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Shaking Table Test for Seismic Performance Evaluation of
Non-Seismic Designed Wall-Type Apartment

Lan Chung”, Joung-Woo Lee”, and Tae-Won Park"*
“Dept. of Architectural Engineering, Dankook University, Seoul 140-714, Korea

ABSTRACT Earthquakes are reported that building structures have been colossal damaged, but before 1988 designed structures
which were not applicate seismic design code have no seismic performance. Especially, for the apartment structures were
indicated that it have no resist wall element of earthquake before 1988 designed structures. We have to evaluate for seismic
performance this structures, therefore it will be retrofitted for seismic index sufficient structures. We performed seismic
performance evaluation for model structures by MIDAS which is general structure analysis software. In this study, it was
performed shaking table test to evaluate model structure which is reinforcement concrete and 5 floors for seismic performance
index. We made specimens by similar's law and tested shaking table test. In the shaking table test, it is not performed proto-
type model test because of space and equipment condition. So we had made scale-down model for 1/5 by similar's law. That's
why it needs for the evaluation of performance. However, it is not possible to do an experiment of prototype owing to the
shortage of space and the limit of an experimental instrument in the shaking table test. Then, modeling and reducing the part of
prototype do the experiment. In this experiment, a shaking table test is done and seismic performance of model structures is
evaluated by using similitude laws for scale down specimen. As a result, it is proved that non-seismic design structures need to
retrofit since seismic performance shows life safe grade in 0.12 g of an earthquake.
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Fig. 1 Apartment structure constructed by tunnel forms
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Fig. 3 Results of seismic performance evaluation

Table 1 Summary of model structure

Site Seoul in Korea
Structural type| Reinforced concrete wall
Using Dwelling
Scale 15th floor, floor height 2.6 m
Material Concrete I 21 MPa [ Steel 240 MPa
Table 2 Summary of structural walls
Floor (1) at Fig. 2 | (2) at Fig. 2 |Wall thickness
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Fig. 2 Structural plan of model(unit : mm)

722 | Bt E32|E | M182 X635 (20086)

st o
&3] =28

006 3900 3900 4!



SmgE+ S kyx =0 (i=123,...) (3)
j=1 j=1

WS e FUA AATF DA Bageel
Foz BRHDE N 22 AFVEATE O
23 2t

> omy G+ kyxq(t) =0 (=123,...)

i=1 i=1

°|2 Helstn

10 S (4)

O Smx
d Zmijx]
7

A7 v TEREY T4 SA4L JEY, 35884
S o] &3t TRES T4 B4 ¢ F Uk FRE
of 53 EAN AzlEe F4 5A4E et U4
Aol BHFAASZA, FAA HEE HAast A F 9l
om AR Eg A3 F2E WEES S

71& Hetddl #3 A7 FYSAT

3.2 HEA A

of AE&E9] Adt 54& &
#-g-o] H g3t}

2 AgdMe dgAy 8t xsdle] 279 A
o7 st AE AEAY 152 FA2AA o ndz
Aot 7129 A2 BEWH Gulkan? Sozend] @9
A 14 22 Rdd 18FARdd dEte] 98 1xE
o] AFH 4 2o AFo] FAMES e, =
Woll M= Ak, a0 o date osia AAPEH
o] AgAo] Eld uf 2

2 Al Agd A3 28 2L Table 49 Y

2 g Heg AFA

Table 3 Summary of specimen

Ratio of reduction

Name Contents Other
factor
VN Non sc.:ismic 15 Ap}_)li(.:ation for
design Similar law

Table 4 Condition of similarity law

Contents| Unit falzzu:?olr}s Content Unit faiteciu:?(l)g
Length | L 0.2 Acceleration | F-L™ 1
Section | L° 0.04 Moment FL 0.04
Volume | L* | 0.008 Mass  |FL'T*| 0.04
Strain - 1 Time T 0.447
Stress | F-L™ 1 Frequency Hz 1
Table 5 Similar law for model structure
Prototype Reduction

Elements - -
Left | Right | Slab | Left | Right | Slab

Section (mm) [200x600]170x600{150x600[40x300[35%300|30>300

Length (mm) | 2600 | 2600 | 3300 | 520 | 520 | 660

Steel D10+D13 D2
fy (MPa) 300 350
fy (MPa) 21 24
Maximum 25 5

agg* size(mm)
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Fig. 5 Stress-strain curve for each reinforced bar
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Table 6 Fineness of coarse aggregate

Prototype Reduction model (1/5)

Sieve (mm)|Remand ratio (%)| Sieve (mm) | Remand ratio (%)

25 25 6 25

10 65 4 65

5 95 2 95

2.5 98 1 98

1.2 99 0.5 100

0.6 100 - -
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Fig. 7 Pour the micro concrete into the form

Table 7 Property of material

Concrete Reinforced bar
Compress strength| Yield strength | Extension ratio
(MPa) (MPa) (%)
1 25.61 372.86 21
2 2745 373.47 19
3 2694 359.59 17
Average 26.67 368.64 19

AEA A2 Al FAL <

A, Ao ol Uik FF gaio] digh zelrt
gt} olo] tisk HA8E 9 =]

S B G E ol g3t Zhrte] HAjo) RrbAdRg A
A3ttt BrFAEe Table 83 o], +2EY HAE
7}z F=e Sz=w 23l o7 [8345N, 15,591N,
17,463 N2 7HA| 3L o}, o] & “FAPH Ao mat 1/59]
4288 Hgshd AL 1/52 4so] 2z 733.82N,
623.67N, 698.54 N-& 7}Aof 3t} g A H L 1/5°2
2 24550 Z4zke] WA7F 146.8 N, 79.83 N, 90.75 N<J
FTES 24 Ak Mk 2o Ao 550 N~600 N2

HAE st Ad¥gEdES vAs Ao

PN
()
o
1o,
A
Py
td
iy

3.4 & Hu| A M

)

offt off

flo

B~

=

lo,

oX,

iA%S

=
o

TN ol o N

lo X ogle 2 T o i

o o (&
[>
|&
o
2
Yo ar

Table 8 Plan of additional weight

Weight of | Weight of Weight of .
Element prot%)htype reduceihmodel additic%r:1 mass EITOZ ratio
™ ™ ™ o
Left 18,345 733.82 734.80 02
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Table 9 Specification of shaking table
Content Spec.
Dimension S5mx3m
Max. specimen weight 294 kN
Table weight 98 kN
Control mode Uniaxial horizontally
Max. stroke +100 mm
Max. velocity 500 mm/s
Max. acceleration 1.0g
Frequency range 30Hz
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Fig. 8 Set-up diagram
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Table 10 1% natural frequency by vibration method
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Table 11 Performance limit for performance level (uBc-97)”

Performance level

State Fully | Function | Safety
unction limit limit

Prevent
collapse

Overall damage Moderate | Severe

Very light| Light

Allowable

immediate drift | ~T 0270 | <E05% | < 1.5% | <£2.5%

Allowable

+0.5% | <£2.59
permanent drift Ignore | Ignore |<+0.5% 2.5%
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Table 12 Aliowable story drift (KBC-2005)?

Seismic grade
Special i I
0.010hx 0.015hx 0.020hx

Allowable story drift

Table 13 Performance level by code

V-N
PGA step Story (.jnﬁ of Allowable Performance level
specimen (KBC 2005) (UBC-97)
(mm) (52mm)
0.06 g 1.21 oK Function limit
012¢g 1.74 oK Function limit
02¢g 3.26 OK Function limit
03g 6.69 N.G Safety limit
04¢g 6.70 N.G Safety limit
05¢g 10.34 N.G Prevent collapse
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