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SCALED SHAKING TABLE TEST OF CYLINDRICAL LATTICE ARCH ROOF
SUPPORTED BY SINGLE STORY SUBSTRUCTURE SIMULATING SCHOOL GYMNASIUM
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Analytical investigations of steel roof structures with supporting substructures have shown that the roof response, including vertical vibration, is coupled with
the response of the supporting substructure. However, the seismic response of roof structures including energy-dissipation members has not yet been verified by
full-scale shaking table experiments. In this study, shaking table tests of a complete near-real scaled roof model with energy-dissipation members at the supporting

substructure are conducted to clarify the actual response characteristics, the response reduction effects, and the collapse behavior of the roof structure.
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Photo 1 Overview of testing set-up

Fig. 2 Specimen detail
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(a) Roof arch

gauge
(e) Friction
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Fig. 3 Measurement plan

Table 2 Testing schedule

Test No. | Input waves (input frequency or level) PGA (m/sz) Condition of specimen
1-1 Swee.p v&v/ave (0.1~10 Hz) 0.6 Friction damper: fixed
12 Se,ls“?lc wave (50%) L9 Roof sectional defect:
1-3 Seismic wave (100%) 4.0 .

- reinforced
1-4 Sine wave (4.92 Hz) 0.8
Zl Swee.p v&v/ave (O.1~10Hy) 0.6 Friction damper: active
22 Se,lsn?lc wave (50%) L9 Roof sectional defect:
2-3 Seismic wave (100%) 4.1 .

- reinforced
2-4 Sine wave (4.92 Hz) 0.7
3-1 Triaxial random wave (0.1~35 Hz) X:0.43,Y 0.37,7:0.39
3-2 Seismic wave (50%) 1.9
3-3 Seismic wave (75%) 3.0 Friction damper: fixed
3-4 Seismic wave (100%) 4.1 Roof sectional defect:
3-5 Seismic wave (200%) 9.2 unreinforce
3-6 Seismic wave (300%) 15.1
3-7 Seismic wave (Y: 300%, Z: 150%) Y:14.89,7:9.40 Test No. 3-8 stopped midway
3-8 Seismic wave (Y: 360%, Z: 360%) Y:20.00,Z:24.84 due to acceleration limitations
3-9 Seismic wave (Y: 360%, Z: 300%) Y:18.63, Z:20.66 of the shaking table.
3-10 Triaxial random wave (0.1~35 Hz) X:0.39,Y 0.36,7:0.38
3-11 Sine wave (4.41 Hz) 15.5

— 16 =5

(% 431:100/omput rn\; 1‘2‘ h=2%

s 2r ~ 10

£ o g

P 2 4
< g 2
2 4 6 8 0 00 02 04 06 08 10
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(a) Horizontal input (No. 3-4)

(a-2) Response spectrum
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(b) Vertical input (No. 3-7)
Fig. 4 Input ground motion
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Fig. 5 Comparisons of transfer function between experimental and estimated value (No.1-1)
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Table 3 Predominant modal characteristics under elastic response

N, Natural frequency Natural period Damping factor Effective mass ratio
F (Hz) T (s) h (%) M M g (%)
1 4.86 0.206 1.7 31.42
3 6.06 0.165 0.6 0.01
5 7.61 0.131 1.4 19.96
6 7.90 0.127 0.8 6.93

(b) 3rd mode

Y3 vy vs
(d) 6th mode

(c) 5th mode

Fig. 6 Predominant modal shapes of elastic response (No.1-1~2-4)
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Transfer function
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Table 6 Experimental results of Ds

.. Base shear (kN) Base shear coefficient
Condition : - - 5
50% input 100% input 50% input 100% input
Uncontrolled 25.76 57.00 0.528 1.160
Controlled 16.09 21.32 0.330 0.434
Seismic force reduction factor D 0.625 0.374
M.y = Mg+Ms , @ Ky
W= 0.5K.quf -
Ei=40uu [ _Qdu Table 7 Ds evaluation
Eq -K; 50% input | 100% input
Ou = i TelTr 0.458 0.815
- h ey 0.396 0.299
5357 Dy 0.563 0.445
K R s 1 Ey
> ha=7  _Emor(%) | -10.86 15.90

(a) Equivalent SDOF (b) Elasto-plastic htsteresis
Fig. 13 Equivalent damping of friction damper
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Table 8 Predominant modal characteristics of elastic response
including only stiffness reduction effect

Test No. (condition) No. 3-1 (elastic) No. 3-10 (elastoplastic)
Mode No. 1 3 1 2 3 6
Natural Frequency (Hz) 4.63 7.48 4.41 4.95 4.97 6.25
Natural period (s) 0.216 0.134 0.227 0.202 0.201 0.160
Mode damping ratio (%) 0.3 0.3 0.3 0.3 0.8 0.3
Horizontal effective mass ratio (%) 55.69 35.37 24.01 21.40 18.35 17.56
Vertical effective mass ratio (%) 0.12 0.06 6.19 44.55 | 41.80 1.82
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(f) No. 3-9 (Input: seismic wave, H360%+V300%)
Fig. 21 Predominant modal shapes
under elastic and elasto-plastic response
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