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Abstract

In the seismic retrofitting of harbor breakwaters in Korea, the recovery rate is often uncertain due to
site conditions and site conditions, and problems continue to arise. Therefore, in this study, we analy-
zed the recovery rate and compressive strength of the improved material through drilling survey by
grouting confirmation method after applying low-fluidity mortar injection method, and furthermore,
we checked the elastic modulus by downhole test and tomography to confirm the reinforcement effect
of soft ground after ground improvement. The experimental results showed that the average shear
wave velocity of the ground increased from 229 m/s to 288 m/s in BH-1 and BH-3 boreholes to a depth
of 28.0 m, and the average shear wave velocity of the ground to a depth of 30.0 m tended to increase
from 224 m/s to 282 m/s in the downhole test. This is believed to be a result of the increased stiffness
of the ground after reinforcement. The results of the tomographic survey showed that the Vs of the soft
ground of the sample at Site 1 increased from 113 m/s to 214 m/s, and the Vs of the sample at Site 2
increased from 120 m/s to 224 m/s. This shows that the stiffness of the ground after seismic reinfor-
cement is reinforced with hard soil, as the Vs value satisfies 180 m/s to 360 m/s in the classification of

rock quality according to shear wave velocity.
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(a) Research area location map (b) View of the research area

Fig. 1. Research area.
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Fig. 3. Tomography exploration process.
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(b) Soft ground improvement

Fig. 4. Schematic view of low-flow mortar injection method.
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Fig. 5. Drilling survey view.

1574
ez

CIREHAE Za}

Figs. 6 and 72 WX E7} - 90] o2 H|AE A9E 51t 54842 2ajo|tt.

BH-1¥3-2] B7} 2 28.0 m71A] 2] A|4to]| thet Wt Aehob&: (229 m/s) o] oI5 AHHEF A7} S48 2RelE|Qlom,
BH-3W¥1-5-2] 7} 7 30.0 m7}A] 2] Z]5to]| theh B Hhutst (224 my/s)of] Q)eh Z|WHER Ayt sS4 2 3Rl %] Act,

Travel timelms) Travel fimeims) Travel fimeims) Travel fimeims)
00 200 400 600 800 100,0120,0140,0 00 200 400 600 8O0 100,0 120,0 0,0 20,0 40,0 60,0 60 0100, 0120, 0140, D160, 0 00 200 400 600 8O0 100,0 120,0
0o 0o 0o 0o

N I IS

200 200 \\
250 \ Z50 \ Z50 \ Z50 \
\. ! \

300 300 300 \ \ 300 \

(a) Before reinforcement (b) After reinforcement (c) Before reinforcement (d) After reinforcement
BH-1 BH-1 BH-3 BH-3

Fig. 6. Downhole test results - Time distance curve.



Velocity(m/m) Velocity(m/m)

Velocity(m/m) Velocity(m/m)
) ° 1000 2000 )0 1000 2000 .0 1000 2000 ) ° 1000 2000
{ Tﬁ - { i ] i {L L% i
5 | i } 5 i J] 5 5 ‘, i
1 {7 !
R g [j I
10 10 { 10 10 ,T
| 1 f |
= { L P It 1 = = { I
£ e £ ] 1 £ £ }
£ 7 ! J[ £ { JI £1s £ L L
L PLL L § L L
20 — — 20 E }] 20 1 2 .
! { { . 1 L
| ll | T T = =
25 | ! j 25 1 ,' 25 5 ‘] 25 | L J?
1 1 1 C ! I
i i 1 { ? | I
| 1
30 30 30 ! 30 1
(a) Before reinforcement (b) After reinforcement (c) Before reinforcement (d) After reinforcement
BH-1 BH-1

BH-3 BH-3
Fig. 7. Downhole test results - velocity (m/s).

AAETE AR A, BH-1F15 0l = B2 7 229 mis& B2 3288 m/s & A7t of 1,254 S7F613 e
o, BH-3 W5 e A A 224 m/s 2 B §-28 m/s = {E‘rﬁ}+i7} °F 1.26H S5t ol = A e 28T YT
W BAo =z Qlsf EjaFollA Mt s hee SRlsk .

E o Jaljo] EfAL Zat

Fig. 82 H7} A, 0] E v Taju] &A1 S veRH Z10] 1, Figs. 9 and 102 ER I afju] gHAFATNS ehbdll Zlo|ch
E w1 7w gAL A, Sitel 9] 739 AfEEA] 7R AubA 0 2 mjglE 9 B2 718 wgts A= ok 15.0 m U]

QA Al A0 2 YRl B 7 9F 1,700 m/soll A B2 5 9F2,100 m/s ©]/d2] gt Tﬂrd—E HixE sl

SR EX 9F 1,900 m/s ovu EMdulE L HAE Holm ekd o 2 Al-Fo] ot

e 7o 2 TAE|QTt
Site2 2] 7% 7HEA| 772 ZHbA © 2 ujfE U EjAE RS ot Ak oF HMWW Al&H

Hno=z
LR B 7 ©F 1,750 m/sOﬂH H7F & 2F2,060 m/s o] EAJubs ﬁ—‘?—%ﬂam SRR E=9F 1,860

m/s OV R duGE RS Holw bR 0 2 Algo] okt o= gl

======== o (5:6m)
(om) ® (om) |®
P °oE3Em ® (27.0m) Site2 Site2
©om) ® (©om) @
Site1 Site1
(a) Before reinforcement (b) After reinforcement (c) Before reinforcement (d) After reinforcement
site—1 site—1 site-2 site-2

Fig. 8. Tomography exploration locations.



606 -+ ZEY - olE - Ur

e

Burried layer Burried layer

Depth(m)

Sedimentary layer Sedimentary layer

Distance(m)

1600 1700 1800 1800 2000 2100 2200 2300 2400 2500 2600 2700(mvs)

(a) Before reinforcement

Burried layer

Depth(m)

I
0 5 10 15 20 25
Distance(m)

1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700(m/s)

(b) After reinforcement
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Table 1. Experimental condition variables of rainfall reproduction experimental devices
o Uniaxial compressive strength (MPa) T.C.R (%)
Classification — —
Test criteria Measures Test criteria Measures
No. 1 6.4 83
No. 2 5.8 92
No. 3 3.2 MPa or higher 49 80% or higher 90
No. 4 6.8 85
No. 5 7.0 83




(95)@104 Auan0D3Y

Verification of test results

)

b

(

feea,,

——d—— Uniaxial compressive strength

++ e+« Recovery rate(%)

Sample No.

olllteccenaa,
-

] 25

Z

5534

(edIN)y18ueuls aalssaidwod |eIXelun

o

TE=E=

Pae)

Uniaxial compressive strength measurement

)

a

(

Fig. 12. Uniaxial compressive strength test view.

Fig. 11. Uniaxial compressive strength and recovery rate measurement results.
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