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4. Concrete hysteresis behaviour
5. Liao
6. Performance-Based Plastic Design

1. Finite Element
2. soil-structure interaction
3. Time history analysis
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Fig. 3. Nonlinear Behaviour of Plastic Hinges [16]
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[197 5,0 Jlesl slacsr Slaseis N g
Description Value Unit
Area of piston 3368 x 10° m?
Volume of the cylinder 101 x 10° m’
Leakage coefficient 0.1x10"° m%/(N.s)
Compressibility coefficient 2.1 10" m?
Maximum flow rate of oil 2.0x10° m/s
Valve time constant 0.15 sec
Valve constant 2.0 x 10 mé/s/volt

Table 1. Properties of the actuator [19]

3. hysteresis
4..rigid diaphragm

YYA

1. Clough
2. Ibarra
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Fig. 4. Soil model in FEMA-440 consist of a set of springs at
the end of each column
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4. Veletsos and verbic
5. Cone model

1 .Boundary element method
2. Scaled boundary finite-element method
3. Dirichlet-to-Neuman method
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Site-
Earthquake M Recording Sowurce PGA PGV
Name/Ycar Station  Distance r(n‘ax max
(km) 2) (cm/s)
Northridge Beverly
1994 6.7 Hills 13.3 0.52 63
Northridge Canyon
1994 6.7 Country 26.5 0.48 45
Duzce
1990 7.1 Bolu 41.3 0.82 62
Hector Mine ]
1999 7.1 Hector 26.5 0.34 42
Imperial
Valley 6.5 Delta 33.7 0.35 33
1979
Imperial
Valley 6.5 El Centro 294 0.38 42
1979
Kobe Nishi-
1995 6.9 Akashi B Ol &7
Kobe Shin-
1995 6.9 Osaka 46 0.24 38
Kocaeli
1999 7.5 Duzce 98.2 0.36 59
Kocaeli s
1999 7.5 Arcelik 3.7 0.22 40
L?ggg"s‘ 73  Yermo 86 024 52
Landers
1993 7.3 Coolwater 82.1 0.42 42
Loma Prieta —
1989 6.9 Capilola 9.8 0.53 35
LLoma Pricta i
1989 6.9 Gilroy 31.4 0.56 45
Manjil ; :
1990 7.4 Abbar 40.4 0.51 54
Superstition y
1ills. 1987 6.5 El Centro 358 0.36 46
Superstition i :
Hills, 1987 6.5 Poe Road 11.2 0.45 36
Cape .
Mendocino 7.0 ‘uoDell 5y 5 0.55 44
1092 Overpass
Chi-Chi, 1999 7.6 CHY101 32 0.44 115
Chi-Chi, 1999 7.6 TCU045 TTS 0.51 39
San Fernando Hollywood
1971 6.6 Star 39.5 021 19
Friuli ; :
y 2
1976 6.5 Tolmezzo 20.2 0.35 31

Table 3. Some characteristics of earthquake records [22]
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[20] FEMA 440 5 s 5 e gl ol &) Ll Y g

Stiffness
Parameter
Horizontal
Translation
(toward
short side, x)
Horizontal
Translation
(toward long
side, y)
Vertical
Translation,
z

Rotation GIO7
(about X K, =—
axis)
Rotation
(about y

axis)

Formula

3 .85 =
K= aras( B) |- B fo1-2
2-v L 0.75-v L
i 085
o forao )]
2-v L
0.75
o [0.73“.54[5} J
1-v L
025
(%) (24+052)
B L
015
ol
B

Table 2. Relationships for Spring Constants [20]

K e
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K =

1-v

ij“ 15
Kor = 1-v
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2 .maximum considered earthquake (MCE)
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1. Rayleigh
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Fig. 5. Membership Function assigned to control force
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Fig. 7. Membership Function assigned to velocity
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5. Defuzzifier

6. Membership Function

7 linguistic variable

8. Mamdani-type fuzzy inference system

AR

1. fuzzy logic (FL)

2. Fuzzy Rule Base

3. Fuzzy Inference Engine
4. Fuzzifier
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Table 4. Fuzzy rules database
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Objecgve function Tun{ng Ma§s Dampmg Reduction (%)
(Maximum value) ratio ratio ratio
Displacement 0.9 1.5 1 -6.8
Inter storey Drift 0.6 1.5 1 -13.2
Uplift 1.0 1.5 1 -4.0
Optimum parameter of 085 15 1

mass damper

Table 5. Calculated optimum parameters for each investigated
response of structure
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Fig. 11. Uplift responses subjected to 22 far-field earthquake
records
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Abstract

The science of seismic control of the structures always seeks to reduce and control the destructive effects of
the forces which are produced during an earthquake event. However, the yield of the soil under intensified
seismic loads can cause some irreversible effects on the structural elements and the structure may withstand
the increased moments and the forces for which it is not formerly designed. This unfavorable phenomenon

significantly affect the seismic response and performance of the structures, and will ultimately leads to
disappearance of all functional goals that are sought to create in the structural design stage by the designer of
the structure. In this research, by a relatively accurate three dimensional finite element modeling, from a high-
rise concrete structure equipped with the active mass damper, and by examining the lesser-known aspects of
the problem such as uplift of the foundation and the effects of nonlinear interaction of soil and structure, an
attempt has been made to conduct a relatively comprehensive study on the questions of seismic control of
structures equipped with active mass dampers due to the nonlinear effects of the underneath soil behavior. For
this purpose, time history dynamic analysis was performed on the structural model under the effect of 22
horizontal records of distant basin earthquakes in x and y directions followed by the Appendix A of FEMA
P695. The Ibarra model (a reviewed and modified model based on the Clough model) is used for modeling of
the hysteresis behavior of concrete materials. The underneath soil is modelled by three springs approach
presented in ATC 40 and FEMA 440 with equivalent stiffness based on soil modulus of elasticity and Poisson’s
ratio of three categories (the main C category and upper and lower C and E categories ). To achieve the goal
of optimization and evaluation of the active mass damper parameters (consist of tuning ratio, mass ratio and
damping ratio), the mass damper spectra method with investigation of changes in structural responses has been
used. The Fuzzy theory has been used to calculate the control force of an active mass damper. The results
indicate that with respect to entrance of the structure to non-linear zone and its interaction with non-linear
behavior of the soil, the efficiency of the active mass damper in uplift control of the foundation decreases, but
a good efficiency is observed in the lateral displacement and inter story drift control. By evaluation of the three
dimensional analysis results of a nonlinear soil structure system equipped with the active mass damper, the
researchers observed that for the set of the recorded earthquake and based on the specifications considered for
fuzzy algorithm, the active mass damper has a satisfactory effect in the control of displacements and drifts of
the structure, in the amount of almost 15 percent. It was also identified that the active mass damper has a
negligible effect on the foundation uplift in the structures which constructed on the hard soil. But when the
soil becomes softer, a 3 percent mean decrease is observed in the uplift displacements in foundation.

Keywords: active control, nonlinear SSI, uplift, Ibarra model, far-field earthquakes, three-
dimensional structure.
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