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ABSTRACT

The objective of the research is a further development of
the engineering concept of seismic isolation. Neglecting the
transient stage of seismic loading results in a widespread
misjudgement: the force of resistance associated with velo
city is mostly conceived as a source of damping vibrations,
though it is an active force at the same time, during an
earthquake type excitation. For very pliant systems such as
base isolated structures with relatively low bearing stiff
ness and with artificially added heavy damping mechanism,
the so called "damping" force may occur even the main push
ing force at an earthquake. Thus, one of the two basic pil
lars of the common seismic isolation philosophy, namely, the
doctrine of usefulness and necessity of a strong damping
mechanism, is turning out to be a self-deceptio.l, sometimes
even jeopardizing the safety of structures and discrediting
the very idea of seismic isolation. There is a way out:
breaking with damping dependancy.
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SECTION 1

MODERN CONCEPT OF SEISMIC ISOLATION

It will be shown in this section that despite a wide
veriety or practical implementations, the cammon concept
of seismic isolation is resting primarily on two pillars:
flexible mounting and energy dissipation (lJ, and that the
last one does does not necessarily contribute to a better
isolation.

A global view of the History of base isolation application,
except that of the newest ideas on antifriction and non
destructive softening systems, is given by James M.Kelly
[2J. Therefore, there is no need to duplicate this informa
tion here. Instead, it seems more productive to concentrate
on fresh or well forgotten perspectives concerning seismic
isolation technique.

Seismic isolation, or base isolation is a particular case of
the vibration isolation technique extended upon essentially
non-rigid structures which are to be protected against pos
sible earthquakes. Concept of seismic isolation is based on
the premise that the fundamental period of the superstruc
ture as a rigid body rocking on isolators (isolated period)
is several times greater than the period of the fixed-base
structure. The more the difference, the better the isola
tion, and vice versa. By decreasing the actual ratio of the
base-isolated period to the fixed-base period, we will enter
the area where the positive effect of the seismic isolation
is very small if any.

Such was the case with the Foothill Community Law , Justice
Center at the June 28, 1992 Landers Earthquake. Despite of
the fact that the building was mounted on isolators, due to
specific properties of those isolators which, for activating
their most beneficial prformance, required the quake to be
not just strong but still accompanied with large lateral
displacements, the system, failing to reach the targeted
value of the isolated period, behaved like an ordinary one
with the recorded maximum roof acceleration of 0.19g at the
0.11g acceleration of the base (3).

The matter is that the shearing systems of seismic isolation
similar to that of FCLJC, obtain their full mitigating capa
city mostly when the earth shaking is strong enough and when
supposedly protected object has already suffered a certain,
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possibly significant structural damage. This is the price
for developing the -effective stiffness", as well as for the
overestimated "positive" contribution of heavy damping.

Besides separating the frequency of the superstructure and
that of the isolated system, to make the earthquake protec
tion successful, one more level of separation should be pro
vided: between the fundamental frequency of the structure on
isolators and the most damaging frequency range of the shak
ing ground. Still in 1975 Ray W. Clough and Joseph Pensien
(4) had demonstrated that a base isolated structure. treated
as a rigid body on a spring and a viscous damper, experien
ces two principally different stages of steady state res
ponse while successively under~oin9 harmonic excitation with
varying relative frequencie~ p = w I w where the isolated
frequency w is supposed to be fixed, and the ground fre-
quency w grows up starting from zero. Thus, when 0 < ~ <
V2, there is no isolation effect at all. In the range of
~ >V:2 the damper's contribution is negative.

However, the monograph [4) is not probably the most read
book by the base isolation researchers and engineers.
Of the total amount of 53 papers included into the "Earth
quake Spectra" 6(2)1990 and Proceedings ATC-17-1, Vol.1
and devoted to the seismic isolation, which contain 532 re
ferences altogether, only one [5] alludes to the monograph
[4J, and that one, unfortunately, misrepresents the damping
coefficient of viscous model by alleging that the energy
loss is dependent upon the system fundamental frequency in
stead of the frequency of excitation (which is actually
true~.

J. Kelly (6) admits that "damping can be viewed as a conta
minant of the isolation process". This utterly articulated
opinion of the researcher who is considered to be the
"father" of modern seismic base isolation did not prevent,
however, from pUblication the SEONC Requirements [7] which
encouraged implementation of overdamped syst~ms. Those Re
quirements with some amendments were included in the UBC-91
[8] as an Appendix, and now, using the same terminology,
they "contaminate" the whole field of seismic isolation en
gineering.

As soon as the damping has nothing to do with isolation pro
cess, why do we need damping?

It is taken for granted that the flexible mounting by itself
cannot provide a favorable regime of structural performance
in the range of low ground periods merely because most of
the existing types of isolators do not provide enough flexi
bility. Damping is just intended to shield this particular
range. When allowable displacements of a structure are to be
less than the ground ones, only severe damping can seemingly
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help. Otherwise, the superstructure should use its own miti
gating mechanism of ductility which means that the goal of
seismic isolation has not te~~ achieved (strictly speaking,
it looks like nobody believes that this could be avoided:
parameter Rwi in the Regulations (8] is just the quantitive
measure of the expected seismic isolation ineffectiveness).

But damping mechanism of any kind under kinematic excitation
is simultaneously a driving one. Normally, we recognize the
velocity-associated force of resi~tance solely as a source
of restricting ("damping") periresonant structural responses
but we disregard its another quality: to be one of the two
pushing mechanisms transforming the earth movement into the
forces applied to the structures (the second pushing mecha
nism is stiffness). For relatively pliant systems like base
isolated structures with low bearing stiffness and strong
damping mechanism, the "damping" force can occur even the
main "pushing" one during an earthquake. Its negative, push
ing effect is immediate, while its positive, dissipating ca
pacity needs more time to fully develop.

As an example, consider
a mass supported on rol
lers (Figure 1-1). The
mass is connected to the
ground through a viscous
damper in absence of any
spring force. If the mass
is disturbed from its in
itial position by impart
ing the instant velocity
vmax - gZ/w (effective
peak ground velocity per
UBC-9I), the velocity
related resistance Fd
being proportioned to the
follows:

Figure 1-1. Mass-damper system
without restoring mechanism.

weight W could be written as

(1.01)

The same results will be received for a hysteretic damper:

(1.02 )

Assuming equivalent viscous damping ratio ,. 0.4 as in the
case of Super Plastic Rubber [9J and Z - 0.4, obtain:

Fd!W • 2 x 0.4 x 0.4 - 0.32
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For near-fault location this value should be essentially in
creased, and this will account for one pulse only, without a
magnifying contribution of the spring mechanism of isola
tors. It is obvious that heavily damped seismic isolators
are not a remedy: they inevitably generate powerful pulses
accompanied with violent jerks in the superstructure [10).

How could it happen that we overlooked the negative effect
of damping?

Routinely, we do not take into account that the kinematic
information from the shaking ground is not transmitted to
the top of the structure instantly but in a transient pro
cess of running waves propagation. We simply disregard that
real seismic loads are applied not in the points of lumped
mass concentration but in the planes of contact between the
structure and the soil. In case of base isolated systems,
the stage when the running wave just covers the height of
the isolator and the superstructure still remains undis
turbed, is of primary importance. By this moment, the ini
tial pushing force ("negative quality") associated with the
velocity of lateral vibration and with the magnitude of the
damping characteristic of the isolator has already develop
ed, whereas the damping in the traditional sense of the word
("positive quality") has not. 'I.'his fenomenon is not obvious
if we use the kind of analysis which is usually employed in
earthquake engineering due to its lack of sufficient resol
ving power.

In spite of the fact that the first attempts to isolate
buildings from potentially shaky ground were made probably
thousands years ago, the modern concept of seismic iso
lation (flexible mounting + damping) is forein for earth
quake engineering: it has not been inherited, it has been
borrowed from mechanical engineering. Though the concept is
working perfectly in all sorts of vehicles, in seismic iso
lation everything is not so smooth because the conditions
in both cases are quite different. In a car, for instance,
the working stresses in auto parts are far below their ulti
mate bearing capacity, therefore some overloads associated
with heavy damping are of no practical importance. Another
matter is a building structure: during a strong earthquake
it is intended to perform at the near-to-collapse level and
any extras can become crucial for its safety.
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SECTION 2

FRESH APPROACH

This section will present a new concept of damping
independent seismic isolation engaging a nondestructive
tuning-out procedure through the use of multi-curvature
geometry of the pedestal plate of a sliding isolator.

There is an alternative to the contradictory damping mecha
nism of base isolators. It can be found in the utmost
lessening the damping and substituting its positive, mitiga
ting quality with any sort of tuning-out mechanism which sa
tisfies the following xequirements:

a) Let the earth move its way.
b) Prevent resonant amplifications.
c) Restore the structure in its pre-earthquake position

on the foundation.

It is not the building, it is the earth that should be vib
rating if the building is supported on the ideal isolation
system. Any attempt to reduce a relative displacement of the
superstructure with respect to the base will inevitably re
sult in additional transmission of earthquake energy into
the building.

An example of seismic isolation which meets those require
ments was described in [11, 12]. A new concept embodied in
Shock Evader or, which is the same, in the Antifriction and
Multi-Step Base Isolation (AF&MS BI) unit incorporates the
merits of the traditional flexible mounting but without its
drawback - a compulsory damping mechanism. The Shock Evader
consists (Figure 2-1) of a ball transfer unit (1) supporting

Figure 2-1. Shock Evadertm •
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a superstructure (2) and resting on a depression (3) of a
pedestal plate (4). The depression is shaped in compliance
with the configuration of the contacting surface of the ball
and is centered at the lowest point of the pedestal plate
(4) having a concave upper surface (5) and resting on a
foundation (6). The depth of the depression at given radius
of the ball is governed by the weight of the superstructure
and by the design wind load. The force of gravity will keep
the superstructure in a steady position on the pedestal
plate both at any wind and minor earthquakes. When magnitude
of the earth movement exceedes a certain threshold, the ball
gets out of the depression and any transfer of horizontal
movement to the superstructure considerably decreases.

Figure 2-2. Fragment of a
multi-curved pedestal plate
with balls in critical posi
tions.

level, the upper
a combination of

Pushing mechanism of a
"sliding pendulum" iso
lator consists of two
major components: the
force of velocity-related resistance (friction force) and
the force of rigidity which depends on the vertical curva
ture of the sliding surface. While designing a seismic iso
lator, its friction characteristic is of primary importance.
It controls the corresponding radius of cuvature R to
satisfy the following controversial criteria:

To confine the base shear by an acceptable
surface of the pedestal plate is shaped as
spherical surfaces with
successively increasing
radii of curvature which
are continuously trans
forming into each other.
The maximum vertical grade
of every component surface
is pre-determined in com
pliance with the sliding
friction coefficient of
the ball transfer unit
and with allowable base
shear. Such design pro
vides multi-step non-de
structive softening the
system thus protecting it
against resonant amplifi
cation.

a) To be as big as possible to provide a better frequen
cies separation.
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b) To be as small as to create the necessary steepness of
the sliding slope in order to secure returning the super
structure to its initial position.

Simple analysis reveals
that sliding pendulum de
flected at distance d
will return exactly to its
"zero point" without any
overshoot if the friction
eoeffieial equals to the
following expression:

f
*

Figure 2-3. Force diagram.

(2.01)

For ~xample: when R = 100 em and d· 5 em, per Equation
(1.03) f*- 0.025.

One of the main components of the AF&MS BI, the Ball Trans
fer Unit, is widely used in stationary and mobile transport.
It has a proven history of heavy duty and extreme conditions
performance.

The Ball Transfer Unit is not the only choice for using in
the Shock Evader. It can be substituted with the Consumable
Candl~ Bearing (patented now) which is depicted in Figure
2-4 (positions 2 and 3).

I I I I

~C~~~~~~~~
f=.025 I f=.10

1
f=.10 f=.025 .

R=5U em R=50 ClI. I I

'23 4
R.-50 em, R2 ==100 em, R;)=200 an

Figure 2-4. Some types of gravitational pendulum
isolators: 1 and 4 - with ball bearings, 2 and 3 
with teflon candle bearings.
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Systems 1 and 2 have mono-curvature sliding surfaces while
those of 3 and 4 are of multi-curvature profile. Friction
coefficient of ball transfer units is at least two times
less than that of consumable candle bearings, however the
last have advantage in bearing capacity •

• --

..
"9

Figure 2-5. Two pedestal plates (1) D = 40 cm
and two bearing units: (2) - ball transfer unit
and (3) - teflon candle transfer unit at EERe,
UC Berkeley testing facility (August, 1992).

The satic load-deflection curves for different embodiments
of the Shock Evader can be easily obtained without any
specific tests: this technology makes it possible to create
isolators with preset properties by merely changing their
working surface configuration. Another advantage of the
Shock Evader in comparison with any type of shear bearings
(elastomeric, for example) is the absence of alternating,
eccentrically applied vertical base reactions which can
excite damaging flextural stress waves.
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figure 2-6 represents an inside view of the Shock Evadertm
which has been continually exposed in action since May, 1992
on the earthquake simulating platform at the California
Museum of Science and Industry (Los Angelesl. You can see
three pedestal plates there (lower part), as well as corres
ponding to them three ball transfer units (upper part).

Figure 2-6. Shock Evadertm : inside view

Photo in Figure 2-7 shows the Shock Evadertm positioned on
the platform which is shaking in a regime of real earth
quake. Nevertheless, a steel pipe, a wooden post, and a
jumbo glass of water, all stocked on the top of each other
and supported by the Shock Evader, remain standing freely
and surprisingly safely.
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Fi9uce 2-7. Shock Evadertm in action
during an earthquake simulation

A similar subject was captured by the KABC in the program
"Why Didn't I Think of That?" which was first aired nation
wide from Los Angeles on April 10, 1993.
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SECTION 3

ANALYTICAL MODELS

Analytical models and solution alqorythms will be
described in this section both fDr the fresh concept
and for some old ones.

Validation of the new approach is to be performed on a gene
ric 1-0 structural models which can be adequately represent
ed by a multi-degree-of-freedom shearing system that is li
near for the superstructure but non-linear for the isolators
[ 14) •

The most convenient way to describe the corresponding equa
tions of dynamic equilibrium is to do it in terms of rela
tive displacements (story drifts) because those displace
ments are direct and ingenuous criteria of the earthquake
imposed internal forces:

(3.01)

[M J = [M" M" M,l]

where. for a three-degree
of-freedom system:

Figure 3-1. One-dimentional
model of building seismically
isolated with Shock Evader.

o
o
o

fo
o
o

fa 0
m, ]

l~"
m, m.

m,
m, m.

r~
0 m.1

I

m.
rna JI

10 m, rna
L

M"

M"

17 Report



Total mass:

~t-ary drifts:
V u ,:" U, - U u v,,=u,-u,

Vectors-derivatives of relative displacements:

Velocity related resistance matrix and stiffness matrix:

[

0

[c] = 0

fgM/vol I

o

o

c"j
o i
o J

o

o

Basic properties of sliding systems can be obtained from
the analysis of lateral excitation of structures on four
types of isolators depicted in Figure 2-4 which incorporate
different shapes of working surfaces of pedestal plates
and/or different mechanisms of transfer units. Ball trans
fer unit is associated with a small, and teflon candle with
a 9reater friction there. All variety of known makes of sli
ding bearings can be mathematically described by the same
relationships as the seismic isolators in Figure 2-4.

For sliding isolators the rigidity equals:

Ko • (g/R)M (3.02)

where R represents a vertical radius of the pedestal
plate at the spot of load transfer.

The "damping" coefficient for sliding isolators is:
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(3.03)

where f is the friction coefficient which i~ assumed to
be invariant both relative to the travel speed and pressure
though accounting for those parameters as well as for some
other ones is possible [15, 16, 17, 18].

While choosing the type of deformation as a criterion for
isolators classification, it seems more correct to match
sliding isolators with shearing ones rather than to call the
last ones elastomerie, for example, which is common. So, for

r/w

(a)

./
/'

/'
,/

/'
./

./
,/

L- ---''--_~~V
o

(b)

,-------.----''------.. V o
(vo)max

Figure 3-2. Force (a) and rigidity (b)
VB drift in isolator

a shearing isolator the lateral force and equivalent rigidi
ty, both related to the weight W, can be expressed in the
interval 0 - (vol max as follows:

and

F/W • (A/g I V o exp( -B vY;,)

Ko/W • (A/g) exp(-B~)

(3.04 )

(3.05)

In all computational experiments of this report it was
assumed that

A • 69,7; B - 0.3; Vo - [em]
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Thus,

when

and

when

Ko ,.. 69.7 exp(-O.3 ~)M

o < Vo < (vo)max = 37.5 cm

Ko = 69.7 exp{-O.3 V(Vo)max}M

Vo > (vo)max - 37.5 em

(3.06 )

(3.07)

Damping coefficient for a viscous type of shearing isola
tors:

(3.08)

Dealing with non-harmonic process, instead of instantaneous
frequency of excitation w use its effective value:

(Ug)peak
weff =

(Uglpeak (3.09)

where (uglpeak and (Uglpeak are the peak ground displac~

ments and velocities preceeding the current instant of tin~.

Damping coefficient for a hysteretic type of shearing isola··
tors:

(3.10)

where Vo and Vo are the relative displacements and velo
cities of the floor just above the isolators.

Interstory rigidity for all systems:

k ,.. Q(.m (3.11)

In computations for the current report it was assumed:

0/.. = 1500

Damping coefficient for all systems:

c.} m
Assumed in computations:

~ • 1.233
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Geometry of the Shock Evadertm , investigated in this report,
is depicted in Figure 3-3.

w = gM

V q

......... :,:: .

I
I

-I

\:

,.:J.<':
"'1"

I
I
I
I
I

u l~~~""''''''---+--+---....-j~-''·''''::: ~·:·'...>:_-+-__...;I--
g I I I

I H
1

I
I 14 ..I

I I

.1 V s I
..I

Figure 3-3. Shock Evader: cross-section.

Here:

When
0 <: v <: v

ba11 R - Rball0

Vb < v < VI R = RI0

VI < Vo < v
2 R R2

v
2

< v < v
3 R = R30

v
3

< v < v
4 R - R

40

v4
< v < Vs R - R

S0

Vs < v < (v
S

+ Rf ) R - Rf0
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Assume: R2 = 100;

R] = 200; R4 = 400; R5 = 800;

5; v = 20,'
4

Equation of motion for
secondary systems:

..
m u + c v + k v ;;ss ss ss ss ss ss

1st

3d

2nd

4th'

(3.131

v ;; Uss ss

= -

Relative displacement of
secondary systems (equip
ment I:

Absolute floor acceleration
Uf1 is to be found from the

equations of motion of the
building and applied to the
equipment (mass m , damp-

8S

ing coefficient c =ss
= 2~ Vk m , damping ratio., ss ss
~ - 0.02, equipment rigidity

kss • 4~2 mss /Tss2, equipment

ufl

Figure 3-4. Secondary

system model

natural period Tas )'

Earthquake input can be executed in two ways:

1. Real time-history.

2. Imitational regime Conetm [19] per the following
formula for one-dimentional horizontal vibration:
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(3.14)

where

b .. t'f!

t - T. + T
• 0

(3.15 )

(3.16)

t* is a duration of the ground shaking, To is the ini

tial and T* is the final (the largest) instantaneous pe

riods.

tmFigure 3-5. Imitational regime Cone •
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Application of "Cone" does not leave any chance for missing
a single hazardous frequency: all natural periods of vibra
tion between To and T* (in this research it was aRsumed

that T = 0.03 sec and T* - 2.0 sec) are rung up in theo
state of transient resonance. Besides, you have no need to
filter the "wrong" frequencies (20, 21), and any moment of
time here is associated with the definate instantaneous pe
riod of excitation which is a real advantage while interpre
ting various responses vs time.
In all computational experiments of the current report the
duration of ground shaking was taken the same: t* = 15 sec

but the maximum velocity was of three different levels:

20, 40 and 80 cm/sec2 •

24 Report



SECTION 4

COMPUTER ANALYSIS

In this section a computational verification of the
new approach will be undertaken with illustrations
including both the building structures and the secon
dary systems (contents). Numerical solutions for same
sample systems incorporating the Shock Evader will
demonstrate advantages of the new antifriction appro
ach in comparison with the damping-dependent one.

On basis of the global mathematical model including the
superstructure, isolation system and mechanism of the ground
input, the Step-by-step method (20) as the only completely
general approach to analysis of nonlinear responses is em
ployed. It avoids any modal superposition (22), and it is
described in details in the SIPP Manual (Part II of the
current report).

The following format for computational experiments that has
been accepted in the research is probably the the most visu
al and compact one:

1) Six different systems are compared simultaneously in
every experiment, namely: Fixed ("zero" isolation), AF&MS
(Shock Evadertm or AF&MS BI without a central depression),
AF&MS/CD (Shock Evadertm or AF&MS BI with a central depres
sion), Sliding (visualized here as a gravitational pedulum
system but a~tually representing any sliding model with a
permanent rigidity), Shear-vis (Shearing type isolation in
corporating a viscous damping mechanism) and Shear-hy.
(Shearing type isolation with a hysteretic damping mecha
nism) •

2) Three versions of story numbers can be viewed simulta
neously in any experiment: one-storied, four-storied and
eight-storied structure with the same interstory heights
and rigidities.

3) The Standard Case was chosen, including the standard
Isolation Systems and the Standard Input.
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Figure 4-1. Fixed system: Standard Case.
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Figure 4-2. AF&MS BI system: Standard Case.
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Figure 4-3. AF&MS BI/CD system: Standard Case.
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Figure 4-4. Sliding system: Standard Case.
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Figure 4-5. Shear-viscous system: Standard Case.
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Figure 4-6. Shear-hysteretic system: Standard Case.
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Characteristics of Standard Isolation Syat... :

AF&MS Bl and AF&MS BI/CD
Friction coefficient f = 0.025
Central depression ratio N: 2
Initial radius of vertical curvature VRAD1 = 100 cm.

Sliding
Friction coefficient f s 1 = 0.05
Radius of vertical curvature VRAD = 50 cm (inversely pro
portional to the friction coefficient: to make the restoring
condition equivalent to those of both previous sliding sys
tems) •

Shear-viscous and Shear-hysteretic
Damping ratio ~ - 0.2.

Certain limitations are imposed on relative displacements
{drift) of the isolators which assumed to be restricted into
Rcont • 50 cm boundary by using some sort of confiners: dead
rigid like the enclosing cylinders in the FPS (23] or chain
leash in the shear type isolators (24), and reasonably rigid
like those achieved with the help of the final radius of
vertical curvature in the AF&MS BI and AF&MS BI/CD.

Characteric.tics of Standard Input:

Imitational regime Cone tm
Duration t. = 15 sec

Smallest instantaneous period

Largest instantaneous period

Maximum peak ground velocity

TO = 0.03 sec

T* = 2 sec
UG'MAX = 40 em/sec.

4) Two sorts of deviations from the Standard Case are inves
tigated: deviation of input intensity and deviation of para
meters associated with velocity-related resistance ("damp
ing" parameters).

Deviation of input intensity:

The Conetm regimes with UG'MAX - 20 and 80 em/sec have
been tried which represent the Substandard and Superstandard
intensities.

Deviation of "damping" parameters:
Friction coefficients f = 0.01 and 0.05.
Initial radii of vertical curvature corresponding to the

above coefficients VRADI - 200 and 100 em.
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Friction coefficients for Sliding systems fsl - 0.04
and 0.1.

Radius of vertical curvature for Sliding systems VRAD ~

50 cm remains the same for all values of fsl.
Damping ratio for both types of Shearing isolators ~ =

0.1 and 0.4.
The values of parameters listed above pertain accordingly to
the Substandard and Superstandard damping.

5) Limit displacement for interstory drifts was introduced:
when drift reaches the 50 cm threshold, the structure is
considered to lose its horizontal and vertical load bearing
capacity (collapse).

ISYSmt

ISYSIDt IREL.V8IREL.VlIREL.VZIREL.V3IREL.V4IREL.Y5IREL.Y6IREL.V7IREL.VBI

ISVSD IREL.V8IREL.VlIREL.V2IREL.V3IREL.V4IREL.V5IREL.V6IREL.V7IREL.V81

Figure 4-7. Substandard Quake responses.
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Figure 4-8. Superstandard Quake responses.

6) Possibility to compare the shearing forces, developed on
different levels of a multi-story building, with those of a
rigid body of the same mass, rocking on the isolators, is
provided.

7) Time-histories and response spectra for secondary systems
(building contents) are also available for any story and any
type of isolation system.

Data presented in Figures 4-1 through 4-6 prove that anti
friction approach incorporated in the seismic isolation
system Shock Evadertm (AF&MS Bl and AF&MS SI/CD) yields es
sentially better mitigating effect than that of a conven-
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Figure 4-9. Fixed and AF&MS Bl systems
subjected to a Superstandard Earthquake.
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Figure 4-10. AF&MS SI/CD and Sliding systems
subjected to a Supe~standard Earthquake.
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Figure 4-11. Shear-viscous and shear-hysteretic
systems subjected to a Superstandard Earthquake.
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tional sliding or shearing isolation systems. All three in
vestigated structures survive a Standard Earthquake perfor-
ming undoubtedly elastically if mounted on Shock Evaders tm •

Tables in Figures 4-7 and 4-8 together with Figures 4-1
through 4-6 demonstrate that buildings on Shock Evaderstm
can easily live through each of the three levels of earth-
quake intensity while the a-story structures on other types
of isolators as well as the fixed ones will obviously coll
apse at a Superstandard Earthquake (Figures ~-9, 4-10, 4
11) •

ISYStEM

ISYStEM

ISYSIfJI

Figure 4-12. Interstory drifts at substandard Damping.
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ISYSIEM
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Figure 4-13. Interstory drifts at Standard Damping.

Figures 4-12, 4-13 and 4-14 represent the results of experi
.lIents with damping deviation. It is obvious that for low
friction isolators Shock Evader the damping acts as a de
teriorating factor. For Sliding systems the damping in the
range of investigation (f = 0.04 through 0.10) is a po
sitive quality: due to lack of softening mechanism, it re
mains the only defender when swaying builds up. Damping in
shear-viscous systems provides some relief but not always
for one-story buildings where results depend on interrela-
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tion between design parameters. Shear-hysteretic systems do
not reveal a slightest sensitivity to damping deviations.

ISYSl'DI

ISYSTEM

ISYStEM IREL. V9IREL. VlIREL. VZ IREt. V3 IREL. V4 IREL.V5IREL. VGIREL.V7IREL.V81

Figure 4-14. Interstory drifts at Superstandard Damping.

Generally speaking, none of the damping-dependent systems of
seismic isolation can render protection effectiveness even
close to that of the antifriction and multi-step softening
technology incorporated in the Shock Evaders.
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In Figure 4-15 the results of experiment with the rigid
body of a mass equal to the total mass of the B-story buil
ding , Standard Earthquake, are shown. The experiment was to
evaluate the governing concept of Lhe CULrent Regulations

Figure 4-15. Condensed a-story structure responses
to a Standard Earthquake.
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[8J , according to which an n-story building can be mental
ly "compressed" into a solid body of the same mass, and the
maximum shearing force of this body, rocking on isolators,
may be considered a reasonable approximation to the real
maximum shearing force in the original structure. If you
compare the corresponding values from Figure 4-15, on the
one hand, and from Figures 4-2 through 4-6, on the other,
namely, shearing forces V in the isolated structures:

59 and 217

59 and 217
795 and 1743
463 and 1792
749 and 1972

you can see that the concept is dead wrong and that there is
absolutely no ground to share the optimism, though restrain
ed, of the report [25].

Figure 4-16. Acceleration time-history; Fixed system,

O-floor, one-story museum building, Superstandard Quake.
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Secondary systems in general [26, 27, 28J and those support
ed on seismically isolated structures [29, 30) under some
circumstances are of the primary concern. Although floor re
sponse spectra can be readily generated by the program SIPP

Figure 4-17. Acceleration time-history: AF'HS BI system,
a-floor, one-story museum building, Superstandard Quake.

(see Part II of the current report), for most of the practi
cally ri9id equipment or museum artifacts the corresponding
floors time-histories are good enough to draw an appropriate
judgement. Figures 4-16 through 4-19 are just representing
the O-floor acceleration tiJ~e-histories of a one-story muse
um building, for six categories of isolation systems under
investigation, which are subjected to a Superstandard Earth-

quake. Only buildings resting on Shock Evaderstm (AF&MS B1
and AF&MS BIICDI are apparently on the safe side (maximum
accelerations do not exceed 0.219 and 0.24g accordingly).
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Figure 4-lB. Acceleration time-histories: AF'HS BIICD
system (top) and Sliding system (bottom), O-floor,

one-story museum building, Superstandard Quake.
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Figure 4-19. Acceleration time-histories: Shear-viscous
system (top) and Shear-hysteretic system (bottom), a-floor,

one-story museum building, Superstandard Quake.
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All the rest cannot promise anything except the desperately
large accelerations: 9.13g, 5.56g, 8.669 (that of the Fixed
system equals only 3.52g).

The next experiment is devoted to the common superstition
[31J stating that the peak displacement of the isolation
system is the most important parameter for design of an
isolated 8tru~ture. Figure 4-20 presents an evidence to the

Figure 4-20. Displacement time-history: AF~HS BI syste.,
O-floor, one-story museum building, Superstandard Quake.

contrary: if you compare it with the Figure 4-17, you will
see that despite the peak displacements steadily build up,
the peak accelerations continuously go down leaving behind a
big question about the displacements' contribution.
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SECTION 5

THE REGULATIONS: KRONG KAY. SEVERE DAMAGE GUARANTEED

The recently adopted design prov~s~ons for base-isolated
buildings, the Regulations [8} are not mandatory. However,
they are the only guidance for the code officials, and this
guidance is extremely misleading.

After years of base isolation euphoria, it is high time to
get to the bottom, and the bottom line is the Regulations
(8) •

An innocent client has good reasons to expect some formula
in those Regulations which will enable a designer to reduce
the demand on structural elements providing the structure
is to be put on seismic isolators, and this would be the
best proof of the consultant's sincerity about widely pro
claimed "miraculous" mitigating effects of the new techno
logy.

Unfortunately, there is nothing of the kind there. The
design base shear and contributing to it inertial forces per
Regulations will probably be much bigger than those per UBC,
Chapter 23, Part III [32] which deals with conventional,
non-isolated structures. The picture in Figure 5-1 is just
visualizing the fact.

Thus, at the time when a wide stream of seismic isolation
propaganda is continually brainwashing potential clients and
building officials by creating dead-false expectations of
extremely large margins of safety, we are selling a variety
of over-designed and over-priced boxes on so called "is0la
tors" in full compliance with said Regulations.

But is this over-conservatism necessarily warranted? - Not
at all [3]. What seems to be rather conservative under sta
tically applied loads can happen to be surprisingly vulne
rable and easily give in when dynamics is on.

Then, what is really wrong in the Regulations?

The review that follows contains a brief list of the most
obvious shortcomings.
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1. There is no definition as to what is a base-isolated
structure, which makes it impossible to address the Regula
tions properly.

The very concept of base isolation rests on the assumption
that the fundamental period of the superstructure rocking as
a rigid body on isolators (isolated period) is several times

Convent.ional
structure per UBC

~:=: ==, "Ai'
." "V"'t"iCY'V*'o'c,"!'t'

Seismically Isolated
structure per Regulations

Figure 5-1. Comparison of design forces of inertia.

greater than the period of the fixed-base structure. Not
specifying the period shift ratio, we cannot separate the
truly isolated structures from those simply resting on iso
lators and, therefore, to apply duly any regulations. The
best candidate to the last kind of structures will be the
retrofitted City Hall of Oakland, 18 stories high, with the
expected fundamental period, just before the isolators
yield, of 1.6-1.1 sec, and that at the effective displace
ment, of 2.85 sec [33].

2. The pronounced goal of the new technology is nothing
more than "to provide results equivalent to those obtained
by the use of conventional structural systems".
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This requireu\ent imposing minimum obligations is apparently
intended to protect dear engineers rather than those damned
structures (who cares?).

3. There is neither criterium for effectiveness evaluation
of the new technology in comparison with non-isolated struc
tures nor for comparison of different embodiments of base
isolation.

The document, in general, is a collection of recipes, with
out any indication when and what for, concerning feasibili
ty of ~ase isolation alternative.

4. T~e definition of the major design parameter design dis
plact'ment is void: "Design displacement is the dt-sign-basis
earth'luake lateral displacement ... ". What is displaced and
relative to what?

Anyway, according to the demonstration on page 46 of this
report, an increase of displacement can result in decrease
of inertia forces, which casts doubt on adequacy of the dis
placement·s contribution into the relationship (74-6) for
shear force Vs [8].

5. The Regulation~ and the main body of the USC are incompa
tible.

Their formulas for base shear

v = ZICW/Rw

and

(5.01 )

(5.02)

contain Sand Si, Rw and Rwi which stipulate differ
ent values of the identical parameters under the same condi
tions. Besides, the formula for Vs contains the fault pro
ximity coefficient N which is absent in the formula for
V, though both isolated and non-isolated structures might
be sensitive to the distance from the active fault.

In order to couple those formulas, let u, consider a parti
cular building: tne Foothill Communities Law and Justice
Center (FCLJC) in Rancho Cucamonga, for instance, which is
the first base-isolated building in the United States, well
instrumented and serving as a model. In this case we have
the following design parameters:
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I = 1; N = 1

S ~ 1.2 and 8i = 1.4 (Soil profile type 52)

Rw = 8 and Rwi = 2.2 (Steel concentric-braced frame)

B = 1.2; T= 0.72 sec; Ti = 2 sec

Establishing Effectiveness Factor (E.F.) as the ratio:

E.F. = v/Vs (5.03)

and using the relationships (5.01) and (5.021, obtain:

E.F. = 0.86 < 1

This r..~ans that according to the Regulations the seismic
isolation of the FCLJC is ineffective (?l).

6. The formula (5.02) creates a false impression as though
the relationship between the isolated and non-isolated peri
ods, as well as dynamic properties of the superstructure,
are of no importance for the value of the design base shear.

It has been shown in the previous Section (pages 41 and 42)
that there is absolutely no ground for attributing the shear
forces from a SDF system, and the formula (5.02) is just the
case, to a MOF system, even if the total masses of both sys
tems are the same.

7. The factor B yields an erroneous conception of damping
in isolators as a mechanism ineVitably lessening the base
shear.

To create base isolators damping-dependent or damping-free?
This is the Nother oE All Questions concerning the seismic
isolation engineering. As it was proved in Section 4 (pages
39 and 40) of the current report, none of the existing iso
lation technologies can protect the superstructure better
than the low damping ones.

8. The dynamic response procedure is utterly devaluated by
its principal gUidelines.

It forbids the major design parameters, namely D and Va'
to be less than 80 to 90 percent of the values corresponding
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to the static response procedure which, in its turn, should
provide results equivalent to those of conventional systems.
As soon as the external loads imposed on isolated structures
are essentially the same or greater than those imposed on
non-isolated ones, what is good in fussing about with such
"mitigating" technology? [34].

Response spectrum analysis, though being a part of Dynamic
analysis, has the same drawbacks as Static one because it
also deals with SDF systems.

Time-history analysis does not specify how to use damping
characteristics in the equations of motion which provokes
unwarranted voluntarism in computations (see page 8, remark
on reference [5]). Another example of bare voluntarism is
introduction of Rwi factor: the message contained in it
ahould be a result of particular computer analysis rather
than being administered a priori.

9. Testing procedure provides little credit to the project.

Substitution of a real (instataneous) stiffness with an
effective one has no justification: it can cause vain expec
tations of ever "good" behaviour of an isolation system when
displacements are small and frequencies are high, which is
not always true (see, for instance, Figure 4-19, top).

Knowing an effective damping ratio of the isolation system
is not enough for accurate computations: it is still necess
ary to know the relevant form of damping. Otherwise, a huge
uncertainty may arise. As an example, Figure 5-2 presents
two acceleration time-histories, one for a linear viscous
and one for a hysteretic form of damping, both having the
same damping ratio.

We cannot tell beforehand how the velocity related force of
resistance will depend on loading rates. Therefore, all iso
lators have to be tested dynamically, besid~s, the frequency
of test loading should correspond not to the isolated period
but to the instantaneous frequency of excitation.

The most aggravating shortcoming, however, is the absence of
any performance test requirements in the Regulations. Even
the National Institute of Standards and Technology, into the
very bold dreams [35], does not dare to mention a slightest
possibility of performance testing in the future. It is es
pecially discouraging due to the fact that none of the iso
lators, incorporated into any existing structures or those
under construction, have ever been tested full-scale kinema
tically up to the cont~rary design levels.

A consequence of this extremely loose and inadequate testing
procedure can be demonstrated on the retrofit project of the
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Pigure 5-2. Acceleration time-histories: Shear-viscous
(top) and Sbear-bysteretic(bottom) systems, 3d floor, 4
story building, Standard Earthquake, Superstandard damping
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Ninth Circuit u.s. Court of Appeals building (San Francis
co)[36]. TIle iAolation technology applied in the project is
Friction Pendulum System (FPS) which employs a convex-faced
bearing intended to slide upon a matching concave surface of
a support. The spherically-surfaced pedebtal, as an element
of seismic isolation, was patented in the U.S. yet in 1927
[37]. The new feature of FPS is the bearing itselL£.gDfl..i-s:t:---
lng of a double sliding hemisphere of CI small radJ.us, which
is rotary supporting a hemispherical socket connected to a
superstructure (sliding mechanism 11j, and is rotary suppor
ted by a spherically-shaped pedestal plate of a much greater
radius (sliding mechanism #2). POL satisfactory performance,
the friction force of the sliding mechanism II should be
dynamically balanced by that of the mechanism '2. Otherwise,
the reaction centering ability of the device will be lost,
the effective area of the weight support will get shifted to
a boundary of the slider, the thin layer of the bearing ma
terial will turn out to be momentarily eaten, and the metal
of the hemisphere will plough up the metal of the pedestal
plate, which means a failure of the isolator.

This can and will happen under considerable vertical loads:
an enormous stress concentration at the crown of the hemi
spheLe will inevitably lock the sliding mechanism '1, and
the report on the corresponding experimental research,
promised in [38), will, hopefully, document this phenomenon.
Nevertheless, the isolators FPS have successfully passed
through the RegUlations [8] testing procedure, and the Court
of Appeals building obtained a chance to go down in history.
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SECTION 6

CONCLUSIONS & RECOHHENDATIOHS

1. Damping mechanism of seismic isolators is simultane
ously a driving one. Its negative, pushing effect is immidi
ate, while its positive, dissipating effect needs time to
develop. However, a mere lessening the damping potential is
none of a remedy: it should be followed by the appropriate
changes in the isolators mechanism of rigidity in order to
be a success.

2. Analytical investigation proves: damping-free approach
works. None of the damping-dependent systems of seismic iso
lation can render protection effectiveness even close Lo
that of the antifriction and mUlti-step softening technology
incorporated in the Shock Evader. This is true both for
structural elements and content, and at any magnitude of
earth shaking. Now, the viability of the new approach have
to be investigated experimentally.

3. Abundance of details in the Regulations [8] does not
s~bstitute for the lack of sense. The formulas there do not
p·.ovide an adequate insight into the phenomenon of seismic
~solation and create faulse ideas about interrelations bet
ween design parameters. Practically, the Regulations permit
indiscriminate use of isolation technology and are, there
fore, a real and imminent threat to the building safety.
The work should be done anew.
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II. SEISMIC ISOLATiON PHOBE PI~OGI~AMS
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1. SEISMIC ISOLATION PROBE PROGRAMS (SIPP) DATABASE

&11 data tl1•• aca of Landoa ace••• type and lall 1nto one uf th. two c.t.90~l•• 1 Foloar ~ype ril•• and r.k.
Type F11•• ; .ach rake Type rl1. 11 ~.p£•••nted by •• ~n9]. £.~ucd in roldal Ty~ r~l•• Thou9h ~h. ~ot.l nu.he~

of fl1•• i. )), .aat of th.. lea linked toqath.r to CLeat•• ainqla data block. Practically. yo~ will ba d•• ll09

.. itl> .. l ... _in fU... BUILDI"G DIlTIl rOLDEIl, EAltTHQUAU DATil FOLDER lold.r fil •• and BUILDIIIG DATil OUTPUT. SEC.
&TSTEK OVTrUT, 'LOOR ~TIl OUTPUT and EARTHQU~ DATA OUTFUT taka til••• Hot., that SEC. S'ST7.M FOLDER and 'LOOR

DATA FOLD" fil •• are eatan.ion. of BUILDING DATA POLDER file becau•• the Oyt~t at .ach .x~ri••nt 9~. into
the the•• ..in block. of •• i ••oqr... and accetaroqr... , fQ~ auperatructura (BUILDING DATA OUTPUT), for ••candaey
I"t.. (ISC. SYSTEM O~UT) and for the floor whee. the ••cond&ry .y.t•• 1. placed .'LoOk DATA OUTPUT), Shown
below 1. the r11. layout. ech~ul. llet.d in old.r ot th. output ot FLI6T and LPaALL F"A ca.aand.,

1.1 BUILDING DATA FOLDER (BDF)

IIl1II.DIII(; DATA .'oUlER Pil•• I "ypa: folder Pr<j' 0
KXPERJKEH'r, - £xpez:uo...ul nulUbet, a1.0 • lHiY I.COld number; e.l up aulomat.1cally
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uc' •• - P.ak velocity of C;lol.lnd dleplacement, (em/ ••eJ
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MAl.ltRIOn .. Max. period of 9cound dllplac•••nt, ( ••c)
TOTAL TI~ - Total ••rthquak. ~i••, l'.c)
CALC./rILB .. rlaq, I ••••ctlon 2.1
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DAMPING - Oaapin9 coeffJ.cient of .uper.true-ture, lky/ ••cl

• ,il., Type.tolder Prg' 0
MAS&-O - Concentcated b.l.ment _.1' (O-l.vell, Ik9J
MASS-l - s"., fot Ul. lit. floor
MASS-2 - S-.., for the ~nd floot
MASS-J - S , tor the Jrd floor
MABS-' - s , foe th••th floor
MASa-S - a , tor th. 5th floor
MAaa-' - , tor ~h. 6th floo~

MASS-'J - , foe ~h. 7th f loot'
MASa-. - , fo~ ~h. 8th floor

• Pile' 1. ~l(old.r 'rg' 0
ED.' - axperJ.aent nuabec
NATURAL PRICTION ~ Fcict10n coefficient foc AI'MS Syat••
COEP.-H - Coefficient -N-, ••• i15) in .ection 2.J
Ar~MS-R&MARKS - R•••rke

• ,il.' l~ Type.Iold.r Pr9' 0
VRADl _ ri~.t (...ll••t) vertic.l radiua 01 AP'KS Sy.tee, (em]
VRAD2 - 2nd ve~~ic.l radiul
VRAOJ - l.cd vertical cadlue
~. - .th vertical radlu.
VRAD5 _ 5th vertical radiul

VRAD' - 6th vertical cadiu.
VRAD1 - 1th v.rtic.l radiu.
VRADe - 8th ~.ft1c.l radiu.
VRAD' - 9th vertical radiua
VRADI0 - 10th vertical radiua

• ,il.' Ii Typa.fold.r pcg, 0
BRAD! - Firat , ...ll.ltl vertlcal r.diu. ot IlF'KS Sy.t••, foal
BRAD2 - 2nd horilontal radiu.
KRADl - lcd horilontal radiu.
BRAD4 - 4th horilontol radi••
KRAD5 - 5th harilontal radiua
BRADt - 'th horilontal rad~ua

BRAD1 - 1th hoctlontal r ..diu.
BRADI - Ith horilontal r ..diua
BRADt • tth horllont..l radiua
BRADI0 - lOth boctlont..1 radiue

• .il•• 11 TJpe.folder Peg' 0
IU.' • DpariMnt n.....r
MATURAL rRICTIOI • 'riction coeffici.nt for Sliding Byat..
RIlDIUI • V.rtical Radiu. of Sliding Iy.t.., IQUI
ILIDI~.~ - R...rk.· .n., II TJpe.foldec '.g' 0
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lIP.' - Ixper- .l..nt nuabec

DAMPING IlATlO - OaapJn9 zat1.0 t(J(. Sh.ar-vl.coU. afi<J sh•• r:-t1y.teIetlc .y.t....
COI'a~A - coefficlent -A·, ••• {il) of I.ct~on 2.3
COI'.-B - Coett1Cl.nt -a·, ••• (17) of ••etlon 2.]
.HEAR-~s - R...,ke

• ril., l' 'l'ype.fo1d.r 1'1'1' 0

IXP.' - ~xpe£~••~t nU~l

KABS - SecondAry .yat•••••• , (lg)

LlAHPING R.A1'JO - tJ"P1.II~ ,.l10 rot th•••e ..md.cy ayat ••

rt.ooa... Flool" Iluabal"t ..,he!.. In•••coud.cy .yatem 1. placed
.aC.'JB.-kEHARIS - R...lk_

• ril.' 20 'l'ype.fo1d.r PC9' 0
IU .. ' - I.xpeotl.••nt. nu.o.r
rLOOR-REMARAS - R•••CA.

1.2 BUILDING DATA OUTPUT

8UllDUI.. DATA -OUTPUT ru •• 4 Type.tak. Prg' 4
SYS'TaM - 'J'yptt of •• .,LI.1C l..aI.tor
AeS.UO - P••k of .b.oIute diapIac••ent for the b•••••nt, {em)
~aUl - a , fac the lit f loot
ABSaU2 - a , for the 2nd floor
ABS.Ul - s for th. lrd floor
A»S.U4 - B fOl th. 4th floor
AB8.uS - B for the 5th floor
ABS.U6 - s for the 6th floor
ABa.U7 - 5 , for the 7th floor
ABS.U8 - 5 for the 8th flool

• Pil., 5 Typelf.k. Pr~' 0

TIKB-UO - T1.. cQ~r••pondln9 tu peak of .b•. dlaplAc...nt for the ba••••nt, [ ••cJ
TIKB-Ul - 6 for the lit floor
TlKE-U2 - s for th. 2nd floor
TIKB-Ul - s for the lrd floor
TIMB-U4 - Baa•• for the 4th floor
TUtI·U5 - S.... , tor the !Jth (loor

TlKE-U6 - Saa•• for th. 6th flou.
TIMK-U7 - S... , for the 7th floor
TlME-U8 - S~, (O~ the ttb floor

• ril•• 6 Type.f.k. Prg' 0
SYSTEM - Type of .el.aic ilaI.tor

R£L.VO - ••ak of rel.tiv. diaplacemenl foe the ba•••ent, {em)
UL.Vl - S"., tor the lit floor
~L.V2 • B"., for the 2nd flool
RlL.V3 - s ..., for the lrd ftoot
~L.V4 - Saa•• for the 4th floor
~L.V$ • s , for ~h. 5th floor
~L.V6 - 6 tor the 6th floor
~L.Vl - 8 for the 7th floor
~L.V8 • B..I, for the 8th flool

• ril•• 7 Type.f... Pcg' 0
TINE-VO - Tt.. corr.apoAding to peak of ret. di.plac•••nt for the ba....nt, [ ••e)
TIMB-VI - 6_. for th. let floor
TIKl-V2 - 6 for the 2nd floor
TIKI-V) - 6 for the lrd flool
'UKI-V4 - 6_. for th. 4th floor
TIKI-V5 - s for the 5th floor
TIKI-V' - for the 6th flool
TIKl-V7 - , for the 7th floor
TIKI-VI - for the Ith Iloor

• ril•• 8 typa.fak. prg' 0

8r8T:1l - Type of ••hai" ieolator
UO" - , ••k at abaolut. acceleration tor the ba....nt, Ic./ ••c·,J
Ul" - , for the lot floor
U2" - , for the 2nd floo~

~J' I _ , tor ~n. 3Ed floor
U4" - S for the 4th floor
US·, , tor the 5th floor
U6" - for the 6th floor
U7" - s for the 7th floor
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U8·· • s .... foe the 8th f looe
• rll., Type.fat. Pe9' 0

UO·1TIMZ - Ti•• corr••pondinq to ~.k of abe. acceleratlon tDr th. b•••••nt. [ ••el
Ul"TIMK - a... , for the 1.~ flvu~

U2"'TIKI - &aaa, for the 2nd flool
UJ' 'TIM.!: ... s , foe the ltd tlou-c
U4' ''rIMa - 6 , for t.h. tth f luur

U5' 'TIME .. Saa., foe the ~lh fluur
Vi' ·'tIKE - 1 fur t.h. 't.h floor
U7' 'Tum - S , fur lh. 7th f loot
U8' • TIKI - S , foc the 8t.h f lUOl

• Pil.' 10 Typa.fak. Prg' 0
V - Hc:.entacy valu•• of l • .lat A.V. di..placelbeuta tUI" all aupec.truct"'l. t lc~a-., cOl"r••poncJing

to peak value of rei.tlv. diaplac...nt tor the b ••••• nt in ftla 'i. "u••r1c data
conv.rted in t.he atrin'j' '1'100"'_] • 4(byt•• l.J~ ch.r.ct.... lUllilj'

v - a , tor the lat floor
V - foe the 2nd floor
V - for tb. Jed floor
V - for tb••th floor
V - a for tb. 5th floor
V - a tor the 6th floor
V - for the 7th floor
V - toe the 8th floor

• ril., 11 Typa.f.k. Prg' 0
Vl - H~ent.ry valu•• of 'elatLv. velocltl •• for .11 .uper.tcucture floora, corl ••pondinq

to peak value of relative ai.placement tor the b•••••nt ~n file '6. Mwaeric data
converted in the .tcin9 9(floar.) • 4[byt •• ).J6 character. 1009

VI - Sa-., tor lh. 1.~ floor
VI - s , foe the 2nd floor
VI - S , for the led f 1001"
VI - &~, fo,[ t.he .th f 100'

Vl • baae, for the 5th flooe
VI - S , fo~ the 4tb floor
VI - & for the 7th floor
VI - foe the 8th floo<

• pil., 12 Type.fak. Pr9' 0
U - ~nt.ry valu•• ot .b.olut. dlaplacement. for all .uper.tcuctur. floora, corr••ponding

to peat val~. of r.lativ. diaplac...nt foe the ba....nt in fila '6. Nwaaric d.t.
convert.d in the .tcin9 '(floor.) • 4[byt•• ]_)6 character. 1009

U - S , for ~h. l.t floo,-
U - a for the 2nd floor
U • S for the JEd floor
U - a..-,. for the tth floor
U - S ,. for the 5th floor
U _ , for the 'th floor
U - , for the 7th floor
U - ,.... foc the 8th floor

• rila' 13 Typa.fat. PC9' 0
U2-UC - Haaentary valu•• of ab.olut••ccel.rationa for all avpe~.truct~r. floor.,

eor~e.pondin9 to peak value of relative di.plac...nt for the ba....nt in file '6 p

plu. value of ground .b.ol~t. di.plac...nt. N~.cic d.t. CQRVerted in the .tring
'[floor.\ •• tb1t•• j + .[b,t•• 1.40 char.ct.r. loft9

U2-UO - , foc the l.t floor
U2-UG - 8 for the 2nd floor
U2-ua - a , foe the Jrd floor
U2-UG - for the .th floor
U2-UC - s for the 5th floor
U2-UG - a , for ~h. 6th floor
U2-UG - S for the 7th floor
U2-UG - s for the 8th floor

1.3 SEC. SYSTEM DATA POLDER

••• d••eription in ••ction 1.1 labov.l.
8K. 8'_ PAm·roLDat

ED ••
1lAS8
OAIlPIII<: RATIO

PLOOaI

rila' l' Typa.foldac ,rg' 0
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alc.aYa.-kE~S

• Fil.' a? Type.foldec Pcg' 0
UP.'
P'LOOR-RJ:JolAR,\S

l>~ SEC. SYSTEM DATA OUTPUT

SBC. 8I1i. I¥TA >OUT1'trr rUa' 21 Type.faka Pcg' 21
PERIOD-T - Current peciod, I ••c)
U·'lACO - teak of abaolut. dl.plac•••nt for Flzed Syatem, (L~J

U-Ar'MS - S... , for AP'MS Sfatea
U-Al'MS/C~ - S , foe AZ.MS/CO &y.tem
U-$LIlJIJlG - S , tor Slldlnq Byatea

U-'iHEA.R./V. - S , fOI" Sh•• c-YleCOUa Syatem

U-SHEAIlJH_ - s , to~ Sh•• r.hyaterellc syatem
• ril., 22 TJ'p-at.t.., PC9' 0

TU .. P'IllEO - T1•• cOl'r••pond1.tl9 tu peak ot ab•• dlapl.acemenl toe Fixed Syat••, ( ••C:J
'fU ...A1'KS .. S"., tor ArU1S sy.t ....
TU ..AI'4KS/CD .. S , tor ""MS/C1> Sfate.

TU-SLILlIHC .. S , for Slldu19 Sy.t ...
~-SH&AR/V_ .. s , fo~ Sh.ar-vi.cou. Sy.t••
TU-8B1tA1t./II ... Saa., for Sh••r-hyatez-.tic sl'.t••

• Fil.' aJ Type.tak. 'cg' 0
PZRIOD-T .. Current peeiod, [••el
V-FIXED .. p.ak of relative diaplacement tOI Flxed Syatem, lem]
V-AF'MS - S~, for ~~KS SY.~••
V-AP~MS/CD - s , for AF'MS/cO Sy.tem
V-SLIDING - , , for Sliding Sy.t••
V-SHEAR/V. - S for Sh••r-via~oul syat ••
V-SHEAR/H. - 6 for Sh••r-hyater.tic Sy.t ••

• Pil.' 2. Type.fak. P~9' 0
TV-FIXED - Ti.. cocr••pondinq to peak of rel. diaplac...nt for Fixed syat•• , ( ••c)
TV-AFIHS - S... , toe ar6MS Syat••
TY-Ar'MS/CD - Baa-, for AF'MSlco Sylt••
TV-SLIDING - ..... for a114in9 ayot..
TV-.~/V•• s..-, for Sh.ar-vi.coua Sy,t..

- ~-SIaAk/B•••~., for Sh••r-hy.t.r.tic 5yat••

• Film' ~~ !)pe.lak. Pcg' 0
paaJOO-T - Cur~ent period, (a.cl
U"rJUD - P.ak of ab.alut. ace.l.cation (0[' Fixed Sylt.••, lc.'.ec-2)
U""'MB - S for Ar'MS Syet••
U"AP'KB/CD - S toc Ar6MS/CD Syata.
V"SLIDING - S~. for slidin9 Bylt••
U··SHEAk/V. - a... , for 5hear-vilcaul Sy.te.
u·· ..a&M./H. - 8"', for Sh••r-hy.teretic Sy.t...

• Pil., ZI Type.lak. PC9' 0
TU"PJ1aD - TL.. cocre.pondlnq to peak of abl ••cc.l.r.~1on fox P1xad syet.., [I.C)
TU"Ar'~ - s... , tor AP'MS Sy.t••
TU"Ar6HS/CD - s foe AP~MS/CD Sy.t••
TV"SLIDING - S for Slidin9 sylt..
TU··SK&AR!V. - s~., (or &h••r-vi.cou. Bylt••
TU·'&IEAR/I. - S... , for Sh••c-hYlteret1c sy.t••

1 • 5 FLOOR DATA POLDER

8•• d••crLp~lon in ••etion 1.1 (abovel.
PLOllll DArA oroWD.llP.•

rLOOa-..-&

1.6 FLOOR DATA OUTPUT

n.oott. DAn oOUTP\l'1' r H.' 21 Type • fak. Prv' 0
TIM! - C~~~.nt ti... [a.cl
U-FIX&D - CUrrent abeolut. diaplac...nt for '1a~ Sy.tea, for ••condary .ylt.. level,

11.".1 10 P'LOOR' fr_ fH. Uti. [cal
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V-Ar~MS - &.-., for AI.KS Sy.t..
U-Ar'HSICD - s.... foe Ar'HS/CD By_t••
U-SLIDI.G - S.... fcc Slidin9 Sy.t..
U-.~/V. - , for Sh.ar-yj8coU. sy.t..
U-S~/.. - S , tor 8h••r-hyater.tic Sy.t••

• File' al Type,lake Pr9' 0
- T1M1 - C~rr.nt ti.. , l ••e)

U"rII&O - Current .b.olu~. ace.lee.tl0n for Fi••d Syet•• , tor ••condaty .yat•• l.vel,
\ca/••.,"21

U"AP6MS - S... , tQ~ AI'HS Syatem
u"Al6M&/cv - S , tor AT'MS/CP Sy.te.
V"SLIDING - S , rQ~ Sltd~n9 Sylt••
U' 'SHEAR/V. - saa., tor Shear-v1Icou. syate.
U· 'SfiIAR/H. - S... , tor S}Je.r~lIYIl.l.t\.C 511tell

• File' Zt Typo.fak. Pr9' 0
TI~ - Curr_nt ~1.. , ( ••el
V-P1X&D ~ Cur,.nt ~.l.tiv. dLlp!.C.~o.,L toe FJXld 6yet•• , fo~ ••condary .ylt•• l.v.l, (ca)
V-AI"MS ~ s , lor AI"!'t5 I:ioy.t.••
v-At~HSlco - , for AI'HS/CD sylt ••
V-SLIDI"G - S for S}ldinq By.t..
V-SKEAk/V. - S..-, for &b••r-vilcou. Sy.t••
V-SKKAR/H. - S... , for Sh.&,*hy.t.r.~ic syate.

1.7 EARTHQUAKE DATA FOLDER

&AItTIIOU~ DATA -FOWIIR PUa' 32 TyIM.fold.r Prg' D
EQ.~ - &arthqua~a n..a
IO.~ '11K! - 'arthquak. local ti••• (hefain/.ecl
C'I:~..notl liAIII - Station n_
PILl HAM - file n ction '50.1

• rile' 31 Tfpe.foLuer .r9' 0
ACCIL. ID - AcceLerogr.. idantification nu~e

S'1'ATIotI - staUon nWlbee
8Q.Jlr.OC:IHT£R - Jacthquake hypocent.r (latitud., lon9itl.1de 6 depth)
MAGNITUDE - Earthquak. a&gnltudo, {all

• Pile' 31 Typa.loldar .'9' 0
TRANS.MAT.'ERIOD - Tc.n.d~cec n.tu~&l perlod, I.ec}
DAMPING - Daapin9, in fract.ion of critical
S.N.ITIVITl - SenoitiYity. 1""'/91
LBNGTH - Length, I••c)
U-HA~ - Pe.k of .b.olu~. diaplac•••nt, (em}
TU-MAl - Core••pondln9 tL.e. lo.c)
U'-MAX - P.ak of ab.olut. velocity. lea/ ••cl
ru·.~ • Corr••ponding tL.a. I.eel
U··-~. P.ek of aboolut. accolaration. 1~/oec"21

TV' '-MAX - Corra,pondin9 tia.. (.acl

1 • 8 EARTBQUARE DATA OUTPUT

u.RTIlQUAKK DAY" .0UTP1I'f FU.' 30 TyPO' fake PC'll ]0
TIMa - c~rl.nt ti.. , {.eel
ASS.PISPLACEMENT - Cueeant value of ab.olut. d.apl.cem.nt. leal
ASS.ACCZLIRATION - Cuerant valua of abaoLute acceleeation, {ca/..c·~l
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2. SUPERSTRUCTURE DATA I/O

2.1 SUPERSTRUCTURE DATA INPUT

All infoc..tion about aup.catcyctuce and •• i •• le ~.ol.tor. ~. cepc•••nled by ten PHA f~l •• chain-d t0gethet. The
file n.-.d BUILDING DATA POLDER (8D'1 1e tb. ~in FNA Pil. (ficat in the chain. and eon.i.ta ot two data fi.ld••
• aPlaJMEWT NUMB&R .nd B.,KAJK£NT RBMARAS. OtB.r nine fil•• called FNA Exten.ion Pil••. Second t~l. in chain
carri•••arthquake ~r...t.r. t ..x. period, total t1•• , etc.) plu. riqidity and daaping ~oeffici.lIl for
auperatcuctura. Th. ~••t of ~b.ined til•• carry an infor-ation about four fift.rent type. of •• i •• ic i.alatore:
AF'MS aI, Slidin9, Shear-vi.cou. and 8h•• r.hyateretic.

IIAJIPLaI

Run rNA.BAT file or click FNA icon if you .r. ua1nq Widow•.
Optional. pr••• <2> to check, it you currvntly are in the Cl9ht directory. If not, input directuc6 n....
Pr••• «1> ~o CQn rNA.
V.tng <UP> and <DOWW> cur.o~., •• lect BOY file (hi9hliqht fila n... and pr••• <ENTER».
P~••• <P2> .nd ••l.ct RC~ or RADD command (to chang. eXl.tlnq record or add new
record), or ~yp. proper ca.-and on the Ca.aand Input Level (bottom of the aer..n). CurEent
record nwabec .ppe.~. on the lower lett .cc••n corner. To change record, pr••• <JAR> and
••lect INEXT], IPRaVIOUSJ, etc. fram the menu at the acr.en bottom, or u •• RL1ST C~.nd (a•• rNA Manual about
RCBAMGa, RADO and RLIST caa.andaJ. To chang. current file, ue. <LEFT> and <RIGkT> cur.or., if you .re RLI6Tinq
record., or pr••• <EXTENSION> it you ale in RC~B CRADD) command lavel. Li.t.d below i. on. of the BOP record.
with ea...nt. below .ach of the chain.d file••

8UlLDIIIC DATA
record" of

FOLDER

•
EXPIRllIDIT • 2
EXPER. R&KAaKS - f •• 02 for AFIMS,l.t floor .ei••oqr..
Data field BXPER~ REMARX& ia u.ed to diltin9ui.h betw.en different BDF record••
U"· MAll ~O CMIs

MIN.P'.oRIOD . OJ S

Mkll.PIRIOD 2 Ii

TOTAL TIKI 15 S

CAJ.C ./FILII - 0
RlCIDI'l'Y 1500
DAMP lllC 1. 2 JJ
Data f~.ld CALC./pILS 1. an 1nte9ar and auet be equal to ••ro, if .ar~l~u.k. par...t.~. (ab.olu~. dieplac...nt
U9-P (TINa) and abeolut. acceleration U"9-' (TIME») ar. calculated accordin9 to the fo~l. for laitation Mod.
\ ••e \It in ••ction 2.)1, .nd CAJ.C./FILI i. equ.l to th. r.cord nuaber of &ARTHOUAAB DATA FOLDER file, if
e.rthqu~ke per...tera are 1nputed fro- aecell.roqr.. and ••1a.aqraa corr••pondin9 to ~hl. EDF record.
Data field. ug'MAX, "1M. P&R IOD , MAX.PKRIOD and TOTAL TINa are encountered only for the I_itation Mode~ Data
fi.lda "IM~P&RIOD and MAX.PERIOD ace ~••d •• li.it. for lpectca-calculation. for the ••condary .yet.. (e••
aect,1on 3),

MAS8-0 l500U ~C

MASS-l 15000 IIC
1V\88-2 15000 IIG

MASS-) 15000 IIC
MASS-. 0 KG

MASS-5 0 KG

IlASS-6 0 KG

MAlS-1 0 KG

IlASs-B 0 IIG

At l.s.t on. of the ~ss bss to be aors thsn .erO. Max. nweber of level. in supsr.tructurs i •••t to nlns, fra.
RASS-O lba....ntl to the KA56-8 (siqhth floorl.
IllP.' 2
1IATVJUl1, rRZCTIOll- .02
COII'.-. 2
Arl",-kIMARJS -f-.2, l.t floor
COII'.-. is s coaffici~nt in foc.ul. 1151 of .ection 2.). Th•• foe-uls i. u.ed to .ccount ior the csntrsl
d.prs••ion in APIKS 81 isolstor••
VRADl 100 CN

VRAD2 200 CN

VRADJ 400 CM
VRAD4 100 eM
VIlAD5 1600 CII

VRADf 10 eN

VRAD7 OeM
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U,V,U'·.P (TIMEt

DATA FOLDER til., it it' ••cc••••d thru the FLOOR D~TA ~UTPUT lil•• D.t. fi.ld
be~w..n dill.rent 80F record••

VRADI 0 CM
VRAD' 0 CN
VRADIO 0 CN
Ka~. nuaber of vect1cal radiu••• for Ar'HS B1 .y.~em. ~•••~ to 10, each VRAPx corr••ponda to it·. own
horiaontal radiua HAADx C'•• below). L•• t KRAOx «(lon-zero value) calculated •• pr.vLo~. URAD. plu. le.t
"'.1t.1c.l racb.~. VRADx.
IIlU\DI 2.5 CN
1IlU\D2 5 CM
HRADJ 10 CM
HRAD4 20 CN
IlRADS 40 CN
HRAD6 50 CN
1Il\Al)1 0 CN
URAD8 0 CN
IIRAD~ 0 CII
NRADIO 0 eM

EXP.I 2
H~TVRAL 'RICTIOH- .05
RAOIUII 100 CM
SLIOIHG-RE~II -I .t lloor ••i • .ogr&m
Thi. fila i. tor tho .liding type ••i.mic i.ol.tor.
IXP.I 2
OAllrIHC ~TIO .2
COEF.-A ".7
COIF.·. .]
6B£Ak-RE~a -1 It floor •• i ••og~..
Thi. file i. tOE the both vi_cou••nd hy.teratic type. of •• i ••ie i.ai.tora, •••••etian 2.1, fo~ula. (16),(17)
.nd 111).
EXP.I 2
HASS 100 MG
DIUU'IHC ~TIO .01

FLOORI I
SBC.SYS.-~MAAkS-100k9 ••condary ey.tem on the fieet floor U.V.u· 'MAX-F CT)
Thi. f~l. aL.o i. uaed ••• SEC. SrSTEH DATA FOLDER tile, ~f it' • • ceo••ed ~hru the SEC. SYSTEM OUTPUT file.
settin9 data field MASS tu nonzero value will cau•• the program to record •• i ••oqram and accelecQ9ca. tor th.
particular FLOOR'. Thi. re~Qcd will be u••~ for calculation. of ••candacy .yete. &~c.l.r.t1on. and
di.plac...nt •• Setting HASS to ••ro (detault value) allow to .kip floor ••i._oqraa recording4
UP.I 2
rLOOR-IlIMAJU<S - f •. 02, lot flr.
Tb1. 111. al.o i. u.ed •• • FLOOR
FLOOR-IlIMARMS n.ed to di.tin9ul.h

2.2 SUPERSTRUCTURE DATA OUTPUT

Ju.t the input of d.te by it ••lf in d••cribed .boy. 80f (lle can't force data proc•••inq. To .ctivate data
proc••• in9 for BOY r.cord, ••l.ct BUILDING ~TA OUTPUT (8DOI by ueln~ 'LIST or FSBAACB rH~ comm.nd•• You will be
prQapted to ••lect one ot the BOP recorda fcoe the acc••n (recorda &te Liat.d (rca top to bette-, on. record per
on. lin., only EXPERIMENT I .nd !XPIR. IlI~S d.t. fi.ld. of 801' file will Po .hOWD). R.cord ••l.ction will
open n.- or ••tatin9 liDO file r.pr•••ntad by thi•••cord. If thi. r.cord w•• n.v.r ••l.cted befor., calculation•
• nd output in 800 .nd '00 I••• below) will .t.rt .utoaatic.lly; it the output .lr.ady .xi.te, you will be
pre-ptad to r.g.n.r.t. the output. Pr.a. eTa to r.9.n•••t ••nd .ny oth.r button to .kip the r.9.n.r.tion. For
inlt.nc., cb.nging eny n~ric.l data in the anI' til. ehould chang. the output .nd r.g.n.ration wiLl be
n.c••••ry. The output of anr r.cord L. BOO file with .ix r.cord•• rir.t r.cord i ••n output for the
eupor.tructur. without •• i ••ic i.olator (Fixed Bylt..,. ~he r.at of tbe r.core. ia an output for the ....
• uper.tructur. with ditf.r.nt type. of e.i••ic i.ol.tor•• Ar6MS 81 i.oletor IAP6KS 8y.t••I, AF'MS 81 i.ol.tor
with. centr.l d.pr•••ion C...6MS/co By.t.." Sliding ieol.tor lSlidin9 sy.t••" Sh••r-vi.cou. i.ol.tor ISh••r
vi.cou. Syat..) and Sh••r-hy.t.r.tic i.ol.tor fSh••r-hr.t.r.tic Sy.t.a). If ••cand.ry .y.t...... i •••t to
non••ro v.lu., the output will be ..d••1.0 tor d••ign.ted FLOORI to tho roo file C•••••ction ]1. BOO file i.
caabinad frca t.n rNA fil•• linked tQgeth.r. Li.t.d below i ••n .xaapl. of the r.cord tor Sliding Syat•• with
the c_nt••

SYSTBH

AU.UO
AU.Ul
AU,U2
AU.UI

8UILDIHG ~T~ Ib'peria.nt , 2
r.cord I 4 of ,

- Bliding ••
]S.U302 CN
36.14411 eN
]7,)]0.3 ell
31.)40~4 CII
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ASS.U. 0 CH

ABS,U5 0 CH

ABS.U6 0 CH

ASS.U7 0 CH

JlBS,U8 0 CH

~ZHll-UO H.165U S
TIHIl-1l1 H. 36729 S

TIHIl-U~ H.17104 S
TIIIII-U1 H.17291 S
TIM-U. 0 S
TIM-US 0 5

TIM-V6 0 S
TIHIl-U7 0 8
7IMB-U8 0 8
Li.ted above are two fil •• included in BOO file! firet file keep. p4&ka of abaolute diaplacementa (ABS.UX) fOL

.ach floor, ••cond tile keep. ti••• (TUtE-Ux), CO%I ••pondinq tg the•• di.-.pl ..c ....nt•• Floor. wit.h •••••• equal to
zero are not count.d in calculation•.
SYST~H - Sliding •.
RIll.. VO 39. 5208) eM
RIll.. Vl .9 301111 CM
Rllt..V~ .7JHH eM

Rllt..V3 .4643217 CH

RllL. V. 0 CH

1U:1..V5 0 CH

1U:1..V6 0 CH

REL.V7 0 eM.
RIlL.V. 0 CM
TIMB-VO 16." 791 S
TIltE-VI 14.65151 5

TIMB-V2 1.689599 S

TIIUl-VJ 1.788989 5

TUUl:-V4 0 S

TIHIl-V5 0 8

TIMB-V6 0 5

TUUl:-V7 0 5

TIHIl-V8 0 S
Li.ted above ar. two fil •• includ.d in 8DO fil•• fie.t file k••p. peak. "f e.lativ. dl.ploc...nt. IRZL·V~) foe
eacb floor, ••cond file k••p. ti••• «TIME-Va), corr••pondinq to th••• dieplace.ent•• Ploor. with ...... equal ~o

.ero are not c~unt.d in calculation•.
SYSTEM - Sliding ••
UO" 7)).7815 CH/s'2
UI" 728.~679 CH18'2

U~" 565.0356 CH/S'2

UJ" 696,7498 CH/s'2

04" 0 CHIs'.

US" 0 CM/S'2
U6" a CM/S'2
U1" 0 CM/s'2
US" 0 CM/s'2

va' 'TIllE 1.464565 S
Ul"TIKI , 85lJ526 S
U2"TIKI ,6169578

U3' 'TIllE 1.188989 S

U4 "TIKI 0 5
us "TIllE 0 8

U6' 'TIKI a S
U7' 'Tum a s
US' 'TIN 0 S
Liated above are two fil•• included in BOO file: firet tile keep. p.ak. of abaolut. accelecation. ,ABS.Ux") foe
••ch floor, ••cond fii. keep. ti••• CUx' 'TIME), corr••pondinq to th••• acceleration•• Floor. with ...... equal
to .era are not coun~ed in calculation••

R•• t of BOO fil •• are not included ~n the 1iat, beCAU•• the output for th•• w•••aved in the coapr•••ed fo~t

for aingl. pr.ciaion variabl•• ; each variable occupi•• 4 byt•• and 9rouP of nine or ten variabl•• focma a
atrinq. It i. enough to ••, now, that each atrinq of the 7th fila hold. relative diaplac•••nta of .ach floor in
auperatructure for the .a.ant of ti._ eorr••ponding to the peak of rel.tive diaplac...nt of a-th floor; 8th f11.
hold. r.lativ. v.lociti... 9th fila hold. ab.olut. di.ploc.~.nla and loth fila hold' ab.olut. acc.l.ration. plu.
value of ~ro~od dieplac...nt, r ••pectively. Th••• data ar. uaed to depict .a.entary condition of the ay_t.. (•••
••ction 1.21'
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Jach .tep of the calculation. will be preceaded by tbe .....9. on the .ce••n, .hawing you the n... ot •• i.ate
.y.t.. currently beIng In proc•••ing (tot.l nuaber of r.cord., or .y.t.... i ••1K). After tn••iKtn •••••g•
• pPear. and you h••• tn. beep, &PO c.lc~lation • • r. c~l.tad .nd you .r. now ln the rNA Caaaand Input Lav.l.
Pr••• <P2~ .nd •• l.ct RLIBT, or type it. Tni. c~nd .llow. you to li.t .11 .v.ilabl. r.cord••

ISYSrDf IREL.UBIREL.UlIREL.U2IREL.U3IREL.V4IREL,U5IREL.U6IREL.V7IREL.U81

H1ghllqbt on. of the record. U.tAg ~U.>, <DOWN>, <Lt~> and <RIGHT> cur.gea aa4 pr••• <tNTWk>. Mow the diaplaf
.how•• I.alation Typ., Maxiawa Relativ. Oi.pl.c•••nt (high••t value aaon9 all aax. relative di.plac...nta for
thl. Iaalation Typtt ••11 .upet.t~c:tul-e •••••• with nona.co yalu•• and valu•• for the r.latJ.v. di..plac...nt,
~h. corr••pondin9 ~nt of ti•• and accel.rationtor the .... ~.nt of ti... In the lett corner ot the acr••n
yo~ could ••• & ~E.ph tor relative dieplac•••nt v.lu•• in c••
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Pr••• <BAR> to _kip .nap.hote, or pre•• <&HTBR> to highli9ht on. of the li.ted ...... (u•• cUP> and <DOWN>
cur.or.l. Pr••• <BAR> to .kip .n.p.hot. or pr••• <ENTlR> for the .n.p.hot of tho highlighted .... (••• pictur.
belowl. All nwoeric.l d.t••hown .r. for tho .... aa.ont of tie. Fir.t .cr••n lin••how. th. typo ot i.olation,
the ~nt of tiae t in .econde and .... relative d1.place..nt y in ca. Next line on ~he left ahaw. ground
dieplac...nt Ug in c. and qcaphe for relative d1eplac...nt. right below. On the ri9ht .id. there i. the data
table; data rel.ted to ab.clute value. (ab.olut. dieplac...nt u, ab.olu~. aceeleration u", concentrated .....
aDd foree PJ are aliqned to the d ••hed 11n•• on the left. Data related to relative value. (Iuch •• rel.tive
dilplac...nt • of on. floor a9ainet the other, riqidity K and ah.ar fore. Vt are ahown betw'.n the proper
floore.
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Pr••• ~~ to di.pla, the aaxiaua valu•• for the current .ei.~c .y.t.. Icurrent record). Firat lin••how.
the i.ol.tion trPA••xperiaant nuabar (r.cord nuabar froa BDP fil.) and "MAXIMUM VALUES" ....., •• raaindin, that
grlphic. are ba.ed not on ~ntary data••• in the pr.v!uu. di.play, but on the ..a1a~ value. Df the current
••1••1e .y.t_. IA'''. pert ot the .cr••n .howl r-coordinate. n... and dl..naion, on t.h. right. you ••• aax1.aua
y.lu•• of r-coordin.t•••li,ned with the l ••din, d••hed lin••
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I .t'"
, :t.:

IIII
6.5e~

-FIELD:
bsolute displace~ent
[e~)

fl oortt ~ 1 2 3 4 S 6 7 8

III
1.6N!kg

-FIELD:
hear force/Mass

IN/kgo] •Floorn ~ 1 2 3 4 5 6 7 8

I I I
52.9/.

-FIELD: Ibs. aceel./981 * 1~~1.
(/.]

flQQr~ g 1 2 3 4 5 6 7 B
P~••• <&NT&R> to return to the pr.vioue dieplay (to coapl.te the cycl.~~
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203 SUPERSTRUCTURE DATA PROCESSING

Thar. are thr•• linked proqraal that coae ~ith aDO fll •• the purpo•• ot •• 8AS pr01fAa i. data .qui.ition, 4A.8AS
doe. data proc•••1nq and ••• 8AS cendec•• output dlaplay. &huwn below ., • ..in ron-uta. the 4A.aAS p~09r.. buil~

on,

T1>!L_TAU.I7" ,
TD&~2·.5·TD!:L-2

TO&Ll.,IUloTO&L.]
aa_TALLI (TALL-TMAUTO I
SA-8UOlll/aQll (H(6.21J2/LOC (8811'Z I
CI-l.ZI1Z/LOG (B8~

CZ_IH8_11/1"oTOI
III DE, rllVG (T11II1-SIN (CloLQC (CZoT{ltI:oll))-SA-Tllll!
121 DEr 'NUGI (TIMBI-('NUG (TIKI+TDEL,-'HUG (TlMEII/TDEL
PEr FNUG2 (TIIII)_(FIlUGI (TIIII.TOEL)-'HUCI ITlkEII/TD&L
DB' FIlUCJ (TIMBI_(FNUG2 (TlME+TDBLI-'NUGZ (Tllll!i)/TO&L

IIheeet

TALL - total .arthquake ti•• , ( ••e}
TOEL - tu.. iner..ent, [eec]
TOELZ - coefficient for the third .eaber of Tailor foreula, la.c'21
TDELJ - coefficient for the fourth ••aber of Tallor to~ula, [ ••c'JJ
TO - initial period, (.ecJ
TMAX - .."laue period, [aecl
SUCIII - ""laua velocity, [ee/.ecj
TIME - cur&ent ti.. , (••el
'HUC 1TIKI) or SUO - curr.nt abeclut. di.plac•••nt, {em)
FNUCI (TIKll or auci - ",urrent ab.Dlute velocity, [ca/.ecl
P.U~' (TJKB) O~ SUG2 - c~rrenl .baol~t. acceleration, [c~/••c·~]
YMUG3 ITIKB) or SUG] - current third d.c~vat1on, le_I ••c"]}

lJI SU2 (SKASS)-\-SaT (SMASS/oSVI (SHA551-S~ ISHASsloSV (SHASs))/SM \SMASS)
1.1 SU] (SIIASSI-(-li8T (liMASSloSY2 (SMASS)-SM (SMASS/oliVI (liHASS/J/SM (SMASli)

l~/ SUZ IP)-(SST (PoIIOSVI (P+II-S8T ('t'SVl IPI+SM (P+l/OSV (Poll-S~ (P,oSV (PilI
SII (p)

(il au] (P)-(S8T (P.l)oSV2 (P.l/-SBT IPI'SV2 IP'+S~ (P.JloSVl (P+l~-SkA IPI-BVI (PIlI
BM (P)

III SUZ (D)-IHST (ll'SVl III-saT (OIOSVI (OI.BM (I)OSV 11)-BkA IOJ'SV (DII/SM (01

II) BUI IO)-(aIlT (1/'SV2 (1)_BST (O/'SST.BItA 1l)°IlVl (11-SItA (O)'BVl 1~Il/BM (0)

Wher••
aMASa - higb••t floor witb nonR_ro .... value,
p - c~cc.nt floor n~aber,

BST - coefflci.nt In (8/. value d.penda on current ay.t.. type,
aux (P) - ab.olut. value of x-deriv1ation for current floor,
1'1 av" IP)-SUa IP)-aUa (P-I) - relative value of X-d.Iiviatlon fOI current floor.
(10) SST ('I_BOUIoSIl (PI - d_pin9 coefficient, [Jeql.ec!
III/ sKA (PI_SRIGoall (FI - ri9idity coefficient, lkg/a.",'2J
aDAM ••uper.tcucture daaplnq coeffici.nt. [1/••cl
aRIC - .uper.tructure rigidity, Il/.ec"2j. aeatrlction on rigidity' if the value of relative dl.plac..ent
exceada IDea, then corr••ponding ri9idity coefficient drop. to SItA ('I-aRICoSM (P)-IIP (I-ADS lav IPI)/10) and
daaping coefficient drope to SST (PI-SDM,SM (P)OZIF (I-AIlS lay (Pll/iol. If the vel..e of relati"e dhplac_nt
••ceeae ~Oc., then aKA (P)~O.

all (PI - .... for the current floor, (kgl
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Po~ the Pixed Sy.t•• :
SV CO).O,SVI IOJ_O,SV2 (O)_O,SVJ (0).0

SU (O)-SUC,SUI COI_SUCI.SU2 101-SUC2.SUJ IUj-SUCl
Thi•••ttln~ allow. to .kLp (1, and is)

For the AI'KS, ~'MS/cD .nd Slldln9 .yetem.z
58T_0

(12) s~ COI.gel·SH/SR

(Il) saT COI-9II'SP'.SH/AJlS (SVI (011

Wherel
SM .. eLl...ry .... , [k.gl
SF - frictlon coeffl.cl..nt
SR - CUl"l"ent vertIcal .achlJ., (elll); fl,H the A}"U1fi/CU Sy.tem 111.t vertIC"!. r,,(,hu.. al,;coun"-ed tel eentlal

dOpl ••• lon w111 .... !

414} SR•• 16·SM- _II: corl ••pondJ.lH~ rtOll:0nt.l raJ1U. w.lll oe;

415) tiR.SY.SF18·SR, ..tlar.

5Y18 - co.tflelellt -N- fur· AYUts 5yet.elll

'or the Sh••[-Vleco~. Sy.t.z;
SBT.o
(I') SST IO)_2·SUAMl_SM (U.·SVIP~/5VP~

(17) 111\1> cO)oSM'SAAJ·EXP I-SJ<Bl'S\lR CSVHAX))
WheEal
SOAM) .. d..pinq coefficient tor ah••c .yete•••
SV1P~ - l •• t pe_k value for cel.ttv. veLocity, lem/ ••c)
SVI'M: - l •• t p.ak valu.. for r.L&tive d1..pl.c....nt, (CrIl)
SKAl • coeff(c~.nt -A- for .h.ar .yat.ma,
S~BJ - coeff~ci.nt -B· for ah.ar .yat.ma,

SVMAX - equal t.o th. current value ot r.l.t.1.ve ulaplacement, It th_ v .. lu.. i.. 1••• than Jl.~ CIlI, .nd equal to
]7.~ em otherwi••
por th. Hyateretic By.teml
SBT_SVI (0)

(18' SRT IOI-2-S0AM1·S~ IOI·~S ISV IO)/SVI IO)
SKA IOI_SM.S~3-EXP (-S~Bl-S\lR (SV~II)

k••triction on the value of relatiye diaplacement (ba••ment level)E it the value ot BV _Q) .xc••d. O.'-SVR2 foc
,h. Slldinq Syat•• then SV (O).O.6'SVR2. Por .11 other eyatem.1 if tn. value of SV (0) exc••d, ... imum

hOLl&ontal cadiua SUR (SRADIUSj ( ••• AP'MS Sy.t••, Bor data) tnen SV to)-SHk {5RADIU5).

Tailor fo~ulaa aCe uaed to ~pdat. cue rent valu•• for the diapl.c••ente and v.locit1.al
(I') SU (P,-SU (PI'TOE~·SUI \Pl+TOSL2-SU2 (P).TDELl·SUl (p)
SV (PI_SV (PI+TOSL-SVI IP).TDE~2oSV2 CP)+TOELl.SVl (PI
PO} SUI IPI-SUl IP)+TDSLoSU2 CPI+TDr:UoSUl CPI
SVI CPI.SVI (P).TDEL·SV2 (P)+TDEL2·SVl CP)
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J. SECONDARY SYSTEM I/O

3.1 SECONDARY SYSTEM INPUT

Input fo~ ••cond&ry ayet•• calculatIon. tar

&) the valu•• of NIN.PERIOD, MAX. PERIOD, ••condary .yat •• MASS and ••condary ayet•• DAMPING RATIO teca DOE tile;
b) the ••i.~r.. I &cceleroq£.. at FLOOR' {d.f~n.d ~n DDP) fca. corr••pondinq roo file. If ~hi. roo file doe.
not ••Let, you will receive the .....g. ·CAM"T FIND rLOOa R£COkD·CH£C~ BUILDING DATA PILE-. In thi. ca•• u~n

80P' file they rLIST or 'S&AIlCB cc.aand. t.o check .h.the.. the ••condary .)'at•• MASS "'••••t to nonleLO value, or
.hether the FLOOR' didn't exc••d t.he n.l9h•• t. t1uo.r nulllobttl" 10 the .u~cU.ruct.ur••

3.2 SECONDARY SYSTEM OUTPUT

SEC. SYSTEM DATA FOLDER '11. (S50F) i. juat. an extenal0n uf BUP tAle. To eng&q_ data proc•••~ng for BDr r.co~d •
•• lect. SEC. SYSTEM DATA Oll1"puT (SOSOOj by Ull0<j P'LIST or PSIARCH FNA c~.nd •• You "'ill ~ Pl:~pt.ed t.o •• lact. on.
at the 550' record. f~a. ~h. acr••n. Record •• l.etlon w~ll o~n u.v OL eX.ltinq 5SDO til. J.pr•••nt.d by t.h~.

,_cord. If tht. record wa. never ••lected ~for., calculation. and output In 6600 file will .tact autoeatically;
if t.he outpyt .l~••dy eallt., rOY will be proapted t.o reqanecat. the O\ltpu~. Pc••• <r~ to regenerat_ and any
other b~tton to .kip the reg_n.cation. For in.tance, changinq any n~••ric.l data in the IGOr file ahould chang_
the output and r.q.n.~.tion will be n.c••••cy. The output wlll b- the .pect~a for period ranglnq fra. .ero to
the ar•• 01 MAX.PERIOO value. Valu•• tor the c~rr.nt period cp-aka cf .baolute and relative diaplac•••nt,
ablolut. acceleration and oorr••pondin; .~.nt.1 of t~.) are calculated fgr ell type. of .uperAtr~ctur••e1••!c
iaa1.toCA! for th. r~.ed Syet •• , AF6MS Syat••, AP'HS/CD Sy.t•• , Slidioq 5y.t••, Sh••r-YlICOUa Syat•• and Sh••l
hy.taretlc Sylt•• ( •••••~tion 2~1)~ It 1. a ••umed, that ••cond.ry .yate. dc4a not have any •• i ••ic laolator.
Liated below i. one of 35 sSDO ~.cord.t

ssc. 6rs. DATA EXf*c•••nt. 2
record '6 of JS

.~3 6
104.19" CM
7.3n262 eM
7.~"7f8 CM

41.70878 CM
7~.04'" CM

82.52672 eM

4.620577 S

1l.18UI S

lJ.JBlU S

14.22171 5

13.2316 5

ll.95168 5

,53 S

106.97Sli CH

4,08615 CII

4.171002 CH

9,26730' CH
32,18107 ell

42.45757 eH
•. 820571 S
4.56057 S
4.58057 S
1l.32161 S

13.2015' S
u.,.n~ S

,53 5
16878.H <:"/S'2
613.369 CH/s'2

626.5041 CIl/S· 2
1201.662 CIl/s'2
6016.414 CM/5'2
554].274 CM/S'2

..620577 S
•• 860605 S
•• 860605 S
4.2'0538 S
lJ.20159 S
14.76178 II

PEIlIOD-T
U-FIU:D
U-AI'6MS
U-UliMS/CD
U-8LIDIIl<l
U-8HBAll/V.
U-8HBAll/H.
"IV-FUED
"IV -AI'"IS
"IV-U6MS/CD
TU-SLIDIHG
"IV-SlIEARIV.
TU-SHEAR/H.

PEIlIOD-T
V-FIlED
V-AI'611S
V-AI'611S/CD
V-SLIDIIIG
V-s_/v.
V-SHBAllIH,

TV-PIllED
TV-AI'6MS
TV-AI'6MS/CD
TV-SLIDI""
TV-SIIL\R/V.
TV-SHv.Jl/H.
PERIOD-T
U"PIUP
U' 'AJ'61lS

U· '"nIlS/CD
U' 'SLIDtlIG
u··s_tV.
U' ·SBBAll/a.
',,,,," FIlISP
TU' 'U6MS
TIl' •M611S/CD
TIl' 'BLIDI8G
TV' 'S_/V.

TV' 'sllBAll.lB.
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~n~. i. tha • .cond acta.n diaptay. a anapahot tue th•••cord 11at~ &bOY., ..da ttoa within ILler Q~nd••11
data 1ft the tabl. (~.l.tlv. dLapL.c...nt I ti.. Abd ~.Qlut • • ec.ler.tjon I t~1 ax. tor tn. .... curc.nt
period ~T-O~5J ••C) .nd .r. pr•••nted toe c0ap4cL.on betw.en Qift.~.nt iaolatlon .7.~"•.
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3.3 SECONDARY SYSTEM DATA PROCESSING

There &ce thr•• p~ogr... ~ihked to ssna fil., 21.8AS aCQuir•• data, 21A.BAS pro•••••• data and 218.BAS prepa[••
an out~t di.play. Dat. peace••in; i. the ...... tOE .uper.tr~ctur. Pixed .Jat.. , •••••ction 2.)), bGt current
[19idi~1 and d..pin9 coefficient. foe the ••condeTr .yat•• d.~nd on the curcent value of the peciodJ

a&A-I' •• 7'*SMC/T·2
aIT_2*SDAMC*aijR CS~*SMCI

Wh.,.••
aKA - cyeeent ri9idity, \kq/••c·2]
SIT - cuerent d-.ping, (kg/.ecl
SDAMC - dllllping e.tio,
SM. - ••condaey .y.t....... (kg!
T - cYerent peeiod, ( ••c)

II • SBCO*DARI SYSTEM ~TA I/O



•• FLOOR DATA OUTPUT

rLaO« DATA FQLDIK file (m", like liP' file, ia j~at an extenaion of aD, file. aelect 'LOOR DATA OUTPUT (rOOl
bJ ..ai"9 n.1ft Or rsIAIlCI FIlA c_nda. YIN vill be prcapted to aelect one of the '0' ~.cord. Ir.. the acreen.
a.cord aelection vill open '00 fila rapre.entad b, thia record. Thl.. fl.l. i. a collection of current dete for
~b. t~ ~&n91h9 f~oa a ••ro to th. TOT~ TIME value. Valu•• for current t~ (.b.olu~. and r.l~tlv.

d1.plae...nt, &beol~t. acceleration and corr••pondinv ~nt. of tta.) a&. r.cord~ tor all type- of ••i ••le

i.olatora. for the 'I.xed srat.., AP~", Iyat.., AF'MS/CD .yat.., 11idin9 ST.t.., Shear-viecOOle Irat.. and Ihear
hr.terat;, 'rat.. laae aection ~.1), but onl, for al.ngl. aupar.truct..r. fLOOR'.

FLOOR DATA UP ••
record' IJ of 500

.noo.8I B
3.26 375 71E-02 Cit

- -J.352'3.1E-02 CM
- -2.'445.'1E-02 CM
- -2.'30.5JIE-02 CM
- -7.7742151E-02 CM
- -'.'.3251-0J CH

.noo.8I I
U7.UO' cM/s"2
t7 .•n67 CH/S-2

lJo.1U2 CH/I"2
224 .27" CIl/S" 2
5... UU CIl/I"2
n.n377 CIl/l"2
.noon.1

- -.2037131 CII

- -6.705'611-02 CIl

- -5.6'10"1-02 CIl
- -.10IU12 CIl
- -.2UOU' CIl
- -6.1115111E-03 CM

TU"
u-nXG)
U-AP'"
\I-Ill'."/CO
U-ILIOIIlG
U-I_/V.

U-.UM/H.
TU"
U· • nltCD
U·· ..

U· • /CD
U· 'ILIDIIlG
II' • lII&o\R/V.
11' • llI&o\Rl H.
nM
V-FlUl>
V-AF~"

V-AF'.../CD
V-ILIDIIlG
'1-1_1'1.
'1-1_/1.

lhown below are thr.. 9rapha. ~olute diaplac nt U-AP.MS. ab.olute acceleration U""""III and ralative
diaplac_nt V-""'~'" aa a hnction of tt- ( _alCS c_ncI).
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5. EARTHQUAKE DATA I/O

5.1 DATA AQUISITIOH

lIa~thquake ~eco~de data containe<! in rNA 111•• !ARTHQUU.~ DATA rOWER CEDr) ar.d EARTIlIlUAJtE DATA OUTPUT lllOOl
were .cq~1red frca Volwaa Two record. 01 Califolnia Strong "otlon Jnatcuaentation PrQ9ca. ••por~ Q5M5 1~~Ol.

Oci9inal fi1 •• ar8 nued •• STATJON.V2, wheee STATION 1. the etatlon n... , .nd V2 (_tande tor Volu•• Tvo) i. the
fi1. n'" ••ten_lon.

ED" fl1. contain. inforaatlon extracted feolD the fleet 2S lIn•• of. Volume Two T."t ~••d.c C••• p.lO ot Report
OSKS 85. ... 0)1. Th1. lnforw.ation loaded .ut~.tic.lly each lJII. you ••lect EOO file and luput data tcc-. STATI0N.V2

file. All you h.v. to do L. to input STATION.V2 path naa. lor the field rILE N~ of EOr file. EDO fil. containa
point-to-pgint data tor tLae, abe. dlaplac•••nt and abl. acceleration, imported feoa STArIOH.Vl file I'•• p.17
of R.po~t os~ .S-OJ).

Mot.1 in o~d.r to u•• &00 data for 800 calCUlatIon., the ratlo betw.en ti•• iteration .tep and .~n~u. period i.
nut to .1C.~ 0.1. Por ••&apl_, it at.p TORL.a.02a and lower roll-off t.erain.t.on period TO-O.04., than EOO data
h•• to be lilt.red fra. 0.04. to TOIL. 10.0.2. data bandw1dth.

Run fNA.BAT til. or chao•• FNA lcon if you are U.ln~ Nindow•.
Pr••• ~2~ to check if you cure.ntly ~n the rlqht directory. Jt not, ihput dicectDry n....
Pr••• <1> to run rNA.
Ua1ng <UP> .nd <DOWN> cur.ora, ael.ct £0' file (highlight file n... and pr••• <~NTER>I.

P~••• cFl> and ••leet acaa.oa or RADD c~nd eto chang_ exi.tin9 record or add n" record), or type proper
c~nd on the C~nd Input Level (bottoa of th••cr••n). Currant record nuaber appear. on the lower l.ft
corner of the acce.n. To ch.ng. record, pc••• <BAR> and •• lect [••XT1, (PREVIOUS}. etc. fra. the ..nu at tha
acr••n bott~, or Uae RLIIT cc.aand.
u.inq cU,. aad cDOWM. cu~.o[., ••lect rI~ NAK! end inpu~ file path froe the keyboard.
'rea. cBAR> and [SAVIll record, then [lIlT) to the Coeaand lnpu~ Level.
Pc••• <PI> and ••lect PLlar DC rsaARCB ca...nd, or ju.t type it. S.lect &DO file fra. the file iiat. IDr file
_111 be ll.ted on the acr••n. S.l.c~ aor ,ecord to open proper zoo file ,.inc••ach EDP record repee••nt. it"
own 100 fU.).
If 'ILI NAME 1. entared correctly and 100 fil. 18 empty, data will be inputed toe both aop and 100 file•• If 100
f11e alr.ady contain. data of any kind, you will be prc.pted to req.ne~.L. data input. To ceq.ner.t., pr••a <Y>,
otharwi •• you w~ll ak".p input. If rILl NAN2 doe. not .k~.~. O~ it_ n... w••n't .n~.red, CUkRU~ FILa DATABAsE
.....g. will apph••r. Then, if you want to input data (ti•• , .ba. di.plac...nt and .cceleratJon) aanually, u.e
RADD or aITI. ca..anda.
To .xit, pr••• <Fl> and ••l.ct P~Ut oc type it.

To ••it fra. FNA, pr••• <4».
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UIlTIIQUAU DATA FOLD...
recon • 2 of 6

aO.NAKK - LAHDaRI EARTHQUAKE \rRZLIM. PROCESSINC.
EO.LOCAL TIMB - JUNE 21, 1992 04.S1 PDT PDT
STATIOII HAHa DIlSERT H<1T SPRIHCS
PILI: NAKK - cl\do.\eqd.t.\hot.pr.v2
ACCEL. to - InU-SlIl2-U110.02

8"ATIOII 12149 •
ao.BJPOCEWTER - (USCSI' 14.217M,116.41)W, H.9KH.
MAGHITUDE MS.7.~(N!IC), MW.7.4(CIT.
TRANS.NAT.PERIOD- .011 S
DAMtIllC .~6 PUCT.Of CRITIC.
SENSITIVITY 1. 12 CHic
UHCTti 79.9S001 S
U-HAll (. 9 ~ I eM
TU-lIAll 10.2 S
U'-MAIl - -20.102 CHiS
TV'-MAIl 21.9 S
U"-MAIl - -1~1.021 CM/so2
TV' '-M' 21. ~2 S
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5.2 OSMS 85-03 DATA FILES IMPORTBD IN FNA DATABASE

UllTIIllUAU DATA POID..
record • J :>f ,

IIQ._ - u.JlDBRS EARTHllUAIUt (PRELIM. PROCESSING)

EQ.LOCAL TIM - JUNE 21, l"l D41~8 POT PDT

STATIOlf NAIUl - IlAJUITOW - YUIItYUlI .. H ST.

rILII: MAMa - c,\doo'eqdoto'borotow.vl
ACcaL. ID - 2ISS'-SOHli-UI89.02
STATIOIl HSS' •
SQ.IIIPOCKII'1"Ka - IUSCIlI' 14.21711,116.4nw, a_II(H.
_ITUDE U-1.SIIIIUC), MN.1.4ICITI

TRANS.NAT.,aRIOD- .01'S S
DAJlPIIfC .56 PRACT.OI' CRITIC.

IBNSITIYITY 1.'2 CM/C

LIlIIGTK 71. nOOl S
U-MAlt - -16.887 CM

TV-MAll 17. I S
U' -MAll H.12 Clt/S
TIJ'-MAl 18.02 II
U"-1lAX - -1]2.62' CIt/S"2
TU' • -HAJ( 16 .01 I

~ _ ov:rPVT u-f (~)

for ~'1
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~DAn rowu
record • J of ,

EO. HAKE • LANDIRS IARrHOUAAE (PRELIM. PROCESSING'
EO.LOCAL rIKI - JUNI 28, 1992 04.~8 PDT PDr

IT~TIOH MAMa - INGLEWooD - UNION OIL YARD
PILI IIAIIIi - c,\dos\eqdstsUnqlwood.v2
ACCBI.. ID - 141"-51814-9219 r. 02 ,
ITATION Ul96 ,

-0. HYPOCBNT&R - (UIGI" 14.217N,II6.411W, "_'~M.

IUlGllI'J'IIDI 115-1. ~ (1IIIC I. ......7. 4(CIT)
TAAII••IIAT.P~IOD- .0171 I
DNlPING .61 ,RltC'r.OP CRITIC.
SaMSITIVITY 1.7J CHJG
I.&IlCTH 14.98001 I

U-M. - -10.114 eM
'J'II-MA. 2'.42 S
U'-MAX 10.~a CHIS

'J'II'-1Ulll 27.14 S

U' • -1lAX - -14 .215 CH'.· 2

TU"·1lA1t It." S



aAIlTIIQUAU DATA rowu
recom" of

10.NAMI - LARDERS EARTHQU~ (PRELIM. PROCESSING I
10.LOCAL TIIlI - ",UIIE 28, U92 04,5B PDT PDT
BTATION NAKE - ",OSHUA TREE - FIRE STATION
FILl II~ - c.\doo\eqdata\joohua.v2
ACCEL. 10 - 22170-51'12-92180.04
ITATIOII 22170 •
10. HrPOCEHTER - (useS). J4.217N.116.4)]W, H·~~H.

MACIIITIIDI MS-7. ~ (NEIC). 1IW.7. 4(CITI
TRANS. NAT. PERIOD- .0312 S
DAMPINO .59 FRACT.OF CRITIC.
IENlIITIVITY 1. H Cillo
LEIlGTH 79.98001 S

U-MAX - -15.727 eM
TV-MAX 26.16 S
U' -MAX - -42.71 CM/s
TV'-MAX 26.56 S
U· '-MAX 271.377 CK/s'2
TV' '-flAX 9.7B S
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~IlATA POWU
reconl • 5 of •

SQ.IIAID - UIl0S.1S BARTHQUAltIl <PIU!LIM. PROCESSINli/

SQ.IAlC.\l.TlllB - ,JUNE n. 1"204.58 PDT PDT
IITt.TI01l IIAID - PALII SPRll1liS - AJRPORT
FILa KAMa - c.\do.\eqda~.\pla.prn9.v2

ACCEL. 10 - 12025-811111-92180.04 •
STATI011 12025 ,
SQ. HYPOCEllTSR - (USliS). U.1l71l.116. UJIf. 11-''''''

IU\CIIJTUDS HS.1. 5 (NElCJ. ",,-7.4 ( CIT,

TRANS.lIAT.PERIOO- .Ol8 S
DAMPll1li .~4 PRACT.OP CRITIC.

SElOSJTIVJTY 1.82 CM/a

I.EltGTII 79.' 800 1 s
U-IIAX 4.9" CII

TU-Mt.J! l1. a S

U'-1UUl 1),.,2 CMIs
TU'-Mt.X 21.04 S

u.. -Mt.X - -81.HJ eM/S'2
TU' ,-tax 21.]. S
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KAllTllQUMi DaTA FaWD
rllCOrd ,. of

80._ - LAIIDEJlS IlJUlTHQUUI: (PRELIM. PROCESSING)

8O.LOCAL TIMa - JUItB ~', 1"~ Ol.~' POT POT
8TATlOll NAIll' - YERMO· FlRE STATION
PILI 11MB .. c. \do.\.q1.~.\y.rao .. v2
ACCBL. ID - 22071-S169~-92I89.02

8TATIOIl 22071 ,

8O.Bl'POCBHTD - IUS~SI' ]1.2178,116.4]]101, H-'>'M.
M<iIllTUDB MS.7.~INI!IC), MW-7.4(CITI

TllAIIa • MAT . PEIUOD· .0 19 ~ S
DAJlPIItG .55 FUcr .or CRITlC.

81JlalTIVITY 1. 95 CM/c;
LIIIaTH 19. '1001 8
U-JLU 22.779 eM
TU-IIA& 20.08 S

U'-IIA& n.032 cM/a
TIl' -MIt 19.1 •
U"-MIt • ·14'.~74 CM/S"l

TIl' • -1lAJ[ 14.'2 a

27 - IlJUlTHQUUI: DaTA 1/0



APPZBDIX A

SIPP SOFTWARE INaTALLATIOB

I1PP eottwar. packag_ con.iat_ of two 3.5- di.kett••. Dlak 'J 1. r11e HeLwort ~.1.t.nt and Dta. '2 1. 81P,
databa••. It ie •••~, th.~ you have • heed delv. with 2" of fr•• ~pac•• C.\D08 dir.c~oEY and &ASIC.&X. tile
written on it (for aini8~ r~uic...nt•••••••ction l.l of Appendl.-a). T~ in.tall the packa9•• tollow th•••
• top" I

Put DLsk '1 Ln YOUt l.~· dtivo A lOt dr.vo Bl
KaLt to OOS ptcapt
Cre.t. new directory by typinq at DO$ pc~ptl KU C;\UOS\SElSHIC
"tJ~ CD A.'\ tor CO &1\} and pc••• lENTERI, you'1.l ••• A:> lor 8:>J 011 your .cc••n
TJpo PNAINS-A lOt PNAINS-B) and p•••• (ENTER)
Typo CD CI\DOS onj pto•• (ENTKR)
TJ... rNA .nd pto.. (EIlTER I
Put Disk '2 in YOUt l.~· dt',.
Pr••• <l> tor 81" det.ba•• backup
~po AI\ tOt 11\) .nd p•••• [ENTER)
Typo CI\OOS\SIISMIC .nd p•••• (ENTlR)

Mow you are r.ady to u•• P»A .nd SIF. Q.~aba•• t ••• prior inatruction.).
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APPENDIX B

FILE NE'lWORIC ASSISTANT (FNA)

1. INTRODUCTION

1.1 GETTING STARTED

A. Mintaua 2S6k of RAM.
8. MS-DOS or PC OOS vee.iun 3.1 or hiqh~r.

c. BASIC lnte..pcet.c vec_ton laO or hlqhar.
D. Color dieplay.

There are two .~pport 1il•• to .tart FHA' rNA.BAT batch file and FNA.BAS b•• ic file. All FHA til•• ace put in

the 'NA directory, ••cept the ••tup fll ••• If COMMAND. COM , 8ASIC.EXE, FHA.BAT and FHA.BAS fil •• are in the aame
coot directory, and ell FNA til•• fro. the FHA dlrectory are written in the rNA directory, you are abl. to .tart
rNA by ent.rinq FNA.eAT fl1. at the OOS prompt. If COMMAMD.COK and BASIC.EXE fll •• are In difterent dlr.ctorie.~

and/oe rNA fil•• are placed in other dlrectory, or mentluned above file nam•• ere dJftelent, you have to chanq.
content. of the FNA.SAT andfor rNA.BAS fIt.,.».

Content_ of th. FHA dlC.ctocy:

A. PROGHATI:.8AS 18 the aalll FilA file, t ••pon.1ble tal an eXecut.lon of FHA coma.no•• It contalna all FHA
aubroutin•• , pa.rt. of which ia d••c.ribed In P&DIT ••ctlon of "h....nu.t.

8. HEHU.8A$ cun••• a ••n~ for FNA t ••• FK&HU ••ction).

c. 1,,1?111.BAS or 11111?17.0xy Cwhere ~y i. an InteqaC) fll •• are FHA eubrout~n •• chained to the PROGHATE.BAS
_t _ ti•• of ~OIIa_nd .xecutlon.

O. Pil•• vith HLP extel1aion &!"e written tor TNA lnt.etnal uae.

B. rNA d.t.b••• fil •• , wh~ch belon9 ~o t.he Working Path, could be of the thr•• cateqorl.al
_ MASTER.ARK ia a tile, that contain. an information about .11 rNA datab••• fil •• of thia Workinq Path (File
~l, record length, etc.);

- fil •• with the n.... coapoaed fra. Jnteger. and ~ ext.neione ace regular rNA dat.b••• fil••;
- 111•• wltb BAS .xt.naion ar. FNA proqr....

1.2 BOW FNA WORKS

Purpo•• of • rNA i. peac••• ing and .harinq I ~edlre~tin9 data between FNA and/oc OX, foraat fil••.

FHA diff.r. datab••• fil •• accordioq to the .tyl., type and their plac. within the Main Pil.; la.t quality
depend. on the current Nain Fil. open.d.

rile .tyl•• (••• reop, and .~ISTJI

A. T...t Style
II. 1I1ock IItyl.
c. ~D Style
D. 3D Iltyh

ru. type. (••• J.lIDOI.

A. "onul Type
II. Pold.r Type

C. r.k. 'rypa

Pile type•••• function within the Main File ( ••• LADO)I

A. Main PU.
a. Bxt.neioh File
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C. rile-.n-'.eld '.le
D. Parent ,ile
a. Child rUe
,. Prograa '11.

ril•• are li.ted in lpecial rNA ordel" (a•• ,.Lln, lo lev•• l tor the ~•• E: all b •• le l.nfOI..t.ion aboul
.ubordlnatlon and data flu. betw••n rNA tll••. Th••• f •• tl.ll: •• ac•••t up theu .t.\l)U c'-I&and, r ••poh.ibl. for
cc••t1n9 f11. l.y~ut.

PI.1e .1ght be p.c•••nted ••• apt••d.h••l ~n a T.... t Mod. and ••• 91aptllca HI Graphic. Mod., Recoed can b. li.t.tJ

1n bot.h .artlcal and hart.ental la)rout. ( ••• R.Ll&T).

Data can b4 tean.fared to ifru.) oxr tor••t fll. tl~ 4LO) FHA f11. (••• rCOPY) and to ASCII text li1_ flea FHA
1.le I.e. FPRlwr and RPRlJT).

I~tton naael - Scr••n button to pr•••.
<~tton n...> - Keyboard button tu pr•••.
linputl • Input froe tha kayboard .
• - Optional par...ter.
lIOW nIT - '1110 c_nd.

2. LIST OF COMMANDS

2.1 FILE RELATED COMMANDS

2.1.1 FMEHU

<1> <~» <1~ <4~ <5>

<1> Run rile Network Aeeietant. If MASTER.ARR file doe.n-t eai.l or the file i •••pty, YNA will run in
LADO 8OOa. Otharwi.e, rNA will 'LIST f.le layout••

<2> Chan9. currant vorkin9 path. Default, pcevioua path.
IInput vorkin9 path n...1 - if enterad n... i. invalid, the workin9 path will reaain tha .... by
default.

<3> aaekup antir. workin9 path.
Ilnput aource path n...1 • invalid lnput will cancel an •••cution.
IInput d.atination path n...1 - invalid input will cancel an execution.

<4> Exit to DOS • return to the path d•• ignated in YNA.6AT file eparent to rNA dir.ctory~.

2.1.2 FLIST

If ona or aore fila. ar. li.ted in ~TER.kRR lile, the file layout liat will be pr••entad in hierarchical
order. «<.oraal ac Folder Pile. with File-in-Field 'il•• «Iatantian Pilaa with Pile-in-Field Filea < Child
Filaa or 'ak. Filea with File-in-Pield Pilea»»». Inforaatian about the file t~at left eoluan,. Fila Label,
'ile o..eription, nuaber at the file, fila type.

<BIft'at> <x> <Jib

<ENTER> Mill open hi9hli9hted lile ••• Rain 'ile. If "le Label .·SPARZ LAYOUT·, than PNA will run in LADP
aoda far thia file nulObar.

<I> bit to POI.
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, ie. 2.1. nIft di.play

2.1.3 FSEARCH

Open ~h. choaan file •• a Main Pile. Failure to find will g~v. -.0 RATeR POU"D- .....9•. In thi. ca•• , pr••• any
bQ~ton ~o return to the ca.aand input level.

IInput ••arch fill labell - rNA •••• input •• a requ••t to~ ~ild cald .aarch. To .kip input, <ENTER>, and rNA
will liat all fil•• in Pil•• Window lR the L.ft .e~••n cornp.r.

<ENTER> Vill ~n highlighted file ••• H.~n Pile.

<BAA> ••xt level.

(NEXTI IPREVIOUS) <BAR>

(NEXT) Li.t of fil•• to .croll down.

I PUVIVIlIiI Liot of f n •• to .croll "p.

<BAR> C.ncel PSKARCB.
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2.1.4 'DELETE

Will delete Main rile end ell &xten.1on Fil••. If Ma~.· Pil_ i. of & Folder Type, .~l rak. Fll•• corr••pondinq to
the Folder File r.cocd. vill be del.t.d. Conti~tion r_qulred, pr••• <Y> to pcoceed and any other button to
cancel.

2.1.5 reoPI

(TO KAIM PlLa) [PROM MAl" P.] (DXP PORHAT) [CANCIL] <BAR>

(TO MAIM r~LBJ Copy to Nain F1I. fr~ oth.r rNA fil., u.ing FSKARCB l.v.l. If ••cond party fill i. tho Nain
Pil., then ·~'T copr TO ITSELF· .....g••~pe.r•• If HASTER.ARR cont.ln. only one fil., thin ·ONLY ONI rILl
DESIGNATEU" .....g••ppear•• It ••cond party fill i • .-pty, then "OUTPUT PILI IS EKPrT." .....g. appear•• If
input fila i • ..pty .nd cho••n coping .tyl. i. COKPARE, COUNTER or TOTALS, then you .hould g.t "INPUT rILE IS
BKPTYI· ....ag••

[OVIRLAY) [APPENDIX) [COMPARE} (COUNTSR) [TOTALS] <BAR>

[OVIRLAY) Copy ·ON" fi.ld. froa d•• ignated fi.ld. of output fill to d••ign.tad fi.ld. of input file.

[APPIBDIX) Copy "ON· fL.ld. frae d••ign.tad field. of output fill .nd .ppend. th.. to d••ignatad
fi.ld. of input file.

[COMPARE) copy ·ON· fi.ld. und.r condition, that R.fe••ncad ri.ld. of input. output file. ar.
identical.

(COUMT&Rl C~nt n~~r 01 ·OM- fi.ld. under condition, th.t a.fereneed Field. of input' output
fil••••• id.ntical.
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(TOTALs 1 Count tot.l. of ·ON· f .l.elda under condltlon, that Hef .[enead YIeld. of lnput , output 111 ••
ara identlc.l.

(ON) Activate ••lected fleld.

(OFF) oe.act~v.t•••lecled fIeld.

(&EUECT) (COpy 1 (CANcELj <BAR>

(SELECT J Select f leId·. value arld cond1 t 1011 foe output f i 1• .recorde •• leetton.

IRZSET) (oj 101 1<) «-J (>1 [>01 <BAA>

,_) R.l.~.nc.d value and field'. value of thie record ha. to u. equal.

1<>1 - haa ~o be unequal.

[<J Rafecenced value ha. to be 1••• than field'. value.

[<.) - ha. to be 1••• or equal.

(>-1 - h•• to b••oce or equal.

<BAR> Return to the •• l.cltun.

lC()P~) Copy tllee 1lI1t.hout .elect1nq Cortd~tlon•.

{CANCEL I Cancel rcoP! • qu to the command lnput l.v.l~

<BAR> • (SELECTI

(FROM MIN r.} Copi•• tl~ the Main FIle to other FHA fI.le C••• (TO MAIN PILE)).

(.DXF FORMAT) Copy to (fcoa, Main Fil. froa (to) DXY fo~.t fila. If yo~ are uainq AutaCADt to input DXF file in
CAD drawin9, u•• DlrI~ c~.nd. To Cl.a~e PXY f11e from CAD dravLng, ua. DXrOUT c~nd.

IInput file n...1 File could be located in any valid path (defaults current workin9 pathJ.

(TO DxT] IPRO" DXPj (CAMELI You •• 11 be aaked to Ilnput layer n..e/; entl~lea rela~ed to
o~her than apacified layer will be ignored. If file 'a of e Block Type, tben Ilnput acale factor/ for
attribute te.~ acaling.

(TO 0171 If file i. of • Block Type, aalact at~ributea ~hrouqh Fielda Window. <LAR. <BAR.
to finiah eelection.

with

color.

[PROM Dill If file i. of a alock Type, ~hen attributea of valid block. will reaide in field.
Pield Labala - At~ribu~e Tag.

(CANCEL I Re.~art FeOPY

-(TEXT FJLEI (CRAPKIC& PILE] (CAnCEL) <BAR> - optional for Gen~ric Typa Filea.

(TEXT PILEI Wr,ta recoeda a. a ~axt in 01' file, uaing MO.OTXT text atyl., 0.125 ~.xt hiqh~

and 0.25 .pace betwe.n text lin••• Te.t VIiI be written on .tandard 118 • 8.SW ,i•• , atartin9
froa ~op lef~ ahe.t cornec. If bl9 enough, text will be written beyound ,h••t ii.ita.

(CRAP.ICS PILEl Write recorda •• l,ne enti~iea In DIP file. Iou will be aeked to define (1

PIELDI. [I-PIELD) and >[I-FIELD). Line. will belong to defined layer and have 'YLAYER



<BAR> • (TEXT FILE).

<;1INl> • (TO KAlil 'lUll

2 •1. 6 FPRINT

If Main rile ie .-pty, you will q.t -PILY. IS EMPTY." •••••y•. Px••• any button to return to the c~.hd illPU~

level. If: FHA h•• current GRAPHICS .ode And eCt ••n doe. nut l"equll8 ceqeneTation. FHA will print a.lu.t.lnq

qcaph.l.c eCE.eu. If pr.Lnter 1.. ott. then rPklllT "'loll 1.t.'1£1I tl1 the c;ua..mand ~rlput level.

(PR.INT ALL) 'X1.nt 1).1. h••der and .11 recoed••

lNOR.KALJ (UNDERLINEDJ "urad_ellned· O(ltLOll put. cQHllnuo~. 1.1ne betw.en .ach cow 1n • tabl ••

IPR1lITER I [!'lUll

(PkIIITER] Copy file 011 LP'Tl cpcl.nta.n.

IPJLE) Copy (append, FNA 111. on ASCII text tile tor wordp~oc••• in9 purpo•••.

IInput flle u&JQe: I .'l.lenaAe 1& .et to ·'.:I\TtMP~TXT· by drtalJlt.

(CAN~ELI return to the cae-and .I.nput level.

-(CLU5TER) Valid only it eluater axiat •. Pxint ••lected x.corda.

<aAA> • I PRINT ALL]

2.1. 7 FEXIT

IBIIT) (ENVIRONMENT) (CANCEL] <BAR>

(IXIT) If • Child File exi.ta t rHA will open it. Otherwi••, you will be retu~ned to PLIST level.

(ENVIRONMENT\ If ao•• than on. of the l.at.d below 1.1. type••xi.t. yo~ viII be ••ked, vhich on. to open. It
only one exiat., FNA will open it ••• default. If thee. are no Enviconaent Pil•• , ,au will &eceive ......g.
"NO PILE ENVIRONMENT,",

-(CHILDJ Open Child File ••• M&1n File.

-(PAREMTJ Open Parent File ••• H_in File •

• lPRaVI0USJ aeturn to the previou.ly opened fil •.

-[I"-rIELDj Open on. of the Pile-in-Yi.ld Pile ••• M_in File.

(CANCBLI return to the c~nd input level.

<BAR> • I BIIT)

2.2 RECORD RELA'lED COMMAJfDS

2.2.1 RLIST

Text Mode

It Main Pile i. -.ptJ. thon "'ILE IS BMPTTI" .....9. will oppe.r. If Main rile ba••t l.o.t one r.cord, .cr••n
wi.l ohow liot of record. in • hort.ont.l l.yout, on. lin. per on. r.card, with til. h.ader on top at the
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lex••n. If Main Pil. ha. Ext.ntion Tilel, u•• lett and riqht c~r.or. to ••• Ext.n~ion rile record•• u•• up and
down cur.oc. to hi9hlight cu~c.nt (MalO 1 r.cord and <ENTER> it to get v.rti~.l l.fout of the ~in Record.
Vertical layout will qive you rNA h••der on top of the ace ••n, fll. h.ader. hocicontal layout of Main R.co~d,

li.t 01 Fi.ld Label. and L.lat.d field v.lu~' ~n vertical order, the Main Recocd nu~.~ and total Ilu~r of
record•. Pr••• any button to r.t~~n to RLlST l.vel. <ENTER> to return to the o~.nd inpu~ lev.l.

IROOM ITASK/ACTIVlty IAREA IPERIMEtEIHEIGHT ICAUlty 11111

Graphics Mode

'(X-FIELD) II-FIELD) 'II-FIELD) Valid only for Ceneric TYpe filea. For oth.r typea, F"A will .kip thi. input.
Onc. dafined, thia coordinat. aatting r...ina the ..... until anoth.r F"A file will be opened a. a Main. or aode
will be changed.

(I.PIELDJ Set thi. field a. a borisontal Icr••n coordinat•.

If-PIELDI S.t thi. fi.ld a. a vertical .cre'n coordinate.

'(I-PIILD) ••t thi. fi.ld a. a third dx.ention coordinate. Siqnificant only for reoPI I.DaF PORKhT) (GRAPHICS
PILI), I' I-FIELD i. not defined. all entiti.e l.y in (1.0\ plana.

roc 2D and 3D Ty~ file., .ach ~.cord repr•••nt•• line. 'or Black Type fil•• , .ach record repr•••nta a block.
'inee Pal doea .~t have an ~nto.-ation about each particular block. blocka will be aub.tituted by ...11 circlea.
Chcle ce"tar coordinate. corre.pond to the block ina.ctio" poi"t. Por ceneric: TYpe fU.a. _ch record .tand.
fDr the point, and all point. are connected by the 11n•• in the r.cord nuabara .equ.nce. Por all file type.. the
targ.t i. a circle. placed Dn the a1ddle of curr.nt entity. Uae up and down curaor' to highlight naeded entity.
c&WTKR> to 9~t vertical layout of current (H.in~ record ( ••• Text Mode).
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Pic. 2.4. Ver~'cal L&y~~ ot b1gh119h~ed record .hown &bov.



Pic. 2.6. Block Type, Craphic. Hod•. r~xtur•• tar tn••~. bUlldinq plan. POlnter (bigger c1rcle) c_ntered
around the fir.t record

2.2.2 RSEARCB

(PICK RECORD) (FROM••• TO) (SELECT) (CANCEL) o(KFER TO FILE)

(NEXT] Pick the next .ecord.

(CANCEL] Return to the RSIlARCB leveL

[EXIT) R_tucn to the c~.nd input level.

cllflIb - (liEU]

[PROM•••TO) Select record. for elu.ter between cko.en record ft~re.

IInput fir.t record .1 Valid if ••ioto.

IInput la.t record " Valid if higker thon firot record nuaber and Ie•• or .qual than l ••t file record
nuaber.

ISELECTJ Set fi.ld·. valu•• and cond~tion. for file record••• lectlon.

<EIlTEIl> <BAR>

<aKTWR> Get field foe ••tting value and condition for record

(USET) (-) (0] 1<1 le-] (» [,.-) <BAR> (lee PCOPY [BILICTI).

IKIITI IcaacaLI eBAR>

J7 - APPENDIX B

.election.



(CANCaLj Return to the c~nd .lnput level,

-(araA To PILE) Val.ld only ~f the Cluetec e.l.ta. Convect •• lect.d lecord. inlo the Kaln P1I••

2.2.3 RADD

Add record to Main Pile.

<.I!JlTl:R> <BAR>

(~EYBOARDI (FILEj <BAR>

I~TBOARDI Bnte~ t.eld'. value trOD the keyboard.

(rILSJ Enter field'. value 11um othe.: rNA f~l•. Chou•• t.l 1. tOl: dat.a .xpart tcoel "il•• Window. Ll.t of
record. will .ppe.~ at the l.ft ICI••n cornec. To trallater data t.o the cu~r.nt ,Main) xecord, h19hl~9ht

record in Record Nindow .nd <ENTER~ <ENTER> It.

<INTBR> <CURSOR UP> <CURSOR OOWN~

<INTER> To chao•• the output record ~n tha Record. Window.

the

<BAR>

<B:nER> Tranafer data (hiqhl.i.qhted laft f1..ld in th. window) 1;.0 the cu.rl'ent fi.ld of
current record of Main Fila.

<BAR>

[LEFT) (RIGHT) <BAIl>

(LEFT] Mov. current f1.eld of export file to ~he lett..

[RIGHT} Kave c~rr.n~ field ot ••port file to th. ri9ht.

<BAR> Cancel IPlLEl .nd ceturn to RADD level.

<CURSOR UP> Li.t of the r.corda to acroll up.

<CURSOR DOWN> Liat of the record. to .croll down.

<BAR> • [UYBOARDI

[SAVEl (CANCBLI (EXITI .[FIRST) '(LAST) '[PREVIOUS) >[NEXT) >[ADO) >[EXTENSION) <BAA>

(SAVII S.v. current record •• l~.tod.

tCAMCKLl Cancel change. for the current (Main, record.

[EXIT) ..tu~n to the ca.aand .nput level.

·(rIRST) Set the lir.t record ••• current (Main) record.

e[LAST] set tne l ••t record al • current ("lin) record.

-(PRBVIOUI) Set the previou. record ••• c~rr.nt (Main~ record.

'(ADD) add • nev ~eco~d to the Main File.
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-(EXT!;NSIOHI V.l ... d 1f at l •• at uno ExtenelLoH Y.lle ealat •. Set neat .!ateual0Jl "11e ••• current

fll. to 11et.

<&AR> - 111et uultun.

2.2.4 RCIIAlCGE

2.2.5 RDELETE

lPICJC. RECoH..L> 1 P1.ck recold to d.l.t.-, hom the eel.en. It ".in "lie 11 Foldec Type, fll_ IepT••ented

by thle record will be .Lao deleled.

[EXIT) Retl.lltl to the cUIWI\and in~\Ot .!.evel .

• {CLUSTERJ ValId If eluate' eXl.te.

cllAR> - {P :.CJ( RECOR.!J J

2.2.6 RCOP'!

Copy one record on anuther recold. InvalId, when -NUH.HER OF RECORDS LESS TIUUi 2-.

IPIC~ RECORD) (EIITI ·ICLU6TERJ <BAR>

(PICK RECORD) Pick record to copy frCAI and record t.o copy .an. [IXIT} to exit frOllll ReaPY.

[EXIT) Return to the ca.-and lnput level.

/lnput Ih1.tt -(uP) .cdrl) fCUIt1 11.1at recordl If Ih1.ft _ 0 then PHA ."ill return RCOPT level.

2 . 2 •7 RREPLACE

Swap record. polltion w1.thin the HaUl File. Invalid, when -NUMBER OF RBCORDS LESS THAll 1-.

[PICK RBCORDI IEIIT) • (CLUSTER] <DAR>

(PIC~ RECORD I Pick record. to awap from the ecre.n. lEXJTJ to IXJt fr~ RRBPLACI.

(EXIT] Return to the caa.and l.nput leveL •

• (CLUSTERI V.l1.d ~f the Cluater .x~.t•• R.~crd. ~lll be r.placed, one by one, by the record. with

(curr.rat record' .. ah1.1t) record n~m!)ec.

IJnp~t ehifl -(UP) +Idn) trom ~ cit record I

<1IIUl> • I PICK RECORD)

2.2.8 RPRIHT

Print current (r.cQrd in v.rtical layout - Field Label. on the left, fi.ld value. on 1n the .iddl. and Field

Attribut•• on the riqht.

(PRINTIRI (PILE) (CANCEL) <BAR>
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(PRINTER) Copy '.':U1U 011 LV1'l \lJ111\tOl).

l'I1.£j Cupy I apP-'H,J I IOCOLd Ull ASCll text tJ.l~.

{CANCf:Lj Retuln tu t.he t:OI'l~ali\J llll-'U'.. f·'.· .. ~.

<BAR> - lVWINTERJ

2.3 LAYOUT RELATED COMMANDS

2.3.1 LADD

First level input file parameters.

IrlLE LABELl ,rILE UESCRJPTIUNJ (PROGRAM FILE) (CHILO YI~EI IPAREHT PI~J (EXTENSION TILE) ITILE TYPE) <8AM>

IrILI: LA.BELJ M.ax. lentjth 1. 16 chAZ'ac .,•• Value l' .1qlufH.:ant fur file ••arch and •• l.c\.iona

IInpu~ file labell

{PR.OGRAM FILE] Input prograa nu-.ber to he permallently cOllnected to tho rNA t.lle. ~1.1ql.bL. praq1"aJIl, n... 1.
<pro9raa '>aDAS, where <proqcam ., 1. any lnteqeI. pzogram ha. tu eXl.t in the Worklnq Path and to comply WIth
PNA requira.ant. le.a P&DIT).

/Input pcoqr.. number I

(CHILO "ILEl Input Ch.l.ld I'll. [Fake '11e fOl' Jo'ohhu Fll. and allY t.vpe fil. for Morsal Type) ••• child proc••••

u•• r~l•• Wlnduw.

(PAA.EHT FIUI Input Parent f'1.le (FtJldel File for Fake File and .nf tYIlO file for "c..... l Type) a •• parent
prac•••. V.e Pil•• Wl0dow.

(EXTEHSJOIt rIU) Input EJtten.ion Flio •• a parallel exten.l.on of the cUIrenl fil •• You could chain up to 10
fll•• (10 X 10 • IOC field.) in one chaIn ••Xlmum, Teat of the chain wlll be lqnor~. Each file - ext.nlion ha.
to cal"Cy n_ ot the next file-e.tenlJ.on. In .0000e c •••• (uncOIIlp.llble tlie typeal extenaion vill be canceled a

u•• ril•• Window.

(rILE TYPE)

(NORMAL) I FOLDER) [FAKF.J

(NORMALJ Any fil., which 1. not a Foldar and not a Fake Type.

lFOLDER] 1•• fil., where .ach ~.cord ropro••nt. and open. another file (Fake Type and Child ril.
for Fold.r Fil.,.

(FAKE) Thi. iayou~ i ••ha.ad by a f ... ,y of fil•• , phi••cally writt.n .nto .~c dir.ctory (directory
n... i. thi. file nuMber, ehovn ~n FLISTl. Ivery f~l. (roa thi. dirMctcry i. repr•••nted ~y the

••cord of the Fold•• rile (and P.r.nt rile fo. thi. rake 'il.,. All file aan.9a..nt will be don. theu
tho FNA autaaat.cally.

<1IAIl>

(SAVEl [NEXT) ICANCK~1 <BAA.

(SAVII Co ~o tha ••cond LAPO '.v.l.

I••rr) R.turn to the f'r.t LAUD lev.l.
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(CANCEL I a.turn to the c~nd Lnput lev.l. All change. to r •••t.

<lIAR> • (SAVE j

Second level input fields parameters.

IFI£LO LABELl IPIELV OESCRIPTIONJ (OATA EXPOHTJ {YIELD TYPfJ (FIELD LENGTH] (PRINT LENGTH) ICOLUMN (data
.xpoc~)l {STY~ ldat•••port.J ~aAR>

I Inp.t h.ld hbell

(FlaW OES':RIP'nONJ Max. len<.jth

IInt'lit Ileld d.ecl1ptlolll

([lATA EXPORT) Select the !.de all ,. rll~"lIl-I'Leld "Lle to e'apQlt lte data to the curcent fIeld. u.s Fl1•• WIndow.

(FIELD 'CYPE]

I INTEGER) Fl..1d'. data to be .aved .1 all Int.qec (whule numb.r,. Field lAnCjth "'8 2 byt•••

(SINGLE PREC,) Fi.ld·. data to b•••v.d with .J.ng1. pr.cl.lon. rield Lenqth 1. If, byte•.

(DOUBLE PREC.) Fl.eld'. data to be ••ved WIth double pr.clilon. Fi.ld Lenqth 18 byt•••

(_RECORD .] F1eld'. value II equel to record number of the record. Yield', Len9th i. 2 byt•••

~8AR> • (STRING]

[FIELD LENGTH) Set a.toeatically, if P•• ld Type •• other than a Strinq.

Ilnput field len9th, byte.: I "In. number 1. a 7810 tit ••k.1 ...en•• it current field contain. rile-in
r ... eld rile (data export), and all fleld'. dala 1. read from thl. file). Max. nuaber of byt•• ia 62.

(PRINT LENGTH) I. a length (nuNter of (;haraL'ter.» 1fl whLch current fIeld "1.11 be eabedded for ii.ting' in •
hor1aontal layout.. 6u. of all Print Lenqtha I\ot to exc••d .9 character •• Curr.nt Print t..nqth available for .t.
input l••hown i.n the rlqht corutH of the .eleen.

lCOLU"" 'data export)) Chao.e • field (column) of the YJ.le-J.n-.ield Fl1e, troa ~hich • data h•• to be exported.

(STYLa (data ••port») FNA tre.t. ticat fJ.Ild of the current file •• the firlt aatereneed Pield. That i. why FNA
iqnorea anr data export in tha firat field of tb. Main Fil. (exept for the (OVERLAY] and [APPEMDIX)I. If currant
file i. open~ ••• Main rile and date export defined, rNA will try to ..ten bet...n the firat Field Label of

tha Nain Fila and any of the F.eld Labala of the Fil.-in-Field File aa the aecond Referenced FIeld. Fallar to
aatch viII t.rainat. data export for currant field.

(OVERLAY] [APPENDIX) (COMPARE] (COUNTER) (TOTALS] <BAR>

(OVERLAY] Copy data fraa F.le-.n-Fleld P.l. (ffaa (COLUMN) field) to the Main File (current fi.ldl.
r.cord nw.ber r ...in. the .a.e.

[APPENDIX] S... aa (OVERLAY I. but appenda data to the Ma.n Fila.

(COMPARE) Ca.pare Raferenced Pielde data of FIP and Main fil.e and copi.a data fra. (COLUMN]
field to the current field if a aatch .a found.

[COUWTIR) ca.pare Raferenced Pialde data of FIF and kain fllaa end count total nuaber of PIr
record....tcbed with Main Pile record. a.ye re.ult in the current field.

(TOTALS) Ca.pare Referenced Fielda deta of FIF and Main filea and awa the data fra. [COLUMN)
field if ...~ch i. found. a.ve r.eult in the current fi.ld.

dlAlb • (OVERU.YI



tilEXi' FlEW) Next fJeJ.d to Input.

[SAVE RESULT) Save J.npul Ln the Ha.tee 1"11. and 1.~1lC"h cure.llt fJ,1 ••a a Maln. If all. of the

Field Lengtha I.a eqlr.lal to ".£0, -ERROR. Fl)~E LEHCTIt EQUALS ZE:RO.- •••••CJ. wl11

.ppe.e~ <k~KR» to I.luen tu the ••cond LADo lev.i.

<BAR. - (NEXT rIELD)

2.3.2 LCIlAHGE

2.3.3 LDELETE

0-1et. til. layout. Aft.1 a.letl.on. FJ1. Label will be -SPARE LAYOUT-: the att••pt tu open thi. 111. _hall
retlr.lrn you to the LC~. level. Invalid if 11.1eta) related to thl. layout 1. nol d.leted.

(MAl" rILE) [SEARCH] (C-'CSLj

(KAIN PILE) H.Ln ~11e layout to delata.

(SEARCHj S.alch t .. le layuyl tu delete th.r:u the "1.1•• WL(ldO'll.

(C~ZL) Return to the ca.aand input l.v.l.

2.3.4 LCOPI

(MAIM ,II.!: J ISEARCH 1 (CAIICEL 1

I HAtH PILE) MaJ,n File layout tu copy"

(SEARCH) S••Lch flle layout to cupy thcu Ole 1'".11.a Wlndow.

(CANCEL) Raturn to the cOIIUIIoand input leve!.

2.3.5 LPRIIiT

print .ntire Nain Pile and Exteneion Fil•• (if any) layoutt_) •• it va. entered thru LADO/LC~ c~nd ( ...
LAIlO} •

2.3.6 LPRALL

2 .4 PROGRAM RELA~ED COMMAJIDS

2.4.1 B:lTIBP

QUick input thru a horilontal larout (print line and <ENTER~). Pick file frca the Fil._ Window; Fil. Label with
Fil. o._cription and Fi.ld·. Labal. with Field'. Separ.tor. will appe.r at the bottca of the .cr..n. Print
field'. data in pr~r .pac•• ; <&NTZR> to add new record at the .nd of the fil•• Invalid if the file i. IPARJ
LAYOUT or if the file i. a rake Type .nd ~h. Parent (Folder. ~i1. 1_ -.pty.

(I"PUT ••IT? <y>1



<Any athel button> I nput ileAL IecuIl!.

2.4.2 SORT

Sort MaIn '11. for- the chu••n fIeld ot any typ., Chou•• ttle f1etd troaa th. "Jelde W.lndO"l. Truh(;at•• ("ecold In.,

the MaIn Pl1. If cho•• n {l.id uf the reeotd 18 empty. lrJvalliJ lt -NUMBER OP KECOROS IS LESS THAll 2·.

2.4.3 TEXT

s.t PHA .od_ ... T•••. Hud•. Ttu.• 1. •• r", rnude lJ)' d.fault. "'aln rIle Jecoll.J. al. 11aled a. the t ••tual data l.n

buth verllcal and hUfl.ant.l l.ru~t•.

2.4.4 GRAPHICS

s.t FNA. .ooe a. a Gl"aphlCa Mode. MaIn 'lle r.cold. are ll.ted •• the textual data 10 vertIcal layout and •••
9raph in herL.ental layout. Graph differ. foe dIfferent file etyl•• z

A.. Text Style. r.qulre. lnput at I·fleld and Y-I1.eld. Each record lepr•••nt. a point whIch 1. connect.d WIth the

llne. to the next and pr.VIOU. recordlel (POLlitt.)).

8. 81ock. Style: the.e fll •• mu.t have the ·BLOC.... fleld, X-f1.1d a ..d y.tl.I<.1. FHA wll1 1.c09nlz. the Block Slyl.
1.1 the fl1. h•• the -8LOCl-, "Xl· " ·YI· Fl.ld'8 L.t;.l.; -A,HGLE· and -:n· Pleld·. Label. ac. uptlonal, Each
r.cord etanda tUJ a block, H..curda wl11 be 8howil •• the L'l.l<"'lee 810C. all blocka d.f1nll10ne ar. contaln.d In

AutoCAD fll.,a •.

C. 20 Striea Th••• fil •••u.t have the l-fl.1d and Y-f1.ld. P',.A ..-11l r.coqni •• 2D Slyle if the lile ha. the
·Xl·, ·Yl·, ·X2· • ·Y2- Pl.1d'. Lab.l •. Each I.COld atand. fur and will be pre.ented a. a lIn•.

Graph1C. Moda 1. lnvalld If all X-fl.hb uI/and y-t1.ld. of lh • .:urI.nt fl1. a.r. the .... (2D a.r •• J... r.CJr••••d
to the 1In.l. All E.ten.lon Type (oth.r than Maln) tl1•• are T.xt Slyl. Ill••. S•• RLlST.

2.4.5 PSEARCB

S••rch t.lle fll. Wl.th a ptoqraa .tta".-hed l ualny .'1..18. W1.rldov. <ENTER>- cho.en (.lle to attach it. pC09r.. to the
Main Pil•• If Maln Fl1e alr.oldy h•• a proqraa, It w1.11 be I.placed b} the ne. anea Valid only for the current
••••1on. If you want to conn.ct cho••n proqraa to the Maln Pl1. p-l-.n.ntly, U•• UC~ c~Dd. Invalid if
choa.n fl1. doe. not hay. a pr09r...ttached.

2.4.6 POD

Add a progr.. to the Main rile (valid only for the current. •••• 10n). All file. rra. the Workin9 P.th with .BAS
••ten.ion will be li.ted on the ecr••n. To attach, h1qhliqht file naae and <.NTER~... eure, tha~ the
hi9hlighted fil_ ca.plie. with rNA requlre••nt•.

2.4.7 PEDIT

Return to the a•• ie Iditor and edl~ •• l.tinq or cr.at. new prQ9C" for the Kain pil•. After editinq, .ave file

in ASCII fo~t in t.h. Working Path. Be .ure that len9th of your file, .-aunt of r •••rved -..ory for the
variabl•• and nuaber of n••ted loop. f~t In the BASIC •••ory 11.it•• To return to • ".A, RUK ·MKaU.IAS-. To
attach new pr09raa to the Main Fl1., 1.1 •• LCBAMGI cOGmand.

To ..k••ur. that you ar. not uelDg varlabl•• deflned by FNA, try var1abl•• with C,D,I,C,H,I,J,K,L,M and N
.tartin9 char.c~.r•• The li.t of rNA Yar~.bl•• that can be d.fined in '.000-.0'9 pCQ9r.. line••

SWPIO.l it initial calculation. and/or lnput 1. required. SWPIO.O to caneel/.kip.

SvPll.l if field. calculat.on. and/or .nput .a required 1n the event of the editing the Nain Pile recorda.
8..11-0 to canc.l/.kip.
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SWP12·J If t1..1d. c.Lcu.latl0n. and/ol 11<put ale JeliUlled at • t1•• 01 .xlt1nq trOll the Maln '11 •• SWPJ2_i./ to
("!lRc.l/.k1p,

SllIP14.1 J.t yuu ".nt t.o .que.c. cu.tom1ze(j d.L.~.L.Y l-,.. fw•• ,. iWI1"~.JIlt.l l..tyuu.t 11\ T.... t Mode ana v.rt.~.l layout.
5W'14.0 tu cancel/eklp,

To fini.h thl. pact. at the IJ£Dqla.. ell l. lYP1c&1 1ul .-1J. lJ",uqcaa ••g••nte., u•• Rrt'UMJI .t..t...nt. Li.et.ed bal10w
are ~h. ~in proqcaa ••~ent 11n•• ;

1380 L1n. tOL flald d.t. proc••• luq (tol ea., 11.1\" 11\:tIJ"'$ IU,l).STM.$ (VAL (R$ CO,1J).NASS, •• t the Ii.rat fleld
vAriabl. (IR$ CU.ll. equal to the ••cond (l.itl ".rl.-lIl. tlm•• :iKA:iS v.LJ••.

4UOO .. 409' Inll1.all ... tlol\ .

• lUO-4199 P10C••• lllq tiWP10.} 18ljuelil.

420U-t:l,9 proc••• IHq &WPll.} requ•• t.

4)00-4)" P,oc••• Jnq SWP12.1 ••q~•• t.
4400-4'" P£oc••~1n9 SWP1 •• 1 ~.qu••t.
4'00 line .u.t. to ••let foe CKAJ"1nq pUtpo•••.

Example:
R~ueet for i.nitial calcul.tion. 1. placed in lin.' 4000 CSWPIO-ll; c.lc~l.tion proc••• by it••lf d••c£tbed in
lin•• ' 4100-.1)0: .tub lin_"'OO 1. pc•••nt. Not. , l~&t all oth.~. SWPxx ar•••~ to ••ro.

1]10 RS (0,51-STR$ (VAL \R$ (O,l'I'VAL IRS ;0,41».11 VAL (R$ (O,5I,>VAL (R$ (0,6" THEN 11$ (O,7,.R$ (0,4) ELSE
R$ (O,7,_R$ 10,51

4000 SWP10_11SVPll.OaSWP}2.0rSWPlt.OaRETURH
4100 DATA f,~,.,lO.l,4,26,1),O,h,'J,J),O,l.,.ljO,.~,U

4101 ON EIUlOR GOTO 4110

4102 Fa.9zfP.40:GOSUB 1190IP8.}U:fF-l'.GOSU~ 11~U:FUK PI0~1 To ~y t2)/FHFLEH COJIFB.U:R.PJOlGOSUB
1~7U,X2$.U:YTS (RS (U,ll,INSTR ,R$ (0,11'- ',' "1-lllIt" X2$••• TIIEII X2$.· •

4105 FB-l0,10R R. L TO LOF \ L21/FlIFL.EN \IOIlWSUlI 1)70.IF LEFTS (RS (10.0), LEN (X2S)J .!.En$ (1I2$,LEN (R$ (10,0 II I

THEN 11$ lO,2i-LEFTS (RS \IU,II,)I'UOTO 4115
HLD NEXT P.

4112 FB-9.FOR II_I TO LOF (Ll)/FHFUH l'Jl<,;QSUIl 1)70.1F U:I"T$ (R$ (9,Ol.LEN \1I2$lJ.1.&"$ \X2S.1.E1I (R$ 19,0111
TJlZIl R$ (O,2/_Urr$ (R$ \9,1),1/1= 4115

411l ".lIT R
'1lS X.VAL fRS (O,IJ"l' 1<_l.S THEN X_U ELSE IF X<l.1 TKEH X.l ELSE X.2
'l~O JUSTOAZ 4100.Jl$.··.WII1I...& Urr$ 'k$ iU,;J),l)iC,)oLEtr$ ,1.$+- -,).,A..EAJJ I$,S (0),8 (IJ,& (lp"BND.R$ (O,.)_STR'

tB (Ill
un Fa-O'It.P10,GOSUB 1120

412 5 ...lIT PI°I Rl:TURll
tl)O IF ERR•• THEN .S (O •• ,.··.RESU~ t12} ELSE RESUME NEXT
4900 .•tub

SP2$ CUI~.nt Voxkin~ Path n... ;
IWPAa1 _1, if Cl~.t.r .aiet.., .g, if not;
SWPAR) .0, jf ecre.n regenecation ia required; .1, if not:
SWPAR. _0, .f Kain F.l••• at a T.xt Style with d.tlnad coordinate. I .1, it coordinat•• ar. not d.fined, -1.5,
it ....n Fil. i. of a Block Styla, .2, it -20 Style, _), it ·lD Style;
SWPAR5 i •• total nwaber of lil•• opened with the Main Pil. (-1, if Main ril. doe. not hay. an .xt.n.iont:
aw.~, _0, if the T.at Mode 1_ current, _I, If the Graphic. Mod. 1. cucc.nt;

P'MAI_ 1... cecord n~r of Main Pile within a H..tee Pil.;
PI i ... file nUJaber:' 1-0 for the Maln Pl.1. and 1<.'8<.' for the BJtteMLon ril•• )~

R i •• record nuabar within the Main Fll•• 1<.R<-LOr l21\FMFLEM (01, whel. LOF 121\PNFLEN 10) i •• total nuabar
of recocd••
RS (rlc.~ ie a field'. valu••• r8 ia • (i~. nwmber, X i •• fl.1d'. n~.o.r.

Liet. of aubroutln.a that can be u.ed fr~ the pro9r.. s

GOlUB 750 Row pointer.
Input. Pl-left ..r9in; Pl-r1ght ..r91ft; Pl-~~rrent lew n~r; P6-top ..rgin; P7-botta- ..rgin.
OUtput, P-row nuabet (vari•• fr~ 1 to 24, if <ENTER> and equal ••ro, if <1AR>'a

GOlUB 100 Button pointer.
Input. aWl-nuaber at tb. button••
OUtput. '-button nY8ber lv.ri•• fro- 1 to 8Wl, lt <ENTER> and equal ••ro, it <BAR».
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GaSUl 910 ln~t .h.ly~.r.

Irlpul; X$-detault. J.llput v.lue; .1S·(..-I..It:I.m~llt; ~Wl-lt1put .tyle \-1, ~1 oUl~n..\t J._ J.n u~p.rc••• let.t..i., -2,

.11 output 11 11l LOW.1C.... let.tet_, -i, it uut~ut 1. a IIUlIlell.l:al v.l .... /i 1'J-24; P .... l.tt p'.arq,ul; PS-ri9ht
"'[<jJ.n.

Output: l$-output value.
~US'J& 11'0 ~ln '1}. Launcher..

Inputl 'P-M•• tee F1J. record n~mbec.

Outpull" tile to open ••• "_In Fl1e,

GOSU8 1 J 70 Get record.
Input I Fa-f.1}. nuabec; k-recQI.Q nUau>et.

O~tputt k$ tFB,X)-t~.ld'. valu•• 110m F8 tl1e. R$ .1. all arr.y for X trom 0 to 9.
GOSUB 1~10 RecoE4 - nOli.ontal 1.yoQ~.

Inp~~1 ,a-fil. nuaber •••cord. ace 11.ted 1n • horlzont.l layout.
Output I k-r.cord nuaber.

COSU8 1"0 aecord - v.~t~c.l layout.
Input; ra-flle nuabec; R-record numb_'-. Record 1.. 111ted .1.(\ • vertlc.L Layout.
Output I acr••n.

COSU8 1720 Put t.co~d~

Input., rl!-file nu.wer: k-lecull,i lluRlJel; ~S (Fb,X,-J!eld'. value•.
Outp~tJ put I.cord ~n F8 f11e.

GOSU8 1770 M••••g•.

Inputr M$-m•••• ~. text.
Output; ~ENTER> to contlnue.

GOSU8 1820 Dr.'" button•.
Input. SW1-b~ttQn. nuab.~ (2<.SW1~.S); K$-button. t.~t IcenteEed fot .ach button).
Out.put., acr••n.

cosua 2100 Fil•• ' F~.ld. W~nuuw~

Inpu~! SV1-l tor the Pil •• Wlnduw; J2S-value to .e!ect (X2$.·· ~o 1iat all fil •• ). SWJ-2 fue the Fi.ld.
liJ.ndov; " ... H•• t.r pile z-.caca lIumber-.

Output!
For ~il•• W~ndowl PF-H•• ~.r '11. record number' YF tleld value. for FS_IO file nuaber. SW1.O, it

<8AJt>.

2.4.8 POFF

2.4.9 PPRIHT

P~int the at~aehed progr". If the pC09r.. i. not exilte , -.000 '.tub· and -.900 '.tub* will be li.ted •
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