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Shaking Table Tests of 1/3-Scale 3-Story Wet-Jointed Precast
Concrete Large Panel Box Model
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Abstract

The objective of the research stated herein was aimed at providing the information needed to
establish the Korean Seismic Design Code Recommendations and Guides for precast concrete(P,
C) large panel apartment buildings'?

This was accomplished by investigation and analysis of the response of P.C large panel
structures subjected to shaking table excitation simulating earthquake ground motion, One of
the test specimens used was wet- jointed 1 /3-scale 3-story box P.C model. The 4m x 4m shak-
ing table was used to simulate the earthquake ground motion. The employed input accelerogram
was the one recorded as Taft N21E component and the peak ground acceleration (PGA) was
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scaled depending on the desired level of seismic severity and the time according to dynamic sim-
ilitude rule.

Based on results obtained from shaking table test of this P.C model, the following conclusions
were drawn, (1) As far as test specimen is concerned, the seismic safety factor turns out to be
7~8. (2) P.C model has damping ratio of about 8% which is twice larger than in-situ R. C. struc-
ture., And (3) this model has global displacement ductility ratio of 2~3 through the energy dissi-
pation by opening and sliding of joints.

Keywords : shaking table, natural period, damping ratio, displacement ductility ratio, input

accelerogram, peak ground acceleration, simulitude law, artificial mass, vertical
joint, horizontal joint, opening, sliding, base shear, base overturning moment,
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Fig. 2 Joint detail of wet-jointed P.C system

1 ro}oq o A sre] A A $1013
= ol AR mAadEsh Wisl i
Table 1o] ol 4 RIck AT A A3

zppol ARE FHAARIY
SR T ER DR AR AN e

op7b X 9-7 glo} ol& FA s EyatArh

M sH 1%, 1993.3.

Table 1 Test resuits of materials used for prototype
subassemblage
(a) Concrete

concrete compressive strength(kg Jot) tensile strengthikg /o)
| 2 3 men | | 1 3| mean
Pwelcncwe | D0 | B0 | N0 | %0 | K3 | 73| B | R
Parel concrere 90 A0 M0 | B - - -
Parel concrete WO || IRy - L - -
Average ML - - - -
 Jont conerete B4 | 385 | M5 | Mo | R | R | T2 | Tt

(b} Reinforcement

e | ved senghigla) | tensile sengthlke /em )

W] f 23 jmean} 1| 2| 3 jmean| 1| 2| 3 |H

R
HDI3 | 4147 | 439 | 433 | 4168 | 6016 | 569 | 6062 | 204 | 200 | 241 | 221

HDI6| 39% | 3970 | 4000 6261 | BI8L | 6096 | 6179 | 227 | 226 | 21 | 28

388
HDI9| 4000 | 3990 | 4000 | 3097 | 6554 | 6366 | 6387 | 643 | 186 | 208 | 21.2 | A2

2.2.2 A3 FAE Y

(= = Be]

1) sk d

Fy)A wrE-slE(cyclically reversed  load
ing) el 7held & W aks] 9ol ola) =Wl

o} 2% Wy} v A v Aol HEE il
W 2% gt delel oA E W] 98
sl wgsl oAk ammE ol ol
U= W 4B KA1 /28y, &y, 28y, 38y, F

of WAlow AUMAFFES FrAOM 24 5
.l

2) HA 71 M

Fig. 33} o] 47|48 *&aqlnh. o] 14

\ L
AR
I < SHN / nSLE
ms | SN b
A
g A
i
Lsut y
Lotz ,-—/ o
SHESFEEHE
lasL? SHx / tsie
sua [
)
Lu\ / )
03 == . odid

[—/(: ‘EP{%“ .'\—-k

Fig. 3 Location uf measurement device

"7




o O 8o ol 7, SLo v ame] 4, SHi=
wWito] HrhiHal =9 oush, D= 7| F5Ed

QJute) Ao g e &4 S by,

2.2.3 el dx

1) o 2 sl ok

H 70D L 29 (Sme=0dy) ol A 1, 23 R0 4
o F e oll A Ao 4HA (Spux=35y ) ol
A 1% vhebde] ol o] A7lal 1% SIS
max=48y) M A 15 pttaddtw A alo) A qrd o)
datE e gt 15 v FEEH e
v g o) o) oJgt FAAAAT wl Hyhol of s
dojyirt o] HEAv] AlEAI: 15 ST

o] #1rdEidowel bar)e] N-2Ho] Mz} 7hix

of o] y-itol wolRol F eyl wga,
*“‘-r“‘*l” Al WP e S Qe slo]
o xooM

WA 3] -l A

Mgk up, A =pde] dtol

°l&) Fig.49} ¢-o]
AAl 7l —wslarao] dHol WX Lo, # %
& Hujsh % 17ton ol o AT ZEA o L)

LHE Ark - ele] A9l Aghhiol A o] e

Forca {1on)

o -;m w0 0 W 2o ™ w0

Displacement ( mm )

Fig. 4 Global force-displacement hysteretic curve of proto-
type subassemblage

E w Hito] 7] ula)EH o ZMH A H Lo
o} 3l /H xLoi 3k xﬂ[H ol TR Et [LH" o2 i
gl tl hn R Rei-1 A A R Moﬂ 1\] 1‘“ x]—/k}- ﬂb‘]»

3ol elgh A g Aahis o) ol A Al 9] sk,

AR REES

118

AZFTAYEZINA s 7hE HE

m, ot

23 1/3%42 REFXE9| MM

2.3.1 A8 Ao A A
7
AR W Aol o) ity FAGES et
HED1/3%54 2% s st AA4 2(8)
E‘iﬂ_l(practlcal true model)-& HFo=z FY
oh e A Bel Aol 4Abg Aelo] s
PEg A el olo] @Yo ofelgol Bt
7] wfE-oll, Fo}z of 713kel A ALY AH o 2A}
st A5 AlEAFEESI

2) AME e A=t

B ZaHEE ZFA A AFAE 484
2 Al7bEete] Fuet AE AR, #4442 §
datal g8AM0 e AFANE Jd2 Kol nlo]
r 3 b
melle] W gn) & A shgl o

Al X

.hD

Table 22]

Table 2 Results of joint concrete cylinder tests for
1/ 3-scale subassemblage

mx ratio
egale

compressive " w
stenghgie’) tersik strengthikg /ore)

i i o 13 Trem 1 L”T I yem
I8 | W5 M_jﬁﬁ BOLRS L3
T A0 | 40| 86| &

K RN

Bl
Ml Bt M | _
S S threugh $8
G- Send throngh Sieve 4 bt remeing on Ceved 8
Nwas) AHAe] #HAAYEo R HDIgE
i:j =

o]
AME Zavdola MmmeldE AN S ALE
sl 53 2vd AFATe EHF 778

o) g3te] ©) g3 ST

AR = HEAGA AP 40" e A
gz st} AZ71719 27|17 JE e
2 ANFA A Ehs v &o] Zobd] BAZ Bt
2 FoA gy R AEE dgsidn 23
L AEAY AlgA AdEH FHEA Aol E
3Rz e bl Yt

SEE=LTX



AS
[e]
5.3mmg<] 4‘(%74] off A 1. 52tong- L},L}LH
) A 6.6mm<l 5%
& 1.51ton& Vel 29 A A e

=il

= e,
N .77/l P

B s 19 1% 20
DEPLACDANT (rrvm)

Fig. 5 Global force-displacement hysteretic curve of
1/ 3-scale subassembiage

24 1/3F404o] MAMMEETI}

HEA7IAEH e d4 -9 534d-] Figd
o} 1/3%amde] dag]- {92449l Fig.5& vl
wated 1/3% A o) Al Gk e
2 Fole) Boh 1/3% A0S e Ak
A7IA A 4wl 17ton? 1/991 1.88tonel <F
20% vetel 1.51tonS VER AL 9l ow of e At
o] & ahwol A R LbR] Al 2 s gl ofs) A
e ol Aol dls] B 2 oy Xl%v’ﬁ-‘o* &
Wb AL o), creu zb Al A AR s
Ak zebde duddel due i %*}?S} A
vyt G A sk fle e HEAlE A o
AR HDI99 1/354m 92 D6E AHE-3F
A} 4250 M gHRLofA] AR sre] yrakddo] 1 /3%

Woll Al WEH ¥ 1— ane A%A 29
A, bR sro g vlaAge] YE ARl Al /2)
o ol 1% S %’3%0!! s o] oh b gfol 2

H5H 1%, 19933

&35 AN

w
<
w
Hy

P.CEEe| ZISCH

3 AP MA|, MR ME|
A I T‘ﬂ 9] .zi ™ w ol o Flg 13} 7+o zﬂ &}
2 AR e F9 5ol Photo 1o vERL &

o] A lal;_—% FARAEA] AR 1/%-1«HL
B BUe A2 ALEUt, FH 75 *owgou
Wek Mol 2AEL Table 33 200 o 7] A
Table 3 Reduction scale according to similitude law of
dynamic experiment

Parameter [ r*
Area ‘ Y T
Stress Wl ‘
Mass r*(due to added mass )\Wﬁ
Force o o
Strain | t o
Displacement v
Time Nis

" Period | o Nis o
Moment : . e

Photo 1 1/ 3-scale 3-story wet-jointed pracast concrete
box model on the shaking table

118



YA VIS E, B FHY HIEy) B
7] AgAe 2 stn SEHASES Ehrdd
A

= Aol =
e gom 8 49 A¥e Fagel Agow
F45E 202 Ueht 2ok 44 mde Ao
FLES A BOZ FAEE IAT @ 2 Aol

X70mm, Tﬂ] 25kg ol Yol = Rz olyaete

21e A9A Felol zgetar of =)
}.

sl stk o A AFEe ARA e
of FFL A Y sy
wle] 4Aug lslA Photo 19 ¢
=]

AeEdon ol

Azt W et feol sl 2

3.2.1 &% A7

H.O
‘T“S‘\:!

o] AFol ALRH ZAHAZIEL (1)WZU 244
o] A% &3

(2) A3Ae) AASH (3

H ] ,X”,] :'1-
#2s}7) 98 Aol

3270 Aol YA SuEgol ALgsY
7 APA WA S ZEuy 9 ke &
< 98 LVDT 4702 7Hs %A 5707} ALg 9l

120

A

2z
y/ /
‘Y pd

e Opening
A/D'irection of ~— sliding

Shaking —— Accelotmeter

Fig.6 Locations of measurement device

. P Crde w5AFg 3Edg 93 F8 £
A58 wheh, Hybatol o] njzze] Ao} o] £
FAHEN AN = HAbolo] vz o] =4
gon =z zelsvE(potentiometer) & AFS
stdrh FAA7] HA9X = Fig 69 veht
e}, zFZo] AN A A of]is Zuluk AFE- 2cm
il 2Ed A2l E HAdle] HEARE =
Mot sharh.

ot

(Jp

‘FQH"

3.2.2 gamﬂ

ol PCrd e Aad Ay =749
A A lEA A Oﬂﬂ FYH AL A}
th ot tlolet g S A 2o tate] 7hefs] A7)
r;}

0?0
5
[
o o o

) Z1%=1) (shaking table)

%Eﬁi Wol 4dm x 4m2A FHyFgo 7
100ton &=F2] 7} g x] (actuator)4tl, 47 ”o*%“
© & 50tongike] } &2 4 2 o] F oA ¢
ZEROmiR) A e 6700, v EY ]
0~50Hzol 11 =44 15ton HFA 30tone] A&
NE FHIMET 1.6g FAZMEE 1.0g7HA] A ¥
o] 7FFsie,

2) dlolel F %A ~wl(data acquisition sys-

temn)

[

T AgEe] doletr R 7l
TUHE 71 sk a"ﬂ AE5g G 7= AHolrl
ole} st dal¥ HHFE = Micro Vax3200
o7 AFdd Hdste #A3AS dHs Hol 6490
of o2 aAd R HE] AZhAlglo] F Al Hlo]
EFE 9l 3o}

FEPHN NS E A7E 27N okt
A stk dAF SRR P.Crd o] w7
Foll A H-E, ol vleEAdy g ol=e A
ed gy Jdes sk £ 4 AR
Hdg Aol vl AldAle] nfF7leh 7S
= = o]

{
¥
1o

fro o
r‘lo
>
o
_)ﬂ
N
N
-«0
i
A
é
2



w A AS EY ARE FAMY $¥ S U] HosRSesh Welzk Table 4ol FojA glrh

UH Lolc), o] HollA )¢ k4w (peak ground accel-
eration : PGA) 452 $-gluet a4 7159
331 48= e 44 01288 71#22 0 ()bg 0.12g, 0.25g(= 41 9),
DA A= 105213 vt TaftollA] v1#H 0.4g~1.0g( K-y e &9 o1} PGA 0.06g-&
N21E g4 (Fig.7) & *P S-al9ie), el o] %7 ol -9 okt ARl Aar PGA 1.0g¢) 3 v 2y s
58 FARAES FAHES WHEA77] 9 Algalel Hugytow sgglal @A Alolo)
s AztEe® 1 /M3 Fastden, Huyd ZFEol vhste] o] & gkogv)
7hE e ke R ol 2 ste] A8k
th o] g Aol thate] A dolt WE e 3.3.2 Al kAol &4
b AzwbgH g o] xgol A4f3E(free vi-
150 bration) 2 @ 2} 5= 7% ( ambient vibration) %!
100 - Taft N21E qe Fastel ARA ) wfFIE AR
35 1 } NEAHE2 270 glolojriiion g
o B
= ‘ bl YRR A A 2l
& o AR M ERbE ARG AERAE
E —soj \ R e ko A ’ﬂ"ﬁ*‘r HAdste: HF
o ] et A EATe, AlEAE a0 o
& 1007 Aol v sbe wlE o] Al (white
-150 e noise) & 7hake] ALRA Aol A Rk
10 20 30 40 . .
Time (sec.) AR B vEER ES ek Aol o] o
Fig- 7 Accelerogram of Taft N21E component with ozl V& ETIEO RN AEE QMG Kl A
adjusted peak acceleration of 0.12g a9 pgEalai relul of ) A W AR )k o)
Table 4 Maximum values of responses to Taft N21E input 70 O.5Hzol A 20~30Hz7h A 9} a13ulel] 233 4
accelerograms =8t gb9l & 71 919 A9l ey ( random) §HAJ i}
01%g | 0.5 0.40g 0.60g = e
‘Roof | —321 -1005.29 | -1390.23 | —1782.06 e
(3.87) ) (3.05) (2.95) (2.78)
Acceleration ) =200 1 -629.91 | —1036.89 | ~1098.66 4. XSO AlsidEA
(gal) A' (210 (1.91) (2.20) (1.71)
) ~257.1 47654 0 6TV93 1 -TI492 - - B
L8 | (L4 | 04 (L 4.1 RGOl ThE oFs TR

‘Table| 1406 329.89 470.84 641.62

A3 A s & ol 2 9} =
oo | wow | oo | (Lo A s, 5 el devizst ded
i 0618 | 196 | 363 AL o] Azwel 2o fuEo] sl g
Relative | Roof : - o . .
¢ (L00) | (LO0h | [Lon) AlgAel, &8 1% =H 1 dtktel] o2 5
Displ, - 0.646 Ly | 25 glo] 8l e 4rgl s ,}T;\-g #9S 259 PGA
(mm) ‘ (1.05) (0.66) {0.70) .
t - A = = Ho ] Q. wkA &)
o e T 0. 12g°ﬂ el M= dE] FEHQ EE wg
L (072 | (04) | in4s) =gt Q¥ o R PGA 0.40g 7HA e 73]
Table i 2% 1.86 7.7%6 ( rlgld bOdy).'r }“] —)] JI‘ ‘{r"‘g o}' “{il 7}"0‘ }_-7] —Of
Displ. {mm) | =it PGA 0.60gol Al 13&ulvby 22ubchsa
base overturning c w© 2 &1 .
Joment ~377.9 | ~714.92 | ~1166.28 | —~1379.79 7143%.,_01] 17b3l o] vhebubar oFEw Ay
base sheer 2.13 410 -6.34 ~7.15 Fhtol s prE ol WA skl ot

base shear ton, base overturning moment : ton-cm

M 53 15, 1993.3. 121



PGA 1.0go1A 1% wt 53 J857F A&
% (rocking motion)oll ¢Jsf &3] 7|z} ¥
H: H4s Ho FAo FAHG R
o] gtakd Aoz Eolfﬁ Atz 2

 qla) Al ¢

W1

of Alg Al AudHdsd 7HE=(PGA) =
0.06g, 0. 12g, 0.25g, 0.40g, 0.60g*2 1.0gell w3}

o A4S Fsdek. B mFCAE 0.12g9
0.60g ] 2t H7h& el #3k g 2 ’53}1

ZJEre] S SAM P S Ee] Wkl ¢

Al A R vk 10ge] A G
A3 A =S A FAek e Qiite] Sl
st A3 Aol Aol dojfl Zlow Hot
et £ AR AN dojxl =i ol
), 53] 7F#E%L{?fﬂ olEb= *5’—*1’435‘??} AR
ub3ti= 449) (data reduction) S Fral st ch”

4.2.1 Taft N21E 0.12gol o 491 2 9}
) Agd Ve

: F-alvket o o A
0.12g el A4 lEHfﬂ o] Aj2¥lel AFE HEEVI
Qlgt Zojoh, FEde] HWe = 2.32mm Hd
FHIEEE 140 6cm /sec? Q&2 A & A Klo] of
A7) wito ZRIEMES A7l AZE W o)
s ASF AT HYWel A

) 7HEEE A9

Table 40l 7hErEA Lozl A& #H

18 P SRR 5420m/sec2§7\1 JAsd Hdrrs
w9l ek 3,98 ER T 2&u e, 350l @ A
ol A 2] »erﬂ#szﬁl‘; 1.0:1.14: 218 e

U Aol AAEEgt e Fol s e e AL

RoFdoh ztEe] defgiol s gt He s

122

Base OIM (ton-cm)

13
=

o HI -
o 2

40

T
&

s, Etﬁlfx‘i E‘,_ (m1=1856kg, Mme=Im3z=— 464kg)
A3 A2d 6}1”391 A

- e

4) ¥ e

FHHFFoN A o] AR (tie) darol tha)A
Y Es HAslon SYwole 74F uby
¥ 23 2eme S

2 o= eyt e 13 utER oA
UHHE e Wgwike] ol H A Fig
gl Yrebt it

HAe Y gRo o
B 754,

Zdol ?

Base OIM {lon-cm)

SE1258

SE12s510

~600 -—400 -200 200 <00 800 -300

Tensue Stram Tensie Strain

i)

%0 S11 s12
S ‘ T 1 I )y
e H
Gl i H
S10 S
"‘5 ) — 1
8 plan
f=]
sio0  Si12
L : :
© N
elevation
Fig. 8 Hysteretic curves between base overturning mo-

ment and strain at Ist-floor vertical tie bars under

Taft N21E 0.12g

22| E8s =28

-200  -100 o 00 200

300



N .
6 D~ p 5
H] ~ s
b 0y
B - -
3 pY 7
a . <y =
3" =
14 N
x
2 i
w-*} A
3-2 g
M .y a -3
~ad e
4% -5
-6 SEI2 -
-3y e - 4 . N R e
iop Disotacement imm 20 Tisplacement (mm)

(a) PGA 0.12¢g (b) PGA 0.25¢

Base Shear {tuns)
L

(¢} PGA 0.40g

Too G-spiocement imm

Fig. 9 Hysteretic curves between base shear and roof dis-

5)
8%
o]
i
Fig.
o} A

O

=

a0

0 ALn} (-,] & b“ kS

=2
ES
st

A1w4%zpﬁuwM1
o ARulolgtl

L 7

w

4.2.2 Taft N21E 0.60gel th

1)
o]

F2 A=
e ALY TEUY ohgd &t

oF 4= Qe ;4]5}]&1017} 062mm?<7,d°ﬂ H

placement under Taft N21E input acceleration

At %’3“?‘(2%‘, 3F)el HExE 200x
5 R skt

’S?}” 5&”% H

271-\1 o ':’-:'ﬁ-"ﬂ‘

25 e Pl, P8y

B4 e} w0l
P13& A 98k

e e Bl B R
9o FolH om o

| @A = 2.5t /mmé&] A&

Hikel ol 2i4lo]
AL 2HE A=

HAEAL Qe A

B9l el ot 802
Lv}EhH i °1L"r

wol Aol )
1wmﬂwﬂ

ahgAl Fol i

A %
Hwﬂq1m&q SN
A peel A9 daE s

173
2] = o)
-

_;

T Q. = A~ 1
’o‘)?jt [N BN

_gl

&t A8

R =

7ha sz oh oy 9]

AR FHrEoAe AlEA AsE w3

1—“ Al

H 53 1&, 19933

Base OM (lan-cm)

stz a3 et Table 494 2%
=
642cm / sec? 2] 2.78Wl &
PGA 0.12g74 ¢
Foghelm A g AL
HEFOEZH
2har gy, 25 ub
Hull 7k 2= 1,001

01])1 1::!
al, F4Es FAHAZHLVDT
A7t AvIe] £4E W@t

Al 71 8kl 7

o] Hoj7}
GRS }]‘:}]%]Edﬂi“i
VHERU 5L tlf ol A
-2 &Eu) 390 v A
H e S o A v ErAd A

}»

o

e ol % & F5E Aol 11 o]e
=

Kl

1782cm / sec? &

3Eulul 2] Ao
54:2.498 M2
o] e A= 4 zsi
dageel T it dold g o Yl
o gk w9l
Aol 4] Abol|
ol it A AT P R

- LR Rl

) 3o

A 9 ol 48 Aol ULk,

A

Agrolel g el 7w,

2) ¥R dEedE
Ak o] 3ARE AFAYRDE Wi 2Fel
ol el A WA T a T w e
WAt e 375% o

L o

L

¥

oA Hol gk 7.15 tong, YHAN RWER 7r
& Alzbell A gk 1379.8t cm 7|2 519},

3) Hsro WE
Ez ’\uizk;]b}“o 3k 422

3 5 3o WA

A4lo] Fig. 100 vt 2l

AAz el 7o) oF &

Fig. 10 Hysteretic curves between base overturning mo-
ment and strain at 1st-floor vertical tie bar under
Taft N21E 0.60g

123

+AE 4
O A AT
zb oRflell M el Hopdol Hyl vl el
N
4
=M= %g‘ 511 s12
elevation g e i |
® 8 ’
S1078T2 o
A =1 e 38 | plan
Y %00
|7001
004 . 200
600 4 E <00
300 ;
7 z
=300+ f
-3004 AN 1000
et 4 SE60S8
- 2500 -1%00 ~500 300 %00 25390 o £2302 -0 i 00 00
Tensie Strain mnsna Stron



Table 5 Maximum

values recorded at potentiometers

under Taft N21E input accelerogram(Unit : mm)
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