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' DYNAMIC BEHAVIOR OF.STEEL FRAMES WITH YIELDING BASE PLATES
IN UPLIFT MOTION FOR SEISMIC RESPONSE REDUCTION
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Shaking table tests are carried out to examine the seismic response of structural systems with yielding base plates using’

a half scale steel frame with three stories and one bay. During a strong earthquake, these systems cause rocking

vibration with the base plates yielding to reduce the seismic response. In the test, the seismic response of base plate

yielding systems are compared with that of fixed base systems. Furthermore, simplified methods are proposed to -

predict their seismic responses, which are vertical stress at column bases, uplift displacements, base shears and roof

displacements.
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(b) Simple rocking system

(a) Base plate yiclding system

Fig.1 Two types of rocking structural systems
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Table 1 Mass at floor level

Floor RF | 3F | 2F
Mass[t] [14.60 |5.20 {5.20

Table 2 Cross section

Column
Beam
Brace |¢11 (PC steelbar)

H-148x100x6x9

Photo. 1 Test steel frame
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Oscillation direction

_Fig.2 Elevation of test steel frame

Brace

80} 388 |80

Photo. 2 Base plate

Fig.3 Plan of base plate
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Table 3 Mechanical properties of base plates

Model JIS |Yield Point (N/mm2)

BP6 $5400 329.85

BP9, BP9-2 | $s400 292.11
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Uplift disp (mm)

(a) BP6 model

Uplift disp (mm)
(b) BP9-2 model

Fig. 4 Uplift force-deformation relationships ‘of base plates from
static tensile ‘test

Table 4 Characteristics values of base plates of BP6.model

Qy (kN) [y (mm)| K; (kN/mm) | K;(kN/mm) | Ki/K;
23.75 1.83 12.98 4.33 0.33
Table 5 Characteristics values of base plates of BP9 model
Qy (kN) | 6y (mm) | K, (kN/mm) | K, (kN/mm) | KyK,
47.32 1.84 25.70 5.04 0.20
Table 6 Characteristics values of base plates of BP9-2 model .
0Oy (kN) | 6y (mm):| K:(kN/mm) K>(kN/mm) KK,
23.66 1.84 12.85 2.52 0.20
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Fig.20 Equivalent one-
mass system

Fig.21 Uplift force-deformation relation-
ship of base plate
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TAEEYEB LOBIILDRINZDHBODET S, £z, R—2
T — OB HBEEITRHSRERBRICEDEFig. 21 IRT X
IREKTILET B,
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Energy dissipation
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Fig.22 Static and dynamic test
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Fig.23 Energy dissipation by base plates
results of base plates
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Table 7 System parameters of the super-structure

First-mode effective height H . 413 m
First-mode effective mass Mu 12.82t
First-mode natural circular frequency of 33.07 rad/s

the super-structure o
Relation between base shear and the

Qg =5525x%a,,

maximum input acceleration a (from test

. max
results)
Relation between frame roof deformation

and base shear (from test results)

8s = 0.0715 Q,
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(c) Roof displacement

Fig.24 Comparison between predicted values and test results: up-‘ :
lift, base shear and roof displacement
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