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Table 1. The structural properties of the 5S-DOF model

(kg/s ) ol ymo oo po (KN/m ) s (kg ) py=> ol
¢, = 69938 k,=2129.8 m, =61200 s
¢, = 348140 k =101196 m, = 53073 )
¢, =301380 k, =87279 m, =53073 Y
¢, = 296180 k, =85863 m, = 53073 ¥
¢, =259810 k, = 74862 m, =53073 ¥
¢, =197450 k. =57177 m, =53073 5
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Fig. 3. The blast load of 500 kg TNT acting on 5 m width of the frame

. <10° | . |
— F
—_— Bb
3 L 4
é —FBI
7]
_%ﬂ 2r FBZ 1
: | —
; — g
Qf-—_
-1 ' s '
0 0.1 0.15 0.2 0.25
Time(s)

S8l e 0 (555 59y 92 TNT 0, SokS Vove jlondil jL.F JSWo

Fig. 4. The blast load of 1000 kg TNT acting on 5 m width of the frame
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Table 2. Parameters used for simulating the MR damper
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Fig. 6. Mechanical behavior of MR damper obtained from the present study
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Table 3. Linguistic variables defined for displacement input
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Table 4. Linguistic variables defined for relative velocity input
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Table 5. Linguistic variables defined for output variable
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Fig. 9. Membership functions for input variables in type-2 fuzzy system, a) displacement, b)
relative velocity across the damper
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Fig. 10. Membership functions for output variable (voltage) in type-2 fuzzy system
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Table 6. Fuzzy rule tables
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Table 7. Performance criteria employed to evaluate the control systems
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Table 8. Characteristics of the near- and far-filed earthquakes

No. Name Station Type Duration (s) Mag PGA(g)
1 Northridge Beverly Hill Far Field 23.95 6.69 0.62
2 Imperial Valley Delta Far Field 100.10 6.50 0.35
3 Kobe, Japan Nishi-Akashi Far Field 40.95 6.90 0.48
4 Imperial Valley-06 El Centro Array #6 Near Field 39.08 6.50 0.44
5 Irpinia, Italy-01 Sturno Near Field 39.34 6.90 0.31
6 Loma Prieta Saratoga-Aloha Near Field 39.98 6.90 0.38
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Table 9. The response of the controlled structures to the blast and seismic loadings

sk o 500kg  1000kg Northridge Imperial Kobe Imperial Irpinia, Loma
U3y & s (TNT) (TNT) Valley Valley-06 Italy-01  Prieta
FB N/A N/A N/A N/A N/A N/A N/A N/A
J, (m) BI+TMD  0.2547 0.6956 0.1789 0.5602 0.4029 1.3940 1.2556  0.4459
BI+MR  0.1251 0.4538 0.0697 0.2552 0.1358 0.4792 0.4699 0.1711
FB 0.0658 0.1616 0.0259 0.0451 0.0754 0.0340 0.0390  0.0311
J, (m) BI+TMD  0.0424 0.0884 0.0034 0.0098 0.0072 0.0227 0.0210  0.0078
BI+MR  0.0494 0.0953 0.0151 0.0172 0.0143 0.0190 0.0196  0.0173
FB N/A N/A N/A N/A N/A N/A N/A N/A
J, (m/s%) BI+TMD  141.13  307.105 9.6881 9.9757  10.7660  10.5871 9.9840  12.3769
BI+MR 141.13  307.105 12.0166 16.6198  13.6774 11.3634  11.5575 12.0200
FB 30594  663.262 21.3618 22.8849  44.5286  21.0479  30.5325 19.7281
J, (m/s*) BI+TMD  307.00 665.110 9.8545 10.2582  11.5218 10.8792  10.9928 12.7963
BI+MR  306.94  665.063 15.8833 17.6633  17.2502  13.2055  17.4507 14.3444
FB 8640.44 18801.50 2295.20 4538.37  7502.88  3925.05  4384.17 3402.23
Js (kN) BI+TMD  554.48  1498.06 386.15 1198.51 861.43 297476  2680.67 956.93
BI+MR  289.76 986.59 150.55 548.35 295.27 1025.44 100449  373.79
FB N/A N/A N/A N/A N/A N/A N/A N/A
Js (m) BI+TMD  0.0605 0.1764 0.0161 0.1500 0.0747 0.1997 0.2113 0.0558
BI+MR  0.0151 0.0746 0.0061 0.0327 0.0109 0.0577 0.0536  0.0164
FB 0.0055 0.0166 0.0026 0.0100 0.0102 0.0042 0.0051 0.0034
J, (m) BI+TMD  0.0036 0.0063 0.0003 0.0027 0.0014 0.0033 0.0038 0.0010
BI+MR  0.0033 0.0064 0.0013 0.0036 0.0018 0.0020 0.0023 0.0015
FB N/A N/A N/A N/A N/A N/A N/A N/A
Jg (m/s*)  BI+TMD  3.9588 8.0147 0.06471 1.5610 1.0164 1.1519 1.5228 0.6871
BI+MR  3.3770 7.4190 1.5784 3.1201 1.7971 1.5599 2.0441 1.6008
FB 6.8654  16.2082 2.0439 5.3496 5.8730 2.3741 3.0456 1.9097
J, (m/s’)  BI+TMD 53284  11.2713 0.6811 1.6669 1.0908 1.2165 1.6215 0.7276
BI+MR  5.3995  11.4311 1.5019 2.8516 1.8498 1.4017 1.8286 1.3773
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Fig. 11. The comparison of performance criteria for different control strategies subjected to
blast and seismic loadings
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Fig. 12. Time history of the base displacement due to blast and seismic loadings
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