE T 2L941E 04
DELW 3 },489E-02 RHUNENT 3,748Lk-03

"1 6.900€E 0% 1.00UE=-02 1,0V0E w0 1.000E Qu 1.31% 03

FROM END UF THRUST ARRAARANARERRARAARARRNANNANARNK AR
PO 5 1.4T0E 01 GAMMA = 1.410E v [ = 5.4B4E 0@
ALPHA = {,000E 00 CFx = 1.2v0E i FORCE = }.15VE o2
PSTART= 3,354 03 nSTAKT= 6,6776 01 PFINALE | ,312E 03
FCnECK= §,444E 02 PC = J.3l4t u3 AT 3 7.292E=02
RHUC = 3, 784E=-03 AL = 1,37156 u4 VXE 2 2,341E 04
DELN = 9,001E=02 HHUNEN= 3, 7d3E=-43

2 1.150€ 02 4,100E=02 [ 0uv0t vl 1,200E Oy § . S14E 03

ERERAARRA AR AR R R AR AR R R R A AN

FRUM END OF THRUST

PO F 1,470€E 0} GAMMA = 1,410k ¢ G T 3.964E y
ALPHA = 9,900E-0} CFx s §,2voL ui FORCE = 4,11vE 02
PSTARTz (L3128 03 NSTARTS p.bodE yli PFINALZ J.403€ 03
FCHECK= S5,157E 02 PC = {1,299 03 AT = 2.637E=-01
RHUC = 3,7%6E=03 AC s [.3726 ¢4 (243 2 2.93%E 04
DELW = 3,301E-01 HHUNEWS 3, Todkeyl

3 4.110E 02 4,.200E=02 9.9vuE=0l 1.200€ 00 1,312 ¢3

FRUM END OF [HRUST AR AR N AR R ER AR A AR AR AR A AR RNk &k

] £ 1L,4T0E o} GAMMA = | 410K uu 6 S 3,004E y2
ALFHA = 9 b600E-01 LFx = t,3500E yu FORCE = 1,079E v3
PSTARTS 1,303€ 03 ASTANTS b,.63%E 0t PFINALS 1.474E 03
FCHECK= 1,242E 03 % T 1,231 w3 AT S b.blik=0}
KHUC = T 4657£«03 AC 2 1,365 v4 (283 = g.,a216E ¢4
DELA = 1,U30E U RHUNEWs 3,706k =0d

4 1,075 03 S,4900E=02 9Y,.5008-u1 1,300E U ] I03E 03

FROM EnD OF TRHRRUST AR RRRRAAR AN RN N RA RN AR AR ke &

Py = 1.470E 0% GAMMA = | 4108 ul 6 T 5,064 02
ALPhA = 9,BOUE=01 CFX = [.230e iU FORCE = 5.82VE 92
PSIARTE t_2T4E 03 WSTARIS 6,9328 vt PFINALE |,28560E 03
FCHECKS 7,_,109E @2 PC = [,249t g3 AT = $,789E-01
RHUOC = 3,693E-3 AC = j.365E g4 VXE s 2.919F 04
DELW 3 6,552E~01 HHUNEWS 3J.bov%c=u}

S .9.820E ¢2 6,Y0uE=~ye Y . Buykeyl 1.230E 00 1.2T74E ¢3

FRUN END UF [HRUST

AARRAAAARERRARAEANRAREERERRARNAN KR R

P20 = 1.470€ 0% GAMMA = | _4lQt yu G S S.bb4E U2
ALFHA = 9,B0VE=~01 CFa = [.é4de vu FORCE = 5,1l30E 0¢
PSTART= t.e5%6k 03 W3TAKT=Z b, 406k Ui PFINALE 1,225€E 03
FCHECK= 7,421E 02 PC = l1.231k vl AT 2 4.ul6E=01
KHUC = 3.b17E=-03 AC S Je.3wlE ud VXE 3 d.908E vd
DELM = 1,23%E ov RHUNERS 3,999E=~u3

b 6,130E 02 1,080E=0) Y Buyc=ul 1,249 Oy 1.2%0€ 03

FRUM ENG UF THRUST AN AR RN AR AR RAANSARNS IR RRARNAR LR

PO = tL.470k 01 LAMMA = [ alyc vu S = j,8b4af U2
A{LPHA = 9,700t=01 CFX = L,d6ut 4l FURCE = T7,80uE {2
PSTANT= 1 _.223t 05 nS ATz o, 3458 91 PRINALS | 594E 04
FCHECR= 9, 2T4E (¢ PC = 1,168 43 Al = 5.&20E~-i}
KHUC = $.522E=03 Al = 1,494 ui VXE = dL.4B8YE G4
ULLw = | ,u91E UU RAUNERTS $,939c=u 3

71

w

VOLUMES
DELT =
wFINA{ =
RHU H
whoT =

6,679€ 01

VOLUME=
DELT
wF INAL
HHOQ
wboT

wnoun

6,677E 9}

VOLUmMES
DELT
nF INAL
HHO
ALOT

o

b.,0b8E 01

VOLUME=
DELT
wE InaL
RHU
nDOT

6,635E .01

VOLUME=
DELT
aF INAL
RHO
WOOT

iWa hun

6,532€ ot

YULUME=
DELT =
wF INALT
HHU =
wOUT =

6,466k 01

VULUME=
DELT
nfF IHAL
wRHU
apul

®oMonu

FCHELR

1,763 04
1.000E=y2
6., 6TTE ot
1.789€£=03
1 489E 00

U, U400E=01

1.763E ©4
4.10uE=v2
b,664E 01
5.785E-03
2.195E o

0.00uE=Q}

1.763E 04
q4,200E=-02
6356 01
3,783E-03
T.859E 00

U U0UE=U]

1.763E 0ud
S,400E-02
6.532E 01
3.164E=y3
1.908E 9%

0 ,y0uE=ul

1, 763E 04
b.UUGE=DE
b,4b6E 0]
3,700E«03
1.09cE ¢l

UL, UUCE=~01

1.763E 04
1 u80E~-0]
b,3U3E U1
J.069E=03
1.145E 0}

0.U0UVE=(L

l.763t v4
F.,30uk=0¢
b,2456E 01
3.999E=03
jLus9e U1

QUTPUT FILE FOR SAN FERNANDO

R-8428-5764

PNEW

1,314¢€

1.312¢8

1,303

03

03

43

WNEW

6,b77E

6.668E

6,035E

1.,2T4E

1,256€

1.223¢

43

u3

03

6,532k

b,46bk

b, 343E

(souTH)

01

01

01

0t

g1

ot



/!

i PR N

AL F e L s ey ey ) WP Lgctevsle thiv ronuL

{auuuL vyl

PSEARTS | eese us adianla b, 3438 ¢i PEINALS | L194E U3
FCRECRE 9,274E 92 PC S j.id0c w3 At 2 n.22uE=0l
HHUC = 5,52¢k=¢3 Al S 1.38%4c vy VXE T 2L UBYE 04
DELA = 1,u81E 00 HHUNERS 35,53%c=u3

T 1.900F 0¢ 7,300E=-02 Y,7ule=ul 1,2b0FE 00 |,d23E 03

FRUM Ewnb OF [THRYST ARAXAANSANR N R AR SN ARRAARA NN AR A A&

PO 2 1,470E 0t GAMMA = | _4l0E O G 2 3.064E 02
ALFHA = 9,9U0E=-01 CFX 1.290 uo FORCE 3 3.12vE (2

0,238 Y} PFINALS 1,189E 03

FCHECK= 3,894E 0e  PC 1,102 vl AT 2,199E=41
= 3.514k-y3 AC 1.354E w4 VXE 2. 488E va

PDELW. 2 1,B815-01 RHONEws 3,529e=03

8 3_120E 02 3,0vvE-u2 9,900kt 1,200E OQu 1,194E U3

FRUM END OF THRUST EHARRERARANRA N h AR NS AR AR RN AN

PSTARTS 1,194E 03 nSTART

[T LT I |

[ 1]

Po = 1.,470€ 01 GAMMA = |,4lut 0O 6 = 3,db4E 0@
ALPHA = 9.900£-0% CFx = l.,evie ¢ FORCE = 3,2TvE 02
PS1ART= 1,189E 03 wSTARTS 6,220t 0] PFINALS L ,1T1E 03
FCHECK= 4,080k 02 PC = 1,117 03 AT = 2,315%E~01
HHUC 3.504k-03 AC = 1,353 04 VXE = 2.u480E 04

DELW = b,bbiE~-0] HHONENE 3,49 E=03
9

3.270E 02 1.090€E=01 9,900E=ul 1.200E OO0 1),.189E 03

FRUM END GF IHRUST AKANAARANARRANA AR RN ANRR RN AR R AR
PO = 1.470€ o0t GAMMA = 1,aluk U0 [ T S.464E 02
ALPHA = 9,800E-01 CFx = 1l.2048 0O FORCE = T.23vE 02
PSIART=E {171k 03 WSTARTS 6,193E ui PFiINALZ | 147 03
FCnECK= 8.580E o2 #C 2 1,148k 03 AT = 4,999E=01
RHUC = 3,441E=-03 AC T }.348E 04 VXE 2 &,473E o4

DELN = 9,250E-01 RHUNEWS 3,439E-03

10 7.230F 02 0,90uE=02 Y HulGE=~ul 1.260E OU 1,171E 03

FROUM END OF THRUST AAXRRRANRRANAR RN AN RBARRRRNA S
PU 3 1.4790€ 01 GAMMA = 1,41k 0O [ 2 3,064€ 02

ALPHA 2 9,900E-~0f CFx
PSTART= 1,147E 03 WS1ART

1.1vue QY FORCE = 1,490€ 02
b, Uelk o1 PFINALE 1,13%E 03
1.

(I (R T T

FCHECK= 2,567€ 02 FC 15%E 03 AT = 1.214E~-01
HHUC = 3,414E-93 AC 2 1,346t 04 VXE 2 2, 467E 04
DELW = 4.463E=01 HHUNENS 3,413c-03

11 1,890E 02 1.110E=01 9,900t-ul 1.100E Ou 1.147E 03

FRUM END OF THRUST AHRNARRA R AR R AAR A AN RARNARRRRRNRNR

PO = 1.470E 0i bAMMA = 1.4198 UV G = 3,004E 02
ALPHA ® 9,900E£-01 CFX S 1.1508 w0 FURCE = 2,154E Q2
PSTART= 1.135€ 03 ASTART= b,0l6E ©) PFINALZ 1,131E 03
FCHELX= 2,792E 02 PC = 1.1e3re U3 AT = l.bodE=ul
HHLC 3,389E-03 AC s 1,344k u4 vXE S 2,4beE 04

DELA = 1,.314E-91 RHUNEW= 3,40bE=03
12 2,150 02 35.000E=02 9,900k=v1 1.150E Ou 1.135E 03
FRUM END OF THKUST AAAARRAR AN T AR NRRRNANAARARNRR R

Po S 1.470E 01 GAMMA = | 410k UO 6 . % 3,0b64E 02
ALPHA = 9,900E-01} CFx s 1,100 00 FORCE = 1,360 02
PSTART= 1.131E 03 WSTART= o0,003L Vi PFINALE 1,1235E 03
FCHECK= ] ,846E (2 PfC S l.12GE 03 AT S 1.104E-01
wHUC 3.382E-03 AC s 31,3438 L4 VXE % 2,461E U4

DELW = 3_102E-01 HHONEWS 5 3842-93
31,3608 02 1L, 070E=0] 9,9vUE=DF 1,100E Ou 1,131 03
FROM EnND OF THRUST FARRAR AR N AR R AR A SRR A AN RAR RN

PO = 1,47¢E 0} GAMMA = j,4lek uwl 6 = 4.064€ 02
ALPHA = 9 _90yE~01 CFx = 1,15uc vo FORCE = 2,880 02
PSTant= [,123E 03 nwSTanlIzs 9,972k vl PFINAL= L,118E 03
FCHELKR= 3_.738E 02 pC 21,1128 v3 Al = 2,253E~01
RHUC = 3,364E~03 AC = 1.342e ud VXE = QL4597€ 04
DEL W S {.763E=0} RHUNEwW= $,3/8e=03

4 2,889E v S,00UE-02 9.9vuE~-01 1,190E OU 1,123 03

FRUM END OF THRUST AL AARAR RS ARNN RN S R AR DO RNNRARBRA D

20 = 1.470E ot GAMMA = 1,4lue VU b = 3,db4E 62
ALPHA = 9,b0UuE~0L CFx = l.davc uwy FOHCE = 9.09vE 02
PSTART=E t,)1df 03 WSTAKTS S,924E o} PFINALS L ,104E 03
FCHECK= .1z2bk 03 PC = 1.0f4c 03 AT = 7,u%cE=ut
HHUC = 3. 28gt -0l AL 3 1,335c ua vXr & g.4dvb yu

e £
wF llaL=
KHU =
nbBODT =

6,343 01

VUL UME =
DELTY
wF 1NAL
KHU
Wb T

nau

6,238E 01

VULUME S
DELT =
nF INAL
RHO
wDoT

6,220 01

VULUME=
DELT
wF INAL
HHU
wbOT

6,153E g1

VOULDMES
DELTY
WF INAL
RHU
w0y

W uwn

6,061E ot

VULUME=
ey
wF LNAL
KHUY
w07 =

EL TN 1)

6,016E 01

VOLUME =
DELT
wFINAL
HHD
WioT

LTI (I T ]

b,003E 01

VULUME =
DELY
WF INAL
RHQ
w71

4 nnwn

3,972 01

VULUME =
DELT =
whk livAL S
KU
welyu !

(1 13

f e 3UUL=VE
b.2308E 01
3,.999E=-03%
1.439€ 01

Y.uu0k~01

1.763E 4
3.u00E~0e
b.220E 01
3,935E=03
b, U48E Q0

U, u0UE~D])

1,763 D4
1.050E=01
0,193 0}
3,524%E=03
ba343E Ou

By LOUE=01

1.763E 04
b.IVVEwOR
b.UBLIE 01
3,491E-03
1,341 01

U LU0E=11

1.763E 04
1.110E=01
b,016E (1
5,439€E=03
4.021E QU

V. 0OQUE=D1

1.703£ 04
J.u00E=pe
5,0038 01
3.413£-03
4.382E 0V

0,000E=01

1.703E 04
1.070E~-01
5.972E 0}
3.406E=03
2,899E 00

0.000E~-01

1.763E o4
3,U00E=~p2
5,954 01
3,388E=03
S5.878E VU

B,U006=01

1.763E o
5.0v0E=D2
5.901€ 01}
3,.370E=03%
1./ank Ui

FIGURE 7.4-4(b). OUTPUT FILE FOR SAN FERNANDO
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R-8428-5764

1o194E

1,189tL

1,171E

1,147

1.135E

1,131E

1.123¢

1.118E

03

03

03

U3

03

03

03

03

b, 2348¢E

6,220k

b6,393E

b,ublE

6,016k

6,003E

5.972¢

S.954¢E

(SOUTH)

ot

01

[}

01

01

gl

01

01




Ii

pELw =

2.394E~01

RriuNLws=

S,3408L=04

R-8428-5764

15 9,690 02 3.900E~-ug Y.6vuk~0]l 1.264€ QU 1.118E 03 5,954E 01 Q. UUUE=UL 1.104E v S5,901E 0t

RANKARRANAARAARXRARNARNRAR NN AR b &

FRUM END OF THRUST

PO 3 1,470t 01
ALPHA = 9,800Ewy
PSTART= 1.104E 03
FCHECK= 8,527 02
RHUC = 3,300E-03
DELW = 4,04SE~01
16
FRUM END OF THRUST
Po S 1.870E 04
ALPHA = 9,900€=01
P3TaxTz 1,093 03
FCHECK=S 2,68%9E ¢2
RHUC = 3,301E=03
DELW 5 1.910E=-01
17
FRUM END OF THRUST
PO S [ L,4710E 01
ALPHA = 9,500E-01L
PSTANT= 1,088E 03
FCHECK= {,613E 03
HHUC = 3,196E-03
DELW 3 7,732E=01
18
FHUM END OF THRUST
PO 2 1 ,870€ 0t
ALPHA = 9,800E~¢1}
PSTAKT= 1,068E 03
FCHELK= b 117E 02
REUC = 3.2234E=03
DELW = 4,4B0E=01
19
FRUM END OF THRUST
PO S 1.470€ 01
ALPHA = 9,.300E=-01
PSTAKTZ 1 ,056E 03
FCHECK= 7.5S03E w2
RHUC = 3,199E=03
DELW = 4.669€E=01
20
FRUM END OF THRUST
PO E lL.4TGE 0}
ALPHA 3 9,800E=D1
P3TART= | Q44E 03
FCHECK= S5,3S7E 02
RHOC = 3,[T72E=03
DELW 3 2.696E-01
21
FRUM END OF THRuUSI
Fo = 1.470E 01
ALPHA = 9,90G0E~¢]
P3TAnT= 1 037€ 03
FCHECK= 3,072E 02
KMUC = 3,180E-03
DELn = 2.953E=-01
2¢
FROM END OF THrUST
PO = l.470t ol
ALPHA = 9.900E-01
PSiART= J,03(E o3
FCHECK= 2,792E 02

GAMMA
CFx
WSTART
(4%

AC
HHUNEwW=

T.210€E 02 3,000€E=-9¢2

GAMMA
CFX
WSTART
PC

AC
RHUNEW=

Wouon sl

2.090E 02 4.500E=02

GAMMA =
CFY
wSTART
PC
AC
RAUNEWS

(L N TR I

1.456E 03 3,000E=~ve

GAMMA

<
©
"o

HAONEw=

S.100E 02 4.60uE=02
RARARARRRRAERRA AR AR AR AR AR ANy &

GAMMA =
CFx =
WSTART=
PC
AC
RHUNEW=

Ho#

6.260E 02 3.%ugE=pe

GAMMA
CFx
wSTART
PC

AC
KHUNEWS

nnwumwn

4,400 02 3.100E=y2

GAMMA =
LFX
ASTART
PCc
AC
NHUNEWS

2,440 He H,200E=ud

FIGURE 7.4-4(c).

GAMMA =
CFa
WiTART
PC

[ LI YO T

Jo410E U0 G £ L.bb4E (2 VUOLUMES 1,763E 04
1.20ut uy¢ FORCE = J.21VE we VELT = 3,uh0E=02
S.901k 01} PFINALS 1.U93E 03 WF INALS S,8buUE 0}
1.0982c 93 AT 3 9.289E=01 RHU = 3.340E=-u3
1.3578 w4 VXE S 2,U44UuE Q4 wh07 = 1,348E 0}

3,320L=u3

9,6vuE=ul },260E O 1,104€ 03 S,9G1E 01l 0.000E=-0) 1,.093& 03 S.860E vt
AU NN SRR R AN SRR RN RS AR AR AR A AR R

14108 90 [ = 3,864E 02
1,100 GO FORCE = 2,u9uE 02
5,800 U1 PFINALZ 1,y88E 03
1,082t 43 AT
1.357 gu VXE
4,314E=-ul

DELT

le06dE=(} HHU
2.444€ 04 w01

VULUME= 3,.763E 04

2 4,9%0uE=~Q¢2

WwF INAL= S5,841E 01}

= 3,32%E<03
s 4,245E Q0

9, 900E=01 1,160F Q00 1.093E 03 S,860E 01 0,000E=-0)1 },08BBE 03 S,B41E Ot
AR AR AR NN R ALK A AR AR AR RN R AN A&

1,410 00 G S 3,864E 02 VOLUMEZ |, 763E (4
1.390e U0 FOKCE = 1.450E 03X DELT = 3.U00E=ue
S,841E 01 PFINALS 1,068E 03 WFINALS S,76dE g}
1,034k v3 AT = 1.USlE 0O RHU 3 3,314E=93
1.328k u4 VXE s 2,421E 04 wWOUT = 2,577E 0

$.,270e=03

9,5v0c=vt 1. 340E Qu L UBBE 03 S,841E 01 0,00VE=-0Y 1. 06BE 03 S,764E 0}

E AR AR AR RN R R R R RSN R

1,410k vo G = 3,064E 02

VOLUMES 1,763E 04

l.244k vo FORCE = S.,100E 02 DELT = 4.0VuE~0e
D.704k ul PFINALZ 1,056E 03 nFINALE 5,719k 0t
.47k vl AT 3 3.93YE-uU1 KHU = 3,2TuE=¢3
1,330 g4 VXE = 2.427E 04 NRAT = 9,739€ @0
3,245c=-93%

9,800c=yl §,240E 00 L,u60E 03 S5,764E 01 0,000E=0}

1,096E 03 9,719€ ol

LaullE uo [+ = 3.864E 02 VULUMEZ 1,703E 04
1.240E 90 FUNCE = 6,.2bUE U2 BELT = 3,900E=-d2
5,719t vl PFINALS 1,ud4E 03 wFINAL= S,672E ¢}
1,038 o3 AT 2 4,870E-01 KHU = 5,249E=03
1.32BE w4 VXE = 2,422E 04 wB0T = 1,197€ o}

S.2lbc-93

G 8uut-el 1,240E 00 1.uS0€ 03 S.TI9E 01 0,000E~0t 1,044E 03 9,672E 01

AR KRR ARERAAAAN KA RN ARNARNURNNAARN

L4190 o G = S.u60E 02 VOLUME= 1.763E 04
1,220 04 FORCE = d4,40QE 02 DELT 5 3,100E=02
S.672E Ul PFIMAL= § ,u3T7E 03 wFINALZ S_.bd46E (1
1,ud3E ul AT = 3.,524E=01 HHU = 3,218E-03
1,326 V4 VXE s 2,41l6E ud wOUT = 8,9%H8E 00

5,203t -0}

9.8Uuk=01 1.220F 00 L.u44E€ 03 S,b72E ¢l v.uuuE=ygl 1,037E 93 5 _646E o}

AEAREANKARNAN AT ANANRRAARENRNNR R

1.4108 wo [ = 3,064E 02 VOLUME= 1,.763E 04
1.,1duE v FURCE = 2,44uE 02 DELT = S,2uuE=pe
S.b46E Ul PFINALE §,u31E 03 nfInaLs 9,020€ 01
1.ué7t u3 Al = 2.UL3E=01 "RHO = 3,203E~03
1,3cot u4 VXE = 2.418E 04 wOOT = 4,91uE ou

S.109t-y3

9, 900k=-u1 1, 1B0E 00 1.937€ 93 S,046E 01 y,00uE=9] 1. U31E 08 S.62uk ouf

ARk RARREABAShd R A AR R AN AR ANA AR

t.4luk ul G & 4,064 v¢2
[eibUE WU FURCE = 2,19vE 02 UELTY
a.,bdis w] PELINALS j,u2l€ 03
f.udlic ul Al S 140l8€=vl KHU

OUTPUT FILE FOR SAN
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vOLumEz 1,.763E ¢4

T B,b0uE~-0¢

wFINALS S.582E 0}

S.18%E=y3

FERNANDO (SOUTH)




/?

Repraduced from
kest available copy

. . L eaaaes e eraa e e PP
(A" S b ewdur ul R P Y R VY N 23,0040 g
ALPHA = 9,.90uE=y1 Lk = l.love vy FUHCE = ¢,.1%0E ue
PSLART= 1,031k 63 MotAnTc 9,62l U] PEINALE 1 ,u021E 03
FCHECKS 2.7%92E 02 PL Z l.Ucbe U3 Al = l.6lvE=-ul
KHUC = S.1bok=Ds (3 = 1.3¢5% v VIE = 2.414E b4
DELW = 3,7d0Fk~0} nHUNERS 3,lale=us
2% 2,150k ve 8,60uE=02 9,9v0c=u) 1,160F vu 1L.u3LE 03
FRUM EnND OF THHUST EREAARRANS AR A AR AR A AR A NN RN A KA AR
PU S 1l 47Uk 01 LAMMA = 1,4luc UL I8 = JS.8buE 02
ALPHA = 9_.900E=-01 CFa s l,lelt uo FOrRCE = 2.15uE 02
PSTART= 1,621t o3 WSTARTS 5 5028 ul PFINALS J_ullE 03
FCHECKR= 2.75)E 02 rc S 1,011c vl al S l.834E~ut
KHUC = 3,145 =03 AC = 1.325c ud VXE 2 2.41VE 04
DELw = 3.,835E=0} NHUNEWS 3,.1458=03
24 2,154k pe2 s,7TvuE=v2 9,900c=0t L,160E 00 1,U2iE 03
FRUM END OF THRUST AARARAREEARR RN AR R AR R AR AN R AN AN A
PO = LLA70E 01} GAmMMA = | ,410c vU 3 = 4.,864E 02
ALPHA = 9,.900E=01 CFx = 1,190 U0 FuwCE = 1.,410E 02
PSTART= 1,.011E 03 WiTARTS 5 544 yi PFLINALZ 1 .904E 03
FCHECK= 1.9U1E 02 PC s 1,0ule V3 AT = 1.281E-01
RHUC = 3,123E-03 AC = 1,321k v4 VXE = 2.405E va
DELW = 2.811E~01 HHUNEwE 3 ldBewul
29 1.4910E 02 9,20uE~ye J,9vvE-v1 1,100E OU L.u01)f 03
FRUM EnD OF TrHUST PR RARAERAR RN RE AR RANSARNRADNAR
PO = 1,470k 01 GAMMA = ].410c U0 G S s.464E 02
ALEHA = 93,900E-y1 CFx 2 1.1uoc B FORCE = 1,.72vE o2
POSTARTZ {1 UO04E (3 wSTART= 5,510k Ut PFINALE 10018 63
FCHECK= 2,318 02 PC s 9,939k 02 AT 2 1.7 5E-01
®RHAYC = 3,107E-03 AC = 1,32V u4 vXE = 24.401E ud
UELN = 1.119E~01 RHUYNEWRS 3,1236~-43
28 1,720E 02 3,00uEwg2 9,9u0C=0t 1.100E 00 1,004E 03

VUL thet 2
ek T =
nFINALZ
L1 V) 3

wDUT =
S.b20k 01

VULUME =
BELT =
nF INAL=
HH) =
wbLT =
5,582 01

VUILUME=
DELT =
wFInalL=
KHHU H
wbul =

5,544E 01

VULUME=
beLT
wF INAL
LLIH
nbOT

LI I I

5,516t 01

Padft31 w4
8.6UukE=u¢
Seack @1
3,149~y 3

4,405 o
U, 00uE=01

1.763E U4
g.TVUE~0R
S.544E 0}
3,167€=93
4.411E wu

U, 000E=0]

1,763E 0«
9,200E=02
5.910E 01
3,145E=03
3.04%5E 0¢

U 0uuE=yl

1.763E 04
3.0uyE=g2
5,50%E 0}
3.129E=03
3,746E 00

R-8428-5764

1L.u21E 03 9,982 0}

1.,011E 03 5,544 0%

1,004E 03 5,516E 01

0.00uE=Q1 1,001k 03 5,505k 01

ax NATURAL ENU OF THRUST AALYILS 28 4424004340443 43 3443+ 4 334+ 443384442444+ 4 44244444+

FIGURE 7.4-4(d).
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,‘l R-8428=5764
JIN\
o ' 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 El1 Centro earthguake 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 nmnassive
structures, an exploratory study was conducted toc evaluate the
feasibility of using solid-propellant rockets.

9.2 ROCKET CHARACTERISTICS

A sketch of the basic design of a solid-propellant
rocket that was built for structural dynamic testing purposes is
illustrated in Figure 9.2-1 and a photograph 1is shown in
Figures 9.2-2.

9.3 DEMONSTRATION TEST

The rocket under discussion was attached to the test
structure as shown in 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 9.2-1.
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FIGURE 9.2-2. PHOTOGRAPH OF ROCKET COMPONENTS

80



SLEMOOY FSTINd ANV MINIONYLS 40 MAIA TIVYIAO °T-£'6 MINDIJ

dWNd J1TNYYAAH

R-8428-5764

S¥3T0YLNOD
RYLER

81

13%4J0d

YOSN3S
NOILOW

'39VH0LS SYD z

N 366 S99 609
J4NSS3IUd HIIH N

A\



R-8428-5764

A\

(TN QTHEIX MOT)
ITMO0Y INYTTAJONd dITOS JA0 9ONIYIA ISHL

*Z-€°6 HANDIA

82



R-8428-5764

A\

¥YOOTA ANODIS HHL NO dHALVDOT
LEMO0Y ‘ (ATIIX MOT) LSOUHI LAMDOY ILNVTITIJOUd
-dIT0S OL dNd AYNLONYLS LSAL JO ASNO4SHY HSTAAWI °€-€£°6 HANDIA

29s ‘IWIL
hZ°ol AR

(]

© 18 4834 ISWauL . 18 1531 35MNdNL

wmn

(] .
o~
H

¢ INIWIIYI4SIa

n
o~

.u!

83



"\ R-8428-5764
/ |

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 1is 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 pulée 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 El1 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 twoc 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
varies 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 1bf 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, o, 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 1bf to 115 1bf for
Castaic and from 5000 1lbs to 200 1bf for El Centro.
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SECTION 11

SUMMARY AND CONCLUSIONS

Phase I research was successfully accomplished in 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 structureland 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 El1 Centro 1940 and San Fernando {Castaic) 1971 earth-
quakes. FPreviously 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 wvalidating 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 El Centro and San Fernando Valley
earthquake disclosed the need for detailed calibration of the
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pulse units for more precise nozzle coefficients and chamber
pressure static/transient ratios for the pulse time durations,
thrust levels and thrust wave forms. Refined calibration will
permit very accurate pulse simulation of structures.

Patents for both the cold gas system and for the solid
propellant rocket are being applied for, with particular empha-
gsis 1in earthguake applications. Overall, this research 1in
Phase I 1is considered to be successful and presages that
Phase II 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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