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Semi-active control of structures with MR and Orifice dampers subjected to

underground blast-induced vibration
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ABSTRACT: Using the control tools is an efficient method to decrease the responses of the structure
under external excitations. In this regard, this study investigates the performance of two structures
equipped with MR dampers and Orifice dampers under blast-induced vibration. In addition to stimulating
the underground blast-induced vibration (due to the different nature of these loads), seismic excitation
has also been used to evaluate the efficiency of these dampers. These dampers are semi-active devices,
which change the output force of the damper by changing the input voltage and magnetic field of
dampers. Also, in this paper, clipped-optimal algorithm was used. This algorithm can generate optimal
damper force by changing the voltage at each time step based on the input forces. In this research,
structural responses based on optimal and maximum voltage are considered. Also, the numerical results
of the structure are compared with LQR algorithm. The LQR algorithm is considered a criterion for
reducing structural responses to blast-induced vibration. The results indicate that the proposed method
(the different locations and types of dampers) is efficient for decreasing the responses of the structure.
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1- Introduction

In recent years, the importance of using methods that
leads to reducing the damage in the structures caused
by earthquakes, blast excitations, etc. has become more
apparent. Blast excitation is one of the important loads that
has very high energy in a short period of time. This type of
excitation can cause much more damage to structures than an
earthquake [1, 2].

There are many control strategies that can help to reduce
the destructive effects of different excitations. The semi-
active control strategy is one of them that can be efficient. In
this field, MR damper and Orifice damper are two types of
dampers that have attracted a lot of attention in recent years.
Also, the Clipped-optimal is used to find an appropriate
reduction in responses of buildings [3-5]

Some researchers considered the effects of the blast
excitations on the buildings. Mondal et al. [1] studied the
responses of a structure equipped with base isolator under
blast excitation. Results of this study indicate that this strategy
is highly effective in decreasing responses of structure. Also,
Chakraborty and Chaudhuri [2] studied the responses of a
three-story structure under the blast excitations by using the
active control strategy. Due to the higher energy consumption
of this method compared to other methods, this strategy has
reduced the responses of the structure.
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In this study, the performance of the two types of dampers
under blast excitation has been investigated. Blast excitation
has been selected in this research due to its different nature
compared to common earthquake excitations. For decreasing
the destructive effects of this type of excitation and to find
the optimum responses, MR damper and Orifice damper
are located on different floors. Also, in order to achieve an
efficient control force, the clipped-optimal strategy is used.

2- Methodology

In this study, two structures using two types of semi-
active dampers are used. MR damper and Orifice damper
are located on different floors in order to achieve optimal
responses. MR damper modeled by using modified bouc-wen.
The main control strategy of this research is clipped-optimal.
In the clipped-optimal control strategy, the voltage applied to
MR damper and Orifice damper is increased to the maximum
level, When the desired optimal force is bigger than produced
force and the two forces are the same sign. Otherwise, the
voltage applied is set to zero. This control strategy obtains
the optimum control force by using LQG control algorithm
(Figure 1). Also, the maximum voltage strategy is used.

In order to investigate the effectiveness of this control
strategy, two shear structures are chosen. In other words,
three-story buildings and five-story buildings are considered.
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Fig. 1. Diagram of applied voltage [6]

The dampers in the three-story building are placed in two
cases. In the first place, the damper is located only on the
first floor and in the second place, in order to appropriate
reduction of the responses of the structure under the two
kinds of excitations, the dampers are placed in all the floors.
Also, in the five-story building, three cases are investigated.
In this building, dampers are located on two first floors, two
last floors and all floors.

Blast excitation is modeled by assuming 10 tons of TNT
and 50 meters from the structure. This type of loading is
considered for finding the critical responses of structures.
This excitation is modeled as follows:

X, @) =—(lft,)x , exp(-t/t,) (1)

Table 1. Parameters of the blast excitation

R(m) C,(m/sec) PPV (ng )(m / sec)
50 5280 0.2266

X, (m /sec?)
23.928

In this equation, the acceleration of blast excitation is
modeled based on the characteristics of soil, distance and
amount of TNT. The considered parameters for modeling
the blast excitation are presented in Table 1. In this table, Cp
is assumed 5280 m/sec based on the existing soil. Also, an
earthquake record is chosen to better comparison of responses.

3- Results and Discussion

Based on the chosen structures and excitations, different
kinds of arrangements of dampers are located on two
structures. In other words, five types of arrangement are
examined. Based on the responses of structures, the semi-
active method cannot decrease all responses of structures, but
this control strategy can lead to optimum responses by using
the dampers in all floors of two structures. The acceleration
of'the fifth floor of the structure under the blast excitation can
show the effectiveness of chosen strategy (Figure 2).

But using the damper on the first floor of the three-story
building and using two dampers in the five-story building is
not effective in some responses of structure. These responses
are expected due to the different nature of blast excitation
rather than earthquake excitation. Of course, in all cases, the
structures have experienced a suitable reduction under the
excitation.

4- Conclusion

In this research, the responses of two buildings under
the blast excitation are considered. In order to reduce the
responses of structures, MR damper and Orifice damper
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Fig. 2. Acceleration responses of the fifth floor of the structure under the blast excitation by using MR
damper in two first floors
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are used. For finding the control force of these dampers,
the clipped-optimal control strategy is used. Also, the
maximum voltage strategy is utilized. In addition to the blast
excitation, the earthquake excitation is used. According to
the investigation of 5 cases of placement of dampers in two
structures, in the cases where the dampers are not placed on
all floors, the responses of structures have not decreased in
most floors. Of course, when the dampers are located on all
floors, all responses of the blast excitation have been properly
reduced.
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Fig. 4. Diagram of clipped-optimal control strategy
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Table 1. MR damper data
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Table 3. Blast data

R(m) C,(m/sec) PPV (x )(m/sec) X ,(m/sec’)
50 5280 0.2266 23.928

0.4 T T T

0.3 ’ ‘

0.2
- \
% 0.1 ‘ ’ -
§ | i J . [ L
8 ol r’”n\ ”‘ \ “ ’ ’ A [ |t Iy m i Ul ‘ V b L L [
2 ™ W 1”‘ ”‘M‘l} lﬁu .v!u ‘ ’Juwh"‘ MY I'W T

~| ‘ &'1 “ { |J ‘l \

| l i (w i d

0.2 |- |’ -

2 5 10 15 20 25

time(sec)
El Centro &35 5,55, .0 JSW
Fig. 5. El-Centro earthquake
a3liwl 3,80 35 Slaswin ¥ Joua
Table 4. Earthquake data
Earthquake Date Station Closet dlStam(:EIL(; fault rupture Duration  PGA(g)
Imperial valley 1940  El Centro 16.9 53.73 0.359
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Fig. 6. Acceleration of the third floor of structure under the blast excitation
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Table 5. Responses of structure under the El Centro and blast excitation by using the MR damper in first floor

Excitation Status Response Type Ist floor  2nd floor  3rd floor
Displacement(cm) 0.5416 0.8260 0.9633
Uncontrolled
Velocity(cm/s) 19.6498 26.3971  34.9225
Displacement(cm) 0.2696 0.4446 0.5534
El Centro Clipped-Optimal
Velocity(cm/s) 9.8560 15.3335 19.4940
o Displacement(cm) 0.0502 0.1269 0.1778
LQR
Velocity(cm/s) 2.3535 7.3726 14.1691
Displacement(cm) 0.4266 0.6609 0.8464
Uncontrolled Velocity(cm/s) 19.4356 25.1829 349225
Acceleration(cm/s?) 1307.7 1351.8 2110.6
| Displacement(cm) 0.4750 0.7978 0.9949
Blast
Clipped-Optimal Velocity(cm/s) 24.4790 32.0806 33.067
Acceleration(cm/s?) 1246.8 1163 1935.1
Displacement(cm) 0.0728 0.1644 0.2792
LQR

Velocity(cm/s) 37805  14.5749  18.3429
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Table 6. Responses of structure under the El Centro and blast excitation by using the MR damper in all floors

Excitation Status Response Type 1st floor 2nd floor 3rd floor
Displacement(cm) 0.1677 0.2703 0.3243
Clipped- .
Optimal Velocity(cm/s) 6.9479 10.0577 11.9106
Acceleration(cm/s?)  284.1516 306.9435 424.7043
El Centro
Displacement(cm) 0.1623 0.2575 0.3078
With max Velocity(cm/s) 6.0250 8.9293 10.2349
voltage
Acceleration(cm/s?) 280.1 312.1 422.1954
Displacement(cm) 0.3785 0.5991 0.7267
Clipped- .
Optimal Velocity(cm/s) 18.1860 25.7124 30.1663
| Acceleration(cm/s?) 1257.7 1265.8 1603.4
Blast
Displacement(cm) 0.3343 0.5167 0.6170
With max Velocity(cm/s) 15.5484  22.6059 27.7906
voltage
Acceleration(cm/s?) 1301.5 1237.2 1434.2
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Fig. 7. Acceleration of the third floor of structure under the blast excitation by using two MR dampers in down floors
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Table 7. Responses of structure under the El Centro and blast excitation by using the MR damper in two first
floors

Excitation Status Response Type Ist 2nd 3rd 4th Sth

Displacement(cm)  0.4051 0.6269 0.7379 0.7899 0.8647
Uncontrolled Velocity(cm/s) 11.433 15.394 15.996 21.112 27.078
Acceleration(cm/s?)  674.143  769.895 573.094  490.29 789.38

Displacement(cm)  0.1273 0.1996 0.2750 0.3347 0.3795

ElCentro ~ Clipped- Velocity(cm/s) 5206 6367 79879 9771  11.795
Optimal
Acceleration(cm/s?)  333.845 259.52 237.9 297.26 342.513
Displacement(cm) 0.13 0.22 0.279 0.36 0.40
With max Velocity(cm/s) 427 6.32 7.96 10.50 12.33
voltage
Acceleration(cm/s?)  260.9 271.3 249.4 249.29 332.93
Displacement(cm) 0.4661 0.7332 1.0055 1.2644 1.4283
Uncontrolled Velocity(cm/s) 18.699 25.191 27.261 26.88 30.2811
Acceleration(cm/s?)  1307.7 1270.6 1247.3 1313.8 2061.1
Displacement(cm) 0.491 0.84 1.182 1.461 1.621
Blast Clipped- Velocity(cm/s) 2048  29.769 33.761 35.78 34.592
Optimal
Acceleration(cm/s?)  1388.6 1025.6 940 118.6 1664.6
Displacement(cm) 0.408 0.831 1.15 1.4 1.58
With max Velocity(cm/s) 19.62 28712 32918 34703  33.64
voltage
Acceleration(cm/s?)  1414.1 949.5 851.7 1074.2 1553.6

El Centro d3; cod &b olei ;3 MR (5100 4 305%0 85lw sbzwl A Joas

Table 8. Responses of structure under the El Centro excitation by using the MR damper in all floors

Excitation Status Response Type Ist 2nd 3rd 4th 5th
Clipped- Displacement(cm) 0.108 0.183 0.259 0.313 0.342
Optimal Velocity(cm/s) 4.276 6.8499 8.334 9408  10.292

With max Displacement(cm) 0.115 0.182 0.246 0.297 0.326

El Centro voltage
With max Velocity(cm/s) ~ 4.6959  7.360 8334  8.840  9.261
LQR Displacement(cm) 0.106 0.1801 0.2406 0.2847  0.3080

Velocity(cm/s) 2.754 4.958 6.904 8.558 9.52
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Table 9. Responses of structure under the blast excitation by using the MR damper in all floors

Excitation Status Response Type Ist 2nd 3rd 4th Sth
Clipped- Displacement(cm) 0.415 0.687 0.906 1.0762  1.166
Optimal Velocity(cm/s) 15852 23323 26292 24292  30.857
With max Displacement(cm)  0.4002 0.656 0.857 1.001 1.0738
Blast voltage Velocity(cm/s) 13.94 20.90 24.14 2845  31.74
LOR Displacement(cm) 0.176 0.298 0.401 0.477  0.5172
Velocity(cm/s) 6.873 11.019 13.687 15.521 16.3062
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Table 10. Responses of structure under the EI Centro and blast excitation by using the orifice damper in first floor

Excitation Status Response Type 1st floor 2nd floor 3rd floor
Clipped- Displacement(cm) 0.147 0.215 0.267
Optimal Velocity(cm/s) 5.52 9.77 11.25
El Centro
With max Displacement(cm) 0.199 0.338 0.415
voltage Velocity(cm/s) 7.911 11.88 14.07
Clipped- Displacement(cm) 0.33 0.526 0.593
Optimal Velocity(cm/s) 20.4 2431 26.87
| With max Displacement(cm) 0.445 0.773 0.988
Blast
voltage Velocity(cm/s) 25.32 30.90 31.70
Displacement(cm) 0.072 0.164 0.2792
LQR
Velocity(cm/s) 3.78 14.57 18.34
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Table 11. Responses of structure under the EI Centro and blast excitation by using the orifice damper in all floors

Excitation Status Response Type 1st floor 2nd floor 3rd floor
Clipped- Displacement(cm) 0.1186 0.095 0.0701
Optimal Velocity(cm/s) 6.72 5.48 3.01
El Centro
With max Displacement(cm) 0.13 0.20 0.22
voltage Velocity(cm/s) 4.56 6.42 7.74
Clipped- Displacement(cm) 0.017 0.0053 0.0009
Optimal Velocity(cm/s) 7.38 8.68 13.18
Blast
With max Displacement(cm) 0.36 0.56 0.67
voltage Velocity(cm/s) 17.05 24.32 28.49

S —
-fourth floor
——fifth floor

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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Fig. 8. Time history of orifice force in five story building under the blast excitation
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Table 12. Responses of structure under the El Centro and blast excitation by using the orifice damper in all floors

Excitation Status Response Type Ist 2nd 3th 4th Sth
Displacement(cm) 0.08 0.09 0.07 0.047 0.02
Clipped-Optimal
Velocity(cm/s) 495 422 2.8 .36 0.78
El Centro
Displacement(cm) 0.11 0.16  0.21 024 0.26
With max voltage
Velocity(cm/s) 4.66 7.27 7.64 7.41 8.28
Displacement(cm) 0.03 0.032 0.0244 0.018 0.012
Clipped-Optimal
| Velocity(cm/s) 9.62 1048 1196 1125 12.34
Blast

Displacement(cm) 042 070 0.93 .11 1.20

With max voltage

Velocity(cm/s)

1479 2280 26.70 29.03 3243
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