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Analytical Study of a Historic Stone Arch Bridge After Retrofit to
Evaluate Dynamic Characteristics and Structural Behavior

Lee, Ga-Yoon Lee, Sung-Min Lee, K
Abstract

This study evaluates safety assessment before and after repair of Seonamsa temple seungseon bridge, which refer to the
representative Hongye bridge in Korea. In this approach natural frequency of the structure were considered in the modeling
procedure. Trial & error method is applied to obtain the approximate natural frequency before and after retrofit
construction. Stiffness of the actual structure was examined to account for the dynamic characteristics of Hongye bridge
measured in the field and adjusting parameters in computer modeling. The safety and usability of the stone structure in
terms of load bearing capacity and displacement were examined.

Keywords : Historic stone arch bridge, Natural frequency, Dynamic characteristics, Maintenance
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(Table 1) Specification of Bastmate I

Apparatus Blastmate [II
Production company Canada Blastmate Inc.
Measuring range 0.127~254mm/sec
: R Frequency range 2~300Hz
“: - \-::-. ) } : . 4 Record data - ata reduction === alysis
(Fig. 1) Seonamsa Temple Seungseon bridge k I g T
-
|
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1. Measurement of frequency

before and after repair

2. Simplification and idealization of ] N
finite element method model

3. Adjustment of material properties to e - ‘fi ) .E
obtain approximate natural frequency _\.__ 7

4. Evaluate safety evaluation
by loading load

(Fig. 2) Flow chart

(Fig. 4) Bastmate lll and transducer
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(Fig. b) Frequency domain before repair
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(Fig. 6) Frequency domain after repair
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(Table 2) Compare with natural frequency
before and after repair other bridges

Before  After  Rigidity
Name (H) (Hz)  ratio
Seonamsa 99 145 22
Seungseongyo
Geonbongsa 137 148 12
Neungpagyo

Goseong Honggyo 17.8 20.3 13

16000mm {
_‘

Side wall Keystone 6500mm

Ston arch

400mm —| = 9700mm | |+ 2750mm +|

500mm 1

Filler —>

SOO:m m B

(Fig. 7) Idealised image of Hongye bridge
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(Fig. 8) Friction surface
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(Fig. 9> Meshing in ANSYS
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(Table 3) Detailed repair information of arch stong”

Division Reuse Repair Replacement
Number 111 3 33
Sum 147

(Table 4) Classification according to the uniaxial
compressive strength of rocks

Rock classification ~ Compressive strength (MPa)

Extremely hard rock 180
Hard rock 130~180
Moderate rock 100~130
Soft rock 70~100
Weathered rock 30~70

(Table b) Modal results of measured masonry
cultural heritage structures

Natural Shear

. Infill
Name frequency  elasticity material
(Hz) (MPa)
Castle at Sand or
Nakaneup 2641 210890 sand-gravel
Castle at Sand-gravel
Gochangeup 4051 6401360 or gravel
Castlé at 1752 230190 Sand or
Haemieup gravel
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(Table 6) Material properties before repair

Material Density Poiss.on's Me(;:slﬂl;fsty()f
(kg/ ) ratio (GPa)
Stone arch 2,650 02 10
Side wall 2,000 0.25 3.75
Filler 2,000 025 25

(Table 7) Material properties after repair
Material Density Poiss9n’s hg::é‘;fw()f
(kg/m) ratio (GPa)
Stone arch 2,650 02 325
Side wall 2,000 0.25 6.9
Filler 2,000 025 46

(Table 8) Mode shape after repair

. Frequency
Mode View
(Hz)
Before
Ist 10.05
mode
Before
2nd 12.40
mode

(Table 9) Mode shape before repair

. Frequency
Mode View
(Hz)
After
1st 14.96
mode
After
2nd 17.71
mode
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0.68111 Max
0.60543
052975
045408
02784
0230272
022704
015136
0.075679

0 Min

(Fig. 11) Total deformation before repair

0.27989 Max
024879
021780
018659
015349
012439
0093295
0082197
0.031098

0 Min

(Fig. 12) Total deformation after repair

0.0062648 Max
-0.088625
-0.18351
-0.2784
-0.373z29
-0.46818
-0.56307
-0.85796
-0.75285
-0.84774 Min

(Fig. 13) Normal stress before repair

0.0070834 Max
-0.12335
-0.25378
-0.a842
-0.51463
-0.64506
-0.77549
-0.90592
-1.0284
-1.1668 Min

(Fig. 14) Normal stress after repair

182 20 M45 ER 825, 2020, 12



(Table 10) Maximum normal stress (Unit: MPa)

Tensile Compressive
Before 0.01 -0.85
After 0.008 -1.2
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