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Abstract

In this study, a framework for optimizing the opening in an outrigger wall is proposed. To solve a constrained bounded optimization
problem, an in-house finite element program and SQP algorithm in Python SciPy library are utilized. The openings of the outrigger wall are
located according to the strut-tie behavior of the outrigger wall deep beam. A linear interpolation method is used to obtain differentiable
continuous functions required for optimization, whereas a database is used for the efficiency of the optimization program. By comparing the
result of the two-variable optimization through the moving path of the search algorithm, it is confirmed that the algorithm efficiently
determines the optimized result. When the size of each opening is set to individual variables rather than the same width of all openings, the
value of the objective function is minimized to obtain better optimization results. It was confirmed that the optimization time can be effectively

reduced when using the database in the optimization process.

Keywords : tall building, outrigger, web opening, optimum design, sequential quadratic programming
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Table 1 Properties of simplified analysis model
" Length Thickn Heigh
Member n engt ickness eight
(MPa) (m) (m) (m)
Shear wall 7.5 1.0 17.5
Outrigger 38.0 13.5 0.8 11.3
Column 1.0 1.0 11.3
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Fig. 3 Strut-Tie model of outrigger wall by lateral load

200 30000
===R_LAT ShearForce
175
25000
150
3 20000
3125
=
c
.E 100 15000
E
8| e
i e — 10000
50 - -
- 5000
25 r
i) o
10 ] 0 40 50 60 70 80

Qutrigger location (floor)

Fig.4 Reduction ratio of lateral displacement and shear force of
outrigger with varying location
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Table 2 Result of optimization

. z(m) - .
# of variables objective diff
Il ‘ Iz ‘ I3 ‘ I4
1 3.55 -14.19 -
2 376 | 3.59 | 3.76 | 3.59 -14.71 4%
4 456 | 349 | 3.54 | 3.82 -15.41 9%

Table 3 Number of iteration and analysis time
with or without database

iteration time
# of variables w/ w/ | Reduction ratio
w/o DB DB w/o DB DB
1 43 10 335 36 79%
2 110 24 1032 201 81%
4 315 57 3210 562 82%

Table 4 Constraint violation with varying number of variables

. x(m) . .
# of variables Disp(m) diff
! ‘ ) ‘ T3 ‘ Ty
1 3.85 0.03096 -
4 456 | 349 [ 3.54 [ 3.82 | 0.0299 | -3%
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