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Abstract:

Structures which are designed in accordance with previously used design codes are usually
weak to sustain dynamic loading and therefore they shall be rehabilitated. One approach
for rehabilitation is to use active control. In this study, active tendon is used as a structural
device control. Various arrangements of controllers can be used to limit the response of the
structure but it is desired to find an arrangement at which the cost of the placement will be
minimized. The aim of this thesis is to find the best placement of active tendons on a
frame such that the placement satisfies two general restrictions; namely structural response
and control forces. Genetic algorithm is applied to the 2D frames in order to optimize the
controllers. Four control Algorithms including Classic, Instantaneous, modal and pole
assignment in optimal manner are considered for linear behavior and Classic algorithm is
used for nonlinear behavior. Effect of time delay is considered in the linear control
algorithms. Two dynamic loadings consisting of earthquake and wind loadings are applied
to the frames. Earthquake loadings include from seven records which are scaled in
accordance with INBC code (2800) and the wind loading is produced in accordance with
ASCE7-05 and Davenport density spectrum. Two three-bay-eight-story frames are used to

consider linear and nonlinear behavior.

Results show that under defined restrictions, for a special frame, special dynamic loading,
special control algorithm and both linear and nonlinear behavior without calculations and
with acceptable precision, the optimal number and placement of controllers can be
guessed. The results also show that non-shear frame could be analyzed as the shear frame
with negligible error in the final results and the time of computation greatly reduced. Also
if the permissible control force is less than saturation limit, instantaneous algorithm will
have the best results and therefore nonlinear frames have more control cost than linear;

however the structural cost should be considered for estimating the overall cost.
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Q(4,:) = [103,103,10,10,1,1] R=10"°

Q(4,:) = [10%,10%,103,0,0,0] R=15%10"7
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(1502 5 Cail axdllao 53 ouis &) ouid J S cikicko > 5l 9

b Ui oen Vel Yol Yol fols
1 1.37 0.45 0.7 0.59 0.88
2 1.04 053 041 0.59 0.58




3 0.61 0.32 0.25 0.35 0.33

ouid oS ojlw (gl (€M) aiul & 30 owd ()0 judd’ Aol 8-0 Jgu
(5l 4225) okl 58 iliin Ul Jlez 5

b S oen Vel Yol Yol o el

1 1.3246 0.9115 0.9572 1.049 1.1944
2 1.0517 0.8895 0.7265 0.9472  0.8669
3 0.622 0.5587 0.3984 0.5892  0.4795
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system modified system

-2.8571 + 0.0000i 3.0000 -0.35086 2.5000 - 0.00001i -0.6429% - 0.00001
-0.7857 + 0.0000i -1.0000 - 0.00001i 2.064% + 0.00001i -3.5000 - 0.00001 1.2857 - 0.00001
-3.1429 - 0.0000i 0.0000 + 0.0000i -4.2857 0.0000 + 0.00001 3.142% + 0.00001
-1.7857 + 0.0000i 3.0000 - 0.00001i -2.4351 4+ 0.00001 2.0000 - 0.00001i -1.2143 - 0.00001
-3.1429 - 0.0000i 3.0000 + 0.0000i -3.2857 2.5000 + 0.00001i -0.3571 + 0.00001
weigth matrix
-2.4740 + 0.00001 0.0000 + 0.0000i -0.13%96 - 0.00001 0.0000 2.4740
0.0000 - 0.00001i -0.0000 0.0000 -0.0000 + 0.0000i -0.0000 + 0.00001
-3.0227 - 0.00001 0.0000 + 0.0000i -1.4578 - 0.00001 0.0000 - 0.00001 3.0227 4+ 0.0000i
0.0000 - 0.00001 -0.0000 0.0000 -0.0000 + 0.0000i -0.0000 + 0.00001
2.4740 - 0.0000i -0.0000 0.13%9¢ -0.0000 + 0.0000i -2.4740 + 0.00001i

Close loop poles
-1.0000 - 3.00001

-2.0000 - 2.00001
-0.5000 + 0.00001
-1.0000 + 3.00001
-2.0000 + 2.00001

Urg.';.w.:.wM‘G.b‘SngthQw)Slo‘(A)e.\.ﬁ:CW|W&;§L¢%}QQ&QQYQ}‘:A-AJSJ&
) al> 5o b0

i3 =3 pa=—4 aldzy=-15%10dad Jusl-Y a> e

system modified system

-1.4086 + 0.06751 5.7883 + 0.11541i -1.5124 + 0.13061 7.2394 + 0.03581 -4.8797 - 0.1829i
-1.5035 - 0.0115i -1.9145 + 0.1447i -3.3451 - 2.12961 0.1422 + 2.102%81 2.9180 - 0.13321
-2.4121 + 0.05581 1.8738 + 0.26011i -10.8574 - 1.95901i 8.3816 + 2.13871 0.5383 - 0.31leli
-2.5035 - 0.01151 2.0855 + 0.14471i -T7.8451 - 2.12961 5.6422 + 2.102%51 0.4180 - 0.13321
-2.4121 + 0.0559i 4,.8738 + 0.26011i -9.8574 - 1.9990i 10.8816 + 2.13871i -2.9617 - 0.316li

weigth matrix

-8.468% - 4.5900i -15.1573 - &8.27121i -T7.8693 - 3.5436i -13.034% - 7.78651i 23.6262 +12.86l1li
-14.176% - 7.92001i -25.2874 -14.24151 -14.2724 - &.50461i -20.7202 -13.04531 39.4643 +22.16141
-20.4300 - 8.04351 -37.6637 -14.884T71 -4.8997 - 1.2116i -45.5402 -18.64781 58.0937 +22.92821

-0.4637 - 3.2829i 0.2701 - 5.52541i -14.5265 - 7.53701 13.3936 - 0.56261 0.1936 + 8.80831

22.6458 +12.50%91 40.4446 +22.51261 22.1417 +10.04821i 33.7551 +20.8318i -63.0905 -35.02251

Close loop poles
-2.0000 + 2.0000i
-2.0000 - 2.000041
-0.5000 - 0.0000i
-4,0000 - 0.00001
-3.0000 + 0.00001

U i dins alils> gadad g Qwﬁ'lm(A)cd.&Zac%dWw.;Lo%,&’Qw.gg‘ﬂhﬂzf-aJS.L’:
Val> o bl
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system modified system

-1.1638 + 0.35451 4.9138 - 1.00341 -1.2224 + 1.2697i 8.6055 + 0.86281 -6£.1375 - 1.60901
-1,1124 - 0.01851i -3.3861 + 0.10801 -2.2421 - 1.6115i 1.7041 + 1.55381 0.9478 - 0.06541
-1.7762 + 0.33601i -0.4723 - 0.89531 -9.4644 - 0.3418i 11.3095 4+ 2.41661i -2.6897 - 1.6745i
-2.1124 - 0.01851 0.6139 + 0.10801 -6.7421 - 1.61151 T.2041 + 1.55381 -1.5522 - 0.06541
-1.7762 + 0.33601 2.5277 - 0.89531 -8.4644 - 0.3418i 13.8095 + 2.4166i -£.1897 - 1.6745i
weigth matrix

0.4822 -1.8508 - 0.07811 1.3762 + 0.67651 1.9774 - 0.6559i -2.4804 + 0.04111
-1.8508 + 0.07911i 6.9725 -5.2838 - 2.3226i -T7.3303 + 2.7843i 9.3207 - 0.55351

1.3762 - 0.67651i -5.2838 + 2.32261 4,7778 4.6275 - 4.5518i -6.8789 + 3.52431

1.9774 + 0.6559i -7.3303 - 2.7843i 4,6275 + 4.55181 g§.8183 - 0.0000i -10.0201 - 3.1401i
-2.4804 - 0.0411i 9.3207 + 0.55351i -6.8789%9 - 3.5243i -10.0201 + 3.1401i 12,5038

Close loop poles
-2.0000 - 2.00001
-2.0000 + 2.00001
-4.0000 + 0.00001
-2.0000 + 0.00001
-3.0000 - 0.00001
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OS5 4
-O.SF =1
-1o i0o =0 30 20

1g @ ouds wlido 9 () bo) cme y (8) L) Loma Prieta &l 3 Sloj asesns )0 :A-0 JSC&

9 o0 28 p3 g R g Q g le 3,8 )18 )8 G adb jo 30 390 o0 23
Ql = 1010 * 116 ) Q2 == 1011 * 116 ; R =0.1+ 18

9o Sy b o (oo dion lmly Ol 1720 Jgoz 50 5 dn dil> Glacdad VY-8 Jgao o

Dg oo BLLQ o yilo 5l alizee Sl g0 (gl g lacdad bl g SIS ooy oS!

J A (598 iliso Ll 93 g bl (blor g Sl v 5551 99 (512 Ay Al glac S V-0 Jgua

(1) SedS @) bbb Sl @) S5 @) b b Ll
-10.303 +81.2431i | -10.303 +81.2431i | -13.250 +80.8106i -13.25 -80.8106i
-10.303 -81.2431i -10.303 -81.2431i -13.250 -80.8106i | -13.250 +80.8106i
-6.3429 +61.7602i | -6.3429 +61.7602i | -9.8062 +61.1963i | -9.8062 -61.1963i
-6.3429 -61.7602i -5.3673  +55.1748i | -9.8062 -61.1963i | -9.4326 -54.6811i
-5.3673 +55.1748i | -6.3429 -61.7602i -9.4326  +54.6811i | -9.8062 +61.1963i
-5.3673 -55.1748i -5.3673 -55.1748i -9.4326 -54.6811i | -9.4326 +54.6811i
-3.9822 +44.4311i | -3.9822 +44.4311i | -8.2806 +43.7198i | -8.2806 -43.7198i

-3.9822 -44.4311i | -3.1947 +37.6666i | -8.2806 -43.7198i | -7.2701 -37.1922i
-3.1947 +37.6666i | -1.9951 +27.7163i | -7.2701  +37.1922i | -4.7093 -27.3704i

-3.1947 -37.6666i | -1.2179 +17.8506i | -7.2701  -37.1922i | -8.2806 +43.7198i
-1.9951 +27.7163i | -3.9822  -44.4311i | -4.7093 +27.3704i | -7.2701 +37.1922i
-1.9951 -27.7163i | -3.1947  -37.6666i | -4.7093  -27.3704i | -3.1403 -17.6348i
-1.2179 +17.8506i | -1.9951 -27.7163i | -3.1403 +17.6348i | -4.7093 +27.3704i
-1.2179 -17.8506i | -0.4796  +6.9735i | -3.1403 -17.6348i | -1.0955 - 6.9096i

-0.4796 +6.9735i | -1.2179  -17.8506i | -1.0955 +6.9096i | -3.1403 +17.6348i
-0.4796 -6.9735i | -0.4796  -6.9735i | -1.0955 -6.9096i | -1.0955 + 6.9096i
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JrS ey 234 214 1.8 3.88 395 326 501 3.12

(V) SwudS” 13,651 19 183 162 337 336 278 451 276
M cdad gladl> 0,681 196  1.84 162 337 336 278 450 2.76
(V) SeeudS” o5 5451 151 136 117 224 212 202 310 1.75
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Earthquake Station Record/Component
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(KN.s/m) o e 490 467 410 38 348 298 243 196
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1 1 5 \% 8 8.3903
2 1 5 7 9 8.5012
3 1 5 7 10 8.51

4 1 5 6 8 8.5211
5 4 5 6 7 8.5249
6 1 5 6 9 8.5828
7 4 5 6 8 8.5929
8 4 5 6 10 8.6082
9 4 5 6 9 8.6115
10 1 5 8 10 8.6336




Optimal pozitions controllers in frame Bezst Cost Function
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1 7 8 10 9.251318955
2 6 7 10 9.275833746
3 1 5 7 9.278901968
4 4 5 6 9.339282962
5 7 8 11 9.340060665
6 4 5 10 9.379928161
7 6 7 11 9.384573121
8 7 8 9 9.41407528
9 6 7 9 9.419660187
10 7 9 10 9.427870535
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Optim al positions controllers in frame Best Cost Function
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5 et op > Slasin 45 il (Yang,1988) aib cuis by B 5l Jow (Jol Joo @

(AAA) Yang Luwgi ool &1yl Jow wlasiee V-7 Jaus

4.l 1 2 3 4 5 6 7 8
(ton)e > 345.6 345.6 345.6 345.6 345.6 345.6 345.6 345.6
(10e5KN/m) s o 3.404 3.404 3.404 3.404 3.404 3.404 3.404 3.404
L(;f(;);(I\T/:: 3.404 3.404 3.404 3.404 3.404 3.404 3.404 3.404
(KN.s/m) 500 7343 7343 7343 7343 7343 7343 7343 7343
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Gl g G g O3 g O

C3 B2 c3 B 3 B2 Cc3
C3 Box 25%25%1.5

C2 c2 c2 c2
c2 Box 30x30x1.5 B2 B2 B2
c1 Box 352352 Q2 g 2 g 2 g @
E1l IPEZ00 C2 a1 c2 B c2 i c2
B2 IPE270 & ” = =
B3 IPE240 B1 B1 B1

1 B 1 B1 c1 Bl C1

C1 1 c1 C1
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Abstract:

Structures which are designed in accordance with previously used design codes are usually
weak to sustain dynamic loading and therefore they shall be rehabilitated. One approach
for rehabilitation is to use active control. In this study, active tendon is used as a structural
device control. Various arrangements of controllers can be used to limit the response of the
structure but it is desired to find an arrangement at which the cost of the placement will be
minimized. The aim of this thesis is to find the best placement of active tendons on a
frame such that the placement satisfies two general restrictions; namely structural response
and control forces. Genetic algorithm is applied to the 2D frames in order to optimize the
controllers. Four control Algorithms including Classic, Instantaneous, modal and pole
assignment in optimal manner are considered for linear behavior and Classic algorithm is
used for nonlinear behavior. Effect of time delay is considered in the linear control
algorithms. Two dynamic loadings consisting of earthquake and wind loadings are applied
to the frames. Earthquake loadings include from seven records which are scaled in
accordance with INBC code (2800) and the wind loading is produced in accordance with
ASCE7-05 and Davenport density spectrum. Two three-bay-eight-story frames are used to

consider linear and nonlinear behavior.

Results show that under defined restrictions, for a special frame, special dynamic loading,
special control algorithm and both linear and nonlinear behavior without calculations and
with acceptable precision, the optimal number and placement of controllers can be
guessed. The results also show that non-shear frame could be analyzed as the shear frame
with negligible error in the final results and the time of computation greatly reduced. Also
if the permissible control force is less than saturation limit, instantaneous algorithm will
have the best results and therefore nonlinear frames have more control cost than linear;

however the structural cost should be considered for estimating the overall cost.

Keywords: Optimization, genetic algorithm, active tendon, active control, 2D frame
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