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UDC : 624.042.7 : 620. 1
EARTHQUAKE RESPONSES OF A SINGLE DEGREE OF FREEDOM SYSTEM
BY PULSE RESPONSE ANALYSIS

—DBi-linear Characteristics with zero and negative slopes—

by Dr. MINORU YAMADA, Dr HIROSHI KAWAMURA, AKI
NORI TANI, and HIDEO FUJITANL, Membersof A/ 1 J.

The authors have presented Ultimate Response Analysis by which one can evaluate earthquake responses and
seismic damages according to the principle of the ultimate energy equilibrium. In this analysis, the response be-
haviours of structures are classified into the two typical cases, i.e., cyclic responses and monotonic responses.
The former is calculated by Finite Resonance Response Analysis and the latter by Pulse Response Analysis
(velocity and acceleration pulses).

In this report, the physical meanings of Pulse Response Analysis are examined essentially and it is proposed
here a more accurate seismic analytical method, i. e., Ultimate Response Analysis in which the following are
taken into account ;

(1) An equivalent amplitude ratio of input sine pulse wave to input rectangular pulse wave,

(2) An equivalent amplification ratio of the duration of input rectangular pulse wave ( {,) to the period of in-

put spectrum (T'),

(3) The rule by which velocity or acceleration pulse is adopted in Pulse Response Analysis,

(4) Aninitial velocity (V,) by Finite Resonance Response Analysis

The quantitative verification of the results of analysis are performed by means of statistical evaluations of ear-
thquake inputs and responses,

From this study, it is able to be concluded that Ultimate Response Analysis proposed here has a sufficient

practical use.
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UDC [ 624,.042.7 : 620. 1
AN EVALUATION METHOD OF DAMAGE DURATION AND CUMULATIVE DAMAGE
BY FINITE RESONANCE RESPONSE ANALYSIS

Single degree of freedom system with elasto-plastic restoring force characteristics——

by Dr. MINORU YAMADA, D:r. HIROSHI KAWAMURA,
AKINORI TANI, and HIDEQO FUJITANL, Members of
ALJ

The authors have presented Ultimate Response Analysis by which one can evaluate earthquake responses of
structures according to the principle of the ultimate energy equilibrium. In this analysis, response behaviours of
structures are classified into the following two extreme typical cases, i.e., monotonic and cyclic responses. The
former is calculated by Pulse Response Analysis (P.R. A.) and the latter by Finite Resonance Response Analy-
sis (F.R.R.A.).

In this report, an evaluation method of cumulative damages of hysteretic structures by the F. R. R. A. is prop-
osed from the comparison of the results of the F. R.R. A, with those of usual time history dynamic earthquake re-
sponse analysis (E.R. A, ). The followings are concluded :

(1) The time derivative of cumulative damages of the F.R.R. A, (d,,) is nearly equal or larger than that of
the E.R.A. (d.). This fact means that the evaluation of cumulative damages by the F. R. R, A, is safe side
evaluation,

(2) The damage duration for F. R.R. A. (1%,) is given by Eq. (29) as product of duration ratio ( ¢*) and dura-
tion of strong motion { ¢,,). And the number of cyclic response times by F. R R.A. (n.) is given by Eq.
(30) as division of damage duration { #2,) by the time { Tuq-Te).

(3) The damage factor by F.R.R. A, (D,,) is given by Eq. (31) as product of number of cyclic response
times (n.) and damage factor by one cycle (AD,,).

In this research, the authors have presented a method of the quantitative evaluation of cumulative damages by

F.R.R.A..
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DAMAGE EVALUATION OF STRUCTURES BY PULSE RESPONSE ANALYSIS
AND FINITE RESONANCE RESPONSE ANALYSIS
—Single degree of {freedom system with elasto-plastic restoring force characteristics—

by Dr. MINORU YAMADA, Dr. HIROSHI KAWAMURA,

AKINORL TANIL, and HIDEO FUJNTANI. Members ol
ALl

The authors have presented Ultimate Response Analysis (U.R. A.) by which one can evaluate earthquake re-
sponses of structures according to the principle of the ultimate energy equilibrium. In this analysis, response be-
haviours of structures are classified into the following two extreme typical cases, i.e., monotonic and cyclic re-
sponses, The former is calculated by Pulse Response Analysis (P.R. A.) and the latter by Finite Resonance Re-
sponse Analysis (F.R.R.A.).

In this report, an evaluation mcthod of damages of elasto-plastic structures by the U, R, A, is proposed from

the comparison of the results of the U, R. A, with those of usual time-history dynamic earthquake response analy-
sis (E.R. A.). The followings are concluded :

(1)

Damage factor (D,) by U.R_A. based on the assumplion in Sect. 4-3is sale side evaluation as com-
pared with damage factor (D,) by E.R.A.. (cf. Sect. 4-5, Figs.10-13)

{(2) The damage duration for F.R. R, A. (5,) is given by Eq. (27) as the product of the duration of strong
motion above 0. 06 g acceleration (14,) and the duration ratio (¢”) given by Eq. (26). And the number ol
cyclic response times hy F.R.R.A. (n,) is given by Eq. (28) as the division ol damage duration (1%,) by
the difference time ( T,q— T.). (cl. Sect. 5-3, Fig.18)

(3) The damage factor by U.R.A. (D,,) is given by Eqs. (10)-(18). In this research, the authors have

presented a method of the quantitative evaluation of damages by U. R A,
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