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COMPARISON OF STRUCTURAL CHARACTERISTICS OF STEEL OFFICE BUILDINGS
COMPOSED OF SPACE AND PERIMETER FRAME SYSTEMS
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Jiro TAKAGI and Makoto OHSAKI

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 SF'S, 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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i Gl G2 G3 (=C5) c4 BR1
H-300x200 | H-500x250 | H-850x300 | H-350x300 P-406. 4

3 x9x16 x16x16 x22x19 x9x12 x9.5
(0.65) [+Y] | (0.69) [+Y]| (0.76)[X] | (0.82)[L] (0. 52) [+Y]
H-300x200 | H-500x450 | H-850x500 | H-350x350 P-406. 4

2 x9x16 x16x36 x22x22 x9x19 x71.9
(0.95)[L] | (0.65)[+Y]| (0.72)[X] | (0.95)[L] (0.93) [+Y]
H-300x250 | H-500x500 | H-850x500 | H-350x350 P-406. 4
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(0.83)[L] | (0.96) [+Y]| (0.92)[X] | (0.95)[L] (0. 85) [+Y]
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®8 2HEBDERRFE 4REE)

®9 SHNEOEBEREE 4R

3 JL—2 3 JL—2R
# ¢t 2 c3 c4 c5 BRI # ¢ c2 €3 (=C5) c4 BRI
BX-400x | BX-300x | BX-550x | BX-500x | BX-450x P-267.4 H-200x200 | H-300x300 | H-750x250 | H-300x250 || P-355.6
2 | 400x12 300x9 550x16 500x16 450x12 X6.0 2 x8x12 X9x16 X19x19 X9x16 x6.4
.50 [X] | (0.76)[X] | (0.60)[X] | (0.53)[X] | (0.52)[X] || (0.80) [+Y] (0.93)[L] | (0.62) [+Y] | (0.78)[X] | (0.85)[L] || (0.71) [+Y]
BX-400x | BX-300x | BX-550x | BX-500x | BX-450x P-267.4 H-200x200 | H-300x300 | H-750x400 | H-300x300 || P-406.4
1| 400x12 300x16 550x16 500x16 450x12 x7.0 1 x9x16 X9x25 x19x22 X9x19 x7.9
0.7 [X] | (0.63)[Y] | (0.80)[X] | (0.79[X] | (©.71)[XI || (0.85) [+V] (0.89)[L] | (0.88) [+Y] | (0.89)[X] | (0.8 [L] || (0.66) [+Y]
X AER Y AR XAAR Y EAR
i ax1 6X2 6X3 6Y1= GY2 6Y3 6Y4 # | 6X1(=6X3) 6X2 GY1 (=6Y2) 6Y3 GY4
H-550x250 | H-550x200 | H-550x200 | | H-550x200 | H-550x300 | H-550x200 H-700x200 H-300x200
2 x9x22 x9x12 x9x12 x9x12 x9x19 x9x12 2 x12x19 x8x12
0.55 X1 | 0.60)[X] | 0.57X || (0.53)[+] | (0.94)[L] | 0.67) [L] (0.78) [X] “‘§§2?175 (0.73) [+Y] “;ZﬁggﬁfO H—:gngoo
H-600x300 | H-600x200 | H-600x200 | | H-600x200 | H-600x250 | H-600x200 H-800x300 | (o*gty 1y || F300x200 | (g iy | (086) (L]
1 x12x19 x12x16 x12x16 x12x16 x12x22 x12x16 1 x14x25 ’ x8x12 ’ ’
O.5NX | 0.6 | 0.5 X1 || 0.40)[+Y] | 0.84)[L] | (0.5 [-] (0. 65) [X] (0.70) [+Y]
=10 2ROEBREE (10 FE) =11 EHEOEBERHRE (0B
S JL—2 3 IL—2
i ¢l c2 c3 c4 c5 BRI # ¢t c2 €3 (=C5) c4 BRI
BX-450x | BX-500x | BX-650x | BX-600x | BX-500x P-355. 6 H-650x300 | H-700x250 | H-950x350 | H-400x300 || P-355.6
4 | 450412 500x16 650x16 600x16 500x16 x1.9 4 | X16x16 X19x16 X25x19 x12x12 x12.7
.50 [X] | (0.39)[-Y] | (0.56)[X] | (0.4D[X] | (0.45)[X] || (0.43) [-Y] (0.64) [+Y] | (0.62) [+Y] | (0.63)[X] | (0.73)[L] || (0.32) [+Y]
BX-450x | BX-500x | BX-650x | BX-600x | BX-500x P-318.5 H-650x450 | H-700x400 | H-950x450 | H-400x350 || P-406.4
3 | 450x16 500x16 650%19 600x16 500x16 x1.9 3 | Xi6x25 X19x19 X25%25 x12x19 x16.0
0.75)[X] | .67 [+Y] | 0.79X] | (0.79)[X] | (0.63)[X] || (0.79) [-Y] (0.64) [+Y1 | (.70 [+Y] | (0.74)[X] | (0.88)[L] || (0.44) [-Y]
BX-450x | BX-500x | BX-650x | BX-600x | BX-500x P-406.4 H-650x400 | H-700x550 | H-950x650 | H-400x400 | | P-406.4
2 | 450x19 500x22 650%19 600x16 500x16 x1.9 2 | X16x19 X19x36 X25x28 x12x25 x12.0
0.9 [X] | 0.80[-Y] | 0.8NIX] | (0.90)[X] | (0.75)[X] || (0.92) [+Y] (0.75) [+Y1 | (0.67) [+Y] | (0.73)[X] | (0.9 [L] || (0.88) [+Y]
BX-450x | BX-500x | BX-650x | BX-600x | BX-500x P-406.4 H-650x650 | H-700x700 | H-950x700 | H-400x400 || P-406.4
1| 4s0x22 500x40 650%22 600x25 500x19 x1.9 1| x16x28 X19x40 X25%40 x12x28 X9.5
0.9 [X] | (0.7 [-Y] | (0.95)[X] | (0.88)[X] | (0.78)[X] || (0.85) [+Y] (0.64) [+Y] | (0.96) [+Y] | (0.92)[X] | (0.98)[L] || (0.85) [+Y]
X HAR Y HAR XAAR Y AER
i axi 6X2 6X3 6Y1= GY2 6Y3 av4 # | 6X1(=6X3) X2 6Y1 (=6Y2) 63 aY4
H-600x300 | H-600x200 | H-600x200 | | H-600x200 | H-600x250 | H-600x200 H-700x300 H-650x200
4 x12x25 x12x16 x12x16 x12x16 x12x19 x12x16 4 x12x28 X12x19
.50 X1 | 0.68)[X] | 0.57[X] || (0.83)[+Y] | (0.99)[L] | (0.71) [+V] (0.72) [X] (0.91) [+Y]
H-700x300 | H-700x200 | H-700x200 | | H-700x200 | H-700x200 | H-700x200 H-950x300 H-900x250
3 x12x36 x12x25 x12x16 x12x19 x12x19 x12x16 3 x16x25 x16x19
.60 X1 | (.79 [X] | 0.70)1X] || (0.90) [+Y] | (0.98) [-¥] | (0.81) [+Y] (0. 89) [X] “‘iggﬂ 51 094 [+1] “‘X7152°XX2255° H—:g%oo
H-750x300 | H-750x300 | H-750x200 | | H-750x200 | H-750x200 | H-750x200 H-1100300 | ("9t 1y | [ H-650x200 | (0'gor i1 | 0 86) (L1
2 | x12x40 x12x19 x12x19 x12x16 x12x16 x12x16 2 | x19x22 : X12x19 : :
0.63) X1 | (0.79[X] | (0.73)[X] || (0.93)[+Y] | (0.98) [-Y] | (0.77) [+V] (0.95) [X] (0.95) [+Y]
H-750x300 | H-750x300 | H-750x300 | | H-750x200 | H-750x200 | H-750x200 H-950x300 H-350x200
1 x12x40 x12x25 x12x19 x12x19 x12x16 x12x16 1 x16x22 X9x12
0.620X1 | .79 | 0.6 X1 || 0.68)[+Y] | (0.95)[L] | (0.7 [-] (0.89) [X] (0.78) [+Y]

%, Elo, mELIZIIT DHEKIEIML T HEEDGELFRILTH D,
BB RBREHRZ R 8-11 TR T, ZNZENOHMEILER 5 Dly Th
%o SAMBEOGH AT D L, BRI L CTHEORIT 89% (4
BEHE), 93% (7 PEEE), 98% (10 FE&E) ToH Y, BEMMKREL251Z
EEMNNE, ZOHBE LT, 4 BETIE, FoEERRE T
LEEMTIE, X HRDOT—A R THERERE 12.8n D1
T ANREORE R T EF 5 2 &R HER R & 2 IHIC 7e » Tunz
DIZKE L, BEERANE 2 CHUE )3 2 MBI RN A K E < 72 D &,
Rl — P [R)— B2 A DSBS AR N E S I o Tefeb E B2 B
%, F17, 10 BEEOENMTIE, YV FEMERE F OEE 7 L—2
DT A NBAE T2, TREMHIT D GYLHERE (=6Y2) DHr
MARE Aoty EBFANZHOWT, 7 BEELLT TIEFE—PRE R —%
BT OB TR T IX RN 8 - T2 OISR L, 10 B TIBE RN
REFRIEHATECVD LB HND,

1. F£&H

ABFTETIE, MRS TSR OMEAMELEICEH L, 1334
TR 2 M & U TRIEE MR & 3 5 aH ()
&AM SRS 2 (RE 9 % et (BRI offis bk 2 el L7z,
BE T HANICHRR SN D BT OEWIE, FESMETOEN Y

— 1476 —

U B ERZ R D REMEN B D,

MR G AERY 70 7 B & L, Mo (X 7)) 1T —
A U, SREIE I (Y B X7 b— R (AR TiE T L —
AU L v T AN R G T — A V) ThD, ERETIR
ez e, SN TITHIME Lic, MA@y ofi
LT, MW -EE G AL L, FFRIG RGO &R Al
SHD Z L EHRISIEE LIliM Bl MEZ1T > 7o 15 57z Wi
SHEZBUS HEICINg S, EREREHR AT, WO Bk
fRlR) A Lo UC, MRS REAC 1 A3 SRR 5 T A D R MR U
BOFE R Heg o Uz, ik 2 e Z 8ok, B 5
BRI DR EHE O LLEIC B W CRBIME L IR TE 7o, £, &
FRERIEST 2 KRR RHRIGME R T TE 2, RUIET, 540
TR T O®Y Th 2,

(1) Faklc LY, 2ARO X G oREHEimiEE & LB
B &1, 2 HORRM A LOHIK THIE S, 1EORIC>
WCIEIR A ORI BRI TH D, Y 7 OEM W 22T
X, R AN TRBME FOM ), 7L —AB X001
DOAHHAET Y AW E FOMA NI TH 5, 2, 3 HiorH
FEB L O OMOZT DN T, 18E L HIR T o d/ N & 72



0, WA EBRD D, £, Y IFMOERIZERA OHIFI
LRBN DB, 7, ERRTIE, SRR EAERIN T
BLHI TR, X JFIARRA T AT A & i O i 7 53 KRl C
Y, Y HEEM T, 1, 2807 L—R AT, 2,
3 B CRBMARAORIIN R TH D, 3 HDT L—RTi )
BB ®H 277, 2, 3EOBERENMFRE LICHS L, i
NNKEHITH D, RGO BRI 2 AT L 0 K&V
EHTIEa v 7 AR Ba RS Wim s /h &0,

(2) ERFTEHROR:, B, 7L —AOMM B T 5 &, HEHR
FAERILE Y b %, X FEROHM T 8%, 7
L — A Hip B C TA%% N, REFLOF A Y7 T AR R, B
D 15%Th D, EMMM RIS, NE, 2RO XA 7
T LB D WVIFENORAT 7 F %A, ZiH D 30% &K
T LT MR 53 A N 2 7o Bk BT AL A 72 D 1019N/m?
(&fFET) & 936N/m* (EKE) THY, BEENFEIC L DM
LR R OHEE ST B D T9%E 3% Th 5, bz k v
B BEAME TETWD Z L 2R LI,

(3) WAL O TFM % bled 5725, 4 BBy OG0 O
EHREEZHEN U, RREOBERRITENED 2.1 f5THY,
RURROMERERD 160134 A Y7 7 2AOMTIZE D DT
B2, MAMADMITFMIIIRE RERD D I L& T RIICH
Wl

(4) BRI ORFET 517 2 720 BERLO X Fic>n i, #
B FHIR D DA K TT Q AL ELRA KR A Q,, & L[
ey, EREO X e, @Ko Y IOV T, Qi
Q, LT &7, Q=Q, L7225 X ) HEMELHH L LTk
DI B EHROFM M RO sx, AARIT 11 4%, £
BT10.9%Th D, S RO ITWHATIZEHFE L, A
IS E R A IR St & U T REGHIRR T O ik T, fRA K
M A ORI 2GR ORENTE L EEZBND,

(5) BRETEH ORI T DBEAITINZ T, 4 & 10 OFAOERHE
i e B U 7 R ARBN S 2 SR o0 SRS Rk 89% (4 B 2R,
93% (7 ME4L), 98% (10 BE4R) TH YV, BN KREZ DL
FERPNES L, DT BENR O B D e,

Appendi x

TREHEY DA E R & EEITIROEY Th o, FREOKILT v
FRT77EL, M1 O -EOHE MY RS AMINZ 400 mE T
EMNIERT 5 ERET 5, 56> T, #PERRMIT 656m° TH S, [
TERFEORBREICE LI 0G94 2512 Uiz, KOG
MRS LOMENERTEOBERE L OMTENLLH
7. 8kN/m* 36 LT 6. 8kN/m* T ¥, AMEED LK E BT 2kN/m”* Th 5,
BEARIROE R A REAE T L PRI E &L, ALV
HUE SR A2 572 T4 T9. 0kN/m’ 35 L U8, 0kN/m?
Thd, FITET NV~ORBIMEAT L LCE, Y 5 m2EHE O
& (PR 6. 4m, FME 3. 2m) (Z56k L C AR B i % 25 43 Afi fnf B Cifitar L 7=
ET, SVEROREREREZ SN ED D WVITHAMETH X 5, i
FREERT, ARERERELY ORI RIOBERATH LY, T
T E ML L CHRERSER LR L LT D,

Eik

AWFFED FHERE I 7= 0 AR TEREAEHR LS L O
Gregory G. Deierlein Stanford KFHIZ LV EERITHE 2 W=
2z, Fiz, MAHEEO—Z AR (EE R R R b A)
WY W2, IR L THEERLET,

SE X

1) BWNBEED : BROSEEEY OmEM R 20 1-3, HARRE
AR PN, -1, #5111, pp903-908, 1998.9

2)  RFFEERR  HOREAIREE T — A A IEY O JBIFEUN = pL &F — L BRI
BIAEROLE:, AARBRE SRR EEEIE, -1, & 111
pp761-762, 2008.9

3)  ZH AR, NE IE ZHMOANT & EFE LTSG ORIV & H Y
Vi AT D M R RE LT B 3 2 A28, A ARHEEE A R AR A AR,
i 111, ppl035-1036, 2012.9

4)  RNEEM, REBEIG 0 HROHNE T — A o EOMmRIERICET 5
BeBTZE, FAREEECY SRS EIRIEEE, 1, i 111, pp943-944,
2005. 9

5) James 0. Malley: Post-Northridge Research Efforts to Improve Steel
Frame Building Performance, 11 WCEE, paper No. 2140, 1996. 6.

6) REM—ER, WK, RBE e THEaRX FEZE LR/ R
AL & Fe /N B R D RR A & HURIRE O LR E, B AR LA
HRam A, 55679 5, ppl413-1420, 2012.9

7) L. Pavloveéié, A. Krajne, D. Beg: Cost function analysis in the

optimization of steel frames, Structural and
Multidisciplinary Optimization , 28(4),, pp286-295, 2004.8

8) Min Liua, Y.K. Wenb, Scott A. Burnsc: Life cycle cost oriented
seismic design optimization of steel moment frame structures with

26 (10),

structural

risk—taking preference, Engineering Structures,
ppl407-1421, 2004.8

9)  EHTAEE T REEREIRIZ AR 2001 R BRI D F L0
BBl offs, TorREkR S, 2006. 6

10) [H A0 R R ERRIE B © 2007 4R L O BIMR
T IEVEMRRLE, 2008. 6

11) B HEEMA DA - @RAEM N 7y 27,2012, 10

12) HAEE RS« SRERR G RIE—3F A IS ) R G HE, 2007.7

13) ABAQUS Ver 6.13, Dassault Systemes, 2014

14) SNOPT Ver 7.2, Stanford Business Software Inc., 2014

15) Midas GEN Ver. 800, MIDAS Information Technology, 2014

16) AT —, SUAfE : 4K T g o FEEM B & BB R 5058
Z0 2 S EFHA, AARRFEFRRSFIGEFENE. F-1, #hEm,
R - (RS, ppl217-1218, 2008.9

17) BAERE e  BEREA, B 6, 201311

18) RAAMEEY S « KGR EREHES - RS, 2010.11

— 1477 —



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

Jiro TAKAGI* and Makoto OHSAKI **
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** Prof,, Graduate School of Engineering, Kyoto Univ., Dr.Eng.

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 SF'S 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 SF'S 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 SF'S 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.

(2014 4 12 H 9 HIEASZBL, 2015 42 5 H 22 HiRFIHRE)
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