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Structural characteristics of standard steel office buildings are investigated. Buildings are designed in two types of lateral 
resisting systems, which are space frame system (SFS) and perimeter frame system (PFS). Moment resisting connections are 
used in most of beam-column connections in SFS, where the columns are typically square hollow structural sections subject to 
bi-axial bending moment under lateral forces. Contrarily, the moment resisting connections are limitedly used in the 
perimeter frames in PFS, where the columns are I-shaped sections and simple connections are used for beams connecting 
perpendicular to the lateral frames. Steel quantity is minimized under allowable stress design constraints. The design 
variables are the section sizes. It is found that the total steel quantity and welding length of PFS are smaller than those of 
SFS in four, seven and ten-story standard office buildings.  
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Structural characteristics of standard steel office buildings are investigated. Buildings are designed in two types of 

lateral resisting systems, which are space frame system (SFS) and perimeter frame system (PFS). Moment resisting 
connections are used in most of beam-column connections in SFS, where the columns are typically square hollow 
structural sections (HSS) subject to bi-axial bending moment under lateral forces. Contrarily, the moment resisting 
connections are limitedly used in the perimeter frames in PFS, where the columns are I-shaped sections and simple 
connections are used for beams connecting perpendicular to the lateral frames. The standard office buildings 
investigated in this paper consist of braced frames in Y-direction (transverse direction), but not in X-direction 
(longitudinal direction). Most of the column spacing is 6.4m; however, 12.8m long beams exist in Y-direction.  

Steel quantity is minimized complying with the Japanese allowable stress design requirements, which include 
constraints on stresses under long and short term loads, width-thickness ratios, column-to-beam strength ratios, 
lateral drift under earthquake loads, and beam sagging under gravity load. For SFS design, height of beams on a 
floor is assumed to be the same, because the height is restricted by vertical locations of the diaphragms.  

The design variables are the section sizes. The optimized section sizes are rounded up to standard sizes to obtain 
decent design solutions (DDS). Findings in this study are summarized as follows: 
 
(1) For the seven story building, dominating constraints for the design of the frames in X direction are primarily 

column-to-beam strength ratio and lateral drifts. On the other hand, those for Y direction are stress limitations 
of the braces and connecting columns as well as deformation of the 12.8m long-span beams. The constraint of 
story drift also controls design for Y direction for PFS.   

(2) Steel quantities of the DDSs of the SFS and PFS are both smaller than statistical average of existing buildings, 
which is estimated with respect to the building story and floor area. The optimization process certainly reduces 
the steel quantity. 

(3) Total welding length in the DDS of the SFS is 2.1 times as large as that of the PFS. The welding length of CJP 
groove weld between square HSS columns and diaphragms is 76% of the entire welding length in the SFS. This 
implies that the labor cost in the SFS is significantly greater than that in the PFS.  

(4) Static pushover analyses are conducted for the DDSs of the SFS and PFS. Their ultimate lateral strengths are 
smaller than the required lateral strength by Japanese design standard, except in X-direction of the SFS. In 
order to meet this requirement, additional 11% of steel is needed for the SFS and PFS design solutions; however, 
their steel quantities are still smaller than the statistic average.  

(5) DDSs of the SFS and PFS are obtained for four, seven and ten story standard office buildings. The steel 
quantities of the PFSs are 89%, 93% and 98% of those of the PFSs, for the four, seven and ten story buildings, 
respectively. The difference is greater in low-rise buildings. The constraint of uniform beam height in SFS may 
primarily lead to the increase of the steel quantity in low-rise buildings due to larger difference in the strength 
and stiffness of lateral resisting and long-span beams.   

 
 

 

COMPARISON OF STRUCTURAL CHARACTERISTICS OF STEEL OFFICE BUILDINGS  
COMPOSED OF SPACE AND PERIMETER FRAME SYSTEMS

Jiro TAKAGI＊ and Makoto OHSAKI＊＊

＊ Assoc. Prof., Div. of Architecture and Urban Studies, Tokyo Metropolitan Univ., Ph.D.
＊＊ Prof., Graduate School of Engineering, Kyoto Univ., Dr.Eng.

（2014 年 12 月 9 日原稿受理，2015 年 5 月 22 日採用決定）

─ 1478 ─


