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Response Surface Method and Multiobjective Optimization
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Abstract

In this paper, a model updating procedure based on the response surface method combined with the multi-objective optimization
was proposed and applied for updating of the FE models representing a low-rise reinforced concrete building before and after the
seismic retrofit. The dynamic properties to be matched were obtained from vibration tests using a small shaker system. By varying
the structural parameters according to the central composite design, analysis results from the initial FE model using a commercial
software were collected and used to produce two regression functions each of which representing the errors in the natural
frequencies and mode shapes. The two functions were used as the objective functions for multi-objective optimization. Final solution
was determined by examining the Pareto solutions with one iteration. The parameters representing the stiffnesses of existing
concrete, masonry, connection stiffness in expansion joint, new concrete, retrofitted members with steel section jacketing were
selected and identified.

Keywords | FE model updating, response surface method, multi-objective optimization, vibration test, system

identification, seismic retrofit
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Fig. 3 Mode shapes obtained from system
identification(before retrofit)
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Table 1 Measured natural frequencies and damping ratios
before and after the retrofit

Natural frequencies(Hz) | Damping ratios(%)

Mode
Before | After | Ratio |Before| After | Ratio
inﬁijse 4.35(1) | 4.22(1) | 97% | 2.23 | 2.69 | 121%
Y-dir
inphase | 5-33(2) [5.7L(2) |107% | 2.47 | 1.99 | 81%
X-dir
out-of phase | >47(3) | 7-18(5) | 131% | 0.68 | 2.15 | 316%
Y-dir
out-ofphase | -92(4) | 6.22(3) | 105% | 1.64 | 2.33 | 142%
i:‘_);il;’se 7.06(5) | 6.76(4) | 96% | 1.49 | 1.76 | 118%
Ou?_i?f;"h“ase 7.85(6) | 8.38(6) | 107% | 2.26 | 2.28 | 101%
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Fig. 4 FE modeling of the test building using MIDAS gen

Table 2 Natural frequencies and MAC values of initial
FE model(before retrofit)

Natural frequencies(Hz) .
Mode - Difference MAC
Measured Analytical
1st 4.35 3.87 -11.0% 0.96
2nd 5.33 4.87 -8.5% 0.64
3rd 5.47 5.03 -8.1% 0.84
4th 5.92 5.57 -6.0% 0.91
5th 7.06 6.13 -13.1% 0.92
6th 7.85 6.74 -14.1% 0.96
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Table 3 1% Initial CCD table(before retrofit)

Order Real Value

1 24488.1 1422.025 18506.75 8191.75
2 24488.1 1422.025 | 18506.75 | 18911.25
3 24488.1 1422.025 | 38530.25 8191.75
4 24488.1 1422.025 | 38530.25 | 18911.25
5 24488.1 1990.875 18506.75 8191.75
6 24488.1 1990.875 | 18506.75 | 18911.25
7 24488.1 1990.875 | 38530.25 8191.75
8 24488.1 1990.875 | 38530.25 | 18911.25
9 29929.9 1422.025 18506.75 8191.75
10 29929.9 1422.025 | 18506.75 | 18911.25
11 29929.9 1422.025 | 38530.25 8191.75
12 29929.9 1422.025 | 38530.25 | 18911.25
13 29929.9 1990.875 18506.75 8191.75
14 29929.9 1990.875 | 18506.75 | 18911.25
15 29929.9 1990.875 | 38530.25 8191.75
16 29929.9 1990.875 | 38530.25 | 18911.25
17 21767.2 1706.45 28518.5 13551.5
18 32650.8 1706.45 28518.5 13551.5
19 27209 1137.6 28518.5 13551.5
20 27209 2275.3 28518.5 13551.5
21 27209 1706.45 8495 13551.5
22 27209 1706.45 48542 13551.5
23 27209 1706.45 28518.5 2832

24 27209 1706.45 28518.5 24271

25 27209 1706.45 28518.5 13551.5
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Table 4 Updated parameters (before retrofit)

Elastic modulus of concrete 28531 MPa

Elastic modulus of masonry 2245MPa
Stiffness of elastic link in X direction 42382N/mm
Stiffness of elastic link in Y direction 19104N/mm

Table 5 Natural Frequencies and MAC values of updated
model(before retrofit)

Mode | Messured | Analytical | Difference(%) MAC
1st 4.35Hz 4.24Hz, -2.6% 0.96
2nd 5.33Hz 5.48Hz 2.9% 0.94
3rd 5.47Hz 5.63Hz 3.0% 0.92
4th 5.92Hz 6.18Hz 4.4% 0.92
5th 7.06Hz 6.84Hz -3.1% 0.92
6th 7.85Hz 7.61Hz -3.1% 0.97
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Table 6 Natural frequencies and MAC values of initial

NG - Fr2F

Table 7 Updated parameters (after retrofit)

FE model(after retrofit) Before retrofit After retrofit
Natural fr ies(Hz)
Mode ama 1equenc1es. z Difference MAC Le 28531MPa 28531MPa
Measured | Analytical B, 2945MPa 2945MPa
1st 4.22 4.12 -2.4% 0.99 k, 42382N/mm 132116N/mm
2nd 5.71 5.42 -5.0% 0.40 k, 19104N/mm 49203N/mm
3rd 6.22 5.61 -9.8% 0.24 Effective factor of
. - 22.2%
4th 6.76 6.14 -9.2% 0.02 stiffness
5th 718 6.73 -6.3% 0.54 E of shear wall - 3159MPa
6th 8.38 7.50 -10.5% 0.66
Table 8 Natural Frequencies and MAC values of updated
2ot} AAA R nHANEST} YA Ygton] neda) model(after retrofit)
174 BEE Adsn & B 228 & 5 Aot Viode After retrofit
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2y W A F A E A 4th 6.76 6.77 0.1% 0.96
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