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PRACTICAL EVALUTATION METHOD FOR HORIZONTAL VIBRATION CHARACTERISTICS 
CONSIDERING ROOF FLEXIBILITY IN ONE STORY STEEL STRUCTURES 

 
 

 *  ** 
Kensaku KANEKO and Shojiro MOTOYUI 

 
This paper proposes the practical evaluation methods for the natural period and the vibration mode in one story steel structures with 
a roof not considered as rigid. The roof consisting of beams and braces is regarded as one dimensional continuum beam with the 
elastic supports. The vibration characteristics are solved based on the Rayleigh-Ritz method and summarized with the ratio of two 
kinds of stiffness and mass ratio. The proposed methods are verified comparing with the finite differential method and applied to the 
frame analysis for a gymnasium with end planes stiffened by braces. 
 

Keywords : Slab flexibility, Floor flexibility, Roof brace, Gymnasium, Ceiling, Floor response 
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It is widely known that the roof deforms unexpectedly in its plane in such steel structures as gymnasiums, warehouses and plants with 

relatively flexible roofs when subjected to seismic loading. This type of structures magnify non-uniformly distributed horizontal acceleration 

response in the roof due to a different drift angle in each frame and a longer natural period as compared with the structures having almost rigid 

roof. However, this critical behavior is not well considered in seismic design forces to determine the steel members and the ceiling hanged from 

the flexible roof. The objective of this study is to propose a practical evaluation method based on a hand calculation for the vibration 

characteristics in one story steel structures with a roof not considered as rigid. The whole structure is mathematically idealized in the following 

manner. The roof composed of a lot of beams and braces is modeled as one dimensional continuum beam with a uniform section and a uniform 

unit mass per length where lateral shear deformation is only supposed and the frames composed of beams and columns are regarded as 

continuum elastic supports acting on the continuum beam. The both sides of the end frames stiffened by braces are regarded as elastic springs 

having different rigidity from the elastic support and lumped masses connected to the both ends of the continuum beam. The vibration 

characteristics for the elastically equivalent vibration system are approximately derived based on the Rayleigh-Ritz method by using a 

sinusoidal displacement function in the roof because an explicit solution is not obtained by solving partial differential equation governing the 

vibration system. The variation of the natural period, the vibration modes and the participation factors are summarized with stiffness ratios and a 

mass ratio. The first stiffness ratio represents the ratio of the in-plane shear stiffness for the roof to the total story stiffness of the frames and the 

second one is the ratio of horizontal stiffness of the both sides of the end frames to the story stiffness. The mass ratio is sum of both sides of the 

lumped masses to the total mass in the structure. It is shown that a drift angle in the end frames reduce due to the additional roof deformation 

and the drift angel in the mid frames increase maximally up to 1.3 times as compared with structures with a rigid roof according to variation of 

the stiffness ratios. The proposed methods are verified comparing with the finite differential method and show good agreement with the 

solutions of the natural periods, the vibration modes, the participation factors and the effective masses obtained by the finite differential method 

in the wide range variety of stiffness ratios and mass ratios. The alternative approximate methods are derived in terms of practical use and also 

confirmed to have performance as good as previously proposed one. Finally, the two kinds of the proposed methods are validated through 

comparison with the direct frame analysis for two gymnasiums having an angled roof and a flat roof with round bar roof braces and end frames 

stiffened by round bar braces as a practical example. The both methods estimate natural periods almost without an error and vibration modes 

within allowable margin of the error. 
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