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Abstract

In this research, the dynamic characteristics and effects of shear walls in lateral stiffness of
long-span Hanok have been studied by shaking table test. The 1/20 scale experimental model
for the long-span test-bed Hanok has been built for shaking table test. The shaking table test
was done on two cases, that is, full or no shear wall. The shaking table test was done on a
1/20 scale experimental model for the previous two cases. The experiment was done sequen-
tially, first for full shear wall model, and then no shear wall model. The shaking table was
actuated sequentially by four types of input gain, that is, from random gain 1 to random gain
4 with increasing scenario. The maximum displacement of experimental model on its roof top
was measured for both full and no shear wall cases for four random gains. Full shear wall
case showed much less displacement for all random gains compared to the no shear wall case.
The average displacement reduction ratio for four random gains is 64.4%, which shows the
significant effect of shear wall in lateral load resisting capability. The natural vibration fre-
quency of full shear wall is 11.28Hz compared to the no shear wall of 5.5Hz, which shows
stiffness is about 4 times.
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1 INTRODUCTION

The Korean traditional timber structure, especially used as residential is called Hanok.
Hanok has history of more than two thousand years. The structure of Hanok as shown in Fig.
1(a) is characterized as a post and beam structure. The vertical load is supported mainly by
post and beam as shown in Fig. 1(b), and the lateral load is supported mainly by walls incor-
porated with peripheral timber frame. In a very rare case, truss is used as lateral load resisting
system as shown in Fig. 1(c).

(c) Trussed wall used as a lateral load resisting system in Hanok

Figure 1: Korean traditional timber structure and its load paths

The main characteristic of Hanok is in its joints. The joint of Hanok is mostly mortise and
tenon joint of only wood as shown in Fig. 2. It rarely uses steel connector or steel nails. The
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heavy roof weight of Hanok helps the joint have somewhat rotational rigidity against lateral
load. Generally, the span of traditional Hanok between columns is about 2.4~4.8 meters. This
short span does not matter as a residential use. Nowadays, long span, which is about 10~20
meters, is required to accommodate various modern life style of people and to enlarge the use
of Hanok as a public usage. As the span is longer various problems should be solved in struc-
tural point of view.

Figure 2: Traditional mortise and tenon joint of Hanok

As the span of Hanok becomes longer, new load carrying paths and new joint types should
be carefully planned and designed to support increased load and unfamiliar large inner space.
Timber structure in East Asia and the West has much in common in their skeleton and con-
struction method. So, various researches on the timber structures have been carried out exten-
sively around the world. Seo et al. [1] studied the structural characteristics of wooden frames
with tenon joints under lateral static and cyclic load, Han et al. [2] studied mechanical per-
formance of tenon joints to enhance traditional wooden house, Kang et al. [3] studied the stat-
ic performance of mortise and tenon joint in Chinese traditional timber structure, Lee et al. [4],
[5] studied both the longitudinal and transversal load carrying capacity of Korean traditional
timber structure, and Kim et al. [6] evaluated rotational stiffness of steel joints used in a new-
styled Hanok by static experiment on a 1/4 scale model.

Fang et al. [7] performed dynamic test on traditional Chinese timber structure and verified
its structural characteristics, Hwang et al. [8] performed shaking table test on Korean tradi-
tional timber structure and showed the variation of natural frequency according to vibration
amplitude, and Lee et al. [9] compared dynamic characteristics of both traditional and new-
styled Hanok according to excitation amplitude. Ozsev et al. [10] conducted small scale
hands-on experiments on a model wooden frame structure under dynamic effects.

As a design aid to the Korean traditional timber structures, section tables and structural de-
sign software for the design of main structural members of Hanok has been developed
[11],[12],[13],[14] and these design tools were used in making Korean design standard on
Hanok. Recently, evaluation tool on the torsional irregularity of Hanok has been developed to
aid seismic design of Hanok [15].

In this study, the dynamic characteristics of long-span Hanok and the effects of shear walls
in lateral stiffness have been studied by shaking table test and the results are analyzed.

2  EXPERIMENTAL MODEL FOR SHAKING TABLE TEST

The long-span test-bed Hanok with its transversal span of 14.4meter and longitudinal span
of 25.2meter has been designed as shown in Fig. 3. This long-span test-bed Hanok is sched-
uled to be built in Yongin, Korea, 2021. The 1/20 scale experimental model for this long-span
test-bed Hanok has been built for shaking table test as shown in Fig. 4(a). The vertical load
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was imposed on the roof and floor of the experimental model with steel plate as shown in Fig.
4(b). The total weight is 87.24kg.

The shaking table test was done on two cases, that is, Case A and Case B as shown in Ta-
ble 1. Case A has full shear wall, that is, no opening, whereas, Case B has no shear wall, that
is, full opening. Fig. 5(a) shows the location of shear wall in plan, and Fig. 5(b) and Fig. 5(c)
show the front and rear view of test model of Case A.

The motor of shaking table is operated by real-time displacement control method using
Labview program of NI corporation. The velocity, corresponding to input acceleration was
numerically integrated and this was used as the input signal of motor. Four accelerometers
were used to measure both X and Y directional movement. The sampling rate for data is
3200Hz. The relative displacement of the model compared to the base was measured by laser
displacement equipment by measuring both the roof and base displacement of the model.
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Figure 3: Section, elevation and roof plan of actual building

Model Case Shear walls Opening ratio
Case A Full shear walls (No opening) 0%
Case B No shear walls (Full opening) 100%

Table 1: Opening ratio of each cases.

(a) 1/20 scale experimental model for shaking table test (b) Imposition of vertical load by steel plate

Figure 4: . 1/20 scale experimental model and imposition of vertical load

3 SHAKING TABLE TEST ON EXPERIMENTAL MODEL

The shaking table is one-directional as shown in Fig. 6. The experiment was done sequen-
tially. First, shaking table experiment was done for Case A with full shear wall as shown in
Fig. 7(a), and then shear wall was removed and the same shaking table experiment was done,
which is for Case B as shown in Fig. 7(b). There are four types of input gain to the shaking
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table as shown in Fig. 8, that is, from random gain 1 to random gain 4 with sequentially in-
creasing scenario.
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(a) Location of shear wall in plan

L
e T |—n-|..-.--.:'-.“ V!

(b) Front view and location of shear wall (¢) Rear view and location of shear wall

Figure 5: Location of shear wall in plan and 1/20 scale test model

Figure 6: Shaking Table
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(b) Case B : no shear wall with full opening

Figure 7: Two experimental models, Case A and Case B
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Figure 8: Response spectrum of four types of random gain

4 RESULTS OF SHAKING TABLE TEST

The maximum displacement of experimental model on its roof top was measured for Case
A and Case B for each random gain. The results are shown in Table 2. Compared to Case B,
which has no shear wall, Case A showed much less displacement for all random gains. The
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average displacement reduction ratio for four random gains is 64.4%. Here we can deduce
that, the shear wall shows significant effect in lateral load resisting capability.

The natural vibration frequency of Case A is 11.28Hz compared to the Case B of 5.5Hz.
As the vibration frequency is about two times larger, we can deduce that the stiffness is about
4 times larger. Here we only compared the maximum displacement and natural vibration fre-
quency only for preliminary test. The other dynamic characteristics including torsional effect
are scheduled to be studied in the coming paper.

Maximum displacement (mm)

Input load Case A Case B Displacement reduction ratio (%)
(No opening) (Full opening)

Ran. Gain 1 0.44 1.43 69.2

Ran. Gain 2 0.80 2.61 69.3

Ran. Gain 3 1.25 3.22 61.2

Ran. Gain 4 1.56 3.71 58.0

Table 2: Displacement Reduction Ratio According to Shear Wall

5 CONCLUSIONS

In this research, the dynamic characteristics of long-span Hanok and the effects of shear
walls in lateral stiffness have been studied by shaking table test and the results are analyzed.
The 1/20 scale experimental model for the long-span test-bed Hanok has been built for shak-
ing table test. The shaking table test was done on two cases, that is, full or no shear wall. The
shaking table test was done on a 1/20 scale experimental model for the previous two cases.

The experiment was done sequentially, first for full shear wall model, and then no shear
wall model. The shaking table was actuated sequentially by four types of input gain, that is,
from random gain 1 to random gain 4 with increasing scenario. The maximum displacement
of experimental model on its roof top was measured for both full and no shear wall cases for
four random gains. Full shear wall case showed much less displacement for all random gains
compared to the no shear wall case.

The average displacement reduction ratio for four random gains is 64.4%, which shows the
significant effect of shear wall in lateral load resisting capability. The natural vibration fre-
quency of full shear wall is 11.28Hz compared to 5.5Hz for no shear wall, which shows stiff-
ness is about 4 times larger in the former. In the coming paper, we are going to study the
natural vibration period and other dynamic characteristics of long-span Hanok.
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