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Abstract : The additional moment occurs because the superstructures of VLFS are influenced by wave loads instead of earthquake loads.
In order to reduce the additional moment, this study used the semi-rigid connections which lie between fully rigid and pinned. If the
semi-rigid connections are used for superstructures of VLFS, the moment of beams can be reduced and more economical construction
will be possible.

This study aims to show the effect of wave loads on structure and the efficiency of the semi-rigid connections due to wave loads by
analyzing the time history responses. The dvnamic behaviors of the rigid frame are compared with those of the semi-rigid frame
considering of static loads, wave loads and combination loads for a four-bay, three—story frames. The semi-rigid connection type is a
steel tubular column with square external- diaphragm connections and the time history analysis is used for the dynamic responses. The
additional moment responses due to wave loads increase 33% in the rigid frame, 26% in the semi-rigid frame with the spring model.

Key words : Wave loads, Semi-rigid connection, Steel tubular column with square external-diaphragm, Time history analysis
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Fig. 1 Steel tubular column with square external-diaphragm
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Fig. 2 Elastic responses at t = 0
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Fig. 3 Time history displacement
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Table 1 Member properties

Section Properties
Girder | H 800x300x14x26 | A=267.4cm’, Z=7300cm’
Column [ 700x700x19 A=5175cn%, Z=1143%cn’
Steel [SM 490 (f, : 33 tf/cm’, E : 2.1x10° kgf/cm®)
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Table 2 Member size and parameters of steel tubular column
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Fig. 5 Wave loads considering out-of-phase effect

Wave loads
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Table 4 Max. moment responses by different connection

types Unit : KN -m
Connection . .
Static load | Wave load |Combination load
Type
Rigid 1336.16 435.85 1734.97 (1.30)
Semi-rigid 876.42 231.01 1091.89 (1.25)

2 oo 2ol 44T
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Fig. 6 Max. moment responses subjected to combination loads
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Table 5 Max. lateral displacement responses by different

connection types Unit : kKN - m
Connection . o
Static load | Wave load | Combination load
Type
Rigid 0.387 3.489 3.8%0
Semi-rigid 0.487 3.011 3.496

4.0
-o-Rigid
3.0
-u—Semi-rigid
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Fig. 7 Max. lateral displacement responses subjected to

combination loads
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Table 6 Max. moment responses by amplitude variation

Unit : kKN *m
Connection| amplitude | amplitude | amplitude
Load . . .
Type ratio 1 | ratio 1/2 | ratio 1/4
Rigid 1336.16 1336.16 1336.16
Static load
Semi-rigid| 876.42 876.42 876.42
Rigid 435.85 217.93 108.96
Wave load
Semi-rigid|  231.01 11550 57.75
Combination| Rigid | 173497 | 151706 | 140808
load Semi-rigid| 1091.89 976.39 918.63
2800 -o-Rigid(Wave load)
-2-Semi-rigid(Wave load)
2400 -e-Rigid(Combination load)
-m-Semi-rigid(Combination load)
E1500 "
é /
E!zoo ./'/.

] 174 1712 3/4 1
Amplitude ritio

Fig. 8 Max. moment responses by amplitude variation
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Table 7 Max. lateral displacement responses by amplitude

variation Unit : cm
Load Connection| amplitude | amplitude | amplitude
Type ratio 1 | ratio 1/2 | ratio 1/4
Rigid 0.387 0.387 0.387
Static load
Semi-rigid 0.487 0.487 0.487
Rigid 3.489 1.744 0.872
Wave load
Semi-rigid 3.011 1.506 0.753
Combination| Rigid 3.880 2.135 1.263
load  |Semi-rigid|  3.496 1.990 1.237

@

-o-Rigid(Wave load)
-&-Semi-rigid(Wave |oad)
-e-Rigid(Combination load)

o

-m-Semi-rigid(Combination load)

-

_ Dlgplac%ment(cm)

0 174 172 3/4 1
Amplitude ritio

Fig. 9 Max. lateral displacement responses by amplitude

variation
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Table 8 Max. moment responses by period variation

Unit : kN -m
Connection
3.25sec | 6.5sec | 9.75sec | 13.0sec
Type
amplitude Rigid 3890.65| 1333.58| 683.10| 435.85
ratio 1 |Semi-rigid| 1699.07| 619.82 | 341.23| 23101
amplitude Rigid 1945.80| 666.79 | 341.55| 217.93
ratio 1/2 | Semi-rigid| 84954 | 309.91 17061 | 11550
amplitude Rigid 97290 | 33340 | 170.77 | 108.96
ratio 1/4 | Semi-rigid| 424.77 | 154.96 85.31 5775
4500
-&-Rigid(amp!itude ratio 1)
4000

-®-Semi-rigid(amplitude ratio 1)
\ -B-Rigid(amplitude ratio 1/2)

9500 - Semi-rigid(amplitude ratio 1/2)

— 3000 -o-Rigid(amplitude ratio 1/4)
£ —-Semi-rigid(amplitude ratio 1/4)
X 2500
& 2000
S 1\
= 1500 g \S\

190 \g\\

500 ——

0 ¢
3.25 6.50 9.75 13.00

Per iod(sec)

Fig. 10 Max. moment responses by period variation
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Table 9 Max. lateral displacement responses by period

variation Unit : cm

3.25sec | 6.5sec | 9.75sec | 13.0sec

amplitude| Rigid 6.79 | 6153 | 4505 | 3489
ratio 1 |Semi-rigid| 5964 | 5.321 3890 | 3011
amplitude| Rigid 3412 | 3077 | 2253 1.744
ratio 1/2 |Semi-rigid| 2983 2.661 1.945 1.506
amplitude | Rigid 1.706 1.538 1126 | 0872
ratio 1/4 |Semi-rigid| 1.491 1330 | 0973} 0.753
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