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Estimation of Dynamic Characteristics Before and After Restoration of the Stone
Cultural Heritage by Vibration Measurement

Jae-Sung Choi'”, Cheol-Hee Cho’

Abstract : Naju Seokdanggan, Treasure No. 49, was dismantled and reconstructed due to poor performance. During construction, the crack area
was reinforced and the inclination was improved. It is necessary to analyze the stiffness changes before and after the reconstruction of these cultural
properties, and to establish a database of related information. In addition, there is a need for research on a scientific non-destructive testing method
capable of predicting or evaluating the reinforcing effect.

In this study, a simple equation for estimating the overall stiffness of the structural system was derived from information on the elasticity coefficient
and the natural frequency measured by vibration tests before and after reconstruction work, and the applicability of the equation was examined. If
the stiffness of important cultural properties is regularly investigated by the suggested method, it is judged that it can be used as data to estimate the
time when structural safety diagnosis is necessary or when repair or reinforcement is necessary.

Keywords : Stone Cultural Heritage, Restoration, Vibration Measurement, Natural Frequency, Global Stiffness, Modulus of Elasticity
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(a) Before Restoration (b) After Restoration

Fig. 1 The Whole View of Naju SukDangGan
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Fig. 2 The Name of Members
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(a) Before Restoration (b) After Restoration

Fig. 3 The Dimensions of Naju SukDangGan
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Table 1 Structural Informations

Item Unit Value Remark
p kg/m’ 2,570 Density of Granite
Ty m? 6.71E-3  Geometrical Moment of
Inertia in The First
Iy m 7 08E-3 Level GanJuSuk
(Average)
b xx m* 2.14E-2  Geometrical Moment of
I . Inertia in the root
0. YY m 1.96E-2 section
Ao - 0.50 Cross-sectional area in
the root section
dy m 0.72 Refer to Fig. 14
d m 0.30 Refer to Fig. 14
hy m 0.69 Refer to Fig. 14
hy m 0.30 Refer to Fig. 14
Before  mb ke 779 not includ.egg}[e Pillar
wei
Reisgﬁrat hb, m 9.18 Ly fore = hby + b
hb, m 1.79 Refer to Fig. 3
After ma ke 824 Not incluq;};e Pillar
weli
Restorat = m 9.14 Lojrer = hay + hay
on ha, m 2.48 Refer to Fig. 3
(a) Member Shapes (b) the Fastened Condition

Fig. 4 Examples of Member Shapes and the Fastened Condition
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(a) Repairs using Wedges and

(b) The Gap filled up with
Crack Occurrence stones between the strap iron
and the Member

(d) The Gap between DangGan
and the Pillar
Fig. 5 Examples of Structural Performance Degradation
before Restoration

(c) The Gap between the Steel
Ring and GanGu on the Pillar

Epoxy

sd

(a) Reinforced Cracks with
Epoxy Resin after the Insertion
of the Bended Rebars

(b) the Gap filled up with Epoxy
Resin between the New Strap
Iron and the Member

Fig. 6 Examples of Applied Reinforcement Methods
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Fig. 9 PSD Curve of Location D
(before Restoration)
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Fig. 10 FRF Curve of Location D
(after Restoration)

Table 2 Experimental Natural Frequencies (Unit : Hz)

Direction Before After
X 1.5 2.1
Y 1.5 2.4
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Fig. 12 Estimation of Dynamic Elastic Modulus by Stones
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Table 3 Averaged Modulus of Elasticity (unit : N/m?)

Item Average Remark
No. min. max.
#1  4.48E+09 2.63E+10

E, 0.97E+10 #2  6.89E+08 1.33E+10 byeq. (1)
#3  7.60E+08 1.55E+10
#4  341E+09 2.03E+10

E, 1.26E+10 by(zlggf)ST

R
(a) Idealization of the
Structure

(b) Equivalent Spring- Mass
System

Fig. 13 Modeling of the Structure as Spring-Mass System

Fig. 14 Doubly-Tapered Beam
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Table 4 Frequency Parameters A for a Doubly-Tapered Cantilever
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Table 5 Natural Frequencies of the Theoretical Simple Model - After
Restoration (Unit : Hz)

by Eq.(2) by Eq.(3)
Beam . -
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Fig. 16 Stiffness Changes According to Changes in Elastic
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