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ABSTRACT

Base plate connections are critical in transferring axial and lateral loads
from steel columns to foundations, especially during seismic events.
Recently, replaceable low-damage connections have gained attention for
enhancing structural resilience. This study explores the seismic behavior
of a bolted base connection with yielding angles that eliminate on-site
welding and reduce column damage. The methodology involves three
stages: (1) validating a finite element (FE) model using experimental
data, (2) performing a parametric study via the Taguchi Design of
Experiment (DoE) method to examine the effects of angle thickness, axial
load level, and anchor bolt distance from the column flange, and (3)
applying analysis of variance (ANOVA) and multiple regression to
identify significant parameters and develop a predictive flexural capacity
model. Results reveal that angle thickness is the most influential factor.
All configurations showed semi-rigid to flexible rotational behavior, with
notable energy dissipation under cyclic loading. The close agreement
between numerical and statistical outcomes confirms both the accuracy of
the FE model and the efficiency of the Taguchi method. The proposed
regression equation serves as a practical tool for estimating connection
strength in performance-based design. This research supports the
development of advanced low-damage connection design strategies for
steel structures.
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Parameters Level 1 Level 2 Level 3
Axial Load ratio 0 0.1 0.2
Thickness (mm) 6 8 10
Gage distance (mm) 40 50 60
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Sample Axial Thickness Gage distance

No. Load ratio (mm) (mm)
1 0 6 40

2 0 8 50

3 0 10 60

4 0.1 6 50

5 0.1 8 60

6 0.1 10 40

7 0.2 6 60

8 0.2 8 40

9 0.2 10 50
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Sample Axial Load  Thickness Gage distance My Mu Energy Dissipation Rigidly
No. ratio (mm) (mm) (kN.m) (kN.m) (kJ)
1 0 6 40 3.9 7.3 2.2 0.47
2 0 8 50 6.2 8.2 2.4 0.56
3 0 10 60 7.1 10.4 2.7 0.55
4 0.1 6 50 6.2 6.3 1.4 0.39
5 0.1 8 60 7.2 8 1.8 0.45
6 0.1 10 40 15.1 18 5 0.89
7 0.2 6 60 7.8 7.8 0.9 0.4
8 0.2 8 40 12.9 12.9 3.6 0.78
9 0.2 10 50 13.9 14.3 3.5 0.77

Average 8.9 10.4 2.6 0.58
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Parameters Degrees of Sum of squares Variance F-ratio Significance (%) Rank
Freedom

Axial Load ratio 2 15.095 7.547 5.816 9.51 3

Thickness (mm) 2 82.428 41.214 31.758  60.74 1

Gage distance (mm) 2 31.315 15.657 12.065 21.85 2

Error 2 2.594 1.297 - 7.9

Total 8 131.435 - - 100
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Parameter Level Level Contribution
description (kN.m)
Axial Load ratio 3 0.2 1.355
Thickness (mm) 3 10 3.922
Gage distance (mm) 1 40 2.555
Total contributions from all 7831
parameters ’
Current grand average of 10377
performance for moment
Expected result at optimum 18.209
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