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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 1solated 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 isclation philosophy, namely, the
doctrine of usefulness and necessity of a strong damping
mechanism, is turning out to be a self-deceptica, sometimes
even jeopardizing the safety of structures and discrediting
the very idea of seismic igolation., 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 of practical implementations, the common concept
of seismic isolation is resting primarily on two pillars:
flexible mounting and energy dissipation [1], 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
[2). 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 ot
the vibration isolation technigque 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)
1s several times greater than the period of the fixed-base
structure. The more the difference, the better the isola-
tion, and vice versa. By decreasaing the actual ratio of the
base-isclated 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
0.1lg 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 con a spring and a viscous damper, experien-
ces two principally different stages of steady state res-
ponse while successively undergoing harmonic excitation with
varying relative frequencies = w / 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 < ﬁ <
. there is no isolation effect at all. In the range of
ﬁ >¥2 the damper's contributicon is negative.

However, the monograph [4] is not probably the most read
book by the base isclation researchers and engineers.

Of the total amount of 53 papers included into the "Barth-
guake Spectra® 6(2)1990 and Proceedings ATC-17-1, Vol.1l

and devoted to the seismic isolation, which contain 532 re-
ferences altogether, only one [5] alludes to the monograph
[4), and that one, unfortunately, misrepresents the damping
coefficient of viscous model by alleging that the energy
losg is dependent upon the system fundamental frequency in-
stead of the freguency of excitation (which is actually
truej.

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 systems. Those Re-
quirements with some amendments were included in the UBC-9%1
[{8) as an Appendix, and now, using the same terminology,
they "contaminate® the whole field of seismic iscolation 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 isoclators do not provide enough flexi-
pility. Damping is just intended to shield this particular
range. When allowable displacements of a atructure 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 Leaen achieved (strictly speaking,
it looks like nobody believes that this could be avoided:
parameter Ry,j; in the Regulations [B] 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 resictance 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 earthgquake. 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 1l-1). The
masg 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 ™= 9%/w (effective

peak ground velocity per Figure 1-1. Mass-damper system
UBC-91), the velocity- without restoring mechanism.
related resistance Fgq

being proportioned to the weight W could be written as
follows:

FQ/W = 2 g wipax/g = 2¢ 2 (1.01)
The same results will be received for a hysteretic damper:
Fq/W = 2€ kvpax/mg = 2§ Z (1.02)

Assuming equivalent viscous damping ratio = (0.4 as in the
case of Super Plastic Rubber [9] and 2 = 0.4, obtain:

Fg/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 locads are applied not in the points of lumped
mass concentration but in the planes of contact between the
Btructure and the scil. 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. This fenomenon is not obvious
if we use the kind of analysis which is usually employed in
earthquake engineering due to itas 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 impertance. 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.

10 Report.



SECTION 2

FRESHE APPROACH

This section will present a new concept of damping-
independent seismic isolation engaqing 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 reguirements:

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 isolaticn
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 isclation which meets those require-
ments was described in [l11, 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 traditicnal 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
piate both at any wind and minor earthguakes. When magnitude
of the earth movement exceedes a certain threshold, the ball
gete out of the depression and any transfer of horizontal
movement to the superstructure considerably decreases.

To confine the base shear by an acceptable level, the upper
surface of the pedestal plate is shaped as a combination of
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 desgign pro-
vides multi-step non-de-
structive softening the
system thus protecting it

against resonant amplifi- A ¢ F~F
cation. v

Figure 2-2. Fragment of a
Pushing mechanism of a multi-curved pedestal plate
*sliding pendulum" iso- with balls in critical posi-
lator consists of two tions.

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, ite friction characteristic is of primary importance.
It controls the corresponding radius of cuvature R to
satisfy the following controversial criteria:

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 E
that sliding pendulum de-

flected at distance d

will return exactly to its

“zero point" without any

overshoot if the friction

coefficial equals to the -~
following expression:

U Figure 2-3, Force diagram.
- d 2
¢ -V - (T)
x /4 (2.01)
arc sin \—)
R
For example: when R = 100 cm and d = 5 cm, 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
Candle Bearing ({patented now) which is depicted in Figure
2-4 (positions 2 and 3).

ol T e ]
AP YA St

£=.10 £=.025 !
| k=50 cm ' i
2 3 a

R,=50 cm, R,=100cm, R,=200cm

Figure 2-4. Scome 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.

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

The satic load-deflection curves for different embodiments
of the Shock Evader can be easily obtained without any
specific tests: this technclogy makes it possible to create
igolators with preset properties by merely changing their
working surface configquration. 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 Califcornia
Museum of Science and Industry (Los Angeles). 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 Evader!M: inside view

Photo in Figure 2-7 shows the Shock Evader'®™ 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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Figure 2-7. Shock Evader'™ 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 firsi aired nation-
wide from Los Angeles on April 10, 1993.
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SECTION 3

ANALYTICAL MODELS

Analytical models and scolution algorythms will be
described in this section both for the fresh concept
and for some old ones.

Validation of the new approach is to be performed on a gene-
ric 1-D 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-
menta are direct and ingenuous criteria of the earthquake
imposed internal forces:

(3.01)

vhere, far a three-degree-
of-freedom system:

{M] = [M“ Ml} M|3
r0 0 m,
Mll = 0 m, ma

_mu m. T‘I'\JJ

0 0 m
Mo, =10 m, ma;
0

m=J

-e.

0 0 m

{ ’ Figure 3-1. One-dimentional

Mo =[0 0 m model of building seismically
0 0 ma isolated with Shock Evader.
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Total mass:
M = me+ym ¢« Mz

Gtar ifts: =
L y dIL tB- \'u: U\," ua VU'—_ u, - Uu VIJ‘ Uz - Wi

Vectors-derivatives of relative displacements:

0 0 Cu| Mo 0 K
[c] =10 Cor 0| [K] -0 Kor O
vl e 6 0

fgM|v o o | 2

Basic properties of sliding systems can be obtained from
the analysis of lateral excitation of structures on four
types of isolatours depicted in Fiqure 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 greater friction there. All variety of known makes of sli~-
ding bearings can be mathematically described by the same
relationships as the seismic isclators 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 aliding isolators is:
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Co = fgM[vg]~! (3.03)

where f is the friction coefficient which is 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 cones rather than to call the
last ones elastomeric, for example, which is common. Sa, for

F/W Ko/W

} (a) ? (b)

N\

—h—-Vo 1 F . \'o

(Vo)max (Vo) max

Figure 3-2. Force (a) and rigidity (b)
vs 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 - {vg)pax a8 follows:

F/W = (A/g) vg exp(-B\fvo) (3.04)
and

Ko/W = (A/g) exp(-B\vg) {3.05)

In all computational experiments of this report it was
assumed that

A=69,7; B=20,3; vg = [cm]
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Thus,

Ky = 69.7 exp{-0.3\/vo)n (3.06)
when 0 < vg < (Volmax = 37.5 cm
and Ko = 69.7 exp{-0.3 \V{vgipax}M (3.07)
when Vo > (Volmax = 37.5 om

Damping coefficient for a viscous type of shearing isola-
tors:

Co = 2go""'mo (3.08)

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

Veff = (Ug) peak
(uqlpeak (3.09)

where (ug)peak and (6g)peak are the peak ground displace-
ments and velocities preceeding the current instant of time.

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

cg = 2 ;oko[volfro] (3.10)

where v, and v, are the relative displacements and velo-
cities of the floor just above the isolators.

Interstory rigidity for all systems;
k = o&Am (3.11)
In computations for the current report it was assumed:
oL = 1500
Damping coefficient for all systems:

c = g>m (3.12)

Assumed in computatiocns:

_& = 1,233
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Geometry of the Shock Evadertm, investigated in this report,
is depicted in Fiqure 3-3.

R,
| le = > P
R, \ 4 gk
K 4
[ I
R | I
. ball 1 ] I |
' g}:}h.v b 'I | ! :
u— A S KLY " N E l[
g | O Vbl } v 1 i I
Tt | I
A 1
R | ot
—La l | l
3 4___]] v
SR |
> -

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

Here: r = Rball < R1 < R2 < R3 <R, < R. > R

4 5 f
When
0 <v_ < Vhall R = Rball
Y < v, < v1 R = Rl
Vi < vg < va R = R2
vy < v, < Va R= R3
vy < Vo < Va R = R4
Vg <V < Ve R = R5
Ve < vo < (v5 + Rf} R = Rf
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Assume: Ry = 0.16 M0-4;

R

3 200; R, = 400; R

4 5

b = MRpayy; vy = 2-55

ve = 40; v. + R, = 50,

5 £

Relative displacement of
gsecondary systems (equip-
ment ) :

vss = Ugg ~ ufl

Equation of motion for
secondary systems:

m__u +c v + k_ v
88 88 88 88 868 58

=-m (3.13)

ss’fl

Absolute floor acceleration

ﬁfl is to be found from the

equations of motion of the
building and applied to the

equipment (mass m e damp-
ing coefficient Cgg =

= Zg\’kssmaa , damping ratio

g = 0,02, equipment rigidity

Ry = 50; Ry = 100;

8Q0; = 10,

9 = 5; vy = 10; v, = 20;
Ug

4th ' —
! 8
' Ve Jei

m

3d e | 3
e
¢
M
o
Yy
i [
2nd [ N
| =)
y -]
' 3
I 0

ufl

|

1

Figure 3-4. Secondary
system model

kgg = 49T 2 Mgs/Tgs?, equipment natural period Tgg) -

Earthquake input can be executed in two ways:

1. Real time-history.

2. Imitational regime Cone*™ [19] per the following
formula for one-dimentional horizontal vibration:

22
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ug = at sin 2a-logb[(b-1)tbeo+l] (3.14)

where
(ﬁg)max
@7 \1 + (29r/In b)° (3.15)
b = Cu (3.16)
tl‘ - * + To
t, is a duration of the ground shaking, T0 is the ini-

tial and T, is the final (the largest) instantaneous pe-
riods.

Figure 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 T and T, (in this research it was assumed
that T0 = 0.03 sec and T, = 2.0 sec) are rung up in the
state of transient resonance. Besides, you have no need to
filter the "wrong" frequencies [20, 21], and any moment of
time here is assocliated 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/sec?.
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SECTION ¢

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 some
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 gqround
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:

l) 8ix different systems are compared simultaneously in
every experiment, namely: Fixed ("zero” isolation), AF&MS

(Shock Evadert®™ or AF&MS BI without a central depression),

AF&MS/CD (Shock EvadertM or AF&MS BI with a central depres-
gsion), Sliding (visualized here as a gravitational pedulum
system but actually representing any sliding model with a
permanent rigidity), Shear-vis (Shearing type isolation in-
corporating a viscous damping mechanism) and Shear-hys
{Shearing type isolation with a hysteretic damping mecha-
nism).

2) Three versions of story numbers can be viewed simulta-
neously in any experiment: one-storjied, four-storied and
sight-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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Characteristics of Standard Isolation Systems:

AF&MS BI and AFEMS BI/CD

Friction coefficient f = 0,025

Central depression ratio N = 2

Initial radius of vertical curvature VRAD! = 100 cm.

Slidin
Friction coefficient f£g5) = 0.05
Radius of vertical curvature VRAD = 50 cm (inversely pro-

porticnal to the friction couefficient: 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 con relative displacements
{drift) of the isolators which assumed to be restricted into
Reonf = 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 reascnably rigid
like those achieved with the help of the final radius of
vertical curvature in the AF&MS BI and AF&MS BI/CD.

Characteristics of Standard Input:

Imitational reqime Conelm
Duration t, = 15 sec

Smallest instantaneous pericd To = 0.03 sec
Largest instantaneous period T, = 2 sec
Maximum peak ground velocity UG'MAX = 40 cm/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 Cone'™ regimes with UG'MAX = 20 and 80 cm/sec have
been tried which represent the Substandard and Superstandard
intensities.

Deviation of "damping” parameters:

Fricticon coefficients £ = 0.01 and 0.05.

Initial radii of vertical curvature corresponding to the
above coefficients VRAD]1 = 200 and 100 cm.
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Friction coefficients for Sliding systems fg1 = 0.04
and 0.1.

Radius of vertical curvature for Sliding systems VRAD =
50 cm remains the same for all values of fg;.

Damping ratio for both types of Shearing isclators g =
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 (collapsej}.
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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 isoclators, 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 Evader!™ (AF&MS BI and AF&MS BI/CD) yields es-
sentially better mitigating effect than that of a conven-
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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 Evaderst®.

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 8-story structures on other types
of jsolators as well as the fixed ones will obviously coll-
apse at a Superstandard Earthquake (Figures #-9, 4-10, 4-
11y).
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Figure 4-12. Interstory drifts at Substandard Damping.
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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-
iwents with damping deviation. It is obvioua that for low
friction isolators Shock Evader the damping acts as a de-
tericrating 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.
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Figure 4-14. Interstory drifts at Superslandard 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
technclogy 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 the current Regulations
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Figure 4-15. Condensed 8-story structure responses
to a Standard Earthquake.
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{8} , 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. LIf you
compare the corresponding values from Figqure 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].

15.B8se0

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

0-floor, cne-story museum building, Superstandard Quake.
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Secondary systems in general [26, 27, 28] and those support-
ed on seismically isolated structures [29, 30Q] under some

circumstances are of the primary concern. Although floor re-
sponse spectra can be readily generated by the program SIPP

15,@sec

Figure 4-17. Acceleration time-history: AF&MS BI system,
0-floor, one-story museum building, Superstandard Quake.

(see Part II of the current report), for most of the practi-
cally rigid 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 0-floor acceleration time-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 BI
and AF&MS BI/CD) are apparently on the safe side (maximum
accelerations do not exceed 0.21g and 0.24g9 accordingly).
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Figure 4-18. Acceleration time-histories: AFEMS BI/CD
system (top) and Sliding system (bottom), G-floor,
one-story museum building, Superstandard Quake.
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15.@sec

Figure 4-19. Acceleration time-histories: Shear-viscous
system (top) and Shear-hysteretic system (bottom), 0-floor,
one-story museum building, Superstandard Quake.
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All the rest cannot promise anything except the desperately
large accelerations: 9.13g, 5.56q, 8,669 (that of the Fixed
system equals only 3.52q).

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

{-FIELD:
-AF&MS

-5.38¢nm

15.@8sec

Figure 4-20. Displacement time-history: AF&MS BI system,
0-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 guestion about the displacements' contribution.
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SECTION 5

THE REGULATIONS: WRONG WAY. SEVERE DAMAGE GUARANTEED

The recently adopted design provisions for base-isolated
buildings, the Regqulations [8] are not mandatory. However,
they are the only guidance for the code officials, and this
guidance is extremely misieading.

After years of base isclation euphoria, it is high time to
get to the bottom, and the bottom line is the Regulations
(81.

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 Fiqure 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 “iscla-
tors” in full compliance with said Requlations.

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-isclated
structure, which makes it impossible to address the Regula-
tions properly.

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

Conventional Seismically Isolated
Structure per UBC Structure per Regulations

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

greater than the pericd 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 requlations, The
best candidate to the last kind of structures will be the
retrofitted City Hall of Cakland, 18 stories high, with the
expected fundamental period, just before the isclators
yield, of 1.6-1.7 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 requirement imposing minimum obligations is apparently
intended to protect dear engineers rather than those damned
structures (who cares?).

3. There 1is neither criterium for effectiveness evaluation
of the new technology in comparison with non-isolated struc-
tures nor for comparison of different embodiments of hase
isclation.

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

4. The definition of the major design parameter design dis-
placement is void: “"Design displacement is the design-basis
earthquake 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 Vg [8].

5. The Regulations and the main body of the UBC are incompa-
tible.

Their formulas for base shear

V = ZICW/R, = 1.25 SZIW/T2/3R, (5.01)
and

Vg = KpaxD/Ryi = 10 KpaxINSiT;/BRyi (5.02)

contain S and S;, Ry and Ryi which stipulate differ-
ent values of the identical parameters under the same condi-
tions. Besides, the formula for Vg 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 us consider a parti-
cular building: tne Foothill Communities Law and Justice
Center (FCLJC) in Rancho Cucamonga, for instance, which is
the first base-isclated 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 S; = 1.4 (Soil proflle type 83)
R, = 8 and Ryj = 2.2 (Steel concentric-braced frame)

B=1.2; T

i

0.72 sec; Ty = 2 sec

Kmax = Kmin = 49t 2W/gTiZ = 0.0255 W
Establishing Effectiveness Factor (E.F.) as the ratio:

E.F. = V/Vg (5.03)
and using the relationships (5.01) and {5.02), obtain:
E.F. = 0.86 < 1

This mw2ans that according to the Regulaticons the seismic
isolation of the FCLJC is ineffective (?!}).

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 Iimportance 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 MDF system, even if the total masses of both sys-
tems are the same.

7. The factor B yields an erronecus conception of damping
in isclators as a mechanism inevitably lessening the base
shear.

To create base isolators damping~dependent or damping-free?
This is the Mother of 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 1Is utterly devaluated by
its principal guidellines.

It forbids the major design parameters, namely D and Vg,
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 cenventional 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 Ry; factor: the message contained in it

should 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, Fiqure 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, besides, the frequency
of test loading should correspond not to the isolated period
but to the instantaneous frequency of excitation.

The most agqravating 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 perfurmance testing in the future. It is es-
pecially discouraging due to the fact that none of the iso-
latozrs, incorporated into any existing structures or those
under construction, have ever been tested full-scale kinema-
tically up to the contemporary 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 Shear-hysteretic(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). The isclation 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 pedestal, as an element
of seismic isolation, was patented in the U.S. yet in 1927

{371. The new feature of FPS is the bearing itself copsict - --

ing of a double sliding hemisphere of a small rad:ius, which
is rotary supporting a hemispherical socket connected to a
superstructure (sliding mechanism #1), and is rotary suppor-
ted by a spherically-shaped pedestal plate of a much greater
radius (sliding mechanism #2). For satisfactory performance,
the friction force of the sliding mechanism #1 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 meant a failure of the isolator.

This can and will happen under considerable vertical loads:
an enormous stress concentration at the crown of the hemi-
sphere will inevitably lock the sliding mechanism #.1, and
the report on the corresponding experimental research,
promised in [38], will, hopefully, document this phencmenon.
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 & RECOMMENDATIONS

1. Damping mechanism of seismic isolators 1s 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 to
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 Requlations {8] does not
sibstitute for the lack of sense. The formulas there do not
p.ovide an adequate insight into the phenomencn of seismic
w«s8olation and create fanlse ideas about interrelations bet-
ween design parameters. Practically, the Requlations permit
indiscriminate use of isclation technology and are, there-
fore, a real and imminent threat to the building safety.
The work should be done anew.
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1. SEISMIC ISOLATION PRUOBE PROGRAMS (SIPP) DATABASE

All data giles are of random access type and fall i1nto one of the two CAYeQOriss: Folder Type FPiles ahd Fake
Type Filea; each Fake Type File i» repressnted by s single record in Fulder Type File. Thuugh the total number
of tiles is 33, moet of them ars linked togethar to create a mingla data block. Practically, you will ba deslang
with & Low main files: BUILDING DATA POLDER, EARTHQUARE DATA FOLDER fulde: filee and BUILDING DATA QUTPUT, SEC.
SYSTEN OUTPUT, FLOOR DATA OUTPUT and EARTHQUAKE DATA OUTFUT fake filaes. Nots, that GEEC. SYSTEM POLDER and PLOOR
DATA FOLDER files are extansions of BUILDING DATA POLDER lile because the output of each sxperiment goes into
the thres main blocks of ssissoqrame and sccalerogramse: {o:r mupsIstructure (BUILDING DATA OUTPUT), for sacandary
system (GEEC. BYSTEM OUTPUT) and for tha floor where the ewcondary system is placed {(PLOOR DATA OQUTPUT).
below ts the file layouts achedule listad i{n o:der of the output of FLIST mod LPRALL FNA commmnds,

Shown

1.1 BUILDING DATA FOLPER (BDF)

BUILDING DATA  +FOLDER Filel 1 Type:tolder FPigf O
- EXPERIMENT # - Eaperimeut numbsr, also a DU iecord nuabaer; set up automaticaily
- EZXPER. RIMARKS - Remarks
e rilef 2 Typaifolder Prgé 0
« UG' MAX - Paak velocity of ground displacement, |[cm/aec)
- MIN.FPERIOD - Initial period Gf ground displacement, [sec}
- MAK.PERIOD - max. pericd ol giound displacement. [sec)
= TOTAL TIMNE - Total earthquaks time, jsec)
- CALC./FILE - Plag, ses wectiun 2.1
- RIGIDITY - Rigidity of superatrusturs, [kg/fsec 2|
-~ DANPING - Damping cowfficient of superstructure, (ky/sec]
+ rllef 3 Typerfoldsr Prgf 0
- MASE-0 - Concentzated bLesement mams (U-level|, |ky]
- MASS=} - Sams, for thas 1st floor
- MASE-2 - Same, for the Ind floor
-~ MASE-3 - Sama, for the ird floor
= MABE-4 - Bame, for the 4th floor
- MASS-5 - Same, for the 53th floor
- MABS~-¢ - Bame, for the $th floor
-~ MASS-7 - Base, for the 7th floor
= MNASE-8 - Rame, foxr the 8th Lloor
e Pilef 14 Typaifoldar Prgf O
- EWP.? - Experiment number
- MATURAL PRICTION - Friction coafficient for AFiMS Eystem
- COBPF.-N - Cowfficient "N, ees {13} in section 2.3
= AFANS-REMARKRS - Remarks
+ rilal 13 Typeirtolder Prgl 0
- VRADL - First (smaliest) vertical radius of AFLMS System, [cm]
- VRADZ - 2nd vertical radius
- VRAD3 - Jrd vertical radiue
- VRAJU4 - 4th vertical radius
- VYRADS - 5th vestical radius
- VRADé - 6th vartical radius
- VRAD? - 7th vertical radiue
- VRADS - @th vertical radius
~ VRAD? - 9th vesrtical radjus
~ VRADIO - 10th vertical radius
« Filel 1§ Typeiloldsr Prgt¢ 0
« HRAD] - Pirst (smallest) vertical radius of AFiMS System, (cm]
- HBRADZ - Znd horisontal redius
- HRAD} - 3rd horisontal radius
- HRAD4 - 4th horizontal radius
- HRADS - 5th horizontal radius
- HRADS - €th horisontal radius
- HBRAD? - 7th horizontal redius
- HRADY - Sth horizontal radius
~ HRADS - 3th horisontal radiue
= HBRADIO -~ 10th horizontal radius
* vile$ 17 Type:folder Prgl 0
~ EXr.¢§ -~ EXperiment numbar
- MATURAL FRICTION - Friction coefficient for Sliding System
- RADIUS - Vartical Radius of Eliding sSyarem, jcm)
= BLIDING-REMARKS - Ramarks
+ Filel 180 Typetfolder Prgl ©

2 - BIPP DATABASE



- EIP.§ - Bapariment number
~ DAMPING RATIO ~ Damping 1atic fur Shear-viscoye and Sheai-Lysteiells systeas
-~ COEF.-A - Cosfficient A, asw {17} of section 2.3
- CORF.-B - Coetfliicient *B°, ses {iT7) of wsection 2.3
- SHEAR-REMARKS - Remarhs
* Filef 1% Type:folder Pigd 0
~ EXP.§ - Experiment nusber
~ PABE - Secondary system mass, {(ky|
- DAMPING RATIO - Damping rativ fot the seconsary system
- UFiOORE - Floor unumber, wheie the secondary syetes is placed
~ SEC.8YS.-REMARKS - Remarks
v rilef 20 Typesfoldar Prgl O
- EXP.d - Ewperimsnt number
= FLOOR-REMARRS - Remazha

1.2 BUILDING DATA OUTPUT

BUILODING DATA *OQUTPUT File# ¢« Typestsie Prgl &
= SYSTEM - Typs Of smismic i3olator
~ ABS.UC - Peax of absolute displacement for the basament, (cm]
= ABR.UI - Same, for the lut floor
- ABS.U2 - Sams, for ths 2nd floor
- ABS.V] - Sams, for the Y1d tloor
- ABS.U4 - Same, for the dth floor
~ ABE.US - Same, for the 5th floos
= AB3.Ué - Same, for the éth floor
- ABS.U? - Same, for ths 7th floor
-~ ABS.US - Same, for the 8th floox
* Piled 5 Typwifake Prgh O
- TIMB-UG - Timd Corresponding to peak of abs. displacemant for the basement, [mec)
= TIME-Ul -~ Sem#, for the isi floor
- TIME-uZ - Sams, for the 2nd floor
- TINE-U3I - Samé, foz the Jrd floor
~ TIME-U4 - Same, for the dth floor
- TIME-US - Same, for the 5tk floar
- TIME~YUé -~ Same, for the sth floor
-~ TIME-UT7 - Same, for the Tth floor
- TIME-U8 - Seme, for the 8th floox
« Pilef ¢ Typusfake Prgd ©
~ BYSTEK - Type of seismic isolator
= REL.VQ -~ Peek of relstive diaplacemant for the basement, [cm)
- REL.V1l - Sams, for ths lat floor
- REL.VZ? - Sams, for the 2nd floor
-~ REL.¥Y - Same, for tha ird fioor
- REL.V4 - SBams, for the 4th ficor
- REL.V} - Same, for the Sth tloor
~ REL.YE -~ Same, for the gth iloor
- REL.VJ - Same, for the 7th {loor
- REL.vE - Same, for the @th floor
+ vilsl 7 Typs:ifake Frgé 0
= TIAE-V0 - Time corresponding to peak of rel., displacemant for the basament, {wac)
~ TIKE-V] - Same, faor the iat floor
- TIME-V2 - Samm, for the 2nd floor
= TIME-¥3 - Same, for the Ird floar
~ TIME-V4 - Same, for the ath floor
-~ TINE-VS - Bame, for the 5th flcor
- TIMEB-Vé - sume, for the sth floor
~ TIME-V] - Bame, for ths 7th floor
- TIME-V§ - Bams, for the Sth floor
¢ Filef ¥ Typurfake Pigl 0
- #YSTXN . Typs of seismic isolator
= V0'* - Fesk of abaclute acceleration for the basement, [cm/sec 2]
- Yl'* - sams, for the lst floor
= U2'* - Same, for ths 2nd floax
-~ U3 c - pama, for tha 1rd floor
- U4 -~ Same, for the 4th floor

= US'* - Same, for the 5th flogr
- U%** =~ Bame, for the 6th Iloor
- Y7 - game, for the 7th floor

3 = BIPP DATABAEZ



e rilasp

« Piled 10

» rilef 11

oe-

-~ Same,

Type:faks Prqf 0
VO 'TIME - Time corresponding to psak of sbs. accelearation for the basemsat, [sec)

Vil''TIRE -~
U2' TIME -
U3 ‘TINE =
Ud' "TIME -
US'*TIME -
Ve *TIME -
T -TIRE -
usa' 'TINE -
Type: fake

Sane,
Same,
Sanae,
Samw,
Sams,
Same,
Sama,
Same,
Prgf ©

tor
Lor
for
for
for
for
for
[ £-14

the imt
the 2nd
tha Jrd
the 4th
the 5th
the &th
the Tth
tha 8th

for the 9th floos

flour
tlea:
floor
loar
flear
tloox
{loorx

ooy

¥ - Momentary values of ralative displavemants tur all supsrstructure flocrs, corrssponding
to peak value of relativae displacement for the bassment in fils §5. Mumsric dats
converted in the string #l7locie} * {lbytes)=3% chazactess long

v

- Same,
-~ Same,
-~ Gams,
- Same,
- Same,
- Bame,
- Same,
~ Same,

for the
for the
for the
tor the
for thas
for tha
for the
for the

Typeifaks Prgt O
V) - Nomentary values of ralativs velocities for all supsrstructure flooxs, corrmsponding

ta peak vyslus of
converted in

for th
for th
for th
for th
for th

for the

for th
tor th

Typeifake Pzgl ©
U - Homentary valuws of absolute displacemsnta far all superstructure floars, corresponding
to pesk valus of relative displacesent for the basement in file #6, Numaric data
converted in the etring 9{floara} « 4{bytes)»3§ charactesrs long

tor the
for the
for the
for the
for the

for the

for the
tac the

Typeifaks Prgd ©
UZ-UG ~ Homentary values Of abwolute acceleraticne for all syperstructure floore,
corrasponding tou pessk value of relative displacemsnt for the besument in file #6,
plus value of ground aheclute displacement . Numeric data converted in ths string
4{bytan] + 4{bytes)wi0 chazacters long

the lst floor
the ind floor
the jrd floor
the 4th floor
the 5th floor
tha §th floor
the 7th tloor
the 8th floar

Y[ floozs] =~
-UG - Same, for
=UC - Same, for
=g ~ SBame, for
-UGC - EBame, for
~UG = Same, for
UG - Same, for

~UC -~ Bame, for
~UG - Same, for

- Vil - Same,
- ¥l - Same,
- V1 - Same,
- Vvl - Sims,
- V1 - bpame,
= ¥l - Bame,
- Vi - famw,
- Vi - Sane,
« rilef 12
- U - Same,
- U - Sams,
= U = Same,
- U - Samas,
~ U « fame,
- U -~ Sama,
- U - Bames,
~ U - Same,
+ rilaf 13
- W
- w2
- Ui
- u2
- Uz
7
- uz
- U2
1.3 SEC.

S8YSTEM DATA FOLDER

the

lat
ind

floog
floor

3rd floor

4th
5th
éth
Tth

floor
flour
floor
flooxr

ath floor

e 2nd floor

3rd floor
4th floor

@ 5th floor

sth floor

e Tth floos

lat

gth floor

floor

2nd [loos
1rd floor
tth fleor
S5th floor

4th fluoz

7th floor
ath Iloorx

gea description in ssction l.1 (akove).
SEC. BIFIEN DATR¢FOLDER
£Xp.8
MASS
DAMPING RATIC
PLOORE

relative dieplacement for the bas
atring 9{floora) * 4|bytes}els cCharactera long
1st floor

ont an file #6. Numeric data

rile} 19 Type:foldar Pegt O
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- BEC,.BY3.-RERARKS

~ Filet 2% Typm:riclder Prgl ©
- EAP.}
- PLOOR-REMARKS

1.4 SEC. BYSTEM DATA OUTPUT

BEC. 8Y5. DATA +OUTPUT Tilewd 13 Type:fake Prgl 21
- PERIOD-T - Currant period, jsesc)
- U=FIKED - Peak of absolute displacement igxr Fixaed Syatem, [cm]
= U-AFLHS - Same, for APLMS System
- U-AFLMS/CD - Eame, Ior AF4MS/CD System
- U-SLIVING - Same, ftor 5liding Hyatsa
= U=SHEAR/V. - Same, ftor Shesr-viecgus System
- U-SHEMA/H. - Same, for Shear-hysteretic System
rilad 22 Type:taks Prgd ©
= TU=FIXED - Time corrsaponding ta peak ol abe. displacement tor Pixad System, [séec]
= TU-AFEMS - Same, for AF4HS Systen
- TU-AF&us/CcD - Sams, for AFLMS/CD Syesrem
= TU-SLIBING - Same, for Sliding Symtem
- TU-SHEAR/V. - Same, lor Shear-viscous Syatem
- TU-BHEAR/H. - SBame, for Bhear-hystaretic System
Piled 23 Typesiaks Pzgl D
- PERIOD-T - current pariod, [sac)
- VY-FIXED - Peak of rwlastive displacement fur Fixed System, [(cm)
- V-AFEHS - Suma, for AFLMS Syatmm
- V-AFPLME/CD - Same, for AFAMS/CD Bystem
-  Y-SLIDING - Same, [or Sliding System
- YV-BHEAR/V. - Same, for Shsar-viacous Systam
~ V-SHEAR/H. - Same, for Shear-hysteretic Syatam
Pile} 24 Typwilake Prof 0
- TV.FINED - Tim# corresponding to psak of rel. displacrement for Pixed system, [sec)
= TV-AFLME - Bsme, fOr AFUM5 Syetan
- TVY-ATEMS/CD - Bame, for AFEMS/CD System
« TV.ELIDING - fama, for Sliding System
= TV.SHEAR/V, - Same, for Bhear-viacous System
- TV-SUEMR/H. - Bame, [cor Shear-hysteretic System
rilef 25 Typerfake Prgé ¢
« PERIOD-T - Current period, [mec]
- U 'PIXED - Peak of ahscluts accsleration for Fixsed Systiem, [cm/sec”2)
-~ U'-AFAME - Bame, for AFANS System
= U+ AFEME/CD ~ Same, for AFEMS/CD Bymtem
- U''BLIDING - Same, for Eliding Syatam
- U‘'SHEAR/V. - Samw, for Bheaz-viscous System
- U'"SHEAR/N. - Same, for Shear-hyateretic Syatem
Plisd 26 Typaitaks Prgf ©
- TU'+FIXED - Time corresponding to peak of abs. accelerstion foz Fixed Syetem, [sec)
~ TU'*AFinS - Samw, for AFLiME Systam
~ TU''AF&MS/CD - Samw, far AFLRE/CD Systsm
- TU'*SLIDING - Sana, for Sliding Bystwm
- TU' SHEAR/V. - fame, for Shear-viscous System
-~ TU''BEEAR/H. - Sama, for Bhear-hysteretic System

v

1.5 FLOOR DATA FOLDER

Bea description in section 1.] (abovs|.

PLOOR DATA «FOLDER Yile# 20 Typwifolder Prgl O
- RiP.#
=  PLOOR-REMARLE

1.6 FLOOR DATA OUTPUT

FLOOK DATA =QUTHIT Filel 27 Type:fake Prgl O
= TINR - Qurrent time, [8ec]
- U~FIXEZD - Current abeolute displacemsnt fox Fixed System, for secondary eyetem level,
{lavel is FLOOR$ from file #19}, [cm)
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~ U-AFiMS - Same, for AF&ME Gysiam

~ U=AFEMS/CD - Same, foOr APENS/CD Syatem

=~ U-SLIDING - SBamw, f{cozr sliding Systam

-~ U=-BHEAR/V. - Same, fOr Shear~viscous Syates

- U-BHEAR/HE. - Pame, for Bhear-hystsrstic Syastsm
= riled 28 Typeilake Psgé O

- TINE - Current time, [wec)

~ U FINRD - Current abscluts sccwieration for Fised System, for secondaty system level,

({cm/uwc”2)

-~ U*'AFPLMS - Sama, fOr APLMS Syatem

- U -AFANS/CD - Bamw, for AFENS/CD System

~ U'‘SLIDING - Same, for Sliding System

= U 'SHEAR/V. - Same, 1O Shear-vigcous Systsm

-~ U SHEAR/H. - Same, for Shear-liysisretic Systes
« Filed 29 Typeifake Prgf ©

-~ TINE - Cuzrrent iime, [eec)

~ V-PIXRD + Cur:ent relative displacema:it for Fixed System, for escondary system laevel, [cw)

= V=AFEMS -~ Bame¢, for APENME System

-  V-AFANS/CD - Bame, for AFLNS/CU Sysiem

- ¥+BLIDING ~ Sams, for Eliding System

~ NYeSHEARR/V. - Game, Iotr Bhemr-viscous Bystem

-~ V-BHEAR/H. - Gamse, for Shaar-hystsrstic system

1.7 EARTHQUAKE DATA FOLDER

EARTHQUAKE DATA ~POLDER riled 32 Typwifolde:r Prgd 0
- EQ.NAME - Earthquake name
~ BQ.LOCAL TIME - Bacthquake locsl time, {bz/min/sec)
- ETATION LAME . Station name
~ FPILE MAME - file namw, ses ssction S.l
¢ Filet 71 Typeifoluer Prg) ©
~ ACCEL. 1D - Accelerogram iderntilication number
- STATION - Station number
- EBQ.EYPOCENTER - Esrthquaske hypucenter {latitude, longitude & depth)
- MAGMITUDE - Barthquaks magnitude, (ml|
o yiled 13 Typmifolder Frgf ©
- TRANS,WAT.PERIOD - Transduce:r netural period, {ssc}
- DAMPING - Damping, in fraction of critical
~ SENBITIVITY - Sensitivity, [ecm/g)
~ LENGTE - Length, |[msec)
- U-MAX ~ Paak of absoiuta diaplacement, [ca)
+ TU-MAX - Corrssponding time, lsec)
= U'-MAX - Peak of abscluts valocity, [cn/esc)
- T eMAX - Corrwaponding time, (eecl
= U'*<MAX - Paak of sbseluts accelaration, (cw/sac”i)
-~ TU ~NAX - Corresponding time, |sec)

1.8 EARTHQUAKRE DATA OUTPUT

EARTEBQUMRE ONIMN «QUTPVUT Filad 30 Typetrtake Prol 30
~ TIME - Currant tims, (mec)

~ ABS.DISPLACEMENT - Current valuyas of absolute displacement, {cw}
~  ABS,ACCELERATION - Current valus of abaclute scceleration, {cm/smc”l}
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2. SUPERSTRUCTURE DATA 1/0

2.1 SUPERSTRUCTURE DATA INPUT

All information sbout euperstiuctuie and seismic isolaturs 1s repressnted by tan FNA filec chained together. The
file namesd BUILDING DATA POLDER (BDF) is the Main FNA File (firet in the chain] and conpiats of two data fields:
EXPERIMENT NUMBER and EXPERIMENT REMARKS. Qther nine files called FNA Extenaicn Filem. Second fale in chsin
carriss aarthguake parmmetezrs {max. perind, total time, etc.) plus rigidity and damping zosfficient for
superetructura. The yest of chained tilas carry an information about four fifferent typee of swismic isolstore:
AFéME B1, Fliding, Shear-viscous and Shear-hysteretic.

BXAMPLE:

Run FMA.BAT file or click FNA icon if you are ueing Widows.

Optional: prese <2> to check, if you curruntly are in the right directory. If not, input directury; name.

Praas <l1lx to run PNA.

Using <UP> and <DOWN> curecam, eelect BDF [ile (highlight file name and press <ENTER>;.

Prasa <F2> and aslect RCRAMGE or RADD command (to change existing record or add new

rescord), or type proper command on the Compand Input Level (bottom of the Reveen). Curzent

racord nusbezr appears on the lower left sciesen cornsr. To chanye iecord, press <BAR> and

aalect [NEXT], (PREVIOUS], etc. from the menu at the scrsen bottom, or use RLIST command (eae PNA Manual about
RCAANGE, RADD and RLIST commands}. Toe chang® current [ile, use <LEFT> and <RIGHT> curmore, if you sfe RLISTing
racords, or preas <EXTENSION?> if you are in RCAAMGR {(RADD) command levsl. Listed below im one of ths BDF racords
with comments below wach of the chained files.

BUILDING DATA FOLDER
rocord # 2 of 4

EXPEIRIMENT § - 2
EXPER. REMARKS - f=.02 for AF4MS,lat floor seismogram
Data field EXPER. REMARKE is used to distinguish between different BDF records.

UG MAX ~ 40 CH/S
HIN.PLRIOD - .03 8
MAX.PERIOD - a8
TOTAL TIKE -~ 1% B
CALC./FILR -0
RIGIDITY - 1500
DAMP ING - 1.233

Data fisld CALC./YILEK is an integer and must be equal to zexo, if eartlquake paramsters (aksolute displacement
UgaP {(TIME) and absclute accelaration U'°'g=F (TIME)} ars calculated according to the formula for Imitation Mode
(sse {1} in sewction 2.3), and CALC./FILE is equal to the recerd number of EARTHOUANE DATA FOLDER file, if
sarthquuke paramsters are inputed from accsllsrogram and esismogram corresponding to this EOF record.

Data [ields UG MAX, MIN,.PERIOD, MAX.PERIUD snd TOTAL TIME sre sncountered only for the Imitation Mode. Dats
fialds MIN.PERICD and MAXK.PERIOD ars used as limits for apsctra-calculations for the sscundary systam (see
section 3},

MASH-O - 15000 kG
MABS=-1 - 15000 RG
MABS -2 - 15000 KG
HASB=-3 - 15000 KRG
MAES~4 - 0 KkG
RASS-5 - 0 EKG
HASS-6 - 0 EKG
MASS~7 - B RG
HAS3-0 - 0 KkG

At least one of the mias has to bs mors than zero. Max. number of levels in superstructurs is set to nine, from
HASS-0 (basement) to the MASE-8 (eighth floor).

sxr. ¢ - 2
NATURAL FRICTION- .02
COEr.-N - 2

AFPiNS-REMARRS -f=.2, lst floor

COXY.-N {8 a cosfficient in formula (15} of section Z2.3. This formula is ysed to account for the cantral
deprassion in AFLHS Bl leclators.

VRAD] - 100 CN
VRAD2 ~ 200 CM
VYRADY - 400 cn
VRAD4 - 800 Cm
VRADS - 1600 CM
VRAD® - 10 Cn

VRAD? - 0 CH
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VRADS - 0 CH

VRAD?Y - 0 CNM

YRAD1Q - 0 CM

Rax. number of vertical radiuses for APENS BI systems 1% set to 1D, each VRADXx vorresponds to it'e own
horizontal rsdius HAADx (see below). Last HRADx (non-zero valus) calrulated as previous HRADx plus laat
vsrtical radjus VRADX.

HRAD1 - 2.5 Cn
HRAD?2 - S CM
HRAD) - 10 CH
HRAD4 - 20 cCm
HRADS -~ 40 CM
BRADS - S50 CH
HRAAD? - DCH
HRADS - GCk
HRADS - 0CH
HRAD1CO - 0 CH
ExP. ¢ - 2
NATURAL FRICTION- .05
RADIUS - 100 Cm

SLIDING-REMARKS -1 st {loor eesismogran
This file is for the aliding typs ssiamic isclator.

EXP . # - 2
DAMY ING RATIO - .2
COERF.-A - §9.7
COEY. -3 - .3

SHEAR-REWARKS =) at tloor ssiemogram

This file is for ths both viecous and hysterstic types of seismic isolators, see mection 2.3, formulas {16},{17%}
and (18).

zxp.d - 2
HASS - 100 RG
DAMPING RATIO - .ol
FLOORY - 1

SEC.BYS. -REMARKS-100kg secendary system on the firat floor U,V,U 'MAN-F (T}

This file slec i» used as & SEC. SYSTEM DATA FOLDER file, 1f it‘s accowsed thru the SEC, SYSTEM OUTPUT file,
Setting data field MASS to nonzero value will cause the progras to record seisacqgram &nd accelerogiam for the
pasticular FLOOR$. This record will be usaed for calculationa of sacondary aystam sccslarstions snd
displacemsnts. Betting HASS to zero¢ (defsult value) allow to skip floor weiemogram recording.

e, - 2

FLOOR~REMARKE - f{=,02, 1st flr. U,V ,U' P (TIME)

This file aleo is used ar s FLOOUR DATA FOLDER file, if it'e accwssed thru the FLOOR DATA CUTPUT file. Data fisld
FPLOOR-REMARKS ussd to diastinguish between differant BOF recordm.

2.2 SUPERSTRUCTURE DATA QUTPUT

Just thae input of date by itself in described abave BOF file can't force data processing. To activaste dats
processing for BDF record, select BUILDING DATA OUTPUT (BDO) by using FLIST or FBRARCH FNA commands. You will be
prompted to selact one of the BDF records from the scresn (records are listed from top to botiom, ons record psr
one line, oaly EXPERIMENT ¢ and XZXPIR. REMARXS dats fielde of BDF file will be shown). Record selection will
open naw or sxisting BDPO file reprssented by this record., iIf this record was hever sslectsd befors, calculatioss
and output in BDQ and DO (ses balow) will start automatically: if the cutput already sxiste, you will be
prompted to reqensrate the output. Prass <Y> to regensrates and any other hutton to skip the regeneration. For
instance, changing any numerical data in tha BOF file should changs the output and regensration will be
nscessary. The output of BDY record is PDO file with six rscorde. Fizst record is an ocutput for the
syperatructurs without selsmic isclator (Pixed Bystam). The rest of the rascords is an output for the same
superstructuzs with different types of ssismic isolators: AFEMS BI isolstor (APAMB System), AFENE BI lsolator
with a cenirs) dapression (APLMS/CD Eystem), Sliding imolator (8liding Systas}, Shsar-viscous isolator (Shear-
viscous Bystem) and Bhwar-hyeterstic isolator {Ghear-hysterstic Bysteml. If secondary eystem mass is #ét to
ronsero valug, the output will be made also for designated FLOOR! to the FDO file (sas ssction J). BDO file is
combined from ten FNA files [inked together. Listed below is &h eXample of the record for 6liding Eystem with
the commentas.

BUILDING DATA Experiment ¢ 2
Tecord § 4 of &

SYSTENR - Eliding s.

ABS.UD - 35.83302 CM

ABB.V] - 3%.64411 ©x

Ab8 . U2 ~ 37.13083 CH

ARS . U3 = 37.)40%4 ©n
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ABS . U4 - 0 CM
ABS.US - 0 CH
ABS.U% - 0 CN
ABS .U7 - D Cm
ARS.V8 - O CH
TIMB-US - 14.,36541 5
TINE-UL - 14.36729 8
TIME-U2 - 14.37104 §
TINE-U) - 14.372%1 8
TINE-Ud - 08
TINR-US - 08
TIME-V6 - 98
TINE-UT - 08
TIKE-UB - 085

Listed above mze two filese included in BDO file: firet file kesps peaks of abanlute displacements (ABS.Un) for

each floor, sscond file keeps times [TIME-Ux}, corresponding ta Lhese displaucements. FPloors with memsss sgual to
zwre are ot counted in calculatione.

EYSTEM - Sliding a.
REL.VO - 39.52081 (M
REL.V1 - .9303131 CK
REL.V2 - .731434 CH
REL.V3 ~ 4643217 CM
REL.VA - 0cCn

REL. V5 ~ DCN

REL. V6 ~ 0 cH
REL.V7? - &CcH
REL.VE -~ DCH
TIME=VO - 14.44791 5
TIME-V1 - 14.45)31 8
T1NE-VZ = 1.699%99 S
TINE-VY - 1.,788%8% 5
TINE-VY - 08
TIME-VS - 0s
TIME-V6 - 08
TIME-V? - 0S8
TIME-VE - 08

Listed above are two files includad in BDO file: first file kesps peaks -f relative displacemants {REL.Vx) for

sach floor, second file keeps times (TIME-VX), cozresponding to these displacements. Floors with massas sgquml to
Kero are hot counted in caleulations.

SYSTEM - Sliding .

ug: - - 733.7815 CM/S"2
[T - 720,2679 CN/872
u2' ~ 565.0356 CH/B"2
vl - E9£.7498 CM/E"2
ud ~ D CM/B72

use - 0 CcH/s"2

us -’ - D CM/S"2

Uz - 0 Cr/s"2

ye: - 0 CH/S"2

Ud' 'TIME = 1.464565 §
Vl'*TIKE - 8513526 5

U2 TIKE - 676957 5§

U3 'TIME - 1.788999 5

U4 "TIME - 03

us - TIME - 0s

U6’ *TIME - 08

U7+ *TIME - 08

up” 'TIME - 08

Listed above are two files included in BDO file: firet file keeps peaks of abmclute accelerations (ABS.UX'*) for
esch floor, sscond fils kseps timea (Ux''TIME), correaponding to thess accelarations. Floors with masses sgual
to zerc ars act counted in calculstione.

Rest of BDO files are not included 1fn the list, because the output for them was saved in the compressed format
for single precision variables; sach variable occupies & bytes and group of nine or ten variablea forms &
string. It ie encugh tu say now, that each etring of the 7th f{ile holds relative displacements of each floor in
suparatructurs for tha momsne of time corresponding to the pesak of relative displacament of x-th floozr; 8th filas
holds relative velocitiwe, %th file holde absclute displacements and 10th file holds absolute accelarations plua
velus of ground displacemsnt, reapectivaly. These data are usad to depict momentary condition of ths system (asa
saction 1.2).
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Zach step of the calcujlations will be precesded by the message on the scress, showing you the hame of seismLc
system Turiently belng in processing (total number of records, or systems, is six). After the sixth messags
appeare and you hear the beap, BRO calculstions ere completed and you are now in the PHA Command Input Level.
Prass «FZ> and sslact RLIST, or type it. This ciwmand sllows you to list all avajlable recorde:

ISYSTEM  |REL.V@{REL. VL [REL. U2 REL.V3 JREL, V4 {REL, V5 |REL. U6 {REL. V7 [REL. V8|
[Fixed sys 1 1104818 26204 5801 81 8 | ¢

| @ (8 |
oy : IEFIIIII&;IIIII&;IIIII
Shiding 5.} 30.00 9 g ¢ 8

Shear-vis.{ 5@ @
Shear-his. | 5@.00 g g @

#ighlight one of ths records using «<UP>, <DOWN>, <LEFT> and <RIGHET» curmors and press <ENTER>. Now the display
shows: Isolation Type, Maximus Relative Displacement (highest valus among all max. relative displacemants for
this Imclation Type), all supsrstructuie massss with nonterc values and values for the relative displacesment,
the corresponding mowent of time snd acceleration for the ssme mosmsnt of tims. IR tha left corner of the sciwen
you could sse & gxaph {or selative displscement veluws in cm.
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ype. AL&MY sys,

-MAXIMUM ﬁRLUES

irel.displ. laccel.

ich icw/sech?
3.288D-01 4.929E+@2
4,159D-01 -2.?41E+@2

olation
Experimenth

] t 4 +

Press <BAR> b0 akip snapshots, or prese <ENTER> to highlight one of the listed masses (use <UP> and <DOWN>
cursors). Prass <BAR> to skip snapshots or preas <ENTER> for the snapshot of tha highlighted mass (sese picturs
balow). All numasrical data shown are for the same moment of time First scresn line shows ths type of {eclation,
the momant of time t in seconds and max. relative disglacement v in cm. Next line on the left shows ground
displacement U9 in cm and graphs for relative displacements right baslow. On the right side there is the data
table; data related to absclute values (abesclute displacesent u, absclute acceleration u'', concentrated mass m
and fares P] ara aligned to the dashed linea on tha left. Data relatsd to relative valuss (such as relative

displacement v of one [loor againet the other, rigidity K and ehear [Ofce V) are shown between the proper
fioara.

11 - BSUPERSTRUCTURE DATA 1/0



Ground displaceme
g =-1.43E+B0cm

[N ]

' oM
icw/s*2 tkg

I » ‘ =359, 15008

2 ' 196 15009 . .
1 | 0.132 +49 15009 2' ' e..‘
] |

-9.475 519 15009 T o,
p— ] }9.951 l|2 11.2

1.43E+@@cm Bom +1.43E400cm (-- Absolute coordinates

Press <ENTCR> to display the mazimum valuse for the current seismic systam (current recerd). First line shows
the isolation type, expsriment nuaber (record nusber from BDF file) and "MAXINUK VALUFE~ mesesage, reainding that
graphice mre based not on momentary data, ae in the previous display, but on the maximum values cof the current
seisnic system. Laf* part of the scraen showa y-coocrdinates nama and dimansion, on the right you ese maximum
valued af y-coordinstes aligned with the leading dashed line.
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hs?lute displacement I | I I

Floort 0

ll'l
Floopd @

FIELD:
]. accel./981 = 18a, I I

Floord ©

Press <ENTER> tO return to the previous dimpiay {tc complete the cycls).
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2.3 SUPERSTRUCTURE DATA PROCESSING

Thers are three linked programs that come with BDO film: the purposs of ¢.BAS progtan is data aguisition, 4A.BAS
doea dats processing and (B.BAS rendares outpyt dieplay. Shown beluw ars main formulas tha 4A.RAS program built
ofL.

For imitation type calculstions sbsolute displacsmenta and accslerations are derived irom following equstions:

TOEL=TALL/79%9

TOELlw, 5*TDEL™2

TDELIu. 166 7+TDRL 2

BBwTALL/ (TALL=THAK+TO )

BA=BUGIN/BQR (1+4($.2832/1L0GC (8B))"2)

Cled .2012/1LDG (EB)

C2w(8B-)1)/(BD+TO)

{1) DEP PNUG {TIME}=BIN (C1*LOG (CZ-TIMES$1())+SA+vTIMNE
{2} DRF PMUG) (TINE)=(PNUG (TIME+TDEL)-FNUG (TIME})/TDEL
DEF FNUG2 (TINE)=(PNUGL (TIME+TDEL)-FWUG]L (TIME))/TDEL
DEF FNUGY (TIME)»(FRUC2 (TIME+TUEL)-FHUG2Z (TIME))/TDEL

Where:

TALL - total sarthquake time, [sec)

TDEL -~ Lime increment, leec)

TDEL2? - coafficlent for the third member of Tailor formula, {sec’i}
TDEL} - cowfficient for the fougrth neaber of Teilor formula, [wec 3|
T0 - tnitial pariod, (sec]

THAX - maximum period. lsec)

SUGIH - maximum velocity, {cm/sec]

TIME - current time, [sec]

FNUG {TIME} or SUG - current absclute displacement, {cm]

FNUGC] (TIME) or SUCI - curxsnt abeslure velocity, [cm/aec)

PNUGZ (TIHE) of BUG? - curxsat sbeclute sccuelszation, [cm/eec 2}
FNUGY |TIME) or BUG) - current third derivation, {cm/ssc 3)

Byatam of equations far supsratructure datss

{3} BUZ {(SMASE)={-5BT (SMASS)~5V] (BMASE}-SKA (EMASS)*5V (SMASS))/SM {SMASS)
{4} BUI (BMABS}=(-5BT (SRASS)+5V2 (SMASS)-SRKA {SMASS)+5V1 (SMASS))/SHM (SMASS)

D mareraarrens B N R ves e R R L L T R R I P S

{%) BU2 (P)=(8BT (P+1)*8V1 (P+1}-88T (F)+8V1 (P}+8RA (P41} +5V (P+1)-SKXA (P}eEV (P))/
BN (P}

(£} SUI (P)m(EBT (P+1)}eGV2 (P+1)-SBT (P}+EVZ (Pp+&KA (P+1]*6V] (P+1)-8KA (P)*8V]1 (P})/
SN (P)

P LR R R R R R I R R R R R I P

Crssseacan

17} BUZ (0)={8BT {1)*8Y1 (1)-BBT (0)=8V1 (0}+E8KA (1)*SV (1)~-BKA [D)*EV (0))/8M {0}
{6} 8U) (O)={BBT (1)*BVZ {1)«8BT (0)*BBT+BXKA {1)*BY1l (1)-8KK {G)+BVYl (0))/BM (D)

Where:

SHASS - highwet floor with nonzerc mass valuw,

P - current floor number,

8BT -~ coefficient in {8), value depends on cuirent system type,

sUX {F) - absolute value of x-deriviation for current fioor,

{9} 8¥x (P)»SUx |{F)-BUx (P-1)} - relative value of x-derivistion for current floor,

{18} SPT (P)~SDAMeSN {P} ~ damping coefficient, [kg/esc]

{11} BKA (P)wSRICe8M (P} - rigidity coefficient, [kg/eec”2)

SDAM - superstiucture Jdamping coefficiaant, {1/eec]

SRIGC - superstructura rigidity, [1/s=c™2). Restriction on rigiditys if{ the value of ralstive displacement
exceeds 10cwm, thet coresponding rigidity coefficient drops to SFA (P)=BRIGEM (P)+EXP (1-ABS {8V {P})/10) and
damping cosilicient dzops ta EBT (P)«~SDAM<SH (P)~EXP (1-ABS (BY (P))/10). If the valus of relative displacement
eaceeds 50cw, then BKA (P)0.

8N (P} - mass for the current floor, |kg]

The values for the bsssment level of superstructurs (the (7} and {¥} equatione):
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For the Fixed System:

BV (0)=0:8V] (0)w0sSV2 (0)el:5V3 (0)=0

BU (0)=8UCiSVU] (Q)»8SUCLISU2 (C1-SUCZ1SU] (U)=5UGH
This setting allowe to skip {7} and {8}

far the AY&RS, AFEMS/CD and Sliding systess:

SBT=0

{12) SKA (U}=981*5M/SR

{13} BBT {(0)=9B1=EF+SM/ABS (SVI (U))

¥hare:

SN - summary mass, [kg)

SF - friction coafficient

SR - current verticael zadiue, (vm); fuz the AFENS/CD System [irst vert:ical radius accounted for centzal
deprassion will be:

{14) SRe.l6*EM . 4; coryespending horizontel rad:iue will be;
{15) HRaSFeSF1B«$R, where

SFIP - coetficient K" for AFLEHS Syetem

For tha Shaar-viscous System:

§BT=0

(1%) SBT (0)edeSUAMI=SM (Uj+BYIPR/SVPK

{27) BKA (C)uSM*SKAIEXF (-SKB3«SQR [SVMAX) )

Whezw:

$DAM) - damping cowfficlent for shear systems.

SEVIPK - last peak valus for relative velocity, (cm/sec)

BVFK - last pesak value for relative displiacement, [cm)

5KA2Z - coefficient "A° for shear ayatams,

EKB1 - cosfficient *B" fgr shear systeme,

SVMAX - agual to the current value oi relative displacement, 1! the value is less than 37.5% cm, and egual to
17.% cm otherwies

Por the Hysteretic System:

§BT=SV1 {0}

{18} BBT (0)=2-8DAMI*SKA {G)*ABS (SV (0)/SV1i (0}

SEA (D}=AM+SXAIEXP (~BRBISSOR (SEVHAN))

Restriction on the valus of relative displacement (baseaent level): if the value of 8V (Q) excesds 0.¢+3VR2 for
The Sliding Systes then SV [)=0.6¢SVR2, For #ll other systsme: if the value of 5V (0) sxceeds smarximum
horizontal rediue SHR (SRADIVS) (mee AFLMS System, 2DF data) then SV (0)=5HR |SRADIUS).

Tailor formulam are used to updets cuzrent values for the displac
(19} SU (P)=SU (P)+TDEL=SUL {Pj+TDEL2+EU2 {P)+TDELI*SVI (P)

8Y (P1aSY (PI+TDEL+SVI (P)+TBEL2I+EV2 {P)+TDEL3¢SV] (P}

{20} sUl {P)=SU1 (P)+TDEL*SUZ (P)+TDEL2Z*SU) (P)

SV} (P)=5V1 (P}+TDEL*EV? (P)+TUEL2e5V]3 (P)

mente and velocities:
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3. SECONDARY SYSTEM 1/0

3.1 SECONDARY SYSTEM INPUT

Input for secondary system calculaticns is:

a} the values of MIN.PERIOD, MAX.PERIOD, sacondary systéem MASH and secondary syetem DAMPINC RATIO from BOF lile:
b} the ssismuyran / accelsrogram of FLOORE {dsfinsd in BOF) from corresponding PLC file. 1f this PDO file does
ROt exiet, you Will rsceive the message "CAN'T PIND PLOOR RECORD-CHECR BUILDING DATA PILE". La this cass open
BDY file thziu FLIST cor FERARCE commands te check whether the secondary systam MASS was 84t {0 nontero valus, or
shether the FLOURE didn't excsed the highest floor number 1h the superstiuctuge.

3.2 SECONDARY SYSTEM OUTPUT

SEC. SYBTEM DATA FOLDER f1le (S5DF) is just an extension of BOP file. To sngegs data processing for BDF pecord,
wwlect SEC. BSYSTEW DATA OUTPUT (§300) by using FLIBT or FERARCH FNA commande. You will be piomptad to eslect one
of the S3SDF recvcide f:om the scresn. Record selection will open tiew oz existing SBEDO fils represantad by this
record. It this record was nevar selected bafore, calculatione and cutpuyt in S5D0 tile will start automaticelly;
it the output already existe, you will be prompted Lo regenwiste the ocutput. Press <¥> to tegenwiate and any
othar butten to skip tha regsnsrstion. For instance, changing any numarical data in the 85D¥ file should change
the output and regeneration will be necessary. The output will be the spectira tor periocd ranging from sero to
the azes ol MAX.PERIOD value. Valusa for the curzent period (psaks of absolute and relative diaplacement,
absoluts accelsration and corrssponding moments of time) wre calculated for all types af superstructure sélamic
isolators: for the Fixed System, AFEHS System, AFiLM5/CD Syetem, Eliding Sysiem, Shear-viscous Systam and Sheas-
hymterstic Syatem {(asa saction 2.1}, It is asaumed, that secondary systex doas Lot hava any seismic isolator.
Listed below is one of 35 SEDO swvordae:

SEC. SYS. DATA Ixperiwent ¥ 2
record § & of 3%

PERIOD-T - .83 8

U-FINED ~ 104.7378& Cn
U-APEMS -~ 7.337262 <
U=-AFANS/CD - 7.579798 CN
U-8LIDING - 41.70876 CH
U-BHEAR/V. - 75.04886 <n
U-BHEAR/N. ~ BI.52672 CM
TU-F1XED - 4.620%77 8
TU-APLNS - 13.38161 8
TU-AFPAMS/CD - 13-39161 8
TU-BLIBING - 1422171 8
TU-SHEAR/V. ~ 13.3316 B
TU-BHEAR/H. - 13.95168 S
PERIOD-T - .51 &

V-PLXED - 106.97%5 CM
V-AFENS - 4.08675 Cw
V-APLRG/CD - 4.171002 CM
V-BLIDING - 2.267304 CM
V-SHRAR/V. - 31,10107 CM
V-BHEAR/H. -  42.45757 CM
TV-FIAED - 4.620377 §
TV-AFLNS - 8.5605%7 8
TV-APLME/CD - 4.56057 B
TV-SLIDING - 11.32161 8
TV-BHEAR/Y. - 13,201%9 &
TV-SHEAR/N. - 8. 7%11¥ B
PRRIOD-T - .53 8

U« PIXED - 14878.3% CH/B"1
U AFLNS - $13.36% CH/8"2
U APLHS/CD - €24.5047 CN/572
U ‘SLIDINMG - 1201,662 CH/5"2
U *SHEAR/V. - 4036.414 CH/872
U *SHEAR/H. - $543.274 CH/E"12
U FIRED - 4.420377 8

TU ' APAME - 4.86060% 5

TV AFANS/CD - 4.860605 8

Tu- ~sLIDING - 4.290310 8

TU+ ' GRRAR/V, - 13.201% 8

TU - RHEAR/H. - 14.76¢17% 8
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This is the second sciesn display! & snapshot tor the record listed above, mads trom within RLIST comsand. Al
data in the table (ralative displecemant / tise and absolute accelerstion / tima) ars for thy samps current
poriod (T=0.5) sec) ehd sze pragerted for compicison between different ieclation mystems.

N TYPE ¥-FIXED - 186.97% cm

.nl chsrl. ctlne iabs.accel.

HA isec on/sech2 |
U~FIXED 106.98 16378, 39
U-BFAMS B 613,70
U-HF&MS/CD 17 624,39
Y~SLIDING 27 120166
U-SHEAR/V, 18 4836 . 43
U-SHERR/H, .46 3543.27

| onal sl ot

o D Y oD
- 0D D CAC O
O (50 T O T O
Y ) O 15
OO O T T O
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Shown below im a spectrum for relative displacesents (APLNE Systsm), produced by GRAPRICS FNA command.

9. 6088

3.3 SECONDARY SYSTEM DATA PROCESSING

Thef® are thres programs linked to 55D0 file: 21.BAS acquires data, ZIA.BAS prosefsas data and 21B.BAE preparss
an output display. Data processing is the same as icor supsrstructure Fized Systsa (see section 2.)), but current
Tigidity and dsmping coefficisnte for the secondery system depend on the current valus of ths periodi

SKA=1F 479¢8M4/T 2

EBTwi+EDAMA*EQR (SKA=EMY)

wherat

SKA - currsnt rigidity, {hg/wec’1)
82T - current damping, [kg/esc)
SDAM4 - damping ratic,

M4 - secondary eystem mase, [kq)
T - current period, {sec]
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4. FLOOR DATA OUTPUT

FLOOR OATA FOLDER file (FOFj, iike S8DF file, ia just an axtansion of BOF fils. Gelact FLOOR DATA OUTPUT (FDO,
by usiog TLIST or FSREAACK FiA commands. You will be prompted to select cne of the FDF Fecords from ths screen.
Record selection will open FDO file represented by this record. This file is & collection of current dsta for
the time ranging from a sero to tha TOTAL TIME valus. Valuss for current time (absclute and zrslative
displacemant, abaclute acceleration amd corresponding maments of time) are recorded for all types of seismic
isolators: for the Fizod System, AFiME System, AFAME/CD System, Sliding fyestem, Shear-viscous System and Shear-
hysterat!: gystem (see section 7.1), but only for single supsrstructure FLOORE.

FLOOR DATA [ 1 0% ] v 2
record # 1} of 300
TINE - 3900498 5
U-FIXED - 3.263737E-02 CM
U-AFiME - «1,152039K-02 CM
U-AFEMR/CD - -2.P44369K-02 CN
U-SLIDING - =2.,9J0033)K-02 CH
U-SREAR/Y. - =7.774205K-02 CH
U-BHEAR/H. - =9.981258-0) CH
T1NE = 1900400 B
ur rFIXED - 1%7.9%608 CH/8"2
U*  RPENS - 97.87347 CN/872
V' AFaNg/CD - 130.2982 CH/872
v *SLIDING -~ 224.27%8 CW/82
U+ SHEAR/V, - 344.334¢3 CN/B72
V' SHRAR/A. - 29.433717 CW/B"12
TINR - .3%00480 8
V-rIilb - =.20373133 CH
V=-AFLNS - -4.705461%-02 CX
V-AFLHE/CD -~ ~5.637089K-02 CR
V=-RLIDING - =-.109%212 CH
V-SHEAR/V. - =.2740343% CN
Y-SHEAR/S. ~ «§.9813788-03 CH

shown balow are thies graphsi assoluts displacement U-APINS, abeclute acceleratian U''AFéNS and relative
displacement V-APLNS sv & functicn of time (use CRAPRICS cowmand).

‘ﬂ(iFIELL‘:

R K S S

¢.@3ea 15, 4¢
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-FIELD:
INE

-HIELD:
-REEMS
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5. EARTHQUAKE DATA 1/0

S.1 DATA RQUISITION

Earthquaks records data contained in YHA files EARTHQUAKE DATA FOLDER (EDF) ard EARTHQUAKE DATA OUTPUT (EDO)
were acquired ficm Volume Iwo rscords of California Strong Motion Instrumentation Program Repore USMS 99-03,

Original files are namecd ae STATION.V2, where STATION 1e the station name, and V2 (stands for Volume Two) is the
file name sxtension.

EDF file contains information extracted from the liret 25 lites of Volume Two Text Headwsr (wee p.10 of Report
QEMS 85-03). This information loadsd automatically each time you select EDC fils and 1nput data from STATION.VZ
file. All you have to 0O is to input STATION.VZ2 path name for the field FILE KAME of EDP filew. ¥DO file cohtains

peint-to-point data tor time, abe. dispizcement and abs. acceleration, imported from STATION.VZ tile [see p.17
of Aeport OBMS $5-03).

Note: in ordar to use EDO data for BUO calculmtions, the ratio between time iteration step and pinioum period is

nol Lo exceed 0.1, Por esxample, il step TDELe0.02s and lower roll-off terminaton period TO~0.04s, then EDO data
has to be tiltered from 0.0de to TDEL ¢ 1Uw0.2a data bandwsdth.

XXANPLE Y

Run FNA.BAT file or choose FNA icon if you are usin’, windows.

Presn <2> to check if you currently in the riqht directory. If not, ipput directory name.

Praaa <13 to run FHA.

Using <UP> and <DOWN> cursors, select EDF file (highlight file name and press <ENTER>}.

Press «<F2> and delect RCHANGE or RADD command (te changs existing record or add nww record]}, or type ploper
command on the Command Input lavel (bottom of tha screen). Currest record number appsars onh the lower laft
cornet ©f the acreen, To chenge record, press <BAR> and sslect [NEXT)], [PREVIOUS|, etc, from the menu at the
screen bottom, or use RLIST command.

vaing <UP> and <DOWR> cursors, selsct PILE NAME and input file path from the keyboard.

Press <BAR> and [SAVE| record, then (EXIT) to the Command Input Level.

Prass <P1> and select FLIST or FERARCH command, or just type it. Sslect EDO file from the file list. EBDP fila
will be listed on the screen. Select EDP record to cpen proper EDO file (mince esch EDF record representis it'e
own EDO file).

If FILE NAME is entered correctly and EDO file is empty, data will be juputed for both EDF and EDOQ tiles. It EDO
fils already containa data of any kind, you will bs prompted to regenezrais data input. To regensrats, press «Y>,
othsrwise you will sk p input. If PILE NAME cdoea HOt 4k 8te Or its nie wash't entarsd, CURRUPT PILE DATABASE

massage will apphesar. Then, if you want to input dats (time, abs. displacesment and acceleration) manually, use
RADD or BXTIRF coamands.

To exit, press «<Fl> and seleact PHENU, or type it.
To amit from FNA, press <dé>.
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EARTHBQUAKE DATA FOLDER
reacord ) 2 of ¢

EQ . NAMNE ~ LANDERS EARTHQUARE (PRELIM. PROCESSING)
EQ.LOCAL TIME - JUNE 28, 1992 04158 pDT »OT
STAT1ON NAME - DESERT HOT GPRINGS

PILE NAME - cit\dos\aqdata\hotspr.v2

ACCEL. 1D - 1214%-818373-92190,02 4

STATION - 12149 2

EQ.RYPOCENTER = (UBGS): J4.217N,116.433W, H=9KM.
MAGNITUDE - M5e7.S5(NEIC), MW=7.4(CIT)
TRANS . NAT . PERIOD- .038 8

DAMP ING - .56 PRACT.OF CRITIC.

BENSITIVITY - 1.82 CR/G

LENCTH - 73.3900] B

U=MAX - £.951 Cm

TU~MAX - 10.28

U —MAX - -20.802 CW/S

TU -MAX - 20.9 8

U -MAX - -=151.028 CH/E"2

TU' ' =MAY - 28.32 B

B. 8808 79,9786
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5.2 OSMS 85-03 DATA FILES IMPORTED IN FNA DATABASE

REARTHQUAKE DATA  FOLDER
record §1 2f &

EQ.MANE ~ LANDERS EARTHQUARE {PRELIM. PROCESSING)
2Q.LOCAL TIME - JUNE 28, 1992 D4:53 PDT POT
STATION NAME = BARSTOW - VINEYARD & H ST.

FILR NAMER ~ er\dos\sqdata‘\bazstow.v2

ACCERL. ID - 23539-50756-52189.02 $

BTATION - 2335 #

EQ .EYRFOCENTER - tUBCEB) 1 24.217N,1146.430W, HedKM,

MAGM ITUDR - NEnT.S(NELIC), HWsl.4(CIT)

TRANG .MAT.RERIOD- .0G)95 6

DANP ING - .56 FRACT.QF CRITIC.

BEENBITIVITY - l.92 CH/G

LENGTH - 179.98001 8

U=MAX -~ «15.887 CH

TU-HAXM - 17.1 8

U’ =NAX - 25.12 CN/8

TU' -KAX - 18.02 F

U =MAX - ~132.626 CH/E72

TU+» =MAX - 16.08 8§

EARTRQUAKE DATA OUTPUT u-f ([t}
for record #l1

IHE

-FIELD: -~
BS. DISEL

79,9786
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EARTSQUAKR DATA  FOLDER
secozd § 3 of &

EQ. NAME = LANDERS EARTHQUAKRE {PRELIM. PROCESSING)
EQ.LOCAL TIME - JURE 28, 1992 04358 PDT PDT
STATION NAMK = INGLEWOCD - UNION OIL YARD

FILE MARE - c1\dosp\eqdatalinglwood. v2

ACCEL. ID ~ 14196-51874-9215%1.02 [}

STATION -~ 14195 ¢

RO .HYPOCENTER = (UBGB)41 J4.217N,116.4130, H=9RM,
HAGNITVDE - ME=T.S(NEIC), HW=7.4(CIT)
TRANS . KAT . PERIOD- .017) 8

DANP ING - .63} FRACT.CF CRITIC.

SENSITIVITY - 1.73 CW/G

LENGTH - 74.%8001 B

U=Max - =10.164 CN

TU~NAK - 26.42 8

U ~MAX -~ 10.51% CN/S

TU ' -HAX - 27.M4 8

Ur ' =HAX - =34.275 CH/B 2

TV ' ~NAK -~ ld4.4% B

-10.1644¢

4. deud 19,1734
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EARTBQUARE DATA POLDER

Q. HAME = LANDERS EARTHQUAKE (PRELIM. PROCESSING)
BQ.LOCAL TINE - JUNE 28, 1992 04158 PDT POT
STATION NAME - JOSHUA TREE - FIRE STATION

FILE NARE - ci\dos\eqdata\joshua.v2

ACCEL. 1D - 22170-51612-%1180.04 ]

STATION - 22170 %

EQ. HYPOCENTER - (USGS)1 3J4.217N,116.433W, H=PKM.
MACHITUDE - MS=7,5(NBIC), MWal.4(CIT)

TRANS .NAT.PERIOD- .0382 8§

DANPING = <59 FRACT.OF CRITIC.

SENSITIVITY - 1,74 CH/G

LENGTH - 79.9800] 8

U-MAX - -15.727 CH

TU~MAX - 26.86 8

U* -MAX - =42.71 CN/8

TU' =KAX - 16.56 8

U’ -RAX - 278.377 CW/E72

TU' ‘ -MAX - 9%.78 B

-15.727¢

79,3786
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EARTEQUAKE DATA FOLDER
zecord # 5 of $

BQ . NAMNE - LANDE.!S EARTHQUARE (PRELIM. FPROCESSING)
EQ.LOCAL TIME ~ JUNE 2&, 13992 04:¢538 PUT 0T
BTATION MANME - PALN BPRINGS - AIRPORT

FILE MAME - ci\dos\eqgdatal\plmeprng . v2

ACCEL. 1D - 12025-616811-92180.04 4

STATION - 12025 ¢

EQ. HYPOCENTER - (USGE): 14.217M,116.423w, H=9KN,
MAGNITUDE - ME=7.5(NEIC), MW=7.4{CIT}
TRAANS . WAT .PERIQOD- .038 5

DAMP ING - .58 FRACT.OF CRITIC.

SENBITIVITY - 1.4 CW/G

LENCTH - 79.98001 8

U=-MAX - 4.994 Cn

TU-MAX - 1l.l¢ 8

U -MAX - 13.892 cM/s

TU* =MAX - 21.04 B

U -MAXK ~ -87.213 CA/S872

TU* ' =-MAX - 2.4 8

ABS. DISPL

79,9786
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EARTHQUAKE DATA FOLDER
record § 6 of &

BQ-NARE - LAMDERS RBARTHQUAKE (PRELIN. PROCESSING}
20.10CAL TIME - JUNR 18, 1992 D439 POT PLT
STATION NANE - YERMO - FIREZ STATION

FILE NAME ~ ci\dos\sqdata\yarma.v

MCIL. 1D - 22074-81495-5218%.02 ¢

STATION - 22074 8

EQ.MYPOCENTER - (USGS)1 J4.717K,116.433W, HaSRH.
MAGNITUDE - RE«7.5¢NEIC), MW=).4(CIT)

TRANG .MAT.PERIOD- .013%5 §

DAMRING « .33 FRACT.OF CRITIC.

SENSITIVITY -~ 1.99 cmic

LEANGTH - 19.958001 8

U-HAX - 22.77% CH

TU-NAK - 20.08 B

U ~HAX - 2%.032 CN/B

TU' ~HAX - 1%.2 %

U+ ~HAX - -148.574 CMN/872

TV’ *=-MAX - 14.82 B

d.0000 79,9786
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APPENDIX A
SBIPP SOFTWARE INSTALLATION

B1PPF softwars package consist® of two 3.5° diskettss. Disk #] is Fila Network Assistant and DPisk #2 is SIPP
detabase. It 18 adeumed, that you have a hard drive with 2M of free :pace, C:\DO8 direactory and BASIC.EBXE file

written on it (for minimum requiremwnts, eee section 1.l of Appendix-B). TL inetall the packayu, follow these
stepat

Put Disk #! in your 31.5° drive A (or drive 8)

Exit to DOS prompt

Create new diractory by typing st DOS prompt: MDD Ci\DOS\SEISMIC
Type CD A1\ (or CU By and press [ENTER}, you'll ssme Ai> {or Br>) on your scresn
Type PNAINE-A (or FRAINS-B) and piess [ENTER)

Type CD C:\DOS anl preaa (ENTER}

Typs FHA sad press [ENTER}

Put Disk #2 in your 1.5* drive

Press <)>» for BIPP datsbase backup

Typs A1\ jor Bi1\) and prsss» |[ENTER]

Type Ci1\DOB\GRIGMIC &nd presa [ENTER)

Sow you ars resdy to usa PHA and E1PP databass [ses prior instructions).
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APPENDIX B

FILE NETWORK ASSISTANT (FNA)
1. INTRODUCTION

1.1 GETTING STARTED

To run a File Netwurk Assistant, yourl softwars hae¢ to meet the mihimum reguirementss

A. Minimum 258K of RAM,

B. M3-DOS ox PC DOS veuwion 3.2 or higher,
C. BASIC interpreter version 3.0 or higher.
U, Color diaplay.

Thars are “wo support filwa to start FNA: FNA.BAT batch file and FNA.BAS basic file. All FNA tiles are put in
tha PHA directory, eacvept the setup files. If COMMAND.COM, BASIC.EXE, PNA.BAT und FEA.BAS filws ® in the same
root directory, and all FNA files from the FNA directory are written in the FNA directory, you a abls to start
FNA by wntering FNA.BAT file at the DOS prompt. 1f COMMAKND.COM and BASIC.EXE files ars in different darectories,
and/or FNA files are placed in other directory, or mentioned above file names are different, you have to chaunge
contents of the FNA.BAT andfotr THA.BAS file(s).

Contents of the FNA directory:

A, PROGMATE.BAS 18 ths main FHA file, responsible for ah execution of FNA commands. It containe all FNA
subroutines, part of whicl is described in PEDIT section of the manuasl.

B. HENU.BAS sunms as & mehu tor FNA {see FMENU eecbiou).

€., 7?27?2377.BAS or ?7771727.0xy (Whef& Ny is an integar) files mra FNA subroutines chained to the PROGMATE.BAS
at & time of command sxecution.

D, Pilwe with HLP extension are written for FNA intecnal use.
B. PNA databave files, which belong to the Working Path, could be of the three categories:
- MASIER.ARR is a file, that contains an information about all FNA database files of this Working Path (File
Labsl, record length, etc.);

- filma with tha nases composed from intsgers and ARR axtsnaions are regular PNA database files;
« files with BAS extension are FRA piugiams.

1.2 HOW FNA WORKS

Purpose of a FKA is procassing and sharing / redirecting data between FNA and/or DXF format filsas.

PHA differs database files according to the style, type and their place within the Main File; last quality
depends on the current Main File opanad.

File styles (ses PCOPY and RLIST)H
A. Taxt Gtyle

B. Block Styls

C. 2D Btyls

D. 1D styls

Pila typas (sss LADD):

A. Normal Typs

A. Folder Type

. Fake Typs

Pile typee As a function within the Main Fils (ese LADD)!:

A. Main File
B. Extension File
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C. Tile-in-Field File
D. Parent Fils

E. Child rile

r. Program rile

rilea ars listad in apescial FPNA crdar (ses PLIET) to reveal for the usar all basic infcrmarion about

wubordihation and data flux between FNA files. These {satuies aze set up thru LADD compand, responeibtile for
creating fils layout.

rile might bs presented as a apreadshest in a Teal PMode and as a g:sphics in Craphics Mude. Recurd can be listed
in poth vartical and horisontal layouta (aea RLIET).

Data cah be transfared to (from) UXF tormat fille from (to) FNA file (see FCOPY) and 1o ASCII taxt file trom FNA
{ile (see FPRINT and RPRINT).

SYmbOle used in tha mapual:

[button name] - Screen button to preas.
«button name> - Keyboard button tu press.
/input/ - Input from tha keayboard.

+« = Cptional parameter.
BOLL TENT - PEA command.

2. LIST OF COMMANDS

2.1 FILE RELATED COMMANDS

2.1.1 PMENU

cl> <2r <1lx <d>» <5>»

<> Run Pile Network Assistant. I{ MASTER.ARR file dosan*t exist or the fila is smpty, FNA will run in
LADD moda. Otherwise, FNA will PLIET file layouts,

<> Chengs current working path. Defayltt: previous path.
/Iinput working paih name/ - if entered name is invalid, the working path will remain ths same by
detault.

<> Backup entire working path,

/Input source path nams/ - invelid input will cance! an wxecution.
/Input destination path nams/ - invalid input will cancel an execution.

4> Exit to DOS & raturn to the path designated in FNA.BAT file {(parent to FNA directary).

2.1.2 FLIST

If one or more filas are listed in MASTER.ARR file, the file layout list will be prasentad in hisrarchical
orders <<<Rotmsl or Folder Files with File-in~Fisld 7iles <<Bxtention Piles with File-in-Field Files < Child
Filss or Faka Filea with Pile-in-Field Pilea>>>>>>. Informatiaon about tha fila (moat left column): Pile Label,
Tile Description, number of the Lile, file type.

<ENTER> <X> <H>

<ENTER> Will open highlighted file as a Hain File. If File Label =-"SPARE LAYOUT", then PNA will yun in LADD
mode for this fils numbaer.

<K> Exit to POB.

<> Bxit to the miin Menu (sew 2.1.1).
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Pic. ZX.1. FLISY display

-+ STAGE |
LIENT LIST : File# 3 type: folder
¢ -3 COMPANY
-3 ADDRESS
-3 PHONE
-+ TAX
-3 MODEM
-3 BUSINESS
-3 CONIACT

-+ REFERENCE

-3 PROJECT

-3 FROM

-+ 10

-3 SERVICE

-3 HOURS

-+ RAIE

-3 THIS STATEMENT

-3 TOIALS #- ACC, RECEIVABLE

(ENTER) YOUR CHOISE (X EXIT 10 DOS (M> EXIT TO MRIN MENU

2.1.3 FSEARCH

open the chosan file as a Main File. Failure to find will gave "NO HATCE FOUND® message. In this cass, piwss any
putton to retyrn to the command input level.

7input eswarch file label/ = FNA sess input se a request for wild card sesrxch. To skip input, <ENTER>, and PNA
will list all files in Filws Window in the left screen corner.

<ENTER> Will open highlighted file ae e Main Pile.
<PAR> Next leval.
[NEXT) |(PREVIOUS) <BAR>
(NEXT) Liat af filss to scroll down.
{PREVIOUG) List of files to scroll up.

«BAR> Cancel FEBARCH.
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Pic. 2.2. Files Window azzahqament

reconds
MODE: text
— CLUSTER: no
DIR: ¢i\sece

FILES WINDOW-<BAR) TO QUIT
EMPLOYER LISI
OYPER

i *
BILLING SCHEDULE*CONTRACTI
ACC. RECEIVABLE *CONTRACTI

, PREVIOUS
Input search f1le lahel:

2.1.4 FDELETE

will deletes Main rile and all Extansion Filea. 1f Mai: Pile ia of a Folder Typa, xll Fake Files corrasponding to

the Folder File recorde will be deleted. Confirmation required: press <¥> to proCeed and any other buttoh to
cancel.

2.1.5 FCOPY
Copy to (from) Main FPile fzom (to) other FNA or DXF format file in one of the stylea listad below.
(TC MAIN FILR) (FROM MAIN ¥.] [DAF FORMAT) {[CANCIL) <BAR>
{TO MAIN PILE) Copy to MHaln File from other PNA file, veing FEEARCH level. If secund party file ie the Main
rils, then "CAN'T COPY 7O ITSELF® messnge appears. If MASTER.ARR contains ohly cne 1ile, then "ONLY ONE FILE
DESICNATED® messags appsatra. !f sacond party file is empty, then *OUTPUT FPILE 15 EMPTY!1" mesaaga appears. If
input tile ie empty and chosen coping style ie COMPARE, COUNTER or TOTALS, then you should get “INPUT FILE IS
EAPTYL" masaage.

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

[OVERLAY)] Copy "ON°® fislds from designited fields of output file to designatad fields of input file.

[APPENDIX] Copy "OM" fislds from designated fielde of output file and appende them to designsted
fislds of input file.

[{COMPARE] Copy "OM* fields under conditicn, that Refersnceud Pields of input & ocutput files are
identical.

(COUNTER] Count numbezr of “ON® fields under condition, that Referenced Fields of input & ocutput
tiles are identical.
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[TOTALS | Count tetals of *ON® [ielde under condition, that Refsrenced Fields of input & cutput files
are identical.

<ENTER> <BARX>
<ENTER> Select fislds 10 activate jdessctivate).
{ON) Activats aslectad fieid.
lurr) Dasactivats selected field.
<BAR?F
{SELECT) [COPY) [CANCEL] <BAR>
{SELECT] Select fiwld's valus and condition for output file records selection.
/loput tiefd s value for secutd seisction/
[RESET] [#] |<>] |<] [<=] [>] [>»] <BAR>
[RESET)] all yefwrenced values & copdationse.
{=} Awiecenced vValue and field's value of thie record has to e egual.
1<>] - has to be unequal.
[<] Referenced valus has to be less than field's value.
[<e¢] - has to be less or syual.
{»] - hss to be higher.
f>»] - hae to be more or equal.
<BAR> Return to the selection.
{CORY) Copy {rlap withoul aslacting conditiona.
(CANCEL| Cancal PCOPY & gou to the command 1nput level.
<BAR> = ISELECT}
{FROM MAIN F.] Copies fiom the Msin File te other FNA tils (see [TO MAIN FILE]).

[ .DXF FORMAT] Copy to (from) Main FPile from (to) DXP format file. If you arxe usihg AutoCADY to input DXF file in
CAD drawing, usae DXFIN command. To cisate DXF file from CAD drawing, uss DXFQUT command.

/input fils name/ File could bs located in any valid path (defsult: current working path;.
[TO DXF] |[FRON DXF] [CANEL] You will be ssked to /Input layer name/; entities related to
other than specified layer will be ignored. 1t file ie of a Block Type, then /Input scals factor/ for

attribute text acaling.

ITO DAP) If file is of a Block Type, select attributes through Fields Window. <LAR>» <BAR>
to finteh selection.

[FROM DXP) 1f file is of & Block Typs, then attributes of valid blocks will reside in fislde
with Field Labals = Avtribute Tag.

(CANCEL)] Rests&rt FCopPY

«[TEXT PILE] [GRAPHICS PILE] [CANCEL] <BAR» - optional for Generic Type Filas.

[TEXT FILE] Writs recorde as & text in DXF file, using MONOTXT taxt atyle, 0.175 text hight
and 0.2% space betweswn text linea. Text will be written on standard 11X x 8.5W siza, starting

from top left sheet corner. 1f big shough, text will be written bayound sheet limite.

(GRAPHICS FILE] Write recgrds »a line sntitiss in DXF file. You will bs asked to define [X-
FI2LD), (¥-FIELD) and *(£-FIERLD]. Lines will belong to defined layer and have BYLAYER
color.
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|CANCEL| Restart FCOPY.
<BAR> = (TEXT PLLE).
[CANCEL| Retuin to the command inputl level.

<BAR> = [TD MAIN PILE)

2.1.6 FPRINT

1t Main Pile is empty, you will get “FILE 15 EMPTY!" wmessayw. Pimss any button to rsturn to the cosmand input
leval. If FNA has current CRAPHICS mode and acresn does nol regulre regenaration, PNA will print asistaing

graphic screeu. If printer 1e otf, then FPRINT wall seturn tu the comwnand Juput level.
[PRINT ALL] [CANCEL] *({CLUSTER] <BAR> Valid for a Text Mode or Graphics mode, 1f & regenerationh aa

[PRINT ALL} Print Iila header and all racords.

| NORMAL) [(UNDERLINED) *Underlinsd” optios put Continuous lins between mach row i1n a table.

[PRINTER] (FILE]
(PRINTER) Copy [ile on LPT1 (pranter;.
{FILE) Copy (appsnd) FNA file on ASCII text {ile (or werdprocessing purposea.
/luput tile name: / Filename 1s set to -“Ci\TEMP.TXT" by default.
[CANCEL] return to¢ the command inpul level.
+[CLUSTER] Vmlid only if Cluster axists. Print eelected records.

<PAR> = [ PRINT ALL}

2.1.7 FEXIT
1EXIT) [ENVIRONMENT|] [CANCEL] <BAR>

[BXIT] If m Child Fila exista, ¥NA will open it. Otharwiss, you will be returnsd to PLIST level.

requited.

{ENVIRONMENT) [f more than one of the listed below fils typas exist, you will be asked, which one to open. 1f
only cone existe, FEA will open it as a default. If there are no Environment Filws, you will sreceive 2 message

*NO PILE ENVIRONMENTI®.

+[CHILD! Open Child File as & Main File,

+ [ PARENT ] Upen PAT®ht File as & Majn File,

+| FREVIOUE ] Return to the pravicusly cpened file.

*[ IN-FIELD] Open one of the Pila-in-Field Pile s & Main File,
[CANCRL] return to the command input levei,

<BAR> = [BXIT)

2.2 RECORD RELATED COMMANDS

2.2.1 RLIST
Text Mode

If main rile is empty, then *FILE IE& EMPTYI® messags will appsar. If main rila hsa st lesst one rscord, scresn
wiil whow liet of recorde in a horizontal layout, one line per one recard, with file header on top of the
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screen. If Main File hae Extention Piles, ues left and right cursors to see Eatention Pile records. Use up and
down cursors to highlighe current (main} record and <ENTER> it to get verticel layout of the Main Record.
vertical layout will give you PNA headsr on top of the scrwen, file header, horizontal layout of Main Recoxd,
list of Fiwld Labels and zelated field valucs in vartical order, the Mairn Record number and total pumber of
records. Press any button to retuzn to RLIST level. <ENTER> to retuin to the command input level.

Pic. 2.1, Ritst Text Mode (Horizontal Laeyout)

IROOM JTASK/ACTIVITY (AREA  |PERIMETE(HEIGHT [CAVITY {{1}}
|1 public area \ 5269 ‘ a2l ‘ 6.3 l 3829?““‘

office 38 b.3 18023
34

janttorial spac 24 6.3 11,4765
*{X-PIELD} {Y-PIELD) «|2-FIELD) Valid only for Gensric Typs files. For othar types, PHA will akip this input.

+
Once dsfined, thie coordinate sstting remaine the same, until ancther FHA file will be opened as a Main, or mode
will be changsd.

accountling

reception area | 429
conference rooM| 264
off1ce

1ohhy

office

office

office

Lobhy

women' s restroo
lobhy

“en’ ¢ restroom
storage B]
electrical room!| 222

Y

R onoenconconcn

¢
1
b
9
3
9
b
!
2
4

M= ) L CIAD =0

0
[ealoalunloalaulsaluglsplepleploplaalepl
mr—«:o—-mb——.hwmm.a..hw
—-Jmt_ﬂl'-f-’\@ml.ﬂcot_ﬂ\.!

Graphics Mode

{2+PIELD) Set this field as a horizontasl scresn coordinate.
[Y-PIELD] Set this fiwld as a vertical #creen ccordinate.

*{3-FIELD]} Bet thle fisld as n third disention courdinate. Significant only for FCOFY {.DAF FORMAT) [GRAPHICS
PILE); I* S-PIELD is not defined, all entities lay in (£=0) plana.

yor ib and 3D Typs files, sach racord rapressnts a lins. Por Black Type files, aach rescord representa a block.
Since FUA does not have sn information about ®sch particulaxr block, blocks will be substituted by small clicles.
Circla centsr coordinates corraspond to tha block inssrtion point. Por Generic Type files, sach record stands
for the point, and all peints az® connected by the linse in the record numbexs ssqushce., For alil file types, the
target ia a circle, placed on ths middle of current entity. Usa up and down cursors to highlight needed antity.
<ENTER> to g7t vertical layout of current (Maltu) rwcord (ses Text Hode).
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Pic. 2.4. vertical Layout of highlightsd record shown above

TP MODE: text
— Rk — CLUSTER: no

Flf'l F2 ard F3l t F‘l r DIR: ¢:N\dos\
11e - :“E‘C’JI‘ y ayau proyram c 0s
(Rl ACU /AN t AL PER 'l 1 F‘l '

£91.84@3 U e
! 190,563@ ' 1373.4978

36 - APPENDIX B



Pic. 2.8. Block Typs, Graphice Hode. Pixtures for the same building plan. Pointer (bigger ciicle) cuatered
around tha first recoxd

714.5183

4266428 1396.5630

2.2.2 RSEARCH
IPICK RECORD] [FROM...Te] [SELECT) [CANCEL] *{XFER TO FILE)
[PICK RECORD] Pick recurdme to form a Cluster.
[NEXT)] Pick the aext record.
[CANCEL] Retuzn to the RSEARRCH level.
[EXIT} Retuazn to the command input level.
CBAR> = [NEXT)
[PROM. . .TO) Belect records for Cluster batwean chosan record numbers.
/Input fizet gecord #/ Valid Lf enisets.

/Input last zwcord B/ Valid if higher than first secord number and less or equal than last file record
nuRber .

|{SELECT) Set field's valuss and conditicns for file records salaction.
<ENTER> <BAR>
<ENTER> Get field for aatting valus and condition for record ssleaction.
[RESET] [=] [<>] [<] [<=] [>]) [>=] <BAR> (8se FCOPY [SELECT]).
<BAR>

[RXIT] [CAMCEL] <BAR>
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[EXIT) Hake Cluster and fetusn to the vommand inpat levael with Cluster *YES®,
[CANCEL ) Restart RBEARCH.
«<BAk> Restatrt |SELECT).

{CANCEL] Raturn to the command input lasvel,

*(XPER TO FILE) valid only if the Cluater sxista. Cunvert aslected racords into the Main Pilae.

2.2.3 RADD
Add record to Main File.
<BNTER> <BAR>
<ENTER> Chaocse the field to add (chanye).
(REYBOARD| (FLILE] <BAR>
| XEYBOARD ) Enter field's value from the keyboard.

{FILE] Enter field's value fiom Other FNA tile. Chuoose file for date export from Files Window. List of

secorde will appear at the left screen vorner. Tu transtesr data to the curzent (hain) recezd, highlaght
record in Racord Window and <ENTERy <ENTER> it.

<ENTER> <CURSCR UP> <CURSCR DUWN>
<ENTER> To choose the output reccrd in the Records Window.

<ENTER> Tranefer dats (highl.ghted left fimld in the window) to the current [iwld of
the current record of Main File.

<BAR>
[LEFT] [RIGHT| <BAR>
{LBFT) Move currsnt field of export fila to the left.
[RIGHT) Move currant field of eaxport f{ile to Lhe right.
<BAR> Cancsl [FILE) and return tc RADD level.
<CURSOR UP> Liast of the reccrds to scroll up.
«CURSOR DOWN> List of the records te¢ scrull down.
<BAR> = [KEYBOARD]
<BAR>
{SAVE) [(CANCEL) ([EXIT) «[FIRST] =« [LAST] =(PREVIOUS] +«{MEXT] +{ADD] «(EXTENSION) <BAR>
[SAVE] Save currsnt racord as listisd.
{CAMCEL] Cancel changes fur the current (Main) record.
[EXIT) Return to the command input level.
+[FIRST] Set ths first record as a current (Main) record.
«[LAST) Set the lest record as & current (Main) record.
*[PREVIQUE] Bet the previcus record 4e¢ & curcent (Main) record.
«(NEXT] 8ot the next recoid ms » current (Hain) Iecord.

»{ADD} Add a new record to the Main Pile.
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*{EXTENSLION] Valid 1f at lwast vne Extensiuvn Fille exists. Sst next
file to liel.

Eaxtension File am a curtent

<RAR> = 11518l Duttofn.

2.2.4 RCHANGE

Change current (Main)} record. Ses RADD.

2.2.5 RPELETE
1t main File s empty, theu "FILE 1S EHPIY I~ messaye will appear.
[PICK RECURD] LEKIT] *[CLUSTEH  <BAR»

[PICK RECORD] Pick racord to delete from the scrsen. If Main Fiie L Folder
by this record will be aleo deleted.

Type, tile represented
JEXIT) Return to the command anput level.

«(CLUSTER) Valid if Cluste: existe.

<BAR> = [P!CK HECORIL ]

2.2.6 RCOPY

Copy one recotd on ahother reacord. Invalid, when "NUMBER OF HECORDS LESS THARK 2°.

[PICK RECORD] [EXIT] *[CLUSTER) <BAR>
(PICK RECORD) Pick record to copy from and record to copy on. [EXIT| to exit from RCOPY.
|EXIT) Retusrn to the command input level.
* [CLUSTER) Valid if the Cluster exists. Cupy entire Cluster.

fInput shatt -{up) +{dn) druw fizet record/ If whaft = 0 then FNA will return RCOPY level.

<BAR» » [PICK RECORD)

2.2.7 RREPLACE
Swap recorde position within the Maln File. [nvalid, when "NUMDER OF RECORDS LESS THAN 2°.
[PICK RECORDY] [EXIT] *[CLUSTER] <BAR>
[PICK RECORD] Pick raccords to swap from the acresn. (EXIT) to sxit from RREPLACE.
[EXIT] Return to the command input level.

#[CLUSTER ] Valid 1f the Cluster exiéts, RecOrds will be replaced, one by one, by the records with
(currant rescord { + shift) recerd number.

/lnput ahift -(up) +(dn) from ! rst record/

<BAR> = [PICK RECORD]

2.2.8 RPRINT

Print current (raccrd in vaertical layocut - Field Labels on ths left, field values on in the middle and Field
Attributes on the right.

{PRINTER) [FILE] [CANCEL] <BAR>
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{PRINTER | Copy twvurd vn LPTL tptantex).
{FPILE] Copy (append) record on ASUII lext fiie.

Jinput Iile neme: / Fllenazw 1w set Lo “UNTEMPOTXTY Ly default .
[CANCEL, Retugpn to the comdand ihput .eve.

<BAR> = [VRINTER)
2.3 LAYOUT RELATED COMMANDS

2.3.1 LADD
Add fTrle layuut Lo cuitent Maste; File (MASTER,AKN;.
First level - input file parameters.
IFLLE LABEL) [FILE DESCRIPTION] [PROGRAN FILE] {CHILL PILE] [PARENT YILE} [EXTENSION FILE] [FILE TYPE) <BAR
|PILE LABEL] Max. length is 1t charac sre. Valua s sigmnificant for file search and sslaction.

finput film label/
[FILE DESCRIPTION| Max. lanqth 18 40 characters. Carries comp11Msn|;ry information About the fjile.

fInput file desCription/
{PROGRAM FILE] Ipput program numbepr to be parmanéntly commected to the FNA file. Eligible program theme is
<program #>.BAS, where <program 4> 18 sny integer. Program has tu exist in the Working Path and to comply with
FNA rwquitesents {(awe PEDIT).

/Input program nuaber/

(CHILD PFILE] Input Chald File (Fake File {or Fulder File and any type file fur mormal Type) am a child process.
Upe Files Window.

{PARENT FPILE] Input Parent File (Folder File tor Fake File and any type file for Ncumal Type) as a parent
process. Use Files Window.

{EXTENSION FILE) Input Extension File as a parallel extension of the cusrent file. You could chain up to 10

files {i0 X 10 = 10GC fields; in one chain maximum, rest of the chain will Ds ignorsd. Each file - sxtansion has

to cairy name of the next file-éntensicn. In some cases (uncompatible file typés] extensioh will ba cancelasd,
Use Files Window.

(PILE TYPE)
[NORMAL ) [FOLDER] [PAKE]
[NORMAL] Any fils, which is not a Folder and not a Fake Type.

{FOLDER] la a file, where sach racord represents and opens another fils (Fake Typs and Child rile
for Foldar File).

(PAKE) This layout is shared by a family of {ilws, phisically written into ezmc directory (directory
nase i¢ thim file aumber, shown 11 FLIST}. Every file froa this dirsctery ia reprssentsd by the

record of tha Folder Pile (and Parent rile for thia Fake Filu). All file mansgement will be done thiu
the FNA automatically.
<BAR>

[SAVE] [NEXT] [CANCEL| <BAR>
{EAVE) Go to tha second LADD lavs].

[NEXT) Retucn to the first LADD level.
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[CANCEL} Raturn to tha command input leval. All changes to reaet.

<BAR> = |[SAVE]
Second level - input fields parameters.

(FIELU LABEL| (FIELD DESCRIPTION] [UATA BXPORT] [FIELD TYPE} [FIELD LENGTH] [PRINT LENGTH] [COLUNN (data
sxport)] [(STYLR (data exporti| <BAR>

(FIELD LABEL) Max. lenyth is 16 cheajacters. Value im smiguificant for field mesrch &hd selectioh.
/Input fiwld latel/
[FIELD DESTRIPIION] Max. length i1m 16 cliaracters. Varrias conplimentaty infourmation [(unita, dolla:r sign, ete.),
Jlnput riald description/
[DATA EXPORT] Select the file as a Fille-in-rField File to export 1ts data to the current field. Use Files Window.
[P1ELD 'TYPE)
[STRING) [INTEGER| |SINGLE PREC.] {DOUBLE PREC.} [=RECORD ) <BAR>
{STRING | Fiwld s dats tu Lw saved as 5 atziny type. Fireld Length vazies,
{INTEGER) Field's data 10 be saved &8 an integer (whols number). Field Length is 2 bytes.
[BINGLE PREC.) Field's data to be saved with single precision. Field Lengih is 4 bytes.
[POUBLE PREC.) Field s data to be saved with doubls precisicn. Field Length ae @ bytas.
(=RECORL #] Fiuld's value is equal to record number of Lhe zecord. Field's Length is I bytes.
<BAR> » [STRING]
[FIELD LENGTH) Set automatically, if Field Type 1e Other thah a String.

/1oput tield length, bytes: / Min. number 1w a zero (it makee & sense 1f current field containe File-in-
rield rile (data export), and all fiald‘'s data is read from this fjile). Max. number of bytaa is 62.

[PRINT LENGTH] Ie a langth {numbar of charactara). 1n which current tield will be embedded for listing in a
horizontal layout. Bum of all Print lLengthe hot to sxcesd b9 charscters. Current Print Length available for an
input is shown in the right coruer of the screen.

[COLUMN (data export)) Choose a fisld (column) of the File-in-Field File, from which a data has to be exported.
[STYLE (data export)] FHA trests firaet fiald of the current file ms tha first Referenced Pield. That ie why FNA
ignores any data export in the first fiweld of the Hain File (exept for ths [OVERLAY] and [APPENDIX)). If current
file is opened as & Main File and data export defined, PHA wiil try to match betwean ths first Field Label of
the Main File and any of the Field Labels of the File-in-Field File as the second Refersnced Field. Pailer to
match will terminate dats export for current fiseld.

{OVERLAY| [APPENDIK] [COMPARE| [COUNTER)] [TOTALS] <BAA>

{OVERLAY| Copy data from File-in-Fieid Pile (from [COLUMN) field) to the Main Fils (current fisld),
record number Iemains the same.

(APPENDIX] Same as {OVERLAY), but appends data to the Main File.

[COMPARE] Compare Referenced Fields data of PIP and Main filan and copies cdata from [COLUMN|
fisld to the current field if a match ie found.

[COUNTER) Compare Referenced Tislde data of FIF and Kain files and count total number of FIF
tecords, matched with Main rile record. Save result in the current field.

{TOTALE] Compare Referenced Fields data of FIP and Main files and eum the data from [COLUMS]
fiald if a match im found. Save result in the current fiald.

<BAR> = [QVERLAY)
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(NEXT PFIELD] {EAVE RESULT) [STEP BACK] <BAR>
I|REXT FIELU] Naxt tiald to input.
|SAVE RESULT | Sava 1nput in the Mastsr Fila and launch corrent fila as & Main. [f sum of the

Field Lengths ie equal Lo zero, "ERROR: FILE LENGTH EQUALS ZEROI® me
appear. <EKNTER> to return to the second LADD leve..

age will

{ETEF BACK] Previovus field to rnput.

<BAR> ~ [NEXT FIELD)

2.3.2 LCHANGE

Change Kain File layoul. It file is not emply, you can’'t change Fisld Type o1 Field Lengti.. See LADD.

2.3.3 LDELETE

Dalete file layout, Afte: deletion, FPlle Labw]l wil]l be *SPARE LAYOUT®. the mttempt to opeh thie lile ahall
raturn you 1o the LCHAMGE level. Invalid it fiie(e) relatwd Lo thie layout 1s nut deletsd.

(MAIM FILE] [SEARCH] |CANCEL)
(MAIN PILE) Main File layout to delete.
[SEARCH] Search f.le layout to delete thiu the Files Witdow.

[CANCEL)] Return o the command input leval,

2.3.4 LCOPY

Copy fil® layout to the end of & Maste: Pile. Existing file(e} attached to this layout will not be copied.
{MAIN - ILE] {SEARCH] [CANCEL]

IMAIN FILE] Main File layout to copy.

{SEARCH] Search file layout to copy thru the Files Window.

{CANCEL) Raturn to the command input level.

2.3.5 LPRINT

Print entire Main Pile and Extenwion Files (if any) laycut!(s) as it was entesred thru LADD/LCEANCE cummsnd (see
LADD .

2.3.6 LPRALL

Print all file layoute irom Mas‘er Pile in the same sequence se they appear in FLIST command (see FLIST).

2.4 PROGRAM RELATED COMMANDS

2.4.1 EXTIRP

guick input thru a horisontal layout (print line and <ENTER>). Pick file from the Filea Window; Pile lLabel with
Fils Description and Pisld's Labels with Fiald's Separators will appear at the bottom of the ecreen. Print
tfisld's data in propar spaces; <ENTER» ta add naw record at the and of the file. Invalid il tha file is SPARR
LAYOUT ox if the (il® is & Fake Type and the Parent (Foldex) Pile ie empty.

7INPUT WEXT? <Y/
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<N» RatuIn to the vommand input levei.

«<Any other button> Input next record.

2.4.2 SORT

sort Main File for the chosen [ieid ot any typa. Choume the field trom the Fielde Window. Tiuncates iwewd frum
the Main File 1t chosen field of the racord 1s ampty. invalid 1t *NUMBER OF ABCORDE IS LESS THAN 2°.

2.4.3 TEXT

Het FNA mode as & Tex® Mode. This i1 & FAN Minale Ly Jdetault. Main File i1ecords ate listed as the teatual data an
both vertical and horisonial layouts.

2.4.4 GRAPHICS

Sat FNA mode as a Graphica Hode., Main File 1ecords are listed as the textual data in verlical layout and me a
graph in horisontm]l layout. Graph differs for different tile styles:

A. Text Style; requires ihput of N-field and Y-1i1eld. Each record represants a point which ie connacted with the
lines to the next and previcus recurd(ms) (point{m}).

B. slock Gtyle: thess files must have the "BLOCK" field, K-if:eld and Y-fiela. FNA will tecognize the Block Strle
it the file has the °"BLOCK®, "Xl- & *Yi" Fiald's Lavels; “ANCLE* and *Z1" Fisld's Labels are optional. Each

record stands {ur & block, Records will be shown am the ciicles gince all blocks dafinitions &re contained ih
AutoCAD file(s).

C. 20 Style: Thess files must have the X-field and Y-field. FNA will recogynize 2D Style 1! the file has the
*X1°, *¥1®, "X2* & "Y2* risld's Labels. Each reccid stands for and will ba prassntsd aa a lins.

D, )D SBtyle: same as 2D, plus 2-fiald 1s defined. (*21" and "12° Field's Labaels).

Graphics Mode 1s invalid if all X-fields vz/and Y-fields uf the cuizent faile axe the same (2D azwa i1» segressed
to the line). All Extsnaion Typa (Othar than Main) files are Texl Style files. GEma RLIST.

2.4.5 PSEARCH

search tam fila with a program attached, using Files window. <ENTER> chosen file to attach ite program tu the
Main File. If Hain File alrexdy has a program, it wil| be :tplaced by the new one. vValid only for the currsnt

asaaion. If you want to connect chossn pregras to the Main File permanently, use LCRANGE command. Invalid if
chossn file does not have & program attached.

2.4.6 PADD

Add & program to the Main File (vaelid only for the current seseion). All files from the Working Path with .BAS
sxtenaion will be listed on tha screan. To attach, highlight file name and «ENTER>. Be surs, that the
highlighted file complies with FNA requirements.

2.4.7 PEDIT

Retutn to the Basic Editor and &dit existing o create new program foz the Main File. After wditing, eave {ile
in ASCII format in tha Working Path. He sure that length of your file, amount of reserved memory for the

variables and number uf nested lcops fit an the BASIC memory limite. Tu xwturn toc a FNA, RUN "MENU.BAS", To
sttach new program to the Main Firle, uss LCBAMGE coowmand.

To make sure that you are rot ueing varisbles defined Dy FNA, try variables with C,D,E,G,H,I,0,K,L,M and N
starting charactars. The list of FNA variablea that can be defined in #4000-40%9 program linss:

SMP10e1 if initial calculations and/or input ia required. SWP10=0 to cancel/ship.

SWFPllel if fields calculations and/or input le required in the event of the aditing the Main Pile recordas.
swPlii=d to cancel/skip.
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SWP12«) if fields calculations snd/or ILpul sle¢ rejyulled Al a time of ex1ting from the Main File., SWP]Zeu to
capcel/ship.

EWPli=1 1l yuu want to squeste custumized dispiay Letwesn horisootlal layout b Text Mode and vertaical layout.
SWPId=U to cancel/akip.

SWPS (19 rireu stzing asrray to huld the names o1 pavgram varsables.
SWELS (49) Becond string ariay tu hold the valuss and namea of pivgism vailables.

To tinieh this part ol the program (1t 1a typical for all piogram segmente), uss RETURN statismeni. Listsd beslow
are the main program segment linea:

1380 Line Loz fiwld date processing (for ex., line (380 RS (u,l)esTHS (VAL (R$ (0,2])*MASE) est tha first fiald
varisble (R§ (U,1}) egual to the second fisld variable times SMASS value).

4000-4099 Iqitiallzation.

4t00-41%% Provessiny SWPiU«) reguest.

4200-4297 Proceselng EWPliel raguest.

43C0-4399% Proceseiny SWP12=] request.

4400~ 48%% Proceasing SWPl4«1 regueast.

4900 line muet to exiet for CHAININg purpusas.

Example:

Requeet for Lnitisl calculations ie placed in linef 4000 (BWPJUm=l}; calculastion process by iteslf described in
linws# 4100-4130: stub linef4%00 is presant. Note, that zll athers SWPxx ars &8l 1o zerc.

1380 RS (0,5)=8TR§ (VAL (R§ (0,3))«VAL (RS 10,¢;)):1F VAL (RS (0,%5))>VAL (RS (C0,6)) THEN RS (0,7)=R$ {0,8] ELSE
R§ (0,7)=R§ (0,5}

4000 SWP10=11SWP 11«0 15WP 2.0 :5WP 14«0 RETURN

43100 DATA f,5,%,10.1,9,26,13,0,h,63,33,0,1,130,48%,0

4101 ON ERROR GOTC 4110

4102 PBuY:FF=40:GOSUB 1190:FBe]lU:FF=13:GOSUE 1190:FUR P1lU=1 TQ LOF {2)/FNFLEN (0) 1FB=U0;R-P10:GOSUR

13703 X25«LEFTS (RS (U, 1), INSTR (RS (Q,0147 7, " ")-1):1F %28+ =" THER X2%a" =

4105 PBal0:POR Rml TO LOF (12)/FNFLEN {3i0}1GOBUB 1370t1F LEFTY (R$ (10,0),LEN (X25))=LErT$ (X2%,LEN (R§ (10,0}
THEN RS 10,2;=LEFTS (R$ 110,1),32+60T0 411%

4110 NEXT R

4112 FB=9:7OR R=1l TO LOF {(11)/FNFLEN (9):GOSUB 1170:1F LEFTS (RS (9,01,.LEN {X2§))-LEFTS (X25,LEN (RS (%,0)}))
THEN RS (0,2)alEFTS (R$ (9,1),3;:1G0TO 4115

4111 XEXT R

4115 XuVAL (RS (0,8;)11F X<=3.5% THEN Xeu ELSE 1F X«<7J.! THEN Xul ELSE Xa2

4130 ARSTORE 4100tX§a”*tWHILE LEFTS {K§ (U,2),3)¢>LEFr§ (X§+™ =,3)1HEAD X$,8 {0),8 (1),68 (2)IWENIIRF (0O, &} =«ETRS
(8 (X))

4122 FB=01R=PL0O1GOSUB 1720

4125 NEXT PIOIRETURN

§130 17 ERR=4 THEN R§ (0,4)="":RESUME 4127 ELSE RESUME NEXT

4960 atub

List of variables most frequently used in FNA programs:

6P2§ Cutrsent Working Path nams;

BWPARY ml, if Cluster exiwets, =0, if not;

SWPAR] =0, if screen regensration ie required; =1, if not;

BWPARL w0, if Main File is of a Text Style with defined coordinstes; o1, if coordinares are not dafined, =1.5,
if Majn File ie of a BLOCK Style, =2, if -3D Stylwe, =3, if -3D Style;

SWPARS is a total numbar of filss opensd with the main Pile (=1, if Main File does not have an extensioh);
SYPARE =0, il the Text Mode i# current, =1, 1L the Graphice Mode ste curzwat;

FFMAIN ia a rerord number of Main File within a Mamter FPile;

P iv a file numbel (=0 for the Main Pile and l<=FB<e9 for the Extension Files);

R is a record numbar within the Main File. 1<eR<aLOF {2)}\FNFLENX (0), where LOF (2)\PNPLEN (0) ie & total numbar
ol recorde.

RS (PB,X) im a tisld's values. ¥8 is a file number, X ia a field's number,
List of subroutines that can ba used from ths progrem:

GOosun 730 Row pojintar.

Input: Pl-left marxgin; P2-right margin; Pi-cuzrent 1ow number; Pé-top marging F7-bottom mazgin.
Outputs P-row number (varies from 1 to 24, if <ENTER> and equsl zero, if <BAR>).
GOokUB @3¢  Batton pointer.
Input: B¥i-number of the buttons.
Output: P-putton numbar (variss from 1 to 8Wl, if <ENTER> and squal zmera, if <BAR»).
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GOsSuUB 920 Input analyszer.
Input: K$-detasult input value; Xi$-cutment; 5Wi-1nput etyie (=1, 11 vetput 18 1 uppercass letteiw, =2,
1f outpul e 1n lowsicsee lattegs, =i, uf output e a Dumerival value); PI=24; Pé-left rargun; Pé-right
BALGin.
Qutput: X§-outpur value,
GUSHB 11%0 Maln File Launchar.
Inputs FP-Master File zevord number.
Cutputr Fr file to open as a Main Fila,
GOSUB 1370 Get record.
Inputs FB-file numbar; R-recosd number.
Qutput: RS (FB K)-field's valuse 1708 FB tile, RS 18 an airey for X trom 0 to 9.
GOSUB 1510 Record - horisoatal leyout.
Snput: P8-fila number. Records are listed 1n a horizontal layout.
Output: Rerecord number.
COSUB 1660 Record - vertaical layout.
Input: PB-fjila numbaer; R-racord number. Record is listed v a vertical leyout.
Qutput: acreen.
GOsSUB 172¢ Pur racord.
Input: PB-file number; R-recurd numbei; RY (FB,X}-lieid's values.
Quiput: put record in FB file.
GOSUB 1770 Mesaagse.
Inputt X$-messays i1oxt.
Output: <ENTER> to continue.
GOSUB 1820 Draw buttons.
Input: SWl-buttons fhumber (2«<=SWl<=5}); X$-butlony text [Centered [0t each bytton).
Qutput: scresn.
GOSUR 2300 Files b Fislds Window.
Input: BWle) fo; the Filss Winduw; XZ5-value to s¢lect (K29="* 1o list all files). SWla? fur the Fielda
Window: FF-Master File recurd number.
Output:
For Files Wondow: PF-Master File 1ecord number & FF field valuws for FBE=10 file number. SWie0, if

<BAR>.
Por Fielde Window: FD-field number. SwWis0, 1f <BAR».

2.4.8 POFF

Switch the sttached prograsm “ott>,

2.4.9 PPRINT

Print the attached program. If the program is not exists, “4000 ‘stub* and "4900 °‘stub® will be lieted.
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