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ABSTRACT

So far no reports have been presented for the use of general type 2 fuzzy
systems to control civil engineering structures. Considering the increasing
success of this algorithm in other fields the importance of addressing
general type 2 fuzzy systems becomes evident. Control systems always
deal with Uncertainty; therefore, studying innovative algorithms that can
effectively manage uncertainty seems necessary. The fuzzy membership
functions in general type 2 systems provides additional degrees of freedom
for design, giving these systems a higher potential for considering
uncertainties. To evaluate the effectiveness of the proposed general type 2
fuzzy control system, type I and interval type 2 fuzzy systems and a linear
quadratic Gaussian controller (LQG) as a classic control method have
been designed. The performance of the controllers on a 20-story nonlinear
benchmark structure has been evaluated through computer simulation in
MATLAB. By comparing the responses of the structure equipped with
these four proposed controllers, it can be concluded that general type 2
fuzzy controller performs better in reducing structural responses and
preventing damage to structural members. It is hoped that this research
can serve as a starting and encouraging point for the application of
powerful general Type 2 fuzzy tool in civil engineering purposes,
especially in structural vibration control.
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Building Plan

Elevation
1 ]
20th (133) (134) (135)  (136) \wo1xs0 (137)(138) S+ N ) <
T o 3 |5 )
19th (127) & [(128) (129)(130)| \w2axe2 | (131) §§ I )
132) |1
18th (121) (122) (123) (124) 1125() / (126) a2 ta
T - = 5|5
(115) X% |(116) (117) (118) 19) 8|>
A7th & w27x84 [( )(120) = NOTES \
16th (109) (110) 111) (112) (113) 3114 Beams (248 MPa):
- - 13 B-2 — 4th level W30x99;
15th (103) & |(104) (105) (106) (107)(108) 5, 5th — 10th level W30x108;
T 3 2% 11th — 16th level W30x99;
th |67 Sles) 169 (100) waaxin (100 B0 17th — 18th level W27x84;
19th level W24x62;
A3th 61 (92) (93) (84 (95) (geﬁ_ﬁa;‘ﬁ typ) 20th level W21x50.
12th @) «l@6) @ |@8) |89 (90) 5, Columns (345 MFa): )
= —- - 2 = S column sizes change at splices
11th (79 g (80) ©1) (82) waoxeo |(83) B[ corner columns and interior columns the
SRR = (84) same, respectively, throughout elevation;
10th 773 (74) (75) (76) 77) s box columns are ASTM A500 (15x15 indi-
cates a 0.38 m (15 in) square box column
9th (67) o |(68) (69) (70) (71) (72)( £ with wall thickness of 8.
T - 3 23 Restraints:
< % |2
8th _ _|6D £ 62 (63) (64) ©5 2% columns pinned at base;
@)™ structure laterally restrained Ground level.
Tth  769) (56) (57) (58) (59) (60) Sptices:
6th 49 2le0 |6 |ea |63 69§ denoted with v; .
SEet=y = T o3 at 1.83 m (6 ft) w.r.t. beam-to-column joint
5th “3) & |@a) (45) (48)| waox108 | (47) é ) Connections:
ST = @s)| —» indicates moment resisting connection,
4th 16D (38) (39) (40) (41) “2) - - indicates a simple (hinged) connection.
Dimensions:
3rd __|GY 8 (32) (33) (34) (35) (36) all measurements are center line;
3 28 basement level heights  3.65 m (12'-0");
2nd __|@9 229 27 (28) {29) (:;20) i Ground level height 5.49 m (18'-0");
: W8
1st (19) (20) 1) (22) @3) @) tl)Sl_ 1_9lh level heights  3.96 m (13'-0");
—eRaaE — T 218 _bay widths (all) 6.10 m (20°-0").
S S Seismic Mass:
Ground 13 S|4 (15) (16) an |4 includes steel framing, for both N-S MRFs;
B9 " e % an Ground level 5.32x10° kg;
= —— =3 W30x99 (12) Ist level 5.63x10° kg;
B-2 2nd —19th level 5.52x10° kg:
== AN AD AR A B A® 20th level 5.84X10° kg.

\ entire structure (above ground) 1.1 1x107 kg. /
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= —_— 2 = max {—} 3 = max {—} maxg—,-
]1 max{ smax } ] )Eamax ] Fpmax ]4 = max h

] Ductility Dissipated Energy
Normed level Acceleration Normed base Shear
s I max, ‘|<ﬂj(t)| — JdE;
- maxilla‘éai(t)ll} 6= IZimizai (N _ T oy _ TIEy ey
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