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Shake-table testing method for displacement-sensitive architectural
non-structural components
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ICC-ES AC 156, Acceptance Criteria for Seismic Certification by Shake-table Testing of Nonstructural
Components, 2010

ASCE/SEI 7-16, Minimum Design Loads and Associated Criteria for Buildings and Other Structures

ASCE/SEI 41-13, Seismic Evaluation and Retrofit of Existing Buildings
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CHE7| MAIA" EY 715 5 (design spectral acceleration at short period)

Sps
A W GF e SHAAEY Ahn

3.3

H| 31 Z= 2 & (nonstructural component)

A HFxeAe} 717 - A7 HFR8AE T, AF5E 8L T Fets s AAsHA AR

Azo] zr3ofobdt {3k 7eS Fdsty 15 FxEe AAHE A5, VA "2 7] AdE T

A

HO AFH|Fesrs ooy, AEd, AAA, olgutd, Aldt 2 9=, odnbgbA, oF Hl4x%
Hia) ol g, 714l 2 [7] HFRe A= a3 AJaE, HE| AolE Ego] H AMRZ,
W, 7], 1S W] A, By, HEAGAIA, 2 B 7k A, d7] dd]) Fol
3 gt

3.4

AlE L) AHE (component under test)
Al @7l AlEE o WA AT AAEE R8s

35

Al S B A E&(test response spectrum)

TRS

Ass ol &3t WIAHTH7F A Al AFEF AAZ 718 A7MEEE AFF7] B L
s e £33 2dEY

3.6

A FI| 715 £ (zero period acceleration)

ZPA

A5t 4E A2 9Kinput motion)2] A]zke]E o] Hjrk& e

HI X IFdAE &7 SHEIAER-NA 33.3Hz, S 1 o] T4 tHoAe 7M&mz 4
o] gk}

3.7

27328 EF(required response spectrum)

RRS

WA e AEs As) AddEel 7Edstolof k= A4 AMEES AR5 B AiilE
S

GO g BAL AAET

3.8

™ gt (transfer function)
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1 & 71RIA 8 (uniaxial excitation test)
A AS 18] dete] 7HskE F2 A

4 AMEMdx| et AHALE

41 ANEOAE

B AR A GAYGE ABE S e REe AR RS T AL ALAFIAL
A, AN FAHE FH EE A4 A9, APNE, DY oA Ry Y 2E=
NIWE WA, FFRA, 2A0A) 5 AR o8 TE Ure] A Fuel AR FAYFo 4
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Og FEe T3] ARULE g Aol AT ojof dk.

a) =

b) ¥
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d) 22 A2 1A

e) A ¥ 74

f) FE55 e ke T8

h= o

AW AFE AL ADE A2TAGE AP PFES AT 5 9
F88 & gQofok Bk o Aa AEE
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WY AFuFerd Aesado BE £4385S ASCE/SEl 41-139] AA¥ W-&(E B.1)=
23ro 2 ARE F drh
E B — HINZY dsu|7xese] M54 S4RY
Nonstructural Performance Levels
Component HREXEQA Msaz
__féosggt Life Safety Posmon_ Retention Operational
ol o x| X 71548
Extensive distortion in
connections and damage to
cladding components, Connections yield; minor Connections yield; negligible
including loss of weather- cracks or bending in cladding | damage to panel
. tightness and security Limited loss of weather- No loss of function or weather-
Cladding Overhead panels do not fall tightness tightness
A 1Ay a4 23 | Ay g%, Ave B ® | A48 98 RAY 5 s
@ BUAT AE AT |- 99 ¢ wg SpEE
E SR WEAe] A £ N EmE WA e
Mzl 919 sfdo] el
e
Extensively cracked glass with
potential loss of weather- Some cracked panels; none
tightness and security broken
Glazing Overhead panels do not ITimited loss of weather- No cracked or broken panels
" shz%tter or fall o tlghtn?ss B ) o] # Ei uldo] vk
FEASE | g5y 1wy e0e B9 | 9 A9Ed; SEe TS | gan ars
& AT Fsad 2 s
He 919 side] ¢ 1 39 A &4
7 HAAY GeEA e
Partitions Minor cracking at openins
(masonry | pisyributed  damage;  some (I\:/Ioi:l:err(;rushing and cracking at Mi King at .
and hollow , : inor cracking at openings
clay tile) Z?S\lfséziﬁga;k;nogrhggiggg and \?VZIT;irITJIrr:sor dislodging, but no | Minor crushing and cracking at
epeld- | Egal AZe 29, 38 | ou e aue 2a S}?;Tiiil Bl wd
Ul IR L LR E R L C R EEEEERER R
} = =
HED 55 | AR A olg, e
B A ek
Partitions Distributed damage; some Cracking at openings
(plaster and | severe cracking and racking in | Minor cracking and racking _ .
Minor cracking
gypsum) some areas throughout v ol
Zrubol A | S Apggele A | AT 7 Srie e
3 Zglay | A 7E # 94 AANAQN #dE 2 HF

[Z*: ASCE 41-13, Table C2-5]
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2R 5%
S TS
(horizontal RRS)
Arex-n \
| A
Apvex—/10 |
0.1 Hz 1.3 Hz 8.3 Hz 33.3 H

&5 (Hz)

J8 C.2 — ICC-ESAC 156 LTS EHAHEH

o1F A7 o] & AlgtolE AAS 943 ICC-ES AC 1569 &FSH~dERLS 07 C.2¢9 #on
X =(Seismic parameter)i= E C.5¢ WEFUATE FojuA] && oo FxEd AAdd 7]7]
7]_ /}—j_ ]1:,,]]:]_'—7 7]_;@0]_030 O%, 7= %oﬂ /\4;2]51 _/’: oloug Tx %9] 54)61-501] /‘\?4_;2]3‘— Zioi

7bgetd FREN AX X9 H(z/h)E 1°] I 8 7SH I E-LS ICC-E

of wheb Apgekglom, vl 5 %ol A (At 4 (CH)= FAYF é4 €*7P (spectra'
acceleration) 245 913 2olth. AVNAM, Apyn = Sps & 16H]S Z3e 5 itk Aglolge
ASCE 4-98% #x3lo] Althe]ld Zehstes Mgz g ¥ 59 283} 31“3?}‘?}. 2152 & A 7k

BRAA &S 747F 3059 20 s® FAJske] Ao A& 9

E C5— Z3t AYE UUTAIY ofzfe AFY o
THutst AHER JI&T
22 | MAziE | AgTE Sos 2/h
m/s? Aprx-n ARiG-n
m/s? m/s?
= KDS ICC-ES
5.39 1.00 8.62 6.47
JzE| 171000 | AC 156: 2010
H| A = KDS ICC-ES
8.09 1.00 12.94 9.70
JzE| 171000 | AC 156: 2010

C2 HlPzRAel Ao SN IS MY
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__0.4apSpsWp 4
, = ense (1 +2 h) (C.6)
o] 7] A,
E, : v|7x0a4 FAF FAd &3t AAXRE

a, 11.0914 2.5 Afol9] k& Zte SHAF
l,, ; Hl?}_ﬁiﬂ FTAEATEA 1.0 EBE 15
wo] Ao gy A gT7Ae] ol
A1 3.5 Aol e gk

1?13*4 WA Al =4 1.09]
LG AAAHERY
: HHL 849 Thse
Eo] o2 Y HFZ84AV F2E Eo]
z=0: ?ugA A o]t H]FRQ AT FAtE A
z=1: 7Z2EY Aa3F odd vFxe a7t F38 45

AZFx720 W nFze s FoE AF L,E 1002 gt o d¥dy gEw vTxe
2% AR FlE FEsolol e AT L,F 152 dvh B3 MTEAAE TR A3
AAEEBRE z/h =15 F+ 3lo] 3}t
FAe e dete] AGeS) Akl wpE AF Er 8eFelnm AR, AFPEE
of wet a,ate]l AL 25, A 1o|BE R/, =1, a, =1 B a, =253 7HE38HH a,9 @k
of W e ol AR & vk
Apio_y = 0.4 x 1 x Spg (1 + 2%) =04 x1x539(1+2 x 1) = 647 m/s? (C.7)
Apix-n = 04 x 2.5 x Sp5 (1+22) = 0.4 x 2.5 x 539(1 +2 x 1) = 16.17 m/s? (C.8)

AFTx750l et s7H848ks Fo 1.6Sps,W, 5 2348 & flon=, oo
i 1.65)s5

LE 12 748y, Hl?¢gi°ﬂ 7FelA = A MR 168,

w2},

1.6 X 5.39 = 8.62 < 16.17 (C.9)

R, B MFEALS 94 MTRLL ARAE ALERE e} wo] .

Apig—n = 6.47 m/s? (C.10)

Appx_y = 8.62 m/s? (C.11)
3 MEF7| 2400d 2IXK|FAE T w7 ET(S)of wE H|FE=L42| F
o S8 JIETat tpéj
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KDS 411700 AFE YA 7| EANA AASHL e 24000 AEF7]9] /A GAZANA
FAEEE HU e 19 ol n 2 AXteld thS 7).

S, =5x25=0.19 x 2.5 = 0.475 g = 4.66 m/s> (C.12)

S, Z Wre-Hsle] 052 7FAsH SR H, BEQG7EA e o] 20 m wHke] F, = 1.5

Sps =S x 2.5 F, x G) =019 x 2.5 x 1.5 @ = 0.475 g = 4.66 m/s? (C.13)

e,
Apig-n = 0.4 % 1x Sps (1+22) = 04 x 1 x 4.66(1 + 2 x 1) = 559 m/s? (C.14)
Arixn = 0.4 x 2.5 x Sps (1 + zg) =04 x 2.5 x 4.66(1 + 2 x 1) = 13.97 m/s? (C.15)

o 7] A,
1.6SpslpWp = 1.6 X 4.66 = 7.45 < 13.97 (C.16)
L MTE B2 )% FL2(Apr )l AT 4 A AT Ho) AEE ke Be)

Fag=

ARIG—H = 5.59 m/SZ (C.l?)
AFLX—H = 7.4’5 m/SZ (C.18)

[£*]: KDS 4117 00, 155

8 C.3 — IIXTAEX T, MeF7| 2400 =ciaHqX|TIe| FEXIEIIEE(S) %
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Shake-table testing method for displacement-sensitive
architectural non-structural components

ICS 91.060



