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Scale-Up Factor for Seismic Analysis of Building Structure for Various
Coordinate Systems
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ABSTRACT >> In a practical engineering, the equivalent static analysis (E.S.A) and the response spectrum analysis (R.S.A) are
generally used for the seismic analysis. The base shears obtained from the E.S.A are invariable no matter how the principal axes
of building structures are specified on an analysis program while those from the R.S.A are variable. Accordingly, the designed
member size may be changed by how an engineer specify the principal axes of a structure when the R.S.A is used. Moreover,
the base shears in the normal direction to the excitation axis are sometimes produced even when an engineer performs a response
spectrum analysis in only one direction. This tendency makes the base shear, which is used to calculate the scale-up factor,
relatively small. Therefore the scale-up factor becomes larger and it results in uneconomical member sizes. To overcome these
disadvantages of the R.S.A, an alternative has been proposed in this study. Three types of example structures were adapted in this
study, ie. bi-direction symmetric structure, one-direction antisymmetric structure and bi-direction antisymmetric structure. The
seismic analyses were performed by rotating the principal axes of the example structures with respect to the global coordinate
system. The design member forces calculated with the scale-up factor used in the practice were compared with those obtained by
using the scale-up factor proposed in this study. It can be seen from this study that the proposed method for the scale-up factor
can provide reliable and economical results regardless of the orientation of the principal axes of the structures.

Key words seismic design, response spectrum analysis, equivalent static analysis, principal axis of building structures, scale-up
factor
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2 0.59 | 0.00 000 | 8179 | 0.0 0.00 | 8179 | 0.0 000 | 8179 | 0.0 000 | 81.79
3 042 | 4157 | 4157 | 000 | 2079 | 6236 | 0.00 557 | 77.57 | 0.00 0.00 83.14 | 0.00
(I 10) Stetst HIchA chemdlo] SHEY
o2l %
p=i=4 z7) Case 1(0°) Case 2(15°) Case 3(30°) Case 4(45°)
No. | (& | xo1% | vol5 | z&d | Xol® | Yol | Z3d | XolE | Yol | Z&d | Xolg | Yol | Z8d
1 056 | 2158 | 2158 | 3639 | 1079 | 3237 | 3639 | 289 | 4027 | 3639 | 0.00 | 43.17 | 3639
2 038 | 4087 | 4087 | 000 | 6130 | 2043 | 000 | 7626 | 548 0.00 | 81.74 | 000 | 0.00
3 029 | 1899 | 1899 | 4584 | 950 | 2849 | 4584 | 254 | 3544 | 4584 | 0.00 | 3799 | 45.84
(E 1) Yuatet Hif3 ceade| FHEY
el %
p=i=} z7) Case 1(0°) Case 2(26°) Case 2(45°) Case 2(51°)
No. | (B | Xolg | YoIE | z8l® | X015 | Yol¥ | z8d | Xol% | Yol | Z8d | Xols | Yolg | Z9)d
1 056 | 2780 | 1834 | 3382 | 523 | 3799 | 3382 | 050 | 4573 | 33.82 | 000 | 4623 | 3382
2 047 | 5273 | 1268 | 1590 | 6541 0.00 | 1590 | 58356 | 6.85 1590 | 53.83 | 11.58 | 1590
0.24 0.19 | 5053 | 3275 | 741 4331 | 3275 | 2224 | 2848 | 3275 | 27.54 | 23.18 | 3275
shar Bigld chamele] mAsA ATE & 0%  Adt] 2Y 119 (@9 22 2HE A& 5 AU &l
o] A9k 7)ol Case 13 2o sjalstel P Apd el Fajvle) A 13 REY XY o[§RES 7]
ofgof A 22 }Emﬂfﬂ A ol FHFHALe] FHAHL zog 18 Aol £o] HlojQlE FEtu|o] AL 27} B
2 wsiglone 23 RETE A7 gz 72297 ol VI OFRES s Aolt, IARE Flo o
RzATE AgkzAle] & Fof o glokal & £ ik ARF 2= 9)Zo] B 45°9] Zof A FREO| 12 R X
2400l L 7stodE S0l 3 Al Fof JoER g Aol ol 0, 22} B9 Y ARRtelgo] 00] |
R T} uhslr] oRert, ojef Wi AWl WERoR S &Y 4 Uk & AR T HECIAH X Yol AR
A2 stetm AEAT FAEA el Bio] FASEE  ofgo] BAl] SR WAsh: Zo] EAfete] LRt
olEmEo} BUTCs} QAo Mol WSkl 12 7S Fol FREL HHAA A X YL AR =Y
2o| Zuzol AR wet Fuolgo] ogA Wz © YudTHEL 9 5 o
A ClA

A) 23 © A5 Lob] gato] Bz Case 19]
Huzomie A Yo sHshl T4A 4L

>

L~

opaker vlohy wieme] LA A ANE B 113} 2



AP

RIZNS0IM FHES] B0l T2 HEAS ARy 43

Mass Participation [%]

| —&— 1Ist Mode-X
{—&— 2nd Mode-Y

H
!
[
§
t
t
t
i
I
'
I
|
I
)
I
!
i
i
i
i
i
H
i
i
[

0+
0 10 20 30 40 "50 60 70 80 90
Degree of Rotataion [']

(a) Siksk H

(% 12) Hchd pxIe| YHHEHY

i
I

45

oy 7x=

LI

(TE 1) Eof o2 ZEAENE

—re— 1st Mode-X
—r%— 2nd Mode-Y

Mass Participation [%)]

e L B B A R T R B
0 10 20 30 40 50 60 70 80 90
Degree of Rotataion [']

(b) g HIKE F==

lo
rE
lon

£heJ: kN
s U ugy F2E P I 7
7hA e Fx Fy 7HA HEE Fx Fy
X 629.08 0.00 X 589.7 0.0
E.S.A
Y 0.00 629.08 Y 0.0 589.7
X 353.01 312.94 X 405.6 189.7
Case 1( 0°) Case 1( 0°)
Y 312.94 353.01 Y 189.7 3544
X 430.45 271.02 X 426.6 154.5
Case 2(159) Case 2(26)
RSA Y 271.02 336.02 Y 154.5 363.8
o X 510.63 156.47 X 395.3 202.8
Case 3(30°) Case 3(45°)
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