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Abstract

As large-scale earthquakes have occurred in Korea and their aftermath continues to be felt, laws and
regulations on seismic design have been emphasized, and in Korea, the seismic design standards have
been newly revised after the Gyeongju earthquake. In the revised seismic design standards, a stability
review for the destruction of the support activity of the breakwater was newly added. Therefore, in this
study, we conducted a stability analysis on the seismic reinforcement method for the study site, and
checked the ground acceleration of the subgrade and the displacement of the structure over time. As a
result of the stability analysis, the safety factor increased by at least 0.5 and up to 1.7. As a result of the
time history analysis, the displacement of the superstructure decreased by up to 290 mm and down to
12 mm in both the shallow and deep sections before and after reinforcement, and the ground accele-

ration decreased by up to 5.33 m/s and down to 0.31 m/s after reinforcement.
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Fig. 1. Review section before reinforcement.
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Table 1. Material properties value

. . Ve Yy & ¢ Amax
k
Classification (N (KN/m?) (kPa) © v © N
Cover stone 18.0 10.0 - 40.0 0.30
0.227 0.114
Upper concrete 22.6 12.6 - - 0.20

Table 2. Ground properties value

e gl c ¢

Classification (kN/tm3) (kPa) s
N<4 20.0 - 24.6

Sand

4<NZ10 20.0 - 284

Cohesive soil 16.5 2.717Z+0.744 -
Weathering soil 20.0 20.0 30.0
Weathering rock 21.0 30.0 35.0

Table 3. Composite ground properties value

Classification diameter Distance Replacement ratio Y, c 10)

(mm) (m) (%) (kN/m’) (kPa) ©)
Cover stone - 1.5x1.5 100.0 20.0 240.0 -
Cohesive soil 800 1.5%x1.5 22.3 16.5 178.4 -

TGS 722 R H7IE AR Ate vt 2o, siARE2 Bishop 2] HEWHS 21851
s, 2 1R g2 el Hiel] AL, AIRIAL Wi, 215l tisl QFgAdel ShEEA] ghe Ao = HEEI
Figs. 2 and 32> B} 70 WuA| o] @F21713 4 27171e] o8k HE A9 vepd Zlolnt

(¢) Inner slope (Earthquake) - 0.802 (d) Outer slope (Earthquake) - 0.815

Fig. 2. Review of slope stability in shallow section before reinforcement.
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(@) Inner slope (Peacetime) - 0.911 (b) Outer slope (Peacetime) - 0.941

e

(c) Inner slope (Peacetime) - 0.653 (d) Outer slope (Peacetime) - 0.668

Fig. 3. Review of slope stability in deep section before reinforcement.
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Table 4. Dynamic property value for time history analysis

E 7ﬁ ’Y.mf, c ¢ C C

Classification (kKN/m) v N (kN (kPa) © p A Remarks
Cover stone 246,000  0.421 18 20 - 40 813.962 566306 M-C
replaiz;’j;j‘i’izwal 268,000  0.418 20 21 240 ; 895.088 622402 M-C
repﬁ::;:ﬁfiiiival 221,000 0423 16.5 17.5 178 ; 738893 514270  M-C
Cohesive soil 63,000  0.448 16.5 17.5 30 - 396.036 276979  M-C
Sandy soil 371,000  0.414 18 20 - 284 998418 693743  M-C
Weathering soil 531,000 0.397 20.0 21 20 300 1255278 869583  M-C
Weatheringrock 1,259,000  0.364 21.0 2.0 30.0 350 1,967.677 1355752  M-C

bedrock 5,615,000  0.335 23.0 24.0 450 35.0 4,320.293  2,964.353 M-C
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Fig. 4. Input seismic wave.
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Fig. 5. Review section after reinforcement.
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Fig. 6. Review of slope stability in shallow section after reinforcement.
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(c) Inner slope (Peacetime) - 1.590 (d) Outer slope (Peacetime) - 1.786

Fig. 7. Review of slope stability in deep section after reinforcement.
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Fig. 8. Review of slope stability in deep section after reinforcement.
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(a) Inner slope (Peacetime) - 2.235

(b) Inner slope (Peacetime) - 1.590
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Fig. 9. Review of slope stability in deep section after reinforcement.
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Table 5. Results of ground acceleration analysis based on time history analysis
Consideration as a Consideration as
. . Before reinforcement reinforced whole after individual structures Decrease rate
Classification 5 . .
(m/sec”) reinforcement after reinforcement (%)
(m/sec?) (m/sec?)
Ofunato 2.456 2.328 2.241 -5.2
Hachinohe 2.268 2.033 1.852 -10.4
Shallow ™\ ificial 2.178 2.059 1.931 5.5
section
Gyng ju 20.063 18.506 17.878 -7.8
Pohang 22.023 19.206 19.045 -12.8
Ofunato 2.643 2.112 2.074 -20.1
Hachinohe 2.595 1.823 1.7 -29.7
Deep e
. Artificial 229 2.064 2.113 -9.9
section
Gyng ju 20.433 18.114 18.39 -11.3
Pohang 36.125 24.439 19.163 -32.3
w0 ««+@ ¢+ Ofunato 20 +++@++ Ofunato
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- —a— Artificial 35 e —m— Artificial
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s Z 15
10 10
B 5
. jes o sona) o g =3
Before reinforcement Full structure after reinforcement Befare reinforcement Before reinforcement Full structure after reinforcement Before reinforcement
(a) Shallow section (b) Deep section
Fig. 10. Results of ground acceleration analysis based on time history analysis.
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Fig. 11. Review of slope stability in deep section after reinforcement.
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Table 6. Displacement analysis results of a structure based on time history analysis
. Full structure after Individual structures after
. . Before reinforcement ) . Decrease rate
Classification reinforcement reinforcement
(mm) (%)
(mm) (mm)
Ofunato 27 19 19 -29.6
Hachinohe 57 13 13 =772
Shallow ™\ ificial 7 14 14 -80.6
section
Gyng ju 160 128 126 -20.0
Pohang 292 204 126 -30.1
Ofunato 27 20 20 -25.9
Hachinohe 59 13 13 -78.0
Deep Artificial 74 12 12 -83.8
section
Gyng ju 154 119 121 227
Pohang 290 188 184 =352
T e L mene
300 il Artificial 300 il Artificial
~. — & Gyeongju ~ - —— Gyeong ju
S~ —+- - Pohang ~ ——+— Pohang
gzso \\ EZSO \\\
= 200 \#_.\ = 200 \\*_
g T~ . TTTmTT—= -
S 150 S - ~.. S 150 \
5 TSt e & —
a 100 . 100
50 50
0 0
Before reinforcement Full structure after reinforcement Before reinforcement Before reinforcement Full structure after reinforcement Before reinforcement
(a) Shallow section (b) Deep section
Fig. 12. Displacement analysis results of a structure based on time history analysis.
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