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A Study on Evaluation of Floor Response Spectrum for Seismic Design

of Non-Structural Components
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/] ABSTRACT /

The seismic damage of non-structural components, such as communication facilities, causes direct economic losses as well as indirect
losses which result from social chaos occurring with downtime of communication and financial management network systems. The current
Korean seismic code, KBC2009, prescribes the design criteria and requirements of non-structural components based on their elastic
response. However, it is difficult for KBC to reflect the dynamic characteristics of structures where non-structural components exist. In this
study, both linear and nonlinear time history analyses of structures with various analysis parameters were carried out and floor
acceleration spectra obtained from analyses were compared with both ground acceleration spectra used for input records of the analyses
and the design floor acceleration spectrum proposed by National Radio Research Agency. Also, this study investigates to find out the
influence of structural dynamic characteristics on the floor acceleration spectra. The analysis results show that the acceleration
amplification is observed due to the resonance phenomenon and such amplification increases with the increase of building heights and

with the decrease of structure’s energy dissipation capacities.

Key words: Non-structural components, Floor response spectrum, Ground acceleration spectrum, Time history analysis, Resonance
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unit : kN, mm, sec
w=500kN

m=w/g=500/9806
=0.051kNsec’/mm

k,,~109.4kN/mm

® W=1.0w

k,s=69.4kN/mm

® We=1.0w

k,5=94.0kN/mm

® W,=1.0w

Wi=1.0w ® W,=1.0w
k,;=81.7kN/mm ke'3=ll9.6kN/m1(‘i_
W,=1.0w ® W,=1.0w
k,,=118.1KN/mm k, ,=135.5kN/mm
W,=1.0w

k,,=150kN/mm

N
4WW‘“‘ ¥ *
—

® W,=1.0w

k,;=150kN/mm

N

Direction of earthquake excitation
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Table 1. Dynamic characteristics of supporting structures

Story : 3 Story : 6
nlm\l:ée Periods | Cumulative mass | Periods | Cumulative mass
(s) participation (%) (s) participation (%)
1 0.2843 86 0.5257 83
2 0.1126 97 0.1951 93
3 0.0742 100 0.1243 97
4 0.0940 99
5 0.0774 99
6 0.0668 100
F
A
Fuly — k.,
k k

1

Steel elements : Bi-linear hysteresis

Concrete elements : Modified TAKEDA hysteresis

Fig. 1. Establishment of analytical model



Table 2. Information of recorded ground motions
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Table 3. Scale factor and average relative error for site class

Vo | Recors | was |\ "L e ()| (@)
1 Northridge 6.7 D 13.3 0.52
2 Northridge 6.7 D 26.5 0.48
3 Duzce, Turkey 71 D 413 0.82
4 Hector Mine 71 C 26.5 0.34
5 Imperial Vally 6.5 D 33.7 0.35
6 Imperial Vally 6.5 D 29.4 0.38
7 Kobe, Japan 6.9 C 8.7 0.51
8 Kobe, Japan 6.9 D 46 0.24
9 Kocaeli, Turkey 7.5 D 98.2 0.36
10 Kocaeli, Turkey 7.5 C 53.7 0.22
11 Landers 7.3 D 86 0.24
12 Landers 7.3 D 82.1 0.42
13 Loma Prieta 6.9 D 9.8 0.53
14 Loma Prieta 6.9 D 31.4 0.56
15 Superstition Hills 6.5 D 35.8 0.36
16 | Superstition Hills 6.5 D 11.2 0.45
17 Cape Mendocino 7.0 D 22.7 0.55
18 Chi-Chi, Taiwan 7.6 D 32 0.44
19 San Fernando 6.6 D 39.5 0.21
20 Friuli, Italy 6.5 C 20.2 0.35
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Fig. 2. Scaled mean spectrum of ground motions and KBC2009
DBE spectrum for site class D.
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Story : 6, Steel, R=4,SC : S,

3.0
Individual FRS
=== Mean FRS
25 m \Mean+1c FRS| ]

Spectral Acceleration, g
.

104~
0 ; j ; j
0 05 1.0 15 2.0
Periods, sec

Fig. 3. Floor response spectrum at the top floor of 6-story steel
structures : R=4, site class D
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Fig. 4. Ratio of peak floor acceleration to peak ground acceleration of 3, 6-story steel structures: R=1, site class D
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Fig. 5. (a) Comparison of floor response spectrum, spectrum proposed Radio Research Agency and ground acceleration response spectrum
(b) Amplification Factor, AF : roof floor of 3, 6-story steel structures, R=1, site class D
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Story : 3, Steel, R=1,SC: S,

Story : 6, Steel, R=1,SC : S,
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Fig. 6. Floor response spectrum at each floor of 3, 6-story steel structures : R=1, site class D
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Fig. 7. Maximum value of AF at each floor of 3, 6 -story steel structures at 1st, 2nd and 3rd fundamental period : R=1, site class D
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Fig. 8. (a) Comparison of floor response spectrum, spectrum proposed Radio Research Agency and ground acceleration response spectrum
(b) Sansc and FRS/FRSine of 3, 6-story steel structures : R=4, site class D
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Table 4. Average cumulative dissipation energy of 3, 6-story steel
and RC structures : R=4, site class D

Average cumulative dissipation energy (kNm)
R Steel RC
3-story 6-story 3-story 6-story
2 8.11 28.99 13.62 37.47
4 13.96 36.92 18.79 41.36
6 15.51 37.08 17.97 37.71
8 15.63 35.60 16.94 34.83

H A AL oA R =22 1) 749 2 20| 2 HoJu| Ro| 37K
Aol H A EOIEE AL IR 4 Ak SEIR =89 9, 65 W2
2| E vl Aliglo] Him Bl AL 22 oF] o A& Al
alek whebq o] 17 BE 27]e o) A %aae BRERECT
Zooad ER o] A& v AGA| AR HTEARS 0] G = R=29] A9 AL

L.

M

ey

OS] Aol 18] B WA~ é—%ﬂﬁ} He %
ST S e v R = 49 9 o2 welo] 74 ws)e ol

o] 2 7S

2~
3% HE A S i

3 A TR FHSHo| B TR R4 F3YLHET
VIR G RS I AOIR 2L A 3563 AR
o KBC20092) 44502 74 407) A5 gslol 131

1) ABALT] A9, n] T 000] S SHATEG S BE 7] Tl
H ASEAR=ge) ol el S el Z%sq ﬂ%é

2) 419 A2 49, ARAI LR oA FrBate] A g0 2 ol
3% o] WS ML sl (e 22 71
g 5 UeRhE W8S A R
451500, R=6ol el g

N
‘:'1‘ JS.%

3 ghskek
3) W} Ansae)s wagALe) FYLHEYS Srum,

o R 38 30l 21 T dagacl= 01
= Holizuby, olur}1l #7] 7
ol BTl o] T A A 33
7HIck ol uAgA|gel 483k ofem Aolo] ol Ao
4] 74 73 WISk w o] HHATELE A 0 & LFERTh
4) 7+ Ao A 2T AR B|AF A A0 2otave

N

Hp Hud

288

o] AN S HAMES vl make, HgAse e o
SER RS A U HIATY A2 49 13 BE 7] Sol
sl e] S-S RATEY R 2 SEHS Kol vhul, R =4 o}l

HAR A ATlo] SOYATES Anjel 7o) 2 S TAMEY N}

[ &ALl =/
B YA AR Y AR s T A7 lE A AL A

o 43t A AN QA AR A el =l 7k [NEMA-
2)7-2012-3]A7-2] Agko 2 =] 91

/ REFERENCES /

1, Seismic Test Method for Telecommunication Equipment: National
Radio Research Agency, Korea; c2009,

2. Architectural Institute of Korea, Korean Building Code: Archi
tectural Institute of Korea; ¢2009,

3. Federal Emergency Management Agency, The 2003 NEHRP Re
commendded Provisions for New Buildings and Other Structures
Parts 1 and 2: Provisions and Commentary (FEMA 450), Washington,
D.C.; c2003.

4. International Code Council, International Building Code(IBC2012):
Falls Church; c2012,

5. American Society of Civil Engineers, Minimum Design Loads for
Buildings and Other Structures(ASCE/SEI 7—10): Reston; c2010,

6. Medina RA, Sankaranarayanan R, Kingston KM, Floor response
spectra for light components mounted on regular moment—resisting
frame structures, Engineering Structures, 2006;28:1927—-1940,

7. Sankaranarayanan R, Medina RA, Acceleration response modifica
tion factors for nonstructural components attached to inelastic
moment—resisting frame structures, Earthquake Engineering &
Structural Dynamics, 2007;36(14):2189—2210,

8. Saatcioglu M, Shooshtari M, Naumoski N, Foo S, Floor response
spectra for seismic design of operational and functional components
of concrete buildings in Canada, Canadian Journal of Civil Engi
neering, 2010;37:1590—1599,

9. Federal Emergency Management Agency, Quantification of Building
Seismic Performance Factors(FEMA P695): Washington, D, C.; 2009,

10, Pacific Earthquake Engineering Research (PEER). [Internet], PEER

Strong Motion Database; 2003 [updated December, 2003], Available
from: http://peer, berkeley, edu/smcat

11, Naeim, F, Alimoradi A, Pezeshk S, Selection and scaling of ground

motion time histories for structural design using genetic algorithms,
Earthquake Spectra, 2004;20(2):413—426.

12, Fahjan YM, Ozdemir Z, Scaling of Earthquake Accelerograms for

Non—linear Dynamic Analysies to Match the Earthquake Design
Spectra, The 14th World Conference on Earthquake Engineering,
Beijing, China, 2005,



Tt
Ot
0/0
I
|

HIFZ249| T HAE £I8 7|

13, Carr AJ. RUAUMOKO MANUAL, Department of Civil Engineering, freedom structures, JABEEC Report No, 82: Department of Civil and
University of Canterbury, Christchurch: New Zealand; ¢2000, Environmental Engineering, Stanford University, Palo Alto, CA;
14, Sewell RT, Cornell CA, Toro GR, McGuire RK, A study of factors 1986,

influencing floor response spectra in nonlinear multi—degree—of —

289



) | November 2013

=l

| 172 65 (ST H94

/ APPENDIX /

J9$ ‘SpoLIdg

J3s ‘SpOLIdd

RENRNOSER |

039S ‘SPOLId

298 ‘SpoLIdg

3 ‘uoneIdEody [enoadg

3 ‘uoneIgEody [enoadg

3 ‘uoners[eooy [endedg

3 ‘uoneIdRody [enoadg

8=4 “$:08 ‘0¥ ‘9 : A1018
23S ‘Spord
Sl 1 S0 0

9=4 ‘%05 0¥ ‘9 : K101g
298 “‘SpoLIO]
T <1 I co o0

=4 508 ‘0¥ ‘9 : K109
09S ‘SpPOLIO{

=4 7508 ‘0¥ ‘9 : A101g
0938 ‘Spord

1=4 5208 ‘0¥ ‘9 : A1018
23S ‘Spord
T Sl I S0

3 ‘uoners[ooy [enoadg

3 ‘uoneig[eooy [endadsg

3 ‘uonerseooy [enoadg

3 ‘uoners[ooy [enoadg

8=y 5105 ‘1991 ‘9 : o015

295 ‘SpoLIdg

o=y 9508 ‘ea1s ‘9 : Kar01g

993s ‘spoLag

p=y 9508 ‘Pa1s ‘9 : Ko101g

995 ‘SpoLIog

=4 95:08 ‘[e01g ‘9 : Ko101g

295 ‘SpoLIdg

=4 ¥S:08 10915 9 : Ko101g

295 ‘SpoLRg

S ‘uoneraeooy [enoadg

3 ‘uoners[eooy [enoedg

3 ‘uoneIaeody [enoadg

S ‘uoneraeooy [enoadg

8=4 508 ‘0¥ *¢ : Kot
J9s ‘SpoLIRg
[ I S0 0

9=a 508 0d “¢ : K101
RENRNVORER |

=4 508 0¥ “¢ : K103
093S ‘Spored

=4 508 ‘0¥ ¢+ Kaorg
BENRN O SER |

1=4 %08 ‘0¥ ‘¢ : K101
RENRNORER |

3 ‘uoneigeooy [enoadg

3 ‘uoners[edoy [endedsg

3 ‘uoneIgeooy [enoadg

3 ‘uoneIgeooy [enoadg

8=y 5108 ‘1ov1s ¢ : Kuorg

9= 5:08 ‘o1 °¢ 1 K1o1g

=4 5:08 “1ovrs °¢ 1 Kro1g

7= ¥5:08 ‘o1 °¢ 1 Kiorg

1=4 S8 ‘P91S ‘¢ - K1oig

3 ‘uoneIgEody [enoadg

3 ‘uoneig[eooy [endadsg

3 ‘uoners[eooy [enoadg

3 ‘uoners[edoy [ensedsg

Fig. A1. Floor response spectrum at each floor of 3, 6-story steel and RC structures for site class B
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