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Aseismic structural planning system by fuzzy network

H.Kawamura, A.Tani & H.Kambara
Kobe Universiry, Japan

ABSTRACT:By using a fuzzy network proposed in this paper, aseismic structural planning can
be performed considering human subjective evaluations and uncertain numerical values such

as earthquake loading,

design variables,

structural responses,

structural damage,

economy,safety, function and so on. Case studies on R/C structures are carried out and the
results show the effectiveness of the fuzzy network.

1. INTRODUCTION

In aseismic structural planning, it is
inevitable to deal with human subjective
evaluations and uncertain numerical values
regarding future events. To take into
account these characteristics the authors
already proposed probabilistic and fuzzy
evaluation methods for the aseismic capaci-
ty of R/C structures (Kawamura, Yamada,
Tani and teramoto 1985, Kawamura, Teramoto,
Tani and Yamada 1986). Furthermore, an
fuzzy expert system for aseismic evaluation
and planning of R/C structures was con-
structed by the authors. (Kawamura, Tani,
Matsumoto, Tsunoda and Yamada 1988). 1In
this paper, a more intelligent and general
fuzzy expert system is proposed by using a
new concept of fuzzy network composed of
many fuzzy systems (Zadeh 1971).

2. FUZZY NETWORK

Fuzzy network is composed of fuzzy systems
(Zadeh 1971) and shown, e.g., in Fig.l.
The variables A, B, C and D are inputs or
outputs of the STATE 1, and they comprise a
fuzzy system. The variables A, B, C and D
are described with fuzzy sets expressed by
vectors and the STATE 1 is described with
fuzzy relation expressed by matrix. If D
is nominated for an output, in this system
D is given by

Ao(Bo(CoSTATE 1)) = D (1)

where o means the max-mix operation (Zadeh
1965) which replaces the summation -
product operation in matrices. The other
variables and states in Fig.l are also
defined in the same manner as mentioned
above. If D is nominated for an output in
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Fig.2 Transformed Fuzzv Hierarchy
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this total fuzzy network, then D is ob-
tained according to the restructured
hierarchy shown in Fig.2.

To perform the procedure mentioned above
automatically and intelligently in aseismic
structural planning, a flow of expert
systems is employed here as shown in Fig.3.
According to the flow, users can select and
obtain necessary outputs arbitrerily, e.g..



Fig.4 Fuzzy Network for Structural Planning
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design variables or safety evaluations.

_Structural planning can be divided into two

parts, i.e., (1) optimization in which
optimal design variables are obtained and
(2) evaluation in which safety, economy and
function are evaluated.

In this paper, a fuzzy network for R/C
structures is constructed as shown in
Fig.4. Variables in fuzzy network are shown
in Table 1.

3 EVALUATIONS OF EARTHQUAKE INPUTS AND
STRUCTURAL RESPONSES

The most important and decisive factors in
the fuzzy network for aseismic structural
design are PERIOD, ACC and STATE 5. In
this paper, membership functions of ACC are
defined using its probability density
functions derived from its extreme distri-
butions, i.e., Weibull distributions given
by Eq.2, obtained during each past return
period, PERIOD.

1n{1n(1/(1-F(ACC))} = a + b*ACC , (2)

where F(ACC) is cumulative distribution
function and ACC is earthquake accelera-
tion.

In regard to STATE 5, the equation pro-
posed by the authors (Kawamura,Yamada,Tani
and Fujitani 1984) is employed for the
calculation of ACC(gal) using earthquake
magnitude M and epicentral distance A(km)
as shown in Fig.5.

In aseismic structural planning, struc-
tural response analysis methods need spee-
diness rather than strictness . In regard
to STATE 7, for simplicity, seismic struc-:
tural responses are obtained approximately
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as maximal monotonic responses using accel-
eration pulse response analysis method
proposed by the authors (Kawamura, Yamada,
Tani and Fujitani 1984) as shown in Fig.6.
The maximal monotonic response Smax2 in
Fig.6(a) is decided, because the accelera-
tion pulse response spectrum of dmax2 is
tangent to the input acceleration spectrum
in Fig.6(b).

4 CASE STUDY

4.1 R/C Structure

In this case study, a standard type of R/C
transfer substations (see Fig.7) of Kansai
Electric Power Co.Ltd is employed for
aseismic structural planning. This build-
ing is assumed to be located at Kobe City
in Japan. Aseismic optimization and evalu-
ation are performed in the X-longitudinal
direction.

4.2 Seismicity

Based on seismic data (Chronological scien-
tific Tables 1989) , the M, A sets around
Kobe City (A<200 Xm) are collected and the
maximal acceleration amplitudes ACC( am in
Fig.5) are calculated using the ground
motion spectrum shown in Fig.5. The ex-
treme distributions of ACC during each
return period (year),30,50,75 and 100 are
shown in Fig.8, and their probability
density functions are shown in Fig.9.(a)
Normalizing these probability density
functions and considering the standard
deviations, the membership functions of ACC
(Fig.9(b)) are assumed with parameters of
return periods in this case study.

4.3 Definitions of STATES

STATES 1-11 in Fig.4 are defined as fol-
lows.

STATE 1: Using the calculation method of
force-deformation relations of R/C columns
proposed by the authors{Kawamura, Yamada,
Tani and Fujitani 1984 ).

STATE 2: STATE 2 is given by Eq.(3).

A-COLM = (D-COLM)2*(N-COLM) . (3)

STATE 3: Using the calculation method of
force-deformation relations of R/C shear
walls proposed by the authors(Kawamura,
Yamada, Tani and Fujitani 1984 ).
STATE4: STATE4 is given by Eq.(4).

A-WALL=(N-COLM) * ( t-WALL)* (L~WALL} (4)

STATE 5: STATE 5 is given by the ground
motion spectrum in Fig.5. and shown in
Fig.9(b).

19 t *
100YEARS ’Qg ur
v ISYEARS % { f
R ez | ) J; ¥-051CN
(] .3 1§

6 02 04 08 08 1.0

(a) Economy (b) Safety {(c) Function

Fig.10 Assumed Evaluation

'ﬂ “3.

Fig.11 Transformed Fuzzy Hierarchy for Structura)
Optimization

20 2 [] [T I
'3 a i
;s[ 1 1! iy 18
1 ]
i BEIGHT L-WALL s FUNCTION
S —f T
a i a
10 14 uh b
1
N HEE AL L L PRI SATETY
58 60 62 gkl 18 C] [T

-
o
_.-u

}: 1;
= tuH

@u
l‘_df:ilb [j[:::h»unn T&:fz:xuﬁuu
TR TR A v T U5 18

Y mx ang
18 16 18

? SR-COUN NULL
STm 0} en e w

1 wéﬁ
Ll

Fig.13 Calculated Variables in Structural Optimization

STATE 6: STATE 6 should be described from
economic and social points of view. In
this case study, it is assumed as shown in
Fig. 10 (a).

STATE 7: STATE 7 is given by the accelera-
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tion pulse response analysis (Kawamura,
Yamada, Tani and Fujitani 1984 ) shown in
Fig.6. Damage factor DAMAGE is defined by
DAMAGE = d&max/8y where 8y is the maximum-
strength deformation.

STATE 8: In this case study, importance
factor 1 is calculated by Eq.(5).

25% (A-WALL) +7* (A=COLM) =WEIGHT*I (5)

which is referred to the Japanese Building
standard Law.

STATE 9: STATE 9 should be assumed from
structural and engineering points of view.
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It is shown in Fig.10(b).

STATE 10: STATE 10 should be assumed frog
architectural, social points of view. It is
shown in Fig.10(c).

STATE 11: STATE 11 is given by Eq. (6).

(N-WALL) =(N-ALL) - (W-DESIGN) / (L-WALL)  (6)

4.4 Aseismic Optimization

Aseismic optimization is performed with
respect to optimal number of shear wall
units. If N-WALL in Fig.4 is nominated for
the final output, then the fuzzy network ig
transformed into a fuzzy hierarchy such ag
shown in Fig.1ll. Considering the proper-
ties of the R/C structure and using the
inputs described with fuzzy sets shown in
Fig.12, calculated variables in structural
optimization are obtained as shown in
Fig.13. Fig.14 shows the region of optimal
numbers of shear wall units illustrated
with membership functions given by maximiz-
ing decision(Bellman and Zadeh 1970), which
means the optimal number is about 9-10.

4.5 Aseismic Evaluation

Aseismic evaluation is performed regarding
economy, safety and function, If ECONOMY
SAFETY and FUNCTION are nominated for the
final outputs, then the fuzzy network in
Fig.4 is transformed into a fuzzy hierarchy
such as shown in Fig.15. Using the inputs
described with fuzzy sets shown in Fig.16.
Fig.17 shows the final evaluations of
economy, safety and function illustrated
with fuzzy sets given by maximizing deci-
sion, which means they are in good condi-
tions except safety.

5 CONCLUSIONS

In this paper, a fuzzy network for aseismic

‘structural planning is proposed and applied

to structural optimization and evaluations
of a R/C building. Case studies show the
following things;

(1) Fuzzy networks can simultaneously
include many kinds of factors necessary for
aseismic structural planning, e.g., earth-
quake inputs, structural responses and
evaluations. -

(2) Every factor in fuzzy networks de-
scribed with fuzzy sets and/or fuzzy rela-
tions can express expert subjective evalua-
tions and uncertain numerical values and
functions.

(3) Once a fuzzy network is constructed,
users can obtain necessary outputs arbi-
trarily and automatically by means of
maximizing decision.

(4) When high level CAD systems are added
to the fuzzy network, it will become a very



man-machine friendly expert system for
aseismic structural design.
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