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ABSTRACT

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

MODERN CONCEPT OF SEISMIC ISOLATION

It will be shown in this section that despite a wide
veriety of practical implementations, the common concept
of seismic isolation is resting primarily on two pillars:
flexible mounting and enerqgy 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 of
the vibration isolation technique extended upon essentially
non-rigid structures which are to be protected against pos-
sible earthquakes. Concept of seismic isolation is based on
the premise that the fundamental period of the superstruc-
ture as a rigid body rocking on isolators (isolated period)
is several times greater than the period of the fixed-base
structure. The more the difference, the better the isola-
tion, and vice versa. By decreasing the actual ratio of the
base-isolated period to the fixed-base period, we will enter
the area where the positive effect of the seismic isolation
is very small if any.

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

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

Besides separating the frequency of the superstructure and
that of the isolated system, to make the earthquake protec-
tion successful, one more level of separation should be pro-
vided: between the fundamental frequency of the structure on
isolators and the most damaging frequency range of the shak-
ing ground. Still in 1975 Ray W. Clough and Joseph Pensien
[4] had demonstrated that a base isolated structure, treated
as a rigid body on a spring and a viscous damper, experien-
ces two principally different stages of steady state res-
ponse while successively undergoing harmonic excitation with
varying relative frequencies = W / w where the isolated
frequency w is supposed to be fixed, and the ground fre-

guency W Jrows up starting from zero. Thus, when 0 < ﬁ <
, there is no isolation effect at all. In the range of
$ >V2 the damper's contribution is negative.

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

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

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
loss is dependent upon the system fundamental frequency in-
stead of the frequency of excitation (which is actually
true).

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

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

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

measure of the expected seismic isolation ineffectiveness).

But damping mechanism of any kind under kinematic excitation
is simultaneously a driving one. Normally, we recognize the
velocity-associated force of resistance solely as a source
of restricting ("damping") periresonant structural responses
but we disregard its another quality: to be cne 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" fcrce can occur even the
main "pushing" one during an earthquake. Its negative, push-
ing effect is immediate, while its positive, dissipating ca-
pacity needs more time to fully develop.

As an example, consider

a mass supported on rol-
lers (Figure 1-1). The
mass is connected to the
ground through a viscous
damper in absence of any
spring force. If the mass
is disturbed from its in-
itial position by impart-
ing the instant velocity
Vmax = 9Z2/w (effective
peak ground velocity per Figure 1-1. Mass-damper system

UBC-91), the velocity- without restoring mechanism.
related resistance Fg

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

The same results will be received for a hysteretic damper:
Fq/W = 2Er;kvmax/mg =2¢% (1.02)

Assuming equivalent viscous damping ratio = 0.4 as in the
case of Super Plastic Rubber [9] and Z = 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 loads are applied not in the points of lumped
mass concentration but in the planes of contact between the
structure and the soil. In case of base isolated systems,
the stage when the running wave just covers the height of
the isolator and the superstructure still remains undis-
turbed, is of primary importance. By this moment, the ini-
tial pushing force ("negative quality") associated with the
velocity of lateral vibration and with the magnitude of the
damping characteristic of the isolator has already develop-
ed, whereas the damping in the traditional sense of the word
("positive quality") has not. This fenomenon is not obvious
if we use the kind of analysis which is usually employed in
earthquake engineering due to its lack of sufficient resol-
ving power.

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

FRESH APPROACH

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

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

a) Let the earth move its way.

b) Prevent resonant amplifications.

c) Restore the structure in its pre-earthquake position
on the foundation.

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

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

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

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 design pro-
vides multi-step non-de-
structive softening the
system thus protecting it

against resonant amplifi- ‘ « ~¢ 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, its 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
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:

- Figure 2-3. Force diagram.
1 -\ - (i)
R

* 4 (2.01)
arcsin(—%
R

For example: when R = 100 cm and d =5 em, per Equation
(1.03) f£,= 0.025.

One of the main components of the AF&MS BI, the Ball Trans-
fer Unit, is widely used in stationary and mobile transport.

it has a proven history of heavy duty and extreme conditions
performance.

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

.,
L

£f=.10 £=.025

=.10; : .
£ | R=50 cm ! .

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

Figure 2-4. Some types of gravitational pendulum
isolators: 1 and 4 - with ball bearings, 2 <nd 3 -
with teflon candie 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 transfer unit
and (3) - teflon candle transfer unit at EERC,
UC Berkeley testing facility (August, 1992).

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

“@* £t

R \ﬁl)r»f\‘_//‘

e

Figure 2-6. Shock Evader'™: inside view

Photo in Figure 2-7 shows the Shock Evadert™ 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 Evadert™® in action
during an earthquake simulation

A similar subject was captured by the KABC in the program

"Why Didn't I Think of That?" which was first aired nation-
wide from Los Angeles on April 10, 1993.
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SECTION 3

ANALYTICAL MODELS

Analytical models and solution 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 1li-
near for the superstructure but non-linear for the isolators
[14].

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

{5} (15} - 1) = [0d5, o

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

(] = [0 M, M,
- o m)
My = m, M2

me my M2

0 m, Mz

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

M13 = 0 O mg

17 Report




Total mass:
M= Mo+ My + M2

Story drifts: Vo= o= Ug Vor Uy = Uo Via = Uz~ Uy

Vectors-derivatives of relative displacements:

Vo Vo L Vo
{V'} ={ Vo, {\./} ={ Vo {V} =4 Vo
v1z quJ L Va2

Velocity related resistance matrix and stiffness matrix:

0 0 Cia 0 0 K2
[C] =| 0 L Cow O LK] =| 0 Kot 0
£gM |V 0 0 gy 0 0
R

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

For sliding isolators the rigidity equals:
Ko = (g/R)M (3.02)
where R represents a vertical radius of the pedestal

plate at the spot of load transfer.

The "damping" coefficient for sliding isolators is:
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Co = fgM[vo]~1 (3.03)

where f 1is 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 ones rather than to call the
last ones elastomeric, for example, which is common. So, for

F/W Ko/W

ﬁ (a) * (b)

‘>_Vo i S vo

(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 - (Vo)max @as follows:

F/W = (A/g) Vg exp(—B\/vo) (3.04)
and
Ko/W = (A/Qg) exp(-B\ vo) (3.05)

In all computational experiments of this report it was
assumed that

A=69,7; B=0.3; vg = [cm]
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Thus,

when 0 < vg < (Vo)max = 37.5 cm
when Vo > (Vo)max = 37.5 cm

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

Co = 2o W Mo (3.08)

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

(ﬁg)peak

(ug)peak (3.09)

Weff =

where (ug)peak and (ﬁg)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:

cy = 2 goko[vo/{ro] (3.10)

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

Interstory rigidity for all systems:
k = olm (3.11)
In computations for the current report it was assumed:
ol = 1500
Damping coefficient for all systems:

c = ?)m (3.12)

Assumed in computations:

.E) = 1.233
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Geometry of the Shock Evader'M, investigated in this report,
is depicted in Figure 3-3.

Uo -
R R
2
.R 3 R,
1 \
¢ W =gM
Rpall “'I
u P ERH l ‘IL =
' }
g } :(:';'Vb‘{ VO . . ‘
23 v l | l
3 %4 v
. 4 J . |
“ 1

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

Here: r = Rball < R1 < R2 < R3 < R4 < R5 >> Rf

When
0 < V5 < VYpal1 R = Rpa11
vb < vO < v1 R = R1
v, < Vo <V, R =R,
V2 < vo < V3 R = R3
v3 < vo < vy R = R4
vy <V, < Vg R = Ry
Vg <V < (Vg + Rg) R = Rg




Assume: Rp = 0.16 MO-4; R1 = 50; Ry = 100;

R

3 200; R4 = 400; R, = 800; R, = 10.
vy = nbeall; v, = 2.5; v, = 5; vy = 10; Vy = 20;

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

5 5 £
Ue 1
Relative displacement of 4th e >
secondary systems (equip- | 9
ment) : i = G
v = u - u 3d e o
ss ss fl | g
. | v
Equation of motion for &
secondary systems: | o
Y 8y 2nd ' 2:
mu _ +c v +k v = | D
ss S8 ss sS ss ss + o
= -m__u (3.13) 1st | o
ss fl s |

Absolute floor acceleration | a
is to be found from the | £l

-

gy I >

equations of motion of the
building and applied to the
equipment (mass m, g damp- Figure 3-4. Secondary
ing coefficient Cog = system model
2§\,kssmss ' damplng ratio
g = 0.02, equipment rigidity

kgs = 49T 2 mgg/Tgg2, equipment natural period Tgg)-
Earthquake input can be executed in two ways:

1. Real time-history.

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

22 Report

AR A s sk p



u_ = at sin 2m-logb[(b-1)t/bTo+1] (3.14)

g
where
(Ug) max
2 =\1 + (29r/1n b)* (3.15)
b = e (3.16)
t, = T, + T_

t, is a duration of the ground shaking, TS is the ini-
tial and T, is the final (the largest) instantaneous pe-
riods.

tm

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 pericds of vibra-
tion between T0 and T, (in this research it was assumed

that T = 0.03 sec and T, = 2.0 sec) are rung up in the
o

state of transient resonance. Besides, you have no need to
filter the "wrong" frequencies [20, 21], and any moment of
time here is associated with the definate instantaneous pe-
riod of excitation which is a real advantage while interpre-
ting various responses vs time.

In all computational experiments of the current report the

duration of ground shaking was taken the same: t, = 15 sec
but the maximum velocity was of three different levels:

20, 40 and 80 cm/sec?.
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SECTION 4

COMPUTER ANALYSIS

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

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

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

1) Six 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 Evadert™ or AF&MS BI with a central depres-
sion), 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-storied, four-storied and

eight-storied structure with the same interstory heights

and rigidities.

3) The Standard Case was chosen, including the Standard
Isolation Systems and the Standard Input.
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Characteristics of Standard Isolation Systems:

AF&MS BI and AF&MS BI/CD
Friction coefficient f = 0.025

Central depression ratio N = 2

Initial radius of vertical curvature VRAD1 = 100 cm.
Sliding

Friction coefficient f£fg1 = 0.05

Radius of vertical curvature VRAD = 50 cm (inversely pro-

portional to the friction coefficient: to make the restoring
condition equivalent to those of both previous sliding sys-
tems).

Shear-viscous and Shear-hysteretic
Damping ratio g = 0.2.

Certain limitations are imposed on relative displacements
(drift) of the isolators which assumed to be restricted into
Rconf = 50 cm boundary by using some sort of confiners: dead

rigid like the enclosing cylinders in the FPS [23] or chain
leash in the shear type isolators [24], and reasonably rigid
like those achieved with the help of the final radius of
vertical curvature in the AF&MS BI and AF&MS BI/CD.

Characteristics of Standard Input:

Imitational regime Conetm

Duration t, = 15 sec
Smallest instantaneous period T, = 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 Conel™ regimes with UG'MAX = 20 and 80 cm/sec have
been tried which represent the Substandard and Superstandard

intensities.

Deviation of "damping" parameters:

Friction coefficients f = 0.01 and 0.05.
Initial radii of vertical curvature corresponding to the
above coefficients VRAD1 = 200 and 100 cm.
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Friction coefficients for Sliding systems fg3 = 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 isolators 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 vertlcal load bearing
capacity (collapse).
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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 isolators, is
provided.

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

Data presented in Figures 4-1 through 4-6 prove that anti-
friction approach incorporated in the seismic isolation

system Shock Evadert™ (AF&MS BI and AF&MS BI/CD) yields es-
sentially better mitigating effect than that of a conven-

34 Report



%- 1§£6acenen . P T "5" K lU=key
lcn ERT .CM/SAZ kg T/SAZ 'kN

. und4dls Iacem o
,ro--B.BZEBBBcn e}‘ a

s

- | +4.ae |
i o]

- |tz

e

K *3!442'1

Fiagure d=90 Fozed and ARSI B auat ones
sub jestod te a0 Saper gt andan Farthiquake.,

i"n‘f,'xj !



K
KT/

J e e AR D
| 3,433

! M
cm/ s kg
. KL

o ey | <AL B

- . v"‘ L U
‘W, o b -d:« o ron doee doavs’d

P
K L
! 1] | H
W o ene toodeh seton s000n Sn boenee §

N ! b - toot .
I poroe SO0 wo0sed Se0beg Seren S0 Baates §
E A \

. " -
S0 et Gopses SN Seeded ter Setsed Kebeme benied §

R I




2154
n9.8|
48|
|
0.0,
1089.3|
‘g
2246.2|

o e o e : 4993
e ettt N T BT

g oot e e | 402,5|
i . . I K

. '
H .
LN ‘m:n e e 996ee

] L "
e LM BN BN PRI SN MSN Bereet §
.

[ .

ceent |
o

,: [ iU L o I
k] H
T R Y -
I
H
H .
I i s
. .
e B S
g Bens ot ow . o
. W ™ e
8 - R A H
< L R L L UL DR X
L S B B
R $- . B
" R R T e

5 . .
R ) &) -
1 o Seme st RO o0 M siedte Sleges
(el | R




tional sliding or shearing isolation systems. All three in-
vestigated structures survive a Standard Earthquake perfor-

ming undoubtedly elastically if mounted on Shock Evaderstm,

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 isolators as well as the fixed ones will obviously coll-
apse at a Superstandard Earthquake (Figures 4-9, 4-10, 4-

11).
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Figure 4-12. Interstory drifts at Substandard Damping.

38 Report




ISYSTEM  [REL.V@|REL.V1|REL.VZ|REL.V3|REL.V4|REL.VSIREL.VEIREL.V7IREL.VE]

1Xe SYsS. ] " . ] . . [ s
N34 H *’.5] JA H Jb.J3 aiais :I:‘E‘ oYalate 4296
L ¢ ) 8. 24 hoBY 994 411U Jb48 . J3b ::C . Eq
1 .8y .18 » » . » el 0 . E‘ 1b by
3 .4y Jbb : 125 al’l | B4
U.ud] .8.7b Y B4Z thll ik ) LY

|SYSTEM  |REL.V@IREL.V1IREL.VZ|REL.V3|REL.V4|REL.V3|REL.VEIREL.V?|REL.VE]

o | '

1Xed Sys. | ¢
oM sgs.
.v /C

= 0
[
LD

liding s.
gar-vis.|
par-hys, |

midn] STl 4% (S
00 -.I‘|=ﬂ -

R3O B 0O OO 3=
aplow]dm|d

'9
)
g
4
5
§

[SYSTEM  |REL.V@|REL.V1|REL.VZ|REL.V3|REL.V4|REL.V3IREL.VE |REL.V?|REL.V8|
1Xed Sys, .

)
5

0000
5 00
o )

-
e
)

OO DI
] o

S S S 5

S 5]

awfow]ew

awlawmiow

S S 5 S

wu
o
=

.
-
wide
-
)
) 5
=
)
=)
awfewfeufo=w
ew]ow

Figure 4-13. Interstory drifts at Standard Damping.

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

Generally speaking, none of the damping-dependent systems of
seismic isolation can render protection effectiveness even
close to that of the antifriction and multi-step softening
technology incorporated in the Shock Evaders.
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In Figure 4-15 the results of experiment with the rigid
body of a mass equal to the total mass of the 8-story buil-
ding, Standard Earthquake, are shown. The experiment was to
evaluate the governing concept of the current Regulations
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Condensed 8-story structure responses
to a Standard Earthquake.

Figure 4-15.
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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. If you
compare the corresponding values from Figure 4-15, on the
one hand, and from Figures 4-2 through 4-6, on the other,
namely, shearing forces V in the isolated structures:

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

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

Y-FIELD: -
“FIXED

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

0-floor, one-story museum building, Sup=rstandard Quake.
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Secondary systems in general [26, 27, 28] and those support-
ed on seismically isolated structures [29, 30)] under some

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

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

(sce Part 11 of the current report), for most of the practi-
cally rigid cquipment 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 O0-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 LEarth-
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 0.24g accordingly).
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Figure 4-18. Acceleration time-histories: AF&MS BI/CD
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All the rest cannot promise anything except the desperately

large accelerations: 9.13g, 5.56g, 8.66g (that of the Fixed
system equals only 3.52qg).

The next experiment is devoted to 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

B W\f \/\/\ \/

2.

-5.38enL

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 question 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 Requlations [8] are not mandatory. However,
they are the only gqguidance for the code officials, and this
guidance is extremely misleading.

After years of base isolation euphoria, it is high time to
get to the bottom, and the bottom line is the Regulations
(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 Figure 5-1 is just
visualizing the fact.

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

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

Then, what is really wrong in the Regulations?

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

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

FPRIRTFL T
Conventional Seismically Isolated
Structure per UBC Structure per Regulations

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

greater than the period of the fixed-base structure. Not
specifying the period shift ratio, we cannot separate the
truly isolated structures from those simply resting on iso-
lators and, therefore, to apply duly any regulations. The
best candidate to the last kind of structures will be the
retrofitted City Hall of Oakland, 18 stories high, with the
expected fundamental period, just beéfore the isolators
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 is neither criterium for effectiveness evaluation
of the new technology in comparison with non-isolated struc-

tures nor for comparison of different embodiments of base
isolation.

The document, in general, is a collection of recipes, with-
out any indication when and what for, concerning feasibili-
ty of 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 Regqgulations and the main body of the UBC are incompa-
tible.

Their formulas for base shear

<
i

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

and

Vg = KmaxD/Ryi = 10 KpayxZNSiT;/BRyj (5.02)

contain S and Sj, Ry and Ryj 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: the Foothill Communities Law and Justice
Center (FCLJC) in Rancho Cucamonga, for instance, which is
the first base-isolated building in the United States, well
instrumented and serving as a model. In this case we have
the following design parameters:
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I =1; N =1
S =1.2 and S; = 1.4 (Soil profile type Sj3)
Ry = 8 and Ryj = 2.2 (Steel concentric-braced frame)

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

Kmax = Kmin = 49¢2W/gT;2 = 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 means that according to the Requlations 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 importance for the value of the design base shear.

It has been shown in the previous Section (pages 41 and 42)
that there is absolutely no ground for attributing the shear
forces from a SDF system, and the formula (5.02) is just the

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

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

To create base isolators damping-dependent or damping-free?
This is the 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 is utterly devaluated by
its principal guidelines.

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 conventional systems.
As soon as the external loads imposed on isolated structures
are essentially the same or greater than those imposed on
non-isolated ones, what is good in fussing about with such
"mitigating" technology? [34].

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

Time~history analysis does not specify how to use damping
characteristics in the equations of motion which provokes
unwarranted voluntarism in computations (see page 8, remark
on reference [5]). Another example of bare voluntarism is
introduction of Ryj factor: the message contained in it
should be a result of particular computer analysis rather
than beinc 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 isoclation system
is not enough for accurate computations: it is still necess-
ary to know the relevant form of damping. Otherwise, a huge
uncertainty may arise. As an example, Figure 5-2 presents
two acceleration time-histories, one for a linear viscous

and one for a hysteretic form of damping, both having the
same damping ratio.

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

The most aggravating shortcoming, however, is the absence of
any performance test requirements in the Regulations. Even
the National Institute of Standards and Technology, into the
very bold dreams [35], does not dare to mention a slightest
possibility of performance testing in the future. It is es-
pecially discouraging due to the fact that none of the iso-
lators, incorporated into any existing structures or those
under construction, have ever been tested full-scale kinema-
tically up to the 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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Ninth Circuit U.S. Court of Appeals building (San Francis-
co)[36]. The isolation 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
[37]. The new feature of FPS is the bearing itself consist-
ing of a double sliding hemisphere of a small radius, 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 means a failure of the isolator.

This can and will happen under considerable vertical loads:
an enormous stress concentration at the crown of the hemi-
sphere will inevitably lock the sliding mechanism #1, and
the report on the corresponding experimental research,
promised in [38], will, hopefully, document this phenomenon.
Nevertheless, the isolators FPS have successfully passed
through the Requlations [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 is simultane-
ously a driving one. Its negative, pushing effect is immidi-
ate, while its positive, dissipating effect needs time to
develop. However, a mere lessening the damping potential is
none of a remedy: it should be followed by the appropriate
changes in the isolators mechanism of rigidity in order to
be a success. '

2. Analytical investigation proves: damping-free approach
works. None of the damping-dependent systems of seismic iso-
lation can render protection effectiveness even close 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
substitute for the lack of sense. The formulas there do not
provide an adequate insight into the phenomenon of seismic
isolation and create faulse ideas about interrelations bet-
ween design parameters. Practically, the Regulations permit
indiscriminate use of isolation technology and are, there-
fore, a real and imminent threat to the building safety.
The work should be done anew.
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MANUAL



1. SEISMIC ISOLATION PROBE PROGRAMS (SIPP) DATABASE

All data files are of random access type and fall into one of the two categories: Folder Type Files and Fake
Type Files; each Pake Type File is represented by a single record in Folder Type File. Though the total number
of files is 33, most of them are linked together to create a single data block. Practically, you will be dealing
with a few main files: BUILDING DATA FOLDER, EARTHQUAKE DATA FOLDER folder files and BUILDING DATA OUTPUT, SEC.
S8YSTEM OUTPUT, FLOOR DATA OUTPUT and EARTHQUAKE DATA OUTPUT fake fileas. Note, that SEC. SYSTEM FPOLDER and FLOOR
DATA FOLDER files are extensions of BUILDING DATA FOLDER file because the output of each experiment goes into
the three main blocks of seismograms and accelerograms: for superstructure (BUILDING DATA OUTPUT), for secondary
system (SEC. SYSTEM OUTPUT) and for the floor where the secondary system is placed (FLOOR DATA OUTPUT). Shown
below is the file la,outs schedule listed in order of the output of FLIST and LPRALL FNA commands.

1.1 BUILDING DATA FOLDER (BDF)

BUILDING DATA  +FOLDER Pile# 1 Type:folder Prg# 0
- EXPERIMENT # - Experiment number, also a DBP record number; set up automatically
- EXPER. REMARKS - Remarks
Type:folder Prg# O
- UG' MAX - Peak velocity of ground displacement, (cm/sec]
- MIN.PERIOD - Initial period of ground displacement, [sec])
- MAX.PERIOD - Max. period of ground displacement, ([sec]
- TOTAL TIME - Total earthquake time, ({sec])
- CALC./FILE - Flag, see section 2.1
- RIGIDITY - Rigidity of superstrusture, [kg/sec”2]
- DAMPING - Damping coefficient of superstructure, [kyg/sec]
* Pile} 3 Type:folder Prgt O
- MASS-0 - Concentrated basement mass (0O-level), [kg]
- MASS-1 - Same, for the 1lst floor
- MASS-2 - Same, for the 2nd floor
- MASS-3 - Same, for the 3rd floor
- MASS-4 - Same, for the 4th floor
- MASS-5 - Same, for the 5th floor
- MASS-6 - Same, for the 6th floor
- MASS-7 - Same, for the 7th floor
- MASS-8 - Same, for the 8th floor
+ Piled 14 Typeifolder Prgd O
- EXP.# - Experiment number
- NATURAL FPRICTION - Priction coefficient for AF&MS System
- COEF.-N - Coefficient "N*, see {15} in section 2.3
- AF&LMS-REMARKS - Remarks
« File# 15 Type:foldex Prg# 0
- VRAD1 - First (smallest) vertical radius of AF&MS System, [cm]
- VRAD2 - 2nd vertical radius
- VRAD3 - 3rd vertical radius
- VRAD4 - 4th vertical radius
- VRADS - Sth vertical radius
- VRAD6 - 6th vertical radius
- VRAD7 - 7th vertical radius
- VRADB - 8th vertical radius
- VRADY9 - 9th vertical radius
- VRAD10 - 10th vertical radius
« File? 16 Type:folder Prg# 0
- HRAD1 - First (smallest) vertical radius of AF&MS System, (cm]
- HRAD2 - 2nd horizontal radius
- HRAD3 -~ 3rd horizontal radius
- HRAD4 - 4th horizontal radius
- HRADS - 5th horizontal radius
- HRAD6 - 6th horizontal radius
- HRAD?7 - 7th horizontal radius
- HRAD8 - 8th horizontal radius
- HRADY9 - 9th horizontal radius
- HRAD10 - 10th horizontal radius
« Pile? 17 Type:folder Prg# 0
- EXP.} - Experiment number
- NATURAL FRICTION - Friction coefficient for Sliding System
- RADIUS - Vertical Radiue of Sliding Syestem, [cm]
- SLIDING-REMARKS - Remarks
+ File? 18 Type:folder Prg# 0

* Filed

N
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- EXP.# - Experiment number :
~ DAMPING RATIO - Damping ratio for Shear-viscous and Shear-hysteretic systems
- COEF.-A - Coefficient "A", see {17) of section 2.3
- COEF.-B - Coefficient "B", see {17) of section 2.3
- SHEAR-REMARKS - Remarks
« File# 19 Type:folder Prgé 0
- EXP.# - Experiment number
- MASS - Secondary system mass, [kg]
- DAMPING RATIO - Damping ratio for the secondary system
- FLOOR# - Floor number, where the secondary system is placed
- SEC.SYS.-REMARKS - Remarks
« Pilel 20 Type:folder Prg# 0
- EXP.# - Experiment number
- FLOOR-REMARKS - Remarks

1.2 BUILDING DATA OUTPUT

BUILDING DATA  *OUTPUT File# 4 Type:fake Prgtf 4
- SYSTEM - Type of seiemic isolator
- ABS.UO - Peak of absolute displacement for the basement, [cm]
- ABS.Ul -~ Same, for the 1st floor
- ABS.U2 - Same, for the 2nd floor
- ABS.U3 - same, for the 3rd floor
- ABS.U4 - same, for the 4th floor
- ABS.US5 - Same, for the 5th floor
- ABS.U6 - Same, for the 6th floor
- ABS.U7 - Same, for the 7th floor
- ABS.U8 - Ssame, for the 8th floor
« Pilel 5 Type:fake Prgt 0
- TIME-UO - Time corresponding to peak of abs. displacement for the basement, [sec]
~ TIME-Ul - Same, for the 1st floor
- TIME-U2 - Same, for the 2nd floor
- TIME-U3 - Same, for the 3rd floor
- TIME-U4 - Same, for the 4th floor
- TIME-US - Same, for the 5th floor
- TIME-U6 - Same, for the 6th floor
- TIME-U7 - Same, for the 7th floor
- TIME-U8 - Same, for the 8th floor
« Filed 6 Type:fake Prg# O
- SYSTEM - Type of seismic isolator
- REL.VO - Peak of relative displacement for the basement, [cm]
- REL.V1 - Same, for the 1st floor
- REL.V2 - Same, for the 2nd floor
- REL.V3 - same, for the 3rd floor
- REL.V4 - Same, for the 4th floor
- REL.V5 - same, for the 5th floor
- REL.V6 - Same, for the 6th floor
- REL.V?7 - Same, for the 7th floor
- REL.V8 - Same, for the 8th floor
+ File} 7 Type:fake Pxgi O
- TIME-VO - Time corresponding to peak of rel. displacement for the basement, [sec]
- TIME-V1 - Same, for the lst floor
- TIME-V2 - Same, for the 2nd floor
- TIME-V3 - Same, for the 3rd floor
- TIME-V4 - Same, for the 4th floor
- TIME-V5 - Same, for the 5th floor
- TIME-V6 - Same, for the 6th floor
- TIME-V7 - Same, for the 7th floor
- TIME-V8 - Same, for the 8th floor
« FPile} 8 Type:fake Prg# 0
- SYSTEM - Type of seismic isolator
- UO0*'* - Peak of absolute acceleration for the basement, [cm/sec”2]

- Ul'' - same, for the 1st floor
- U2*' - same, for the 2nd floor
- U3‘* - same, for the 3rd floor
- U4'*' - same, for the 4th floor
- US*' - Same, for the 5th floor

- U6** - same, for the 6th floor
- U7+' - same, for the 7th floor
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+ Filef 9

« File# 10

* Pile# 11

* Filef 12

« Filef 13

1.3 SEC. SYSTEM DATA FOLDER

Ug'* - Same,
Typesfake Prg# 0
Time corresponding to peak of abs. acceleration for the basement, [sec)
Same, f
same, for t
Same, f
Same, f
Same, f
Same, f
Same, £
Same, f

U0 *TIME -
Ul''TIME -
U2''TIME -
U3*'TIME -
U4 *'TIME -~
US'*TIME -
UG' 'TIME =~
U7 *TIME -
Us*' 'TIME -
Type:fake

V - Momentary values of relative displacements for all superstructure floors, corresponding

Pxgt 0

or t

or t
or t
or t
or t
or t
or t

he 1st
he 2nd
he 3rd
he 4th
he 5th
he 6th
he 7th
he 8th

for the 8th floor

floor
floor
floor
floor
floor
floor
floor
floor

to peak value of relative displacement for the basement in file #6. Numeric data
converted in the string 9[floors] * 4(bytes)=36 characters long

- Same,
~ Same,
- Same,
Same,
-~ Same,
- Same,
- Same,
- Same,

ccdadd <
1

for
for
for
for
for
for
for
for

the
the
the
the
the
the
the
the

Type:fake Prg# 0

V1l - Momentary values of relative velocities for all superstructure floors, corresponding
relative displacement for the basement in file #6. Numeric data
string 9[floors] * 4[bytes]=36 charactere long

to peak value of
converted in the

V1l - Same,
V1l -~ Same,
V1l - Same,
V1l - Same,
V1l -~ Same,
V1l - Same,
V1l - Same,
V1l -~ Same,
Type: fake

U - Momentary values of absolute displacements for all superstructure floors, corresponding

for the

for

the

for the
for the

for
for

the
the

for the
for the
Prgé# 0

lst
2nd
3rxd
4th
Sth
6th
7th
8th

1st
2nd
3rd
4th
S5th
6th
7th
8th

floor
floor
floor
floor
floor
floor
floor
floor

floorx
floox
floor
floor
floor
floox
floor
floor

to peak value of relative displacement for the basement in file #6. Numeric data
converted in the string 9[floors] * 4[bytes]=36 characters long

- Same,
- Same,
- Same,
Same,
- Same,
- Same,
- Same,
- Same,

cccaccaccacc
'

for
for
for
for
for
for
for
for

the
the
the
the
the
the
the
the

Type:fake Prg# 0
U2-UG - Momentary

U2-UG -~ Same,
U2-UG - Same,
U2-UG - Same,
U2-UG ~ Same,
U2-UG -~ Same,
U2-UG - Same,
U2-UG -~ Same,
U2-UG - Same,

for
for
for
for
for
for
for
for

lst
2nd
3rd
4ath
5th
6th
7th
8th

floor
floor
floor
floor
floor
floor
floor
floor

values of absolute acceleratione for all superstructure floors,
corresponding to peak value of relative displacement for the basement in file %6,
plus value of ground absolute displacement. Numeric data converted in the string
9{floors] * 4[bytes] + 4[bytees]=40 characters long

let floor
2nd floor
3rd floor
4th floor
5th floor
6th floor
7th floor
gth floor

the
the
the
the
the
the
the
the

See description in section 1.1 (above).
SEC. SYSTEM DATA*FOLDER

EXP.#
MASS

DAMPING RATIO

FLOOR#

File# 19 Type:folder Prgi 0
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- SEC.SYS.-REMARKS

+ Filef 20 Type:folder Prg# 0
- EXp.#
- FLOOR-REMARKS

1.4 SEC. SYSTEM DATA OUTPUT

SEC. S§YS. DATA *OUTPUT Filet# 21 Type:fake Prg# 21
- PERIOD-T - Current period, [sec]
- U-FIXED - Peak of absolute displacement for Fixed System, [cm]
- U-AF&MS ~ Same, for AFKMS System
- U-AF&MS/CD - Same, for AF&MS/CD System
~ U=-SLIDING - Same, for Sliding System
- U-SHEAR/V. - Same, for Shear-viscous System
- U-SHEAR/H. - Same, for Shear-hysteretic System
* File# 22 Type:fake Pxg# 0
- TU-FIXED - Time corresponding to peak of abs. displacement for Fixed System, [sec])
- TU-AF&MS - Same, for AF&MS System
- TU-AF&MS/CD - Same, for AF&MS/CD System
- TU-SLIDING - Same, for Sliding System
- TU-SHEAR/V. - Same, for Shear-viscous System
- TU-SHEAR/H. - Same, for Shear-hysteretic System
* File# 23 Type:fake Prgi 0
- PERIOD-T - Current period, {sec])
- V-FIXED - Peak of relative displacement for Fixed System, [cm}
- V-AF&MS ~ Same, for AF&MS System
- V-AF&MS/CD - Same, for AF&MS/CD System
- V-SLIDING - Same, for Sliding System
~ V-SHEAR/V. - Same, for Shear-viscous System
- V-SHEAR/H. - Same, for Shear-hysteretic Syetem
« File# 24 Type:fake Prg# 0
- TV-FIXED - Time corresponding to peak of rel. displacement for Fixed System, [8erc])
- TV-AF&MS - Same, for AF&MS System
~ TV-AF&MS/CD - same, for AF&MS/CD System
~ TV-SLIDING - Same, for Sliding System
- TV-SHEAR/V. - Same, for Shear-viscous System
~ TV-SHEAR/H. - Same, for Shear-hysteretic System
* File# 25 Type:fake Prg# 0
- PERIOD-T - Current period, [sBec]
- U''FIXED - Peak of absolute acceleration for Fixed System, [cm/sec”2)
- U*''AF&MS - Same, for AF&MS System
~ U**'AF&MS/CD - Same, for AF&MS/CD System
- U'*'SLIDING - Same, for Sliding Syetem
- U'‘'SHEAR/V. - Same, for Shear-viscous System
- U''SHEAR/H. - Same, for Shear-hysteretic System
« File# 26 Type:fake Prg# O
- TU''FIXED - Time corresponding to peak of abs. acceleration for Fixed System, [Bec]
- TU''AF&MS - Same, for AF&MS System
- TU'*AF&MS/CD - Same, for AF&MS/CD System
- TU''SLIDING - Sane, for Sliding System
- TU''SHEAR/V. - Same, for Shear-viscous System
- TU''SHEAR/H. - Same, for Shear-hysteretic System

1.5 FLOOR DATA FOLDER

see description in section 1.1 (above).

FLOOR DATA *FOLDER File# 20 Type:folder Prg# 0
- EXp.#
- FLOOR-REMARKS

1.6 FLOOR DATA OUTPUT

FLOOR DATA *OUTPUT Filef 27 Type:fake Prg# 0O
- TIME - Current time, [sec]

- U-FIXED - Current abeclute displacement for Fixed System, for secondary system level,
{level is FLOOR# from file #19), [cm]
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- U-AFLMS - Same, for AF&MS System

~ U-AF&MS/CD - Same, for AF&MS/CD System

- U-SLIDING - Same, for Sliding System

- U-SHEAR/V. - Same, for Shear-viscous System

« U~-SHEAR/H. - Same, for Shear-hysteretic System
* File# 28 Type:fake Prg# 0

- TIME - Current time, [sec)

- U''FIXED ~ Current absolute acceleration for Fixed System, for secondary system level,

[cm/Bec”2]

- U'‘AF&MS - same, for AF&MS System

- U**AF&MS/CD - Same, for AP&MS/CD System

- U'*SLIDING - Same, for Sliding System

- U**SHEAR/V. - Same, for Shear-viscous System

- U**SHEAR/H. -~ Same, for Shear-hysteretic System
« Filel 29 Type:fake Prg# 0

- TIME - Current time, [sec]

- V-FIXED - Current relative displacement for Fixed System, for secondary system level, [cm]

- V-AF&MS - Same, for AF&MS System

- V-AF&MS/CD - Same, for AF&MS/CD System

- V-SLIDING - Same, for Sliding System

- V-SHEAR/V. - Same, for Shear-viscous System

- V-SHEAR/H. - Same, for Shear-hysteretic System

1.7 EARTHQUAKE DATA FOLDER

EARTHQUAKE DATA +FOLDER File# 32 Type:folder Prg# 0
- EQ.NAME - Earthquake name
- EQ.LOCAL TIME - Earthquake local time, [hr/min/sec]
- STATION NAME - Station name
- FILE NAME - file name, see section 5.1
« Filet 31 Type:folder Prgi# O
- ACCEL. ID - Accelerogram identification number
- STATION - Station number
- EQ.HYPOCENTER - Earthquake hypocenter (latitude, longitude & depth)
- MAGNITUDE - Earthquake magnitude, [ml]
« File# 33 Type:folder Prg# 0
- TRANS.NAT.PERIOD - Transducer natural period, (sec]
- DAMPING - Damping, in fraction of critical
- SENSITIVITY - Sensitivity, (cm/g]
- LENGTH -~ Length, [sec])
- U=-MAX - Peak of absolute displacement, [{cm]
- TU-MAX - Corresponding time, {sec]
- U'-MAX - Peak of absolute velocity, [cm/sec])
- TU*'-MAX - Corresponding time, [sec]
- U'‘'-MAX - Peak of absolute acceleration, [cm/sec”2)
- TU**-MAX - Corresponding time, [sec]

1.8 EARTHQUAKE DATA OUTPUT

EARTHQUAKE DATA +OUTPUT File# 30 Type:fake Prg# 30
- TIME - Current time, [sec]
- ABS.DISPLACEMENT - Current value of absolute displacement, (cm]
- ABS.ACCELERATION - Current value of absolute acceleration, [cm/sec”2)
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2. SUPERSTRUCTURE DATA I/0

2.1 SUPERSTRUCTURE DATA INPUT

All information about superstructure and seismic isolators is represented by ten FNA files chained together. The
file named BUILDING DATA FOLDER (BDF) is the Main FNA File (first in the chain) and consists of two data fields:
EXPERIMENT NUMBER and EXPERIMENT REMARKS. Other nine files called FNA Extension Files. Second file in chain
carries earthquake parameters (max. period, total time, etc.) plus rigidity and damping coefficient for
supexstructure. The rest of chained files carry an information about four fifferent types of seismic ismolators:
AF&MS BI, Sliding, Shear-viecous and Shear-hysteretic.

EXAMPLE:

Run FNA.BAT file or click FNA icon if you are using Widows,

Optional: press <2> to check, if you currently are in the right directory. If not, input directory name.

Press <1> to run FNA.

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

Press <F2> and select RCHANGE or RADD command (to change existing record or add new

record), or type proper command on the Command Input Level (bottom of the screen). Current

record number appears on the lower left screen corner. To change record, press <BAR> and

select [NEXT], [PREVIOUS], etc. from the menu at the screen bottom, or use RLIST command (see FNA Manual about
RCHANGE, RADD and RLIST commands). To change current file, use <LEFT> and <RIGHT> cursors, if you are RLISTing
records, or press <EXTENSION> if you are in RCBANGE (RADD) command level. Listed below is one of the BDF records
with comments below each of the chained files.

BUILDING DATA FOLDER
record # 2 of 4

EXPERIMENT ¢ - 2

EXPER. REMARKS -~ f=.02 for AF&MS,1st floor seismogram

Data field EXPER. REMARKS is used to distinguish between different BDF records.
UG* MAX - 40 CM/s

MIN.PERIOD - .03 8

MAX.PERIOD - 258

TOTAL TIME - 15 8

CALC./FILE -0

RIGIDITY - 1500

DAMPING - 1.233

Data fisld CALC./FILE is an integer and must be equal to zero, if earthquake parameters (absolute displacement
Ug=F (TIME) and absolute acceleration U''g=F (TIME)) are calculated according to the formula for Imitation Mode
(see (1) in section 2.3), and CALC./FILE ie equal to the record number of EARTHQUAKE DATA FOLDER file, if
earthquake parameters are inputed from accellerogram and seismogram corresponding to this EDF record.

Data fields UG'MAX, MIN.PERIOD, MAX.PERIOD and TOTAL TIME are encountered only for the Imitation Mode. Data
fields MIN.PERIOD and MAX.PERIOD are used as limite for spectra-calculations for the secondary system (see
section 3).

MASS-0 - 15000 KRG
MASS-1 - 15000 KRG
MASS-2 - 15000 KG
MASS-3 - 15000 KG
MASS-4 - 0 KG
MASS-5 - 0 KG
MASS-6 - 0 KG
MASS~7 - 0 KG
MASS-8 - 0 KG

At least one of the mass has to be more than zero. Max. number of levels in superstructure is set to nine, from
MASS-0 (basement) to the MASS-8 (eighth floor}).

EXP.# - 2
NATURAL FRICTION- .02
COEF.-N - 2

AF&MS-REMARKS -f=.2, lst floor

COEF.-N is a coefficient in formula {15} of section 2.3. This formula is used to account for the central
depression in AF&MS BI isolators.

VRAD1 - 100 CM
VRAD2 - 200 CM
VRAD3 - 400 CM
VRAD4 - BOO CM
VRADS - 1600 CcM
VRAD6 - 10 CM

VRAD? - 0CM
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VRADS - 0CM
VRADS - 0CM
VRAD10 - 0CM
Max. number of vertical radiuses for AF&MS BI systems is set to 10, each VRADX corresponds to it's own

horizontal radius HRADx (see below). Last HRADx (non-zero value) calculated as previous HRADx plus last
vertical radius VRADx.

HRAD1 - 2.5CM
HRAD2 - S5 CM
HRAD3 - 10 CM
HRAD4 - 20CM
HRADS - 40 CM
HRAD6 - 50 CM
HRAD7 - OCM
HRADS - 0CM
HRADS - OCM
HRAD10 - OCM
EXP.# - 2
NATURAL FRICTION- .05
RADIUS - 100 CM

SLIDING-REMARKS -1 st floor seismogram
This file is for the sliding type seismic isolator.

EXP.# - 2
DAMPING RATIO - .2
COEF.~A - 69.7
COEF.~-B - .3

SHEAR-REMARKS -1 st floor seismogram

This file is for the both viecous and hysteretic types of seismic isolators, see section 2.3, formulas {16},{17}
and {(18}.

EXP.# - 2

MASS - 100 KG
DAMPING RATIO - .01
FLOOR# -1

SEC.SYS.-REMARKS~100kg secondary system on the first floor U,V,U''MAX=F (T)

This file also is used as a SEC. SYSTEM DATA FOLDER file, if it's accessed thru the SEC. SYSTEM OUTPUT file.
Setting data field MASS to nonzero value will cause the program to record seismogram and accelerogram for the
particular FLOOR#. This record will be used for calculations of secondary system accelarations and
displacements. Setting MASS to zero (default value) allow to skip floor seismogram recording.

EXP.# - 2

FLOOR-REMARKS -~ £=.02, lst flr. U,V,U' *=F (TIME)

This file also is used as a FLOOR DATA FOLDER file, if it‘'s acceesed thru the FLOOR DATA OUTPUT file. Data field
FLOOR-REMARKS used to distinguish between different BDF records.

2.2 SUPERSTRUCTURE DATA OUTPUT

Just the input of data by iteelf in described above BDF file can't force data processing. To activate data
processing for BDF record, select BUILDING DATA OUTPUT (BDO) by using FLIST or FSEARCH FNA commands. You will be
prompted to select one of the BDF records from the screen (records are listed from top to bottom, one record per
one line, only EXPERIMENT # and EXPER. REMARKS data fields of BDF file will be shown). Record selection will
open new or existing BDO file represented by this record. If this record was never selected before, calculations
and output in BDO and FDO (see below) will start automatically; if the output already exists, you will be
prompted to regenerate the output. Press <Y> to regenerate and any other button to skip the regeneration. For
instance, changing any numerical data in the BDF file should change the output and regeneration will be
nacessary. The output of BDF record is BDO file with six records. First record is an output for the
superstructure without seismic isolator (Fixed System). The rest of the records is an output for the same
superstructure with different types of seismic isolators: AF&MS BI isolator (AF&MS System), AF&MS BI isolator
with a central depression (AF&MS/CD System), Sliding isolator (Sliding System), Shear-viscous isolator (Shear-
viscous System) and Shear-hysteretic isolator (Shear-hysteretic System). If secondary system mass is set to
nonzero value, the output will be made aleo for designated FLOOR# to the FDO file (see section 3). BDO file is
combined from ten FNA files linked together. Listed below is an example of the record for Sliding System with
the comments.

BUILDING DATA Experiment # 2
record # 4 of 6

SYSTEM - 8liding s.

ABS.UO - 35.83302 CM

ABS.U1l - 36.64411 CM

ABS.U2 - 37.13083 CM

ABS.U3 - 37.34054 CM
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ABS.U4 - 0 CM

ABS.US - 0OCHM
ABS.U6 - 0CHM
ABS.U7 - 0 CM
ABS.US -~ 0 CM
TIME-UO - 14.36541 s
TIME-U1 - 14.36729 S
TIME-U2 - 14.37104 s
TIME-U3 - 14.37291 s
TIME-U4 - 0s
TIME-U5 - 0s
TIME-U6 - 0s
TIME-U7 - 0s
TIME-USB - 0s

Listed above are two files included in BDO file: first file keeps peaks of absolute displacements (ABS.Ux) for

each floor, second file keeps times (TIME-Ux), corresponding to these displacemente. Floors with masses equal to
zero are not counted in calculations.

SYSTEM - Sliding 8.
REL.VO - 39.52083 CM
REL.V1 - 49303131 CM
REL.V2 - .731434 CM
REL.V3 - .4643217 CM
REL.V4 - 0 CM

REL.VS - 0CcM

REL.V6 - 0 CM

REL.V7 - 0 CM

REL.V8 - O0OCM
TIME-VO - 14.44791 8
TIME-V1 - 14.45353 s
TIME-V2 - 1.689599 s
TIME-V3 - 1.788989 8
TIME-V4 - 08

TIME-VS - 0S8

TIME-V6 - 08

TIME-V7 - 08

TIME-VS - 058

Listed above are two files included in BDO file: firat file keeps peaks of relative displacements (REL.Vx) for

each floor, second file keeps times (TIME-Vx), corresponding to these displacements. Floore with masses equal to
zero are not counted in calculations.

SYSTEM - Sliding s.

uo:« - 733.7815 CM/S”2
ul:: - 728.2679 CM/S8"2
u2: - 565.0356 CM/S"2
u3se - 696.7488 CM/572
uq: - 0 CM/s"2

us: - 0 CcM/872

U - 0 CM/s"2

U7 - 0 CM/s"2

ug' - 0 CM/S"2

Uo' 'TIME - 1.464565 S

Ul 'TIME - .8513526 S

U2 'TIME - .676957 S

U3 'TIME - 1.788989 S

U4' 'TIME - 0S8

US* * TIME - 08

U6+ ' TIME - 08

U7+ *TIME - 08

U8 'TIME - 08

Listed above are two files included in BDO file: first file keeps peaks of absolute accelerations (ABS.Ux'') for

each floor, eecond file keeps times (Ux'‘*TIME), corresponding to these accelerations. Floors with masses equal
to zero are not counted in calculations.

Rest of BDO files are not included in the list, because the output for them was saved in the compressed format
for single precision variables; each variable occupies 4 bytes and group of nine or ten variables forms a
string. It is enough to say now, that each string of the 7th file holda relative displacements of each floor in
superstructure for the moment of time corresponding to the peak of relative displacement of x-th floor; 8th file
holds relative velocities, 9th file holds absolute displacements and 10th file holds absolute accelerations plus

value of ground displacement, respectively. These data are used to depict momentary condition of the system (see
section 1.2).
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2.3 SUPERSTRUCTURE DATA PROCESSING

There are three linked programs that come with BDO file: the purpose of 4.BAS program ie data aquisition, 4A.BAS
does data processing and 4B.BAS renderes output display. Shown below are main formulas the 4A.BAS program built
on.

For imitation type calculations absolute displacemente and accelerations are derived from following equations:

TDEL=TALL/7999

TDEL2w=,5+TDEL" 2

TDEL3=.1667+TDEL" 3

SB=TALL/ ( TALL-TMAX+TO)

SA=SUGIM/SQR (1+(6.2832/LOG (SB))"2)

Cl=6.2832/L0G (5B)

C2=(SB-1)/(SB+*T0)

{1} DEF FNUG (TIME)=SIN (C1+*LOG (C2+TIME+11!))+SA+TIME
{2} DEF FNUG1 (TIME)=(FNUG (TIME+TDEL)-FNUG (TIME))/TDEL
DEF FNUG2 (TIME)m=(FNUG1 (TIME+TDEL)-FNUGl (TIME))/TDEL
DEF FNUG3 (TIME)=(FNUG2 (TIME+TDEL)-FNUG2 (TIME))/TDEL

Where:

TALL - total earthquake time, [sec]

TDEL ~ time increment, [sec]

TDEL2 - coefficient for the third member of Tailor formula, [sec”2)
TDEL3 - coefficient for the fourth member of Tailor formula, [sec”3]
TO - initial period, [sec]

TMAX - maximum period, [sec])

SUG1IM - maximum velocity, [cm/sec]

TIME - current time, (sec])

FNUG (TIME) or SUG - current absolute displacement, [cm]

FNUG1 (TIME) or SUGl - current absolute velocity, [cm/Bsec)

FNUG2 (TIME) or SUG2 - current absolute acceleration, (em/Bec”2]
FNUG3 (TIME) or SUG3 - current third derivation, [cm/sec”3])

System of equations for superstructure data:

{3} SU2 (SMASS)=(-SBT (SMASS)+SV1 (SMASS)-SKA (SMASS)+SV (SMASS))/SM (SMASS)
{4} SU3 (SMASS)=(-SBT (SMASS)+SV2 (SMASS)-SKA (SMASS)+SV1 (SMASS))/SM (SMASS)

eesvessssscssescasenne

{5} SU2 (P)=(SBT (P+1)*SV1 (P+1)-SBT (P)*SV1 (P)+SKA (P+1)*SV (P+1)-SKA (P)*SV (P))/
SM (P)

{6} SU3 (P)=(SBT (P+1)*6V2 (P+1)-SBT (P)*SV2 (P)+5KA (P+1)*SV1 (P+1)-SKA (P)+SV1 (P))/
SM (P)

P N R R )

{7} SU2 (0)=(SBT (1)#5V1 (1)-SBT (0)*SV1 (0)+SKA (1)*SV (1)-SKA (0)*SV (0))/SM (0)
{8} SU3 (0)=(SBT (1)*SV2 (1)-SBT (0)*SBT+SKA (1)*6V1 (1)-SKA (0)*8V1 (0))/8M (0)

Where:

SMASS - highest floor with nonzero mass value,

P - current floor number,

SBT -~ coefficient in {8), value depends on current system type,

SUx (P) - absolute value of x-deriviation for current floor,

{9} SVx (P)=SUx (P)-SUx (P-1) - relative value of x-deriviation for current floor,

{10} SBT (P)=SDAM+SM (P) - damping coefficient, (kg/sec]

{11} SKA (P)=SRIG+SM (P) - rigidity coefficient, [kg/sec”2]

SDAM - superastructure damping coefficient, [1/sec)

SRIG - superstructure rigidity, (1/sec”2). Restriction on rigidity: if the value of relative displacement
exceeds 10cm, then corresponding rigidity coefficient drops to SKA (P)=SRIG+*SM (P)*EXP (1-ABS (SV (P))/10) and
damping coefficient drops to SBT (P)=SDAM*SM (P)*EXP (1-ABS (SV (P))}/10). If the value of relative displacement
exceeds 50cm, then SKA (P)=0.

SM (P) - mass for the current floor, [kg]

The values for the basement level of superstructure (the {7} and {8} equations):
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For the Fixed System:

SV (0)=0:8V1 (0)=0:SV2 (0)=0:SV3 (0)=0

SU (0)=SUG:SU1 (0)=SUG1:SU2 (0)=SUG2:SU3 (0)=SUG3
Thie setting allows to skip {7} and {8)

For the AF&MS, AF&MS/CD and Sliding systems:

SBT=0

{12} SKA (0)=981+SM/SR

{13} SBT (0)=981+SF+SM/ABS (SV1 (0))

Where:

SM - summary mass, [kg]

SF - friction coefficient

SR - current vertical radius, [cm]; for the AF&MS/CD System first vertical radius accounted for central
depression will be:

{14) SR=.16+SM".4; correeponding horizontal radius will be:
{15} HR=SF+SF1B*SR, where

SF1B - coefficient "N" for AF&MS System

For the Shear-viscous Syestem:

SBT=0

{16} SBT (0)=2*SDAM3+SM (0)+*SV1PK/SVPK

{17} SKA (0)=SM*SKA3*EXP (~-SKB3*SQR (SVMAX))

Where:

SDAM3 -~ damping coefficient for shear systems,

SV1PK - last peak value for relative velocity, [cm/sec]

SVPK - last peak value for relative displacement, [cm]

SKA3 - coefficient "A" for shear systems,

SKB3 - coefficient "B* for shear systems,

SVMAX - equal to the current value of relative displacement, if the value is less than 37.5 cm, and equal to
37.5 cm otherwise

For the Hysteretic System:

SBT=SV1 (0)

{18} SBT (0)=2+SDAM3*SKA (0)*ABS (SV (0)/SV1 (0)

SKA (0)=SM+SKA3+EXP (-SKB3*SQR (SVMAX))

Restriction on the value of relative displacement (basement levelj): if the value of SV (0) exceeds 0.6*SVR2 for
the Sliding System then SV (0)=0.6%*SVR2. For all other systems: if the value of SV (0) exceeds maximum
horizontal radius SHR (SRADIUS) (see AF&MS System, BDF data) then SV (0)=SHR (SRADIUS).

Tailor formulas are used to update current values for the displacements and velocities:
{19} SU (P)=SU (P)+TDEL*SUl (P)+TDEL2+*SU2 (P)+TDEL3+*SU3 (P)

SV (P)=SV (P)+TDEL¥SV1 (P}+TDEL2*SV2 (P)+TDEL3*SV3 (P)

{20} SUl1l (P)=SUl (P)+TDEL*SU2 (P)+TDEL2+SU3 (P)

SV1 (P)=SV1 (P)+TDEL*SV2 (P)+TDEL2+*SV3 (P)
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3. SECONDARY SYSTEM I/0

3.1 SECONDARY SYSTEM INPUT

Input for secondary system calculations is:

a) the values of MIN.PERIOD, MAX.PERIOD, secondary system MASS and secondary system DAMPING RATIO from BDF file;
b) the seismogram / accelerogram of FLOOR# (defined in BDF) from corresponding FDO file. If this FDO file does
not exist, you will receive the message “CAN'T FIND FLOOR RECORD-CHECK BUILDING DATA FILE". In this case open
BDF file thru PLIST or PSEARCH commands to check whether the secondary system MASS was set to nonzero value, or
whether the FLOOR# didn‘'t exceed the highest floor number in the superstructure.

3.2 SECONDARY SYSTEM OUTPUT

SEC. SYSTEM DATA FOLDER file (SSDF) is just an extension of BDF file. To engage data processing for BDF record,
select SEC. SYSTEM DATA OUTPUT (5SDO) by using FLIST or FSEARCH FNA commands. You will be prompted to select one
of the SSDF records from the screen. Record selection will open new or existing S5DO file represented by this
record. If this record was never selected before, calculations and output in SSDO file will etart automatically;
if the output already exists, you will be prompted to regenerate the output. Press <¥> to regenerate and any
other button to skip the regeneration. For instance, changing any numerical data in the SSDF file should change
the output and regeneration will be necessary. The ocutput will be the spectra for period ranging from zero to
the area of MAX.PERIOD value. Values for the current period (peaks of absolute and relative displacement,
absolute acceleration and corresponding moments of time) are calculated for all types of superstructure seismic
isolators: for the Fixed System, AF&MS System, AF&MS/CD System, Sliding System, Shear-viscous System and Shear-
hysteretic System (see section 2.1). It is assumed, that secondary system does not have any seismic isolator.
Listed below is one of 35 §SDO records:

SEC. SYS. DATA Experiment # 2
record # 6 of 35
PERIOD-T - .53 8
U-FIXED - 104.7974 CM
U-AF&MS - 7.307262 CM
U-AF&MS/CD - 7.579798 CM
U-SLIDING - 41.70878 CM
U~SHEAR/V. - 75.04686 CM
U-SHEAR/H. - 82.52672 CM
TU-FIXED - 4.620577 S
TU-AF&MS - 13.38161 S
TU-AF&MS/CD - 13.38161 8
TU-SLIDING - 14.22171 S
TU-SHEAR/V. - 13.2316 S
TU-SHEAR/H. - 13.95168 S
PERIOD-T - .53 8
V-FIXED - 106.9756 CM
V-AFPEMS - 4.08675 CM
V-AF&MS/CD ~ 4.171002 CM
V-SLIDING - 9.267304 CM
V-SHEAR/V. - 32.18107 CM
V-SHEAR/H. - 42.45757 CM
TV-FIXED - 4.620577 s
TV-AFEMS - 4.56057 S
TV-AF&MS/CD - 4.56057 S
TV-SLIDING - 13.32161 8
TV-SHEAR/V. - 13.20159 S
TV-SHEAR/H. - 14.76178 8
PERIOD-T - .53 8
U *FIXED - 16878.35 CM/8"2
U* ' AF&MS ~ 613.369 CM/S8"2
U *AF&MS/CD - 624.5047 CM/S"2
U* *SLIDING - 1201.662 CM/S"2
U* *SHEAR/V. - 4036.434 CM/S"2
U' 'SHEAR/H. - 5543,274 CM/S"2
TU' *FPIXED - 4.620577 8
TU* *AF&MS - 4.860605 S
TU* *AF&MS/CD - 4.860605 8
TU* 'SLIDING - 4.290538 S
TU' 'SHEAR/V. - 13.20159 s
TU' *SHEAR/H. - 14.76178 S
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This 1s the second screen display: a snapshol {or the record listed above, made from within RLIST command. All
data in the table (relative displacement / time and absolute acceleration / time) are tor the same current
period (T=0.53 sec) and are presented for comparison between ditferent i1solation systems.
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4. FLOOR DATA OUTPUT

FLOOR DATA FOLDER file (FDF), like SSDF file, is just an extension of BDF file. Select FLOOR DATA OUTPUT (FDO)
by using PLIST or FSEARCH FNA commands. You will be prompted to select one of the FDF records from the screen.
Record selection will open FDO file represented by this record. This file is a collection of current data for
the time ranging from a zero to the TOTAL TIME value. Values for current time (absolute &nd relative
displacement, absolute acceleration and corresponding moments of time) are recorded for all types of seiemic
isolators: for the Fixed System, AF&MS Bystem, AF&MS/CD System, Sliding System, Shear-viscous System and Shear-
hysteretic System (see section 2.1), but only for single superstructure FLOORS.

FLOOR DATA EXp.# 1 2

record # 13 of 500
TIME - .3900488 8
U-PIXED - 3.263757E-02 CM
U-AF&MS ~ ~1.352838B-02 CM
U-AP&MS/CD - -2.944569E-02 CM
U-SLIDING ~ =2.930853E-02 CM
U-SHEAR/V. - =7.774285E-02 CM
U-SHEAR/H. - ~9.98325E-03 CM
TIME - .3900488 8
U ‘PIXED - 197.9608 CM/8°2
U* 'AFP&MS - 97.87247 cM/8"°2
U' *AP&MS/CD - 130.2982 CM/872
U* *SLIDING - 224.2798 CM/S"2
U' 'SHEAR/V. - 544.3343 cM/8"2
U' *SHEAR/H. - 29.43377 cM/8"2
TIME - .3900488 S
V-FIXED - -.2037138 CM
V-AF&MS - ~4.705461E-02 CM
V-AFP&MS/CD - -5.637089E-02 CM
V-SLIDING - -.1089212 cM
V~SHEAR/V. - -.2740149 CM
V-SHEAR/H. - -6.881578E-03 CM

shown below are three graphs: absolute displacement U-AF&MS, absolute acceleration U'‘AF&MS and relative
displacement V-AFWMS as a function of time (use GRAPHICS command) .
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5. EARTHQUAKE DATA I/O

5.1 DATA AQUISITION

Earthquake records data contained in FNA files EARTHQUAKE DATA FOLDER (EDF) and EARTHQUAKE DATA OUTPUT (EDO)
were acquired from Volume Two records of California Strong Motion Instrumentation Program Report OSMS 85-03.
Original files are named as STATION.V2, where STATION is the station name, and V2 (stands for Volume Two) is the
file name extension.

EDF file contains information extracted from the first 25 lines of Volume Two Text Header (see p.10 of Report
OSMS 85-03). This information loaded automatically each time you select EDO file and input data from STATION.V2
file. All you have to do is to input STATION.V2 path name for the field FILE NAME of EDF file. EDO file contains

point-to-point data for time, abs. displacement and abs. acceleration, imported from STATION.V2 file (see p.17
of Report OSMS 85-03).

Note: in order to use EDO data for BDO calculations, the ratio between time iteration step and minimum period is

not to exceed 0.1. For example, if step TDEL=0.028 and lower roll-off terminaton period TO=0.04s, then EDO data
has to be filtered from 0.04e to TDEL * 10=0.2s data bandwidth.

EXAMPLE:

Run FNA.BAT file or choose FNA icon if you are using Windows.

Press <2> to check if you currently in the right directory. If not, input directory name.

Press <1> to run FNA.

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

Press <F2> and select RCHANGE or RADD command (to change existing record or add new record), or type proper
command on the Command Input Level (bottom of the screen). Current record number appears on the lower left
corner of the screen. To change record, press <BAR> and select (NEXT], [PREVIOUS), etc. from the menu at the
screen bottom, or use RLIST command.

Using <UP> and <DOWN> cursors, select FILE NAME and input file path from the keyboard.

Prese <BAR> and [SAVE) record, then [EXIT] to the Command Input Level.

Press <F1> and select FLIST or FSEARCEB command, or just type it. Select EDO file from the file list. EDF file
will be listed on the screen. Select EDF record to open proper EDO file (since each EDF record represents it's
own EDO file).

If FILL NAME ie entered correctly and EDO file is empty, data will be inputed for both EDF and EDO files. If EDO
file already contains data of any kind, you will be prompted to regenerate data input. To regenerate, press <Y>,
otherwise you will skip input. If FILE NAME does not exiets or its name wasn't entered, CURRUPT FILE DATABASE

message will apphear. Then, if you want to input data (time, abs. displacement and acceleration) manually, use
RADD or EXTINP commands.

To exit, press <Fl> and select FMENU, or type it.
To exit from FNA, press <4>.

21 - EARTHQUAKE DATA I/O



EARTHQUAKE DATA FOLDER

EQ.NAME ~ LANDERS EARTHQUAKE (PRELIM. PROCESSING)
EQ.LOCAL TIME - JUNE 28, 1992 04:58 PDT PDT
STATION NAME - DESERT HOT SPRINGS

FILE NAME - ci\dos\eqdata\hotspr.v2

ACCEL. ID - 12149-51832-92180.02 [

STATION - 12149 ¢

EQ.HYPOCENTER - (USGS): 34.217N,116.433W, H=9KM.
MAGNITUDE - MS=7.5(NEIC), MW=7.4(CIT)

TRANS .NAT.PERIOD- .038 8

DAMPING - .56 FRACT.OF CRITIC.

SENSITIVITY - 1.82 CM/G

LENGTH - 79.98001 S

U-MAX - 6.951 CM

TU-MAX - 10.2 8

U* -MAX - -20.802 CM/sS

TU' -MAX - 28.9 8

U+ ' =MAX - -151.028 CM/8"2

TU* * =MAX - 28.52 8
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5.2 OSMS 85-03 DATA FILES IMPORTED IN FNA DATABASE

EARTHQUAKE DATA FOLDER
record § 1 of 6

EQ.NAME
EQ.LOCAL TIME
STATION NAME

LANDERS EARTHQUAKE (PRELIM. PROCESSING)
JUNE 28, 1992 04:58 PDT PDT
BARSTOW - VINEYARD & H ST.

FILE NAME - c:\dos\egdata\barstow.v2

ACCEL. ID -~ 23559-50756-92189.02 [
STATION - 23559 #

EQ.HYPOCENTER -~ (USGS): 34.217N,116.433W, H=9KM.
MAGNITUDE - MS=7.5(NEIC), MW=7.4(CIT)
TRANS.NAT.PERIOD- .0395 S

DAMPING - .56 FRACT.OF CRITIC.
SENSITIVITY - 1.92 CM/G

LENGTH - 79.98001 8

U=-MAX - -16.887 CM

TU=-MAX - 17.1 8

U’ -MAX - 25.12 CM/8

TU* -MAX - 18.02 8

U**-MAX - -132.626 CM/8"2

TU® * -MAX -~ 16.08 S

EARTHQUAKE DATA OUTPUT u=f (t)
for record #1

LN

9970
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EARTHQUAKE DATA FOLDER
record § 3 of 6

EQ.NAME - LANDERS EARTHQUAKE (PRELIM. PROCESSING)
EQ.LOCAL TIME JUNE 28, 1992 04:58 PDT PDT
STATION NAME INGLEWOOD - UNION OIL YARD

FILE NAME - c:\dos\egdata\inglwood.v2
ACCEL. ID ~ 14196-51874-92191.02 $
STATION - 14196 #

EQ.HYPOCENTER - (USGS): 34.217N,116.433W, H=9KM.
MAGNITUDE - MS=7.5(NEIC), MW=7.4(CIT)
TRANS.NAT.PERIOD- .0373 §

DAMPING - .63 FRACT.OF CRITIC.
SENSITIVITY - 1.73 CM/G

LENGTH ~ 74.98001 s

U-MAX - -10.164 CM

TU-MAX - 26.42 s

U*-MAX - 10.516 cM/s

TU* -MAX - 27.34 8

U* *<MAX - =34.275 CM/s"2

TU* * -MAX - 14.46 S

ABS DISEL |

101600

T 5.009
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EARTHQUAKE DATA FOLDER
raecord # 4 of 6

EQ.NAME - LANDERS EARTH( UAKE (PRELIM. PROCESSING)

EQ.LOCAL TIME - JUNE 28, 1992 04:58 PDT PDT
STATION NAME ~ JOSHUA TREE - FIRE STATION

FILE NAME - c:\dos\egdata\joshua.v2

ACCEL. ID - 22170-51612-92180.04 &
STATION - 22170 ¥

EQ.HYPOCLNTER - (USGS): 34.217N,116.433W, H=9KM.
MAGNITUDE - MS=7.5(NEIC), MW=7.4(CIT)
TRANS .NAT.PERIOD~ .0382 8

DAMPING ~ .59 FRACT.OF CRITIC.
SENSITIVITY - 1.14 CM/G

LENGTH - 79.98001 8

U-MAX - =-15.727 CM

TU~-MAX - 26.86 S

U’ -MAX - -42.71 CcM/S

iU -MAX - 26.56 S

U *~MAX - 278.377 CM/S8"2

TU' * -=MAX -~ %.78 S

--15 7279 S

79,9706
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EARTHQUAKE DATA FOLDER
record #§ 6 of 6

EQ.NAME
EQ.LOCAL TIME
STATION NAME

LANDERS EARTHQUAKE (PRELIM. PROCESSING)
JUNE 28, 1992 04:58 PDT PDT
YERMO -~ FIRE STATION

FILE NAME - c:\dos\egdata\yermo.v2

ACCEL. ID - 22074-S1695-92189.02 #
STATION - 22074 ¢

EQ.HYPOCENTER - (USGS): 34.217N,116.433W, H=9KM.
MAGNITUDE - MS=7.5(NEIC), MW=7.4(CIT)
TRANS .NAT.PERIOD- .0395 S

DAMPING - .55 FRACT.OF CRITIC.
SENSITIVITY - 1.95 CM/G

LENGTH - 79.98001 8

U-MAX - 22,779 CH

TU-MAX - 20.08 8

U' -MAX - 29,032 cM/s

TU* -MAX - 19.2 8§

U+ * -=MAX - -148.574 CM/S5"2

TU* * =MAX - 14,82 8

L

‘;;'?9|1T?86 :l
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APPENDIX A
SIPP SOFTWARE INSTALLATION

SIPP software package consists of two 3.5" diskettes. Diek #1 is File Network Assistant and Disk #2 is SIPP
database. It is assumed, that you have a hard drive with 2M of free space, C:\DOS directory and BASIC.EXE file

written on it (for minimum requirements, see section 1.1 of Appendix-B). To install the package, follow these
stepst

Put Disk #1 in your 3,5 drive A (or drive B)

Exit to DOS prompt

Create new directory by typing at DOS prompt: MD C:\DOS\SEISMIC
Type CD A:\ (or CD B:\) and press [ENTER], you'll see Ai> (or Bi>) on your screen
Type FNAINS-A (or FNAINS-B) and press [ENTER]

Type CD C:\DOS and press [ENTER]

Type FNA and press [ENTER]

Put Disk #2 in your 3.5" drive

Press <3> for SIPP database backup

Type A:\ (or B:\) and press [ENTER])

Type C:\DOS\SEISMIC and press [ENTER]

Now you are ready to use FNA and SIPP database (see prior instructions).
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APPENDIX B

FILE NETWORK ASSISTANT (FNA)
1. INTRODUCTION

1.1 GETTING STARTED

To run a File Network Assistant, your software has to meet the minimum reguirements:

A. Minimum 256K of RAM.

B. MS-DOS or PC DOS version 3.2 or higher.
C. BASIC interpreter version 3.0 or higher.
D. Color display.

There are two support files to start FNA: FNA.BAT batch file and FNA.BAS basic file. All FNA files are put in
the FNA directory, except the setup files. If COMMAND.COM, BASIC.EXE, FNA.BAT and FNA.BAS files are in the aame
root directory, and all FNA files from the FNA directory are written in the FNA directory, you are able to start
FNA by entering FNA.BAT file at the DOS prompt. If COMMAND.COM and BASIC.EXE files are in different directories,
and/or FNA files are placed in other directory, or mentioned above file names are different, you have to change
contents of the FNA.BAT and/or FNA.BAS file(s).

Contents of the FNA directory:

A. PROGMATE.BAS is the main FNA file, responsible for an execution of FNA commands. It contains all FNA
subroutines, part of which is described in PEDIT section of the manual.

B. MENU.BAS runs as a menu for FNA (see FMENU section).

C. ????7??7.BAS or ??22??77?.0xy (where xy is an integer) files are FNA subroutines chained to the PROGMATE.BAS
at a time of command execution.

D. Files with HLP extension are written for FNA internal use.
E. FNA database files, which belong to the Working Path, could be of the three categories:

- MASTER.ARR is a file, that contains an information about all FNA database filea of this Working Path (File
Label, record length, etc.);

- files with the names composed from integers and ARR extensions are regular FNA database files;
- files with BAS extension are FNA programs.

1.2 HOW FNA WORKS

Purpose of a FNA is processing and sharing / redirecting data between FNA and/or DXF format files.

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

File styles (see FCOPY and RLIST):
A. Text Style

B. Block Style

C. 2D style

D. 3D Style

File types (see LADD):

A. Normal Type

B. Folder Type

C. Fake Type

File typees as a function within the Main File (see LADD):

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

E. Child File

P. Program File

Piles are listed in special FNA order (see FLIST) to reveal for the user all basic information about

subordinaticn and data flux between FNA files. These features are set up thru LADD command, responsible for
creating file layout.

File might bs pressnted as a spreadsheet in a Text Mode and as a graphics in Graphics Mode. Recoxd c‘n be listed
in both vertical and horizontal layouts (see RLIST).

pata can be transfered to (from) DXF format file from (to) FNA file (see FCOPY) and to ASCII text file from FNA
file (see FPRINT and RPRINT).

Symbols used in the manual:

(button name] - Screen button to press.
<button name> - Keyboard button to press.
/input/ - Input from the keyboard.

+ - Optional parameter.

BOLD TEXT - FNA command.

2. LIST OF COMMANDS

2.1 FILE RELATED COMMANDS

2.1.1 FMENU

<1> <2> <3> <4> <5>

<1>

<2>

<3>

<4>

Run File Network Assistant. If MASTER.ARR file doesn't exist or the file is empty, FNA will run in
LADD mode. Otherwise, FNA will FLIST file layouts.

Change current working path. Default: previous path.

/Input working path name/ - if entered name is invalid, the working path will remain the same by
default.

Backup entire working path.
/Input source path name/ - invalid input will cancel an execution.

/Input destination path name/ - invalid input will cancel an execution.

Exit to DOS & return to the path designated in FNA.BAT file (parent to FNA directory).

2.1.2 FLIST

If one or more files are listed in MASTER.ARR file, the file layout list will be presented in hierarchical
order: <<<Normal or Folder Filee with File-in-Field Files <<Extention Fiies with File-in-Field Files < Child
Files or Fake Files with File-in-Field Files>>>>>>. Information about the file (most left column): File Label,
File Description, number of the file, file type.

<ENTER> <X> <M>

<ENTER>

Will open highlighted file as a Main File. If File Label ="SPARE LAYOUT", then FNA will run in LADD

mode for this file number.

<X>

<M>

Exit to DOS.

Exit to the Main Menu (see 2.1.1).
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{TOTALS] Count totals of "ON" fields under condition, that Referenced Fields of input & output files
are identical.

<ENTER> <BAR>
<ENTER> Select fields to activato (desactivate).
{ON] Activate selected field.
[OFF) Desactivate selected field.
<BAR>
[SELECT) [COPY] [CANCEL] <BAR>
[SELECT] Select field's value and condition for output file records selection.
/Input field's value for record selection/
[RESET] [=]) [<>] [<] [<=] [>] {>=] <BAR>
{RESET) all referenced values & conditions.
{=] Referenced value and field's value of this record has to be equal.
[<>] - has to be unequal.
{<]) Referenced value has to be less than field's value.
{<=] - has to be less or equal.
[>)] - has to be higher.
{>=] - has to be more or equal.
<BAR> Return to the melection.
{COPY] Copy files without selecting conditions.
[CANCEL] Cancel FCOPY & go to the command input level.
<BAR> = (SELECT]
{FROM MAIN F.) Copies from the Main File to other FNA file (see [TO MAIN FILE}).

{ .DXF FORMAT] Copy to (from) Main File from (to) DXF format file. If you are using AutoCAD: to input DXF file in
CAD drawing, use DXFIN command. To create DXF file from CAD drawing, use DXFOUT command.

/Input file name/ File could be located in any valid path (default: current working path).

{TO DXF] [FROM DXF}] [CANEL] You will be asked to /Input layer name/; entities related to
other than specified layer will be ignored. If file is of a Block Type, then /Input scale factor/ for
attribute text scaling.

[TO DXF] If file is of a Block Type, select attributes through Fields W ndow. <BAR> <BAR>
to finish selection.

[FROM DXF] If file is of a Block Type, then attributes of valid blocks will reside in fields
with Field Labels = Attribute Tag.

[CANCEL] Restart FCOPY

+*[TEX? FILE] [GRAPHICS FILE] [CANCEL] <BAR> - optional for Generic Type Files.

(TEXT FILE) Write records as a text in DXF file, using MONOTXAT text style, 0.125 text hight
and 0.25 space between text lines. Text will be written on standard 11H x 8.5W size, starting
from top left sheet corner. If big enough, text will be written beyound sheet limits.
[GRAPHICS FILE) Write records as line entities in DXF file. You will be asked to define [X-

FIELD}, (Y-FIELD) and *[2Z-FIELD). Lines will belong to defined layer and have BYLAYER
color.
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[CANCEL)} Restart FCOPY.
<BAR> = {TEXT FILE]).
{CANCEL] Return to the command input level.

<BAR> = [TO MAIN FILE]

2.1.6 FPRINT

If Main File is empty, you will get "FILE IS EMPTY!" message. Press any button to return to the command input
level. If FNA has current GRAPHICS mode and screen does not require regeneration, FNA will print existing
graphic screen. If printer is off, then FPRINT will return to the command input level.
[(PRINT ALL] [CANCEL] *{CLUSTER] <BAR> Valid for a Text Mode or Graphics mode, if a regeneration is required.
{PRINT ALL] Print file header and all records.

[NORMAL] [UNDERLINED] “Underlined* option put continuous line between each row in a table.

[PRINTER] [FILE]

[PRINTER] Copy file on LPT1 (printer).

[FILE] Copy (append) FNA file on ASCII text file for wordprocessing purposes.

/Input file name: / Filename is set to “C:\TEMP.TXT" by default.

[CANCEL] return to the command input level.
+[CLUSTER] Valid only if Cluster exists. Print selected records.

<BAR> = [PRINT ALL)

2.1.7 FEXIT
[EXIT) [ENVIRONMENT) [CANCEL] <BAR>
(EXIT} If a Child File exists, FNA will open it. Otherwise, you will be returned to FLIST level.

[ENVIRONMENT] If more than one of the listed below file types exist, you will be asked, which one to open. If
only one exists, FNA will open it as a default. If there are no Environment Files, you will receive a message
"NO FILE ENVIRONMENT!".

*(CHILD] Open Child File as a Main File.

*[PARENT) Open Parent File as a Main File.

*[PREVIOUS] Return to the previously opened file.

*[IN-FIELD) Open one of the File-in-Field File as a Main File.
[CANCEL] return to the command input level.

<BAR> = [EXIT]

2.2 RECORD RELATED COMMANDS

2.2.1 RLIST
Text Mode

If Main File is empty, then "FILE IS EMPTY!" message will appear. If Main File has at least one record, screen
will show list of records in a horizontal layout, one line per one record, with file header on top of the
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screen. If Main File has Extention Filea, use left and right cursors to see Extention File records. Use up and
down cursors to highlight current (Main) record and <ENTER> it to get vertical layout of the Main Record.
Vertical layout will give you FNA header on top of the screen, file header, horizontal layout of Main Record,
1ist of Field Labels and related field values in vertical order, the Main Record number and total number of
records. Press any button to return to RLIST level. <ENTER> to return to the command input level.

Pic. 2.3. Rlist Text Mode (Horizontal Layout)

IROOM ITASK/ACTIVITY |ARER  |PERIMETE[HEIGHT [CAVITY [[111
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-
.
-
]
e mly™
a
-

-

-
m=lc=13,

Graphics Mode

*[X-FIELD] (Y-FIELD] »[Z-FIELD) Valid only for Generic Type files. For other types, FNA will skip this input.
once defined, this coordinate setting remains the same, until another FNA file will be opened as a Main, or mode
will be changed.

[X-FIELD) Set thie field as a horizontal screen coordinate.
[Y-FIELD] Set this field as a .ertical screen coordinate.

#{Z-FIELD] Set this field as a third dimention coordinate. significant only for FCOPY [.DXF FORMAT] [GRAPHICS
FILE]; If Z-FIELD is not defined, all entities lay in (2=0) plane.

For 2D and 3D Type files, each record represents a line. For Block Type files, each record represents a block.
Since FNA does not have an information about each particular block, blocks will be substituted by small circles.
Circle center coordinates correspond to the block insertion point. For Generic Type files, each record stands
for the point, and all points are connected by the lines in the record numbers sequence. For all file types, the
target is a circle, placed on the middle of current entity. Use up and down cursors to highlight needed entity.
<ENTER> to get vertical layout of current (Main) record (see Text Mode).
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[EXIT] Make Cluster and return to the command input level with Cluster “YES".
[CANCEL) Restart RSEARCH.
<BAR> Restart [SELECT].

{CANCEL) Return to the command input level.

*[XFER TO FILE) Valid only if the Cluster exists. Convert selected records into the Main File.

2.2.3 RADD

Add record to Main File.

<ENTER> <BAR>

<ENTER> Choose the field to add (change).
{KEYBOARD] {FILE] <BAR>

[KEYBOARD] Enter field's value from the keyboard.

[FILE) Enter field's value from other FNA file. Choose file for data export from Files Window. List of

records will appear at the left screen corner. To transfer data to the current (Main) record, highlight
record in Record Window and <ENTER> <ENTER> it.

<ENTER> <CURSOR UP> <CURSOR DOWN>
<ENTER> To choose the output record in the Records Window.

<ENTER> Transfer data (highlighted left field in the window) to the current field of
the current record of Main File.

<BAR>
[LEFT]} [RIGHT] <BAR>
(LEFT] Move current field of export file to the left.
[RIGHT] Move current field of export file to the right.
<BAR> Cancel [FILE] and return to RADD level.
<CURSOR UP> List of the records to scroll up.
<CURSOR DOWN> List of the recordes to scroll down.
<BAR> = [KEYBOARD]
<BAR>
{SAVE] [CANCEL] [EXIT] #{FIRST] *[LAST] *{PREVIOUS] «[NEXT] *(ADD] *[EXTENSION] <BAR>
[SAVE] Save current record as listed.
[CANCEL] Cancel changes for the current (Main) record.
[(EXIT] Return to the command input level.
*[FIRST) Set the first record as a current (Main) record.
+[LAST] Set the last record as a current (Main) record.
*[PREVIOUS) Set the previous record as a current (Main) record.
«(NEXT) Set the next record as a current (Main) record.

«{ADD) Add a new record to the Main File.
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«[EXTENSION] Valid if at least one Extension File exists. Set next Extension File as a current
file to list.

<BAR> = first button.

2.2.4 RCHANGE

Change current (Main) record. See RADD.

2.2.5 RDELETE
If Main File is empty, then “FILE IS EMPTY!" message will appear.
[PICK RECORD) [EXIT] +*[CLUSTER] <BAR>

[PICK RECORD] Pick record to delete from the screen. If Main File is Folder Type, file represented
by this record will be also deleted.

[EXIT] Return to the command input level.
«[CLUSTER] Valid if Cluster exists.

<BAR> = [PICK RECORD]

2.2.6 RCOPY

Copy one record on another record. Invalid, when "NUMBER OF RECORDS LESS THAN 2%.

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

/Input ehift -(up) +(dn) from first record/ If s ift = 0 then FNA will return RCOPY level.

<BAR> = (PICK RECORD]

2.2.7 RREPLACE
swap records position within the Main File. Invalid, when "NUMBER OF RECORDS LESS THAN 2",
[PICK RECORD] [EXIT] %[CLUSTER] <BAR>
[PICK RECORD] Pick records to swap from the screen. [EXIT] to exit from RREPLACE.
[EXIT) Return to the command input level.

*(CLUSTER] Valid if the Cluster exists. Records will be replaced, one by one, by the records with
(current record # + shift) record number.

/1nput shift -(up) +(dn) from first record/

<BAR> = [PICK RECORD]

2.2.8 RPRINT

Print current (record in vertical layout - Field Labels on the left, field values on in the middle and Field
Attributes on the right.

{PRINTER] (FILE] (CANCEL] <BAR>
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[PRINTER] Copy record on LPT1l (printer).
[FILE) Copy (append} record on ASCII text file.

/Input file name: / Filename is set to "C:\TEMP.TXT" by default.
[CANCEL) Return to the command input level.

<BAR> = [PRINTER]
2.3 LAYOUT RELATED COMMANDS

2.3.1 LADD
Add file layout to current Master File (MASTER.ARR).
First level - input file parameters.
{FILE LABEL] [FILE DESCRIPTION] ([PROGRAM FILE] [CHILD FILE] [PARENT FILE] [EXTENSION FILE] [FILE TYPE] <BAR>
{FILE LABEL] Max. length is 16 characters. Value is significant for file search and selection.
/Input file label/
{FILE DESCRIPTION] Max. length is 40 characters. Carries complimentary information about the file.
/Input file description/

[PROGRAM FILE] Input progrumbnumber to be permanently connected to the FNA file. Eligible program name is
<program #>.BAS, where <program #> is any integer. Program has to exist in the Working Path and to comply with
FNA requirements (see PEDIT).

/Input program number/

[CHILD FILE) Input Child File (Fake File for Folder File and any type file for Normal Type) as a child process.
Use Files Window.

(PARENT FILE] Input Parent File (Folder File for Fake File and any type file for Normal Type) as a parent
process. Use Files Window.

[EXTENSION FILE] Input Extension File as a parallel extension of the current file. You could chain up to 10

files (10 X 10 = 100 fields) in one chain maximum, rest of the chain will be ignored. Each file - extension has

to carry name of the next file-extension. In some cases (uncompatible file types) exteneion will be canceled.
Use Files Window.

[FILE TYPE]
[NORMAL] [FOLDER] [FAKE])
[NORMAL] Any file, which is not a Folder and not a Fake Type.

[FOLDER] Is a file, where each recoxd represents and vpens another file (Fake Type and Child File
for Folder File).

[FARE] This layout ie shared by a family of files, phisically written into same directory (directory
name is this file number, shown in FLIST). Every file from this directory is represented by the

record of the Folder File (and Parent File for this Fake File). All file management will be done thru
the FNA automatically.
<BAR>

[SAVE] [NEXT] [CANCEL] <BAR>
[SAVE) Go to the second LADD level.

[NEXT) Return to the first LADD level.
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[CANCEL] Return to the command input level. All changes to reset.

<BAR> = [SAVE]

Second level - input fields parameters.

[FIELD LABEL) (FIELD DESCRIPTION] [DATA EXPORT] [(FIELD TYPE] (FIELD LENGTH]} ([PRINT LENGTH] {COLUMN (data
export)] [STYLE (data export)] <BAR>

[FIELD LABEL] Max. length is 16 characters. Value is significant for field search and selection.
/Input field label/
{FIELD DESCRIPTION] Max. length is 16 characters. Carries complimentary information (units, dollar sign, etc.).
/Input field description/
[DATA EXPORT] Select the file as a File-in-Field File to export its data to the current field. Use Files Window.
[FIELD TYPE]
{STRING]) [INTEGER) ([SINGLE PREC.] [DOUBLE PREC.] [=RECORD %) <BAR>
{STRING) Field's data to be saved as a atring type. Field Length varies.
[INTEGER] Field's data to be saved as an integer (whole number). Field Length is 2 bytes.
[SINGLE PREC.] Field's data to be saved with single precision. Field Length is 4 bytes.
{DOUBLE PREC.] Field's data to be saved with double precision. Field Length is 8 bytes.
[=RECORD #] Field's value is equal to record number of the record. Field's Length is 2 bytes.
<BAR> = [STRING]
(FIELD LENGTH] Set automatically, if Field Type is other than a String.

/Input field length, bytes: / Min. number is a zero (it makes a sense if current field contains File-in-
Field File (data export), and all field's data is read from this file). Max. number of bytes is 62.

[PRINT LENGTH] Is a length (number of characters), in which current field will be embedded for listing in a
horizontal layout. sum of all Print Lengths not to exceed 69 characters. Current Print Length available for an
input is shown in the right corner of the screen.

{COLUMN (data export)] Choose a field (column) of the File-in-Field File, from which a data has to be exported.
{STYLE (data export)] FNA treats firet field of the current file as the first Referenced Field. That is why FNA
ignores any data export in the first field of the Main File (exept for the [OVERLAY] and {APPENDIX]). If current
file is opened as a Main File and data export defined, FNA will try to match between the firest Field Label of
the Main File and any of the Field Labels of the File-in-Field File as the second Referenced Field. Failer to
match will terminate data export for current field.

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

[OVERLAY) Copy data from File-in-Field File (from [COLUMN) field) to the Main File (current field),
record number remains the same.

[APPENDIX) Same as [OVERLAY], but appende data to the Main File.

[COMPARE) Compare Referenced Fields data of FIF and Main files and copies data from [COLUMN]
field to the current field if a match is found.

{COUNTER) Compare Referenced Fields data of FIF and Main fileu and count total number of FIF
records, matched with Main File record. Save result in the current field.

[TOTALS] Compare Referenced Fields data of FIF and Main files and sum the data from [COLUMN]
field if a match is found. Save result in the current field.

<BAR> = [OVERLAY]
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[NEXT FIELD] [SAVE RESULT] (STEP BACK] <BAR>
[NEXT FIELD) Next field to input.
[SAVE RESULT] Save input in the Master File and launch current file as a Main. If sum of the
Field Lengths is equal to zero, “ERROR: FILE LENGTH EQUALS ZERO!" message will
appear. <ENTER> to return to the second LADD level.

[STEP BACK) Previous field to input.

<BAR> = (NEXT FIELD]

2.3.2 LCHANGE

Change Main File layout. If file is not empty, you can't change Field Type or Field Length. See LADD.

2.3.3 LDELETE

Delete file layout. After deletion, File Label will be "SPARE LAYOUT"; the attempt to open this file shall
return you to the ICHANGE level. Invalid if file(s) related to thie layout is not deleted.

(MAIN FILE] [SEARCH] {CANCEL]
[MAIN FILE] Main File layout to delete.
[SEARCH) Search file layout to delete thru the Files Window.

[CANCEL) Return to the command input level.

2.3.4 LCOPY

Copy file layout to the end of a Master File. Existing file(s) attached to this layout will not be copied.
[MAIN FILE) ([SEARCH] [CANCEL)

(MAIN FILE) Main File layout to copy.

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

[CANCEL] Return to the command input level.

2.3.5 LPRINT

Print entire Main File and Extension Files (if any) layout(s) as it was entered thru LADD/LCHANGE command (see
LADD) .

2.3.6 LPRALL

Print all file layouts from Master File in the same sequence as they appear in FLIST command (see FLIST).

2.4 PROGRAM RELATED COMMANDS

2.4.1 EXTINP

Quick input thru a horizontal layout (print line and <ENTER>). Pick file from the Files Window; File Label with
File Description and Field's Labels with Field's Separators will appear at the bottom of the screen. Print
field's data in proper spaces; <ENTER> to add new record at the end of the file. Invalid if the file is SPARE
LAYOUT or if the file is a Fake Type and the Parent (Folder) File ie empty.

/INPUT NEXT? <Y>/
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<N> Return to the command input level.

<Any other button> Input next record.

2.4.2 SORT

Sort Main File for the chosen field of any type. Choose the field from the Fields Window. Truncates record from
the Main File if chosen field of the record is empty. Invalid if "NUMBER OF RECORDS IS LESS THAN 2".

2.4.3 TEXT

Set FNA mode as a Text Mode. This is a FNA mode by default. Main File records are listed as the textual data in
both vertical and horizontal layouts.

2.4.4 GRAPHICS

Set FNA mode as a Graphics Mode. Main File records are listed as the textual data in vertical layout and as a
graph in horizontal layout. Graph differs for different file styles:

A. Text Style: requires input of X-field and Y-field. Each record represents a point which is connected with the
lines to the next and previous record(s) (point(s)).

B. Block Style: these files must have the “BLOCK* field, X~-field and Y-field. FNA will recognize the Block Style
if the file has the "BLOCK*, "X1" & "“Y1*" Field's Labels; "ANGLE" and "21" Field's Labels are optional. Each

record stands for a block. Records will be shown as the circles since all blocks definitions are contained in
AutoCAD file(s).

C. 2D Style: These files must have the X-field and Y-field. FNA will recognize 2D Style if the file has the
*X1", "Y1*, "X2" & "Y2* Field's Labels. Each record stands for and will be presented as a line.

D. 3D Style: same as 2D, plus 2-field is defined. ("Z1" and *"ZZ" Field's Labels).
Graphics Mode is invalid if all X-fields or/and Y-fields of the current file are the same (2D area is regressed

to the line). All Extension Type (other than Main) files are Text Style filee. See RLIST.

2.4.5 PSEARCH

Search the file with a program attached, using Files Window. <ENTER> chosen file to attach its program to the
Main File. If Main File already has a program, it will be replaced by the new one. Valid only for the current
session. If you want to connect chosen program to the Main File permanently, use LCHANGE command. Invalid if
chosen file does not have a program attached.

2.4.6 PADD

Add a program to the Main File (valid only for the current eeesion). All files from the Working Path with .BAs
extension will be listed on the screen. To attach, highlight file name and <ENTER>. Be sure, that the
highlighted file complies with FNA requirements.

2.4.7 PEDIT

Return to the Basic Editor and edit existing or create new program for the Main File. After editing, save file
in ASCII format in the Working Path. Be sure that length of your file, amount of reserved memory for the
variables and number of nested loope fit in the BASIC memory limits. To return to a FNA, RUN *“MENU.BAS". To
attach new program to the Main File, use LCHANGE command.

To make sure that you are not using variables defined by FNA, try variables with ¢,D,E,G,H,I,J,K,L,M and N
starting characters. The list of FNA variables that can be defined in #4000-4099 program lines:

SWP10=1 if initial calculations and/or input is required. SWP10=0 to cancel/skip.

SWPll=l if fielde calculations and/or input is required in the event of the editing the Main File records.
SWP11=0 to cancel/skip.
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SWP12=1 if fields calculations and/or input are required at a time of exiting from the Main File. SWP12=0 to
cancel/skip.

SWP1ld=1l if you want to squeeze customized display between horizontal layout in Text Mode and vertical layout.
SWP14=0 to cancel/skip.

SWP$ (19) Firet string array to hold the names of program variables.
SWP1$ (19) Second string array to hold the values and names of program variables.

To finish this part of the program (it is typical for all program segments), use RETURN statement. Listed below
are the main program segment lines:

1380 Line for field data processing (for ex., line 1380 R$ (0,1)=STR$ (VAL (R$ (0,2))*MASs) set the first field
variable (R$ (0,1)) equal to the second field variable times SMASS value).

4000-4099 Initialization.

4100-4199 Processing SWP10=1 request.

4200-4299 Processing SWPll=l request.

4300-4399 Proceesing SWP12=1 request.

4400-4899 Processing SWP1l4=1 request.

4900 line must to exist for CHAINing purposes.

Example:

Request for initial calculations is placed in line# 4000 (SWP10=1); calculation process by itself described in
lines# 4100-4130; stub line#4900 is present. Note, that all others SWPxx are set to zero.

1380 R$ (0,5)=STR$ (VAL (RS (0,3))*VAL (R$ (0,4))):IF VAL (R$ (0,5))>VAL (R$ (0,6)) THEN R$ (0,7)=R$ (0,6) ELSE
R$ (017)=R$ (015)

4000 SWP10=1:SWP11=0:SWP12=0:SWP14=0:RETURN

4100 DATA £,5,6,10.1,9,26,13,0,h,63,33,0,1,130,65,0

4101 ON ERROR GOTO 4130 ., .

4102 FB=9:FF=40:GOSUB 1190:FB=10:FF=39:GOSUB 1190:FOR P10=1 TO LOF (2)/FNFLEN (0):FB=0:R=P10:GOSUB
1370:X2$=LEFT$ (RS (0,1),INSTR (R$ (0,1)+" *," ")-1):IF X2%= "" THEN X2%=" "

4105 FB=10:FOR R=1 TO LOF (12)/FNFLEN (10):GOSUB 1370:IF LEFT$ (R$ (10,0),LEN (X2$))=LEFT$ (X2$,LEN (R$ (10,0)))
THEN R$ (0,2)=LEFT$ (R$ (10,1),3):GOTO 4115

4110 NEXT R

4112 FB=9:FOR R=1 TO LOF (11)/FNFLEN (9):GOSUB 1370:IF LEFT$ (RS (9,0),LEN (X2$))=LEFT$ (X2$,LEN (RS (9,0)))
THEN RS (0,2)=LEFT$ (R$ (9,1),3):G0OTO 4115

4113 NEXT R

4115 X=VAL (R$ (0,8)):IF X<=3.5 THEN X=0 ELSE IF X<7.1 THEN X=1 ELSE X=2

4120 RESTORE 4100:X$=“*:WHILE LEFT$ (R$ (0,2),3)<>LEFT$ (X$+* *,3):READ X§,S (0),5 (1),5 (2):WEND:R$ (O,d)=STRS
(8 (X))

4122 FB=0:R«P10:GOSUB 1720

4125 NEXT P10:RETURN

4130 IF ERR=4 THEN R§ (0,4)="":RESUME 4122 ELSE RESUME NEXT
4%00 'stub

List of variables most frequently used in FNA programs:

SP2§ Current Working Path name;

SWPAR2 =1, if Cluster exists, =0, if not;

SWPAR3 =0, if screen regeneration is required; =1, if not;

SWPAR4 =0, if Main File is of a Text Style with defined coordinates; =1, if coordinates are not defined, =1.5,
if Main File is of a Block Style, =2, if -2D sStyle, =3, if -3D Style;

SWPARS is a total number of files opened with the Main File (=1, if Main File does not have an extension);
SWPAR6 =0, if the Text Mode is current, =1, if the Graphics Mode is current;

FFMAIN is a record number of Main File within a Master File;

FB is a file number (=0 for the Main File and 1<=FB<=9 for the Extension Files);

R is a record number within the Main File. 1l<=R<=LOF (2)\FNFLEN (0), where LOF (2)\FNFLEN (0) is a total number
of records.

RS (FB,X) is a field's values. FB is a file number, X ies a field's number.
List of subroutines that can be used from the program:

GosuB 750 Row pointer.

Input: Pl-left margin; P2-right margin; P3-current row number; P6-top margin; P7-bottom margin.
Output: P-row number (varies from 1 to 24, if <ENTER> and equal zero, if <BAR>).
GOSUB 800 Button pointer.
Input: SWl-number of the buttons.
Output: P-button number (varies from 1 to SW1, if <ENTER> and equal zero, if <BAR>).
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GOsuUB

GOSuUB

GOSUB

GOsuB

GOSUB

GOosuB

GOSUB

GOsuUB

GOSUB

<BAR>.

920 Input analyzer.
Input: X$-default input value; X1$-comment; SWl-input style (=1, if output is in uppercase letters, =2,
if output is in lowercase letters, =3, if output is a numerical value); P3=24; P4-left margin; P5-right
margin.
output: X$-output value.
1190 Main File Launcher.
Input: FF-Master File record number.
Output: FF file to open as a Main File.
1370 Get record.
Input: FB-file number; R-record number.
output: R$ (FB,X)-field's values from FB filo. R§ is an array for X from 0 to 9.
1510 Record - horizontal layout.
Input: FB-file number. Records are listed in a horizontal layout.
Output: R-record number.
1660 Record - vertical layout.
Input: FB-file number; R-record number. Record is listed in a vertical layout.
Output: screen.
1720 Put record.
Input: FB-file number; R-record number; RS (FB,X)-field's values.
Output: put record in FB file.
1770 Message.
Input: X$-message text.
Output: <ENTER> to continue.
1820 Draw buttons.
Input: SWl-buttons number (2<=SWl<=5); X$-buttons text (centered for each button).
Output: screen.
2300 Files & Fields Window.
Input: SWl=1 for the Files Window; X2$-value to select (X2§="" to list all files). SW1l=2 for the Fields
Window; FF-Master File record number.
Output:

For Files Window: FF-Master File record number & FF field values for FB=10 file number. SW1=0, if

For Fields Window: FD-field number. SW1=0, if <BAR>.

2.4.8 POFF

switch the attached program “"off*".

2.4.9 PPRINT

Print

the attached program. If the program is not exists, "4000 ‘*stub" and "43%00 'stub® will be listed.
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