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1. Introduction

In this research, active tendons' optimal placement based on an enumeration method has been investigated
in the presence of various uncertainties such as parametric uncertainty, time delay, and sensor/actuator faults.
To design the appropriate controller against uncertainties, H,, method has been used as a useful method
according to the robust control theory.

2. Methodology

The illustration of the effect of different uncertainties in optimally placing the active tendons is the aim of
this paper. First, the formulation of the H., problem is performed to synthesize the proper controller against
uncertainties. Then, enumeration optimization is utilized to achieve the best location of active tendons. At last,
the effect of each uncertainty in active tendons optimally placement is illuminated. Three and five-story shear
building structures with different patterns of tendons are considered which are excited with a synthetic
earthquake. The synthetic earthquake record, which is scaled to 0.35g, is shown in Fig. 1.
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Fig. 1. Synthetic earthquake acceleration time history
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3. Results and discussion

To evaluate the optimal placement of active tendons in the presence of various uncertainties, Three and
five-story shear structures are considered under the vibration of a synthetic earthquake. Various decision-
making indices can be selected to examine the optimal location of active tendons. The root mean square of the
response of displacement, velocity, acceleration, and control force can also be considered for the purpose of
this paper. Therefore, the indices are calculated as follows
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Indices J, to J, are related to displacement, velocity, acceleration, and control force, respectively.
Parameters d, v, a, and U indicate displacement of floors, velocity of floors, acceleration of floors, and control
force of actuators, respectively. The subscripts ¢ and uc are used for the controlled structure and uncontrolled
structure, respectively. T, means the number of time steps of time history analysis or structural response
information extraction. The mass of floors is also indicated by m;.

The considered three-story structures with different positioning of active tendons are shown in Fig. 2.
According to Fig. 3 and 4, it is concluded that structure 5 has reduced the structural responses more than
structures 6 and 7, with a lower control force. Also, comparing structures with two active tendons, structure 4
has a better performance compared to other structures in terms of reducing structural responses, but the
required control force of this structure is raised with the increase of parametric uncertainty.
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Fig. 2. Three-story shear structures with different number and placement of active tendons
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Fig. 3. Response ratios with parametric uncertainty=0% for 3-story shear buildings
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Fig. 4. Response ratios with parametric uncertainty=5% for 3-story shear buildings
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The five-story structures are named with the symbols of SI;;y and SE;(;), which mean the presence and the
absence of active tendons in i(j) floor(s), respectively. Also, the presence of active tendons in all floors of the
structure is indicated by the SI; symbol. Fig. 5 and 6 show that structures SI, and SI,; have reduced the
structural responses more than structures SI; and Si5,, with a lower control force, respectively.
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Fig. 5. Response ratios with parametric uncertainty=0% for 5-story shear buildings
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Fig. 6. Response ratios with parametric uncertainty=5% for 5-story shear buildings

4, Conclusions

In this research, the effect of parametric uncertainties, time delay, and sensor/actuator fault on the optimal
placement of active tendons was investigated. A three and five-story shear structures vibrated by synthetic
earthquake was evaluated by considering the different positions of the active tendons in terms of number and
location. The results showed that parametric uncertainty has an important effect on the optimal placement of
active tendons. As a result, uncertainties can play vital role in optimally placement of active tendons.
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