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ABSTRACT

The behavior of a base-isolated building frame is studied by a numerical investigation for the near-field earthquakes with directivity and fling step effects. For the study, the nonlinear time history analysis (NTHA) is carried out for a 10-storey building frame, both for the fixed base and the base-isolated conditions subjected to the near-field ground motions in standard software, SAP2000. Lead rubber bearing (LRB) isolator is selected for providing isolation to the building frame. Two ground motions, each with the directivity effect and the fling step effect, are considered. Two levels of earthquakes are assumed in the present study, i.e., the design level (scaled to have PGA = 0.2g) and the extreme level (scaled to have PGA = 0.4g).  Both frames have the same properties and dimensions, and are designed according to the provisions of the Indian seismic code, IS 1893-2016, as fixed base fames in the high seismic zone. This was done to evaluate the performance of the base-isolated frame with respect to the fixed base frame. The selected response parameters for the comparative study are the peak values of the inter-storey drift, the storey displacements, the number of plastic hinges, and the base shear. Some of the important conclusions of the study may be summarized as (i) the performance of the base-isolated frame is better than the fixed base frame, especially at the lower  PGA value, i.e., 0.2g; (ii) at the higher PGA level, i.e., 0.4g, the demands imposed by the near-field earthquakes are highly amplified; and (iii) the base-isolated frame gets into nonlinear range by forming sufficient number of plastic hinges under the influence of nearfield earthquakes, especially at higher PGA level, i.e., 0.4g.
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1. INTRODUCTION 

The base isolation is a passive control technology, which is well implemented for the last four decades and have an excellent ability to cope up with the high seismic demands induced by the far-field earthquakes. On the contrary, the performance of the base isolation under the near-field earthquakes is still questionable due to the presence of large velocity pulses causing the directivity effect and capable of producing large static displacement due to the fling-step effect, which makes the near-field earthquakes highly destructive. They can severely damage the base-isolated buildings and can even cause the failure of the isolation system by demanding large displacements at the isolation level. Several earthquakes confirmed the destructive power of  the near-field earthquakes, which had occurred in the past like Loma Prieta 1989, Landers 1992, Northridge 1994, Kobe 1995, Chi-Chi 1999 and Kocaeli 1999 (Li and Xie, 2007). Base-isolated buildings have been analyzed and designed mostly for the far-field earthquakes with design level earthquakes in which the superstructure remains linear, but the isolator goes into the nonlinear state.
There are few investigations which have been carried out to investigate the behavior and the performance of base-isolated buildings subjected to the near-field excitations. Rao and Jangid (2001) investigated the response of a building supported by sliding isolation systems under the near-fault ground motion in two horizontal directions. Jangid and Kelly (2001) studied the effect of isolation damping on the performance of different isolation systems under the near-fault ground motions. Ryan and Chopra (2006) conducted the nonlinear response history analysis of an isolated (lead rubber bearing) block subjected to the far-field and  the near-field ground motions, using an advanced bearing model that incorporates the relationship between  the axial load and the bearing response. Jangid (2007) studied analytically the response of the base-isolated multi-story buildings with lead rubber bearings for the near-fault ground motions and derived an optimum value of the bearing yield strength for different system parameters. Yang and Zhao (2010) observed that the inter-story drift and the base shear of the base-isolated structure are intensified by the velocity pulses which are created in the fling-step effect. Hence, the long period buildings are severely damaged by the fling-step effect, causing frightful damage to long-period buildings. Osgooei et al. (2015) carried out time history analyses on a 2-story reinforced concrete shear wall structure, seismically isolated, using unbonded rectangular fiber reinforced elastomeric isolator, FREI and with the fixed base subjected to the far-field and the near-field earthquakes.
To extend the design of the base-isolated structure for the near-field earthquakes, the behavior of the base-isolated building in the near-field earthquake has recently become a topic of considerable interest. The behavior of the base isolator and the base-isolated buildings under such earthquakes could be significantly different as compared to the far-field earthquakes. Because of the pulse type of excitation inputting a large amount of energy, the base-isolated buildings can get into significant inelastic state under the action of the near-field earthquakes enabling fewer cycles of high inelastic deformations of building to dissipate the energy. As a consequence, significant damage to the isolated structure may be caused.
Herein, the behavior of the base-isolated building frame is investigated with the help of a numerical study for the near-field earthquakes with the directivity and the fling step effects. For the study, the nonlinear time history analysis (NTHA) is carried out for a 10-storey building frame, both for the fixed base and the base-isolated conditions, subjected to the near-field ground motions. Lead rubber bearing (LRB) isolator is selected for providing isolation to the building frames. Two ground motions each, with the directivity effect and the fling step effect are considered. Two levels of earthquakes are assumed in the present study, i.e., the design level (scaled to have PGA = 0.2g) and the extreme level (scaled to have PGA = 0.4g). For typifying the response characteristics due to the near field earthquakes, the frames are also analyzed for the far field earthquakes of the same PGA levels.
For the NTHA of both base-isolated and fixed base building frames, the standard software, SAP2000, is used. Both frames have the same properties and dimensions and are designed according to the provisions of the Indian seismic code, IS 1893-2016, as the fixed base buildings in the high seismic zone (v) for which the extreme level earthquake is fixed at 0.36g.  This was done to evaluate the performance of the base-isolated frame with respect to the fixed base frame. The demands imposed by the earthquakes are compared in terms of the storey displacements, the base shear, the inter-storey drift ratio, and the number of plastic hinges.  


2. MODELING AND DESIGN OF FRAMES

For the analysis, a ten storey frame is considered to have three bays of 5 m each. The height of each storey is 3.2 m. For the sake of simplicity, the sizes of all beams and columns are kept uniform through the building height; beam size is 450 mm × 650 mm; column size is 650 mm × 650 mm. The two-dimensional model of the frame is modeled in SAP2000 software. The configuration of the frame is shown in Figure 1(a). The beams and columns are modeled as line elements with specified properties given as the input in the property data sheet of the software. The beam column joints are modeled by specifying the joint rigidity factor as 0.5 as recommended by the software in which the half joint length is rigid. The nonlinearity in the frame is modelled by defining the plastic hinges at both ends of the beams and column at a relative distance of 0.1 and 0.9 of the total length. The default hinge properties are used to define all the parameters of hinges which are automatically calculated by the software as per the properties provided by the FEMA-356 (2000) specific to beams and columns. The default moment-rotation backbone curve for plastic hinges is shown in Figure 1(b). Three performance levels as per FEMA 356 has been considered, namely, immediate occupancy, life safety, and collapse prevention as shown in Figure 1(b).
The building frame is designed for the fixed base condition as per Indian seismic code IS-1893 (2016) for highest seismic zone having zone factor equal to 0.36 and medium type soil condition. The value of the response reduction factor is taken as 5 corresponding to the special moment resisting frame as per the seismic code. The values of the dead and the live loads on all floor levels are assumed as 23 kN/m and 6.25 kN/m respectively. The design is carried out by considering the full dead load plus 25% of the live load. The same frame which is designed for the fixed base condition is isolated with the lead rubber bearings. The strength of concrete is 40 MPa having an elastic modulus equal to 31620 MP, and the yield strength of reinforcing rebar is 415 MPa.

(a)
(b)


Figure 1. Building details: (a) elevation view; (b) default moment-rotation curve for plastic hinges as per FEMA 356.
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Figure 2. The Idealized bilinear force-displacement curve of lead rubber bearing isolator


The lead rubber bearing (LRB) isolator is selected to provide isolation to the frame. The force-displacement behavior of LRB is bilinear and is based on the modified Bouc-Wen model (Wen, 1976) as shown in Figure 2. The characteristics of the bilinear curve are described in the same figure. The design of the LRB is carried out by following the design guidelines and formulas given by Naeim and Kelly (1999) and Datta (2010) for the maximum column load.
Isolators are modeled in SAP2000 as non-linear link elements which are used to connect one joint of the frame to the ground. Link element act as one joint grounded spring and is composed of six springs, each for six-deformational degrees of freedom, namely, the axial, the shear,  the torsion, and  the pure bending (CSI, 2010). The characteristics of the force-deformation curve are fed manually into the rubber isolator link property data sheet in SAP2000. Base isolator properties which have been used for the analysis of the base-isolated building frame are calculated as keff (Effective stiffness) = 713 kN/m, k1 (Initial stiffness) = 5419 kN/m, βeff (Effective damping) = 0.1, γ (Post-yield stiffness ratio) = 0.1, Fy (Yield force) = 59.61 kN, Kv (Vertical stiffness) = 200687 kN/m. The fundamental period of the 10-story base-isolated frame is 3.7 seconds, and its fixed base version has 0.82 seconds.


3. Numerical study

The numerical analysis is performed carrying out NTHA of a ten storey building with the fixed base and the base-isolated conditions. For the NTHA, four far-field and four near-field earthquake records have been selected. Out of the four near-field records, two are for the directivity effect, and the other two are for the fling step effect. Note that the fling-step records of Chi-Chi (TCU 052 and TCU 068) earthquake have been chosen, which contains one of the strongest pulses of  the fling-step effect recorded in comparison to other earthquake events (Huang and Chen, 2000; Li and Xie, 2007). All the records have taken from the Pacific Earthquake Engineering Research Center (PEER) Strong Motion Database, Berkeley (http://ngawest2002.berkeley.edu/). The details of the earthquake records are presented in Table 1. The NTHA is performed in SAP200 software by using Hibler Hughes integration scheme having a value of Beta = 0.25 and Gamma = 0.5. The Rayleigh damping is calculated corresponding to the first and the second mode of vibration.

Table 1. Ground Motion Records.

	No.
	Year
	Earthquake
	Station (Component)
	PGA (g)
	PGV (cm/s)
	PGD (cm)
	PGV/PGA
(cm/s/g)

	(a) Far Field records

	1
	1994
	Northridge
Mw = 6.7
	Beverly hills
(MULH, 009)
	0.42
	58.91
	13.18
	140

	2
	1992
	Landers
Mw = 6.7
	Cool water
(SCE STATION 23)
	0.42
	42.35
	13.84
	100

	3
	1978
	Tabas
Mw = 6.7
	Ferdows
(L)
	0.093
	5.4
	2.24
	58

	4
	1987
	Superstition hill
Mw = 6.7
	Poe road
(POE 270)
	0.45
	35.72
	8.81
	86

	(b) Near-field records (Directivity effect, D)

	1
	1992
	Erzincan
Mw = 6.7
	Erzincan
(EW)
	0.5
	64.32
	21.91
	128

	2
	2003
	Bam
Mw = 6.7
	Bam
(L)
	0.8
	124.1
	33.94
	155

	(c) Near-field records (fling-step effect, FS)

	3
	1999
	Chi Chi
Mw = 6.7
	TCU 052
(E)
	0.36
	151.2
	210.43
	420

	4
	1999
	Chi Chi
Mw = 6.7
	TCU 068
(N)
	0.46
	263.25
	430.2
	571



4. Discussion of results

The height-wise maximum storey displacement profiles for both building frames under the action of different types of earthquakes are represented in terms of the storey drift ratio (SDR), which is defined as the maximum storey displacement normalized by the building height and is shown in Figures 3(a-d) for the two considered PGA levels.
It is observed from the figures that at both PGA levels, there is a significant difference between the SDR demands of the far-field and the near-field earthquakes for both fixed base and base-isolated frames. For the fixed base frame, as expected, the SDR demand significantly increases with an increase in the storey level. Moreover, the difference in the SDR demands between the near and the far field earthquakes is very less at a PGA = 0.2g as shown in Figure 3(a). On the contrary, this difference is significant at a PGA = 0.4g. The difference between the SDR demands for the near-field earthquakes with the directivity, and the fling-step effects are more pronounced at a PGA = 0.4g as shown in Figure 3(b).



Figure 3. Height-wise SDR demand at PGA level of 0.2g and 0.4g.

For the base-isolated frame, the variation in the SDR demands along the storey level is very less, as expected. The SDR demands are higher for the near-field earthquakes, even at a lower PGA level of 0.2g in the near-field earthquakes, due to the fact that the structure is significantly pushed due to the presence of the pulse type excitation. This effect is more pronounced at the PGA level of 0.4g. Note that the SDR demands for the near-field (Chi-Chi) earthquakes are higher for both frames and the performance of base-isolated frame is better at both PGA levels.
The height-wise variation of the maximum inter-storey drift ratio (IDR) is shown in Figure 4 for the fixed base and the base-isolated frames at PGA levels of 0.2g and 0.4g. It is observed from the figures that the maximum inter-storey drift occurs between 2nd – 6th storey levels. The Chi-Chi earthquake induces maximum drift demands both on the fixed base and the base-isolated frames at both PGA levels. For the same earthquake, the drift demands are comparable in both the fixed base and the base-isolated building frames, which shows the ineffectiveness of base isolation systems towards the response (inter-storey drift) induced by the high energy pulses present in the near-field Chi-Chi earthquake records. The inter-storey drift demands produced by the near-field earthquake with the directivity effect are lower than those with the fling-step effect. The inter-storey drift demands in the base-isolated frame under far-field earthquakes are significantly less, which show that the effectiveness of the isolation system is much better for the far field earthquakes.



Figure 4. Height-wise variation in maximum IDR under near and far field earthquakes.

There is a large variation of the maximum inter-storey drift (MIDR) demands imposed by the different far-field and near-field earthquakes. At PGA = 0.2g (Figure 4(a)), for the fixed base frame, the highest MIDR demand imposed by the far-field earthquakes ranges between 0.1% to 0.5%, which is comparable to those for the near-field earthquakes with directivity effect. For the base-isolated frame, the MIDR demands are drastically reduced for the different far-field earthquakes and range from 0.08% to 0.1%. The reduction in the MIDR demand for the base-isolated frame is not drastic under the near-field earthquakes; it ranges from 0.1% to 0.2% for the near-field earthquakes with directivity effect. Near-field earthquakes (Chi-Chi) with fling-step effect impose high MIDR demands, of the order of 0.7% (Figure 4(c)).
For the PGA level of 0.4g (Figure 4 (b and d)), the MIDR demands are increased for both building frames.  The demands for the near-field earthquakes are highly amplified. For the far-field earthquakes, the MIDR ranges from 0.1% to 1% for the fixed base frame and 0.1% to 0.12% for the base-isolated frame. For the near-field directivity earthquakes, the demand ranges from 0.3% to 0.8% for the fixed base frame and 0.2% to 0.4% for the base-isolated frame. For near-field earthquakes with fling-step effect, the demand ranges from 0.4% to 2.2% for the fixed base frame and 0.4% to 1.6% for the base-isolated frame. 
Thus, the MIDR demands induced by the near-field earthquakes are highly amplified as compared to those for the far-field earthquakes with an increase in the PGA level. At the upper PGA level, the MIDR demands for the base-isolated frame is comparable to those for the fixed-base frame under the near-field earthquakes with directivity and fling-step effects. Therefore, at a higher level of the PGA, the base-isolation system is not effective in terms of reducing the MIDR demands.
Figures 5(a-b) show the percentage reductions in the base shear at both PGA levels for the base-isolated frame as compared to the fixed-base. It is observed from the figures that for both PGA levels, the reductions in the base shear for the far-field earthquake vary between 65% and 75% for different earthquake records.
For the near-field earthquake with directivity effect, the reduction in base shear response is also considerable, of the order of 60 %, for the two levels of the PGA. However, for the near-field earthquake with fling-step effect, the reduction in base shear is drastically reduced to a value of 18 % for the PGA of 0.4g and 27 % for the PGA of 0.2g. This shows that the base isolation is highly effective for the far-field earthquakes and for the near-field earthquakes with the directivity effect. For the earthquakes with the fling-step effect, the effectiveness of providing base-isolators is significantly reduced.

1. Northridge; 2. Landers; 3. Tabas; 4. Superstition hill; 5. Erzincan; 6. Bam; 7. Chi-Chi TCU 052; 8. Chi-Chi TCU 068


(a) PGA = 0.2g   				     (b)  PGA = 0.4g
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[bookmark: _Toc519153761][bookmark: _Toc532906266]Figure 5 Percentage reduction in base shear.

The inelastic performance of the building frame is investigated by the plastic hinge formation in the fixed base (FB), and base-isolated (BI) frames subjected to the near and the far-field earthquakes. The plastic hinges are formed against different performance levels (B, IO, LS, CP) as per FEMA 356 given in Figure 1(b). It is observed from the figures 7 and 8 that there is no hinge formation in the base-isolated frame for the far-field earthquake (Tabas) at 0.2g, and only 6 B level hinges are formed at 0.4g, while large number of hinges is formed in the fixed base frame. This clearly shows the high effectiveness of a base isolation system for the far field earthquake.
The same trend in the pattern of plastic hinges is observed in the near-field earthquake (Erzincan) with directivity effect, but the formation of plastic hinges is more in the base-isolated frame as compared to that for the far-field earthquakes. On the contrary, there is a large number of plastic hinges formed in the base-isolated frame for the near-field earthquake (Chi-Chi TCU 052) with fling-step effect, even at the lower level of PGA = 0.2g. The maximum number of hinges is formed under the same earthquake for both building frames having severe damage up to E level for the fixed base frame. For the base isolated frame, there is less damage in the form of plastic hinges, but the structure sufficiently gets into the inelastic state.


       Tabas (0 hinges)                          Erzincan (15 hinges)              Chi-Chi TCU 052 (58 hinges)
             (Far-field)                            (Near-field, directivity)                 (Near-field, fling-step)
(b) Plastic hinge pattern in base-isolated frames

       Tabas (27 hinges)                         Erzincan (55 hinges)             Chi-Chi TCU 052 (92 hinges)
             (Far-field)                             (Near-field, directivity)                 (Near-field, fling-step)
(a) Plastic hinge pattern in fixed base frames

[bookmark: _Toc510533878][bookmark: _Toc519153767][bookmark: _Toc532906272]Figure 6. Plastic hinge pattern formed in fixed base and base-isolated frames under different earthquakes at PGA = 0.2g.


        Tabas (6 hinges)                          Erzincan (40 hinges)             Chi-Chi TCU 052 (117 hinges)
             (Far-field)                             (Near-field, directivity)                   (Near-field, fling-step)
(b) Plastic hinge pattern in base-isolated frames

       Tabas (73 hinges)                      Erzincan (108 hinges)              Chi-Chi TCU 052 (132 hinges)
             (Far-field)                            (Near-field, directivity)                    (Near-field, fling-step)
(a) Plastic hinge pattern in fixed base frames


Figure 7. Plastic hinge pattern formed in fixed base and base-isolated frames under different earthquakes at PGA = 0.4g.

5. Conclusions

The performance of the base isolation system is evaluated under far-field and near-field earthquakes against the fixed base condition. The investigation is carried out by performing NTHA of a ten-storey reinforced concrete frame with base-isolation and fixed base conditions. An ensemble of near and far-field earthquake records are employed scaled to two considered PGA levels, 0.2g and 0.4g. Finally, the responses obtained are compared for the two building frames at two PGA levels in terms of considered demand measures, namely, storey displacements, inter-storey drift ratio, base shear, and hysteresis curves. The important conclusions drawn from the study subjected to the specific frames analyzed and earthquake records considered are presented below:
1. The base isolation system provided high performance against far-field earthquakes.
2. For the two levels of PGAs considered in the study, the response reduction in terms of base shear is less in near-field earthquakes.
3. The base-isolated building frame sufficiently gets into the inelastic range under near-field earthquakes, especially at the high PGA level of 0.4g and remains into elastic range under far-field earthquakes for the two considered PGA levels. 
4. High storey displacement and inter-storey drift demands are imposed on the frame by near-field earthquakes, especially by the Chi-Chi earthquake record.
5. It is found that the demands imposed by the near-field earthquakes on both building frames are highly amplified at high PGA levels resulting in an inferior performance of the base isolator. 


6. Acknowledgments 

The funding of this study is provided by the department of Science and Technology, the government of India, New Delhi, India. 


7. References

[bookmark: _ENREF_1]CSI. (2010). Integrated Finite Element Analysis and Design of Structures Basic Analysis Reference Manual. Computers and Structures, Berkeley, California, USA. 
[bookmark: _ENREF_2]Datta, T. K. (2010). Seismic analysis of structures: John Wiley & Sons.
[bookmark: _ENREF_3]FEMA-356. (2000). Prestandard and commentary for the seismic rehabilitation of buildings. Washington, DC: SAC Joint Venture for the Federal Emergency Management Agency. 
[bookmark: _ENREF_4]Huang, C.-T., & Chen, S.-S. (2000). Near-field characteristics and engineering implications of the 1999 Chi-Chi earthquake. Earthquake Engineering and Engineering Sysmology, 2(1), 23-41. 
[bookmark: _ENREF_5]IS-1893. (2016). (Part 1) Criteria for earthquake resistant design of structures. Bureau of Indian Standards, Manak Bhawan, New Delhi. 
[bookmark: _ENREF_6]Jangid, R. (2007). Optimum lead–rubber isolation bearings for near-fault motions. Engineering Structures, 29(10), 2503-2513. 
[bookmark: _ENREF_7]Jangid, R., & Kelly, J. (2001). Base isolation for near‐fault motions. Earthquake engineering & structural dynamics, 30(5), 691-707. 
[bookmark: _ENREF_8]Li, S., & Xie, L.-l. (2007). Progress and trend on near-field problems in civil engineering. Acta Seismologica Sinica, 20, 105-114. 
[bookmark: _ENREF_9]Naeim, F., & Kelly, J. M. (1999). Design of seismic isolated structures: from theory to practice: John Wiley & Sons.
[bookmark: _ENREF_10]Osgooei, P. M., Tait, M. J., & Konstantinidis, D. (2015). Seismic Isolation of a Shear Wall Structure Using Rectangular Fiber-Reinforced Elastomeric Isolators. Journal of Structural Engineering, 04015116. 
[bookmark: _ENREF_11]Rao, P. B., & Jangid, R. (2001). Experimental study of baseisolated structures. ISET Journal of Earthquake Technology, 38(1), 1-15. 
[bookmark: _ENREF_12]Ryan, K. L., & Chopra, A. K. (2006). Estimating seismic demands for isolation bearings with building overturning effects. Journal of Structural Engineering, 132(7), 1118-1128. 
[bookmark: _ENREF_13]Wen, Y.-K. (1976). Method for random vibration of hysteretic systems. Journal of the engineering mechanics division, 102(2), 249-263. 
Yang, D., & Zhao, Y. (2010). Effects of rupture forward directivity and fling step of near-fault ground motions on seismic performance of base-isolated building structure. Acta Seismologica Sinica, 5, 007
1053
1056
image3.emf
 

(c) 

 

3 bays @ 5m 

6 bays @ 5m

 

Test 

Frame 

(b) 

(a) 


image4.emf
 


image3.jpeg
Force

Frmax

Fy

EOC {Area of the loop)

Dy Drmax Displacement

K2
k,= initial stiffness; k,= post-yield stiffness
k,,= effective stiffness; F__ = max. force
F = yield force; Q = characteristic strength
DV— yield displacement

D, .= max. design displacement




image5.emf
0.0 0.5 1.0 1.5 2.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0

0

1

2

3

4

5

6

7

8

9

10

0.5 1.0 1.5 2.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0

0

1

2

3

4

5

6

7

8

9

10

 Northridge

 Landers

 Tabas

 Superstition hill

 

 

Storey level

Storey Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

Far-Field

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

 

 

Storey level

Storey Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

Near-Field 

 

 

Far-Field

Storey level

Storey Drift Ratio (%)

(c) Storey drift ratio for base-isolated frame (PGA = 0.2g)  

 

 

Near-Field 

Storey level

Storey Drift Ratio (%)

(a) Storey drift ratio for fixed base frame (PGA = 0.2g)  


image6.emf
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0

1

2

3

4

5

6

7

8

9

10

 Northridge

 Landers

 Tabas

 Superstition hill

 

 

Storey level

Storey Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

Far-Field

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

 

 

Storey level

Storey Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

Near-Field 

 

 

Far-Field

Storey level

Storey Drift Ratio (%)

(d) Storey drift ratio for base-isolated frame (PGA = 0.4g)  

 

 

Near-Field 

Storey level

Storey Drift Ratio (%)

(b) Storey drift ratio for fixed base frame (PGA = 0.4g)  


image8.emf
0.0 0.5 1.0 1.5 2.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0

0

1

2

3

4

5

6

7

8

9

10

0.5 1.0 1.5 2.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0

0

1

2

3

4

5

6

7

8

9

10

 Northridge

 Landers

 Tabas

 Superstition hill

 

 

Storey level

Storey Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

Far-Field

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

 

 

Storey level

Storey Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

Near-Field 

 

 

Far-Field

Storey level

Storey Drift Ratio (%)

(c) Storey drift ratio for base-isolated frame (PGA = 0.2g)  

 

 

Near-Field 

Storey level

Storey Drift Ratio (%)

(a) Storey drift ratio for fixed base frame (PGA = 0.2g)  


image9.emf
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0

1

2

3

4

5

6

7

8

9

10

 Northridge

 Landers

 Tabas

 Superstition hill

 

 

Storey level

Storey Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

Far-Field

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

 

 

Storey level

Storey Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

Near-Field 

 

 

Far-Field

Storey level

Storey Drift Ratio (%)

(d) Storey drift ratio for base-isolated frame (PGA = 0.4g)  

 

 

Near-Field 

Storey level

Storey Drift Ratio (%)

(b) Storey drift ratio for fixed base frame (PGA = 0.4g)  


image7.emf
0.0 0.2 0.4 0.6 0.8 1.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.2 0.4 0.6 0.8 1.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.2 0.4 0.6 0.8 1.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.2 0.4 0.6 0.8 1.0

0

1

2

3

4

5

6

7

8

9

10

 

 

Storey level

Interstory Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

Far-Field

 

 

Storey level

Interstory Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

Near-Field 

 

 

Far-Field

Storey level

Interstory Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

(c) Inter-story drift ratio for base-isolated frame (PGA =0.2g)  

 

 

Near-Field 

Storey level

Interstory Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

(a) Inter-story drift ratio for fixed base frame (PGA = 0.2g)  


image10.emf
0.0 0.5 1.0 1.5 2.0 2.5

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5

0

1

2

3

4

5

6

7

8

9

10

 

 

Story level

Interstory Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

Far-Field

 

 

Story level

Interstory Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

Near-Field 

 

 

Far-Field

Story level

Interstory Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

(d) Inter-story drift ratio for base-isolated frame (PGA = 0.4g)  

 

 

Near-Field 

Story level

Interstory Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

(b) Inter-story drift ratio for fixed base frame (PGA =0.4g)  


image12.emf
0.0 0.2 0.4 0.6 0.8 1.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.2 0.4 0.6 0.8 1.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.2 0.4 0.6 0.8 1.0

0

1

2

3

4

5

6

7

8

9

10

0.0 0.2 0.4 0.6 0.8 1.0

0

1

2

3

4

5

6

7

8

9

10

 

 

Storey level

Interstory Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

Far-Field

 

 

Storey level

Interstory Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

Near-Field 

 

 

Far-Field

Storey level

Interstory Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

(c) Inter-story drift ratio for base-isolated frame (PGA =0.2g)  

 

 

Near-Field 

Storey level

Interstory Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

(a) Inter-story drift ratio for fixed base frame (PGA = 0.2g)  


image13.emf
0.0 0.5 1.0 1.5 2.0 2.5

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5

0

1

2

3

4

5

6

7

8

9

10

0.0 0.5 1.0 1.5 2.0 2.5

0

1

2

3

4

5

6

7

8

9

10

 

 

Story level

Interstory Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

Far-Field

 

 

Story level

Interstory Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

Near-Field 

 

 

Far-Field

Story level

Interstory Drift Ratio (%)

 Northridge

 Landers

 Tabas

 Superstition hill

(d) Inter-story drift ratio for base-isolated frame (PGA = 0.4g)  

 

 

Near-Field 

Story level

Interstory Drift Ratio (%)

 Erzincan (D)

 Bam  (D)

 TCU 052 (FS)

 TCU 068 (FS) 

(b) Inter-story drift ratio for fixed base frame (PGA =0.4g)  


image14.gif




image15.gif




image16.gif




image11.png




image12.png
0




image13.png
| PR PR P

b

b e

e

B R

e





image14.png
Ls,




image15.png




image16.png
le——ole—ole—f

le—ole—ole——f

———eo———ete———

b e

fe——ofe———ste—of

fe——ofe———ste—of

o




image17.png
o

o

o

o




image24.png




image25.png
0




image26.png
| PR PR P

b

b e

e

B R

e





image27.png
Ls,




image28.png




image29.png
le——ole—ole—f

le—ole—ole——f

———eo———ete———

b e

fe——ofe———ste—of

fe——ofe———ste—of

o




image30.png
o

o

o

o




image18.png




image19.png
R
e R
e R
e T
R R

s R
——a—




image20.png




image21.png




image22.png




image23.png




image37.png




image38.png
R
e R
e R
e T
R R

s R
——a—




image39.png




image40.png




image41.png




image42.png




image1.emf
 

(c) 

 

3 bays @ 5m 

6 bays @ 5m

 

Test 

Frame 

(b) 

(a) 


image2.emf
 


image31.png
www.16wcsi.org

orga Programme  Re;

Welcome

On behalf of the Anti-Seismic Systems International Society (ASSISi) and the Russian
Assodiation for earthquake engineering and protection from natural and manmade

hazards (RAEE) we warmly invite you to join us in St. Petersburg, Russia, on 1-6 July 2019 for

the 16th World Conference on Seismic Isolation, Energy Dissipation and Active Vibration
Control of Structures.

We believe this conference presents a unique opportunity for sharing the
latest international earthquake engineering knowledge and we encourage you to start
planning your contributions and attendance at the conference.

Please note the key dates for abstractand paper submission. As the conference date
draws closer the website wil be updated with details of the keynote
speakers, programme and other conference activities.

At the same dates in the parallel session the Xill Russian National Conference on
Earthquake Engineering and Seismic Zoning will be held

We look forward to welcoming you allin St. Petersburg!

Important Dates

Abstract Submission Deadline - 01 december 2018
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