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Study on the Equation of Natural Period of Middle and Low Rise Building of
Upper-Walled Lower Frame Type

Suk-Hyeong Yoo'"

Abstract: According to the "Guidelines of Structural Design for Piloti Building s of the Ministry of Land, Infrastructure and Transport (2018), the
natural period of middle and low rise building of upper-walled lower frame type, such as the domestic multiplex house in piloti style, is suggested for
safety to apply the existing code formula of the wall structure. However, the current code formula of the wall structure was provided based on actual
measurement of high-rise wall-type structures that mainly exhibit bending behavior. So it is considered that it is not suitable for a piloti-type house
with four stories or less, where the wall behaves in shear. See also Park et al. (2000) confirmed that the effect of the lower frame part is greater than
that of the upper wall part in the natural period of complex structures with 10 or more floors through analytical studies.

Therefore, in this study, in order to examine the effect of the lower frame on the natural period of the middle and low-rise piloti structure, the estimation
of natural period by the finite element analysis, approximation formula and ccutrent code formula was performed for the target structures with the
shear and flexural stiffness of the upper wall and the shear stiffness of the lower frame as variables. As result, it was found that the change in the shear
stiffness of the lower frame had a greater effect on the natural period of the whole building than the change in the bending or shear stiffness of the
upper wall.

Keywords: Upper-walled lower frame structure, Natural period formula, Shear stiffness of frame, Eigenvalue analysis, Finite element method
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Fig. 1 Horizontal deformation of pilotis building
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Fig. 2 Shear deformation of frame structure
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Table 1 Reduction factor according to the story(n) (Zalka, 2001)

n 1 5 10 15 20 25 30 50
Y 0493 0.842 0911 0.938 0.952 0.961 0.967 0.980
n >50

v i/ (n +2.06)
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(a) Perspective View of Pilotis Building
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(b) 1st Floor of Pilotis Building

Fig. 3 Pilotis building for numerical analysis

Table 2 Section properties of standard structure

B XH (mm) A\
Gl G2 Cl c2 (mm)
Member Size 500700 450x650 550x550 600x600 200
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Table 3 Section properties of lower frame

BxH (mm)
Gl G2 Cl C2
FS-10 450%700 405%650 495x550 540%600
FS-5 475%700 428650 523%550 570%x600
FS 500%700 450%650 550%550 600x600
FS+5 525%700 473%650 578%550 630%600
FS+10 550%700 495%650 605%550 660x600
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Table 4 Section properties of upper wall

Thickness Area
(mm) (x10°, mm?)
WE-10 180 WS-10 1.8
WE-5 190 WS-5 1.9
WF 200 WS 2
WF+5 210 WS+5 2.1
WF+10 220 WS+10 22

Table 5 Natural periods of vertically constant building by approximate
equation

Period Period Period
(s) (s) (s)
FS-10 0.01583  WF-10 0.01209 WS-10 0.00099
FS-5 0.01556 WE-5 0.01177 WS-5 0.00097
FS 0.01533 WF 0.01147 WS 0.00096
FS+5 0.01512 WF+5 0.01121 WS+5 0.00094
FS+10 0.01493  WF+10 0.01094 WS+10 0.00093

Table 6 Natural periods of pilotis building by approximate equation

Period Period Period

(s (s) (s)
FS-10 0.00527 WEF-10 0.01303 WS-10 0.00515
FS-5 0.00519 WEF-5 0.01281 WS-5 0.00514
FS 0.00513 WF 0.01259 WS 0.00513
FS+5 0.00506 WF+5 0.01239 WS+5 0.00512
FS+10 0.00501 WF+10 0.01221 WS+10  0.00511
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Table 7 Material properties of pilotis building

E G* (v)
(x107, KN/m?) (x107, kKN/m?)

FS-10

22181 WS-10 0.8551(0.297)
WE-10
FS-5

2.3413 WS-5 0.9533(0.228)
WE-5
FS

2.4645 WS 1.0559(0.167)
WF
FS+5

2.5877 WS+5 1.1646(0.111)
WE+5
FS+10

2.7110 WS+10 1.2778(0.061)
WF+10

E
* _ -
¢= 2(1+v)

Table 8 Natural periods of pilotis building by finite element method

Period Period Period

(s) (s) (s
FS-10 0.1931  WF-10 0.1715  WS-10 0.1595
FS-5 0.1765  WF-5 0.1671  WS-5 0.1609
FS 0.1624 WF 0.1624 WS 0.1624
FS+5 0.1503  WF+5 0.1588  WS+5 0.1639
FS+10 0.1398  WF+10 0.1552 WS+10 0.1653
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