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MEo Al2E 2= ZX™e 3A7(7F clE 45 AH0.85~1.2mm) 2F 65 AH0.25~0.6mm) S 1:2 & H|E
Z Zest 2etEAe AU sz P25, o EA= FHb d5HHE 512 2% H8Z2 =510 o
ZAl X2 HMztst¥end, EglH Z2IEIE=s & Y & o EA| 2o XX|sts &Y Hlg2 =]
2 5t0f, EelH =gH|E 10, 15, 20%7HX| &I7tAZ|0 o1 E/F<e &2l 2232 EE M AstUCt.

X 5. E2|H(dEA|) E232E dfjgt (=2 kg/m®)
Mixing Aggregate Type
Type : Cement Epoxy Silica sand | Silica sand Water
ratio Sand
#4 #6

Plain 1:3 200 - 600 - - 130

P-10 1:9 - 50 - 150 300 -

P-15 1.5:8.5 - 75 - 150 300 -

P-20 2:8 - 100 - 150 300 -

® 6. ol EAIe 22| &N
Density Adhesive strength Tensile strength |Compressive strength| Bending strength
(g/cm?) [N/mm?] [N/mm?] [N/mm?] [N/mm?]
1.03 3.7 2.3 4.1 2.5




Hardener

OfiZFAl & EgtEH| =4| 37|E zk=x =] ofiFAl & T2 EE&t

AIEH R

a) Compressive strength b) Tensile strength

d) Modal test of panel e) Stiffness of beam
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2=z EZ2H 280l B71e+= Plainoll HIs| 4~6.58] M=, EZE+E Plain CHH| 3~4.58 ME =
2 Zo=2 Flste A2 LIEGtCt. ol2fst E2lH ZElEe EdE Ms2 38 S4dolk gas o
X, 22l 232 Ee 58 EMS A AL = U8 W22 AIREICEH

shd, BT = PlainOl 0.7MPaZ HEIGen Ez2lH Z32|E= 1.3~1.6MPa2 =X =0f, Plain
thu] SZE7F 2~2.580 HE IA LEHGen, 0|13 NMegME2 Z2|H 2248 15%= 60BPN, 20%=
64BPNS 2, Plain CHH| 0|18 &4 0| 50%~60% %7+6+01, Z2lH 2

ﬂalzﬂ o713 MeMmHoflA £

LIEEFd 20, Z2H S 80| SItedsSF DFE?:.‘%OI Plain IZHHI 50~10% &7 ’“OPXI" Aoz Lt
Eftot. w2t |, ol2{gh E2/H ZI2EE ot2l}h odd=E s FE HETEA Sol HEsts Aol
Jtee Aoz AtRECE

60 10
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(=] o
3
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Tensile strength(MPa)
[=] ~N S a -]
o
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30
20
10 [
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Polymer content(%) Polymer content(%)
[Compressive strength by polymer content] [Tensile strength by polymer content]
20 2
= 17.3 <
% 15 % 1.6
= =
= 5 12
c f=
2 10 7]
< 2 o8
= o
E = 0.7
| : .
o £ 04 -
7] :
0 0
Plain P-15% P-20% Plain P-15% P-20%
Polymer content(%) Polymer content(%)
[Flexural strength by polymer content] [Adhesion strength by polymer content]
70 7000
60 6000 -
E _ 5984
L k]
% 50 g 5000
§ 40 ‘_§ 4000
el <
§ 30 - S 3000
©
oy 8
a 20 .& 2000
10 1000
0 0 =
Plain P-15% P-20% Plain P-15% P-20%
Polymer content(%) Polymer content(%)
[Slip resistance by polymer content] [Abrasion loss by polymer content]
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2.3 E|HE3CIEL} SETx HHAMA ¥ MIAMSs "It
1) EH 238 EQ} Adut 232 E HiE MA
AMEo AIEE 2= ZA™e| 3A7(7F clE 45 AH0.85~1.2mm) 2t 65 AH0.25~0.6mm)E 1:2 & H|E
2 =ZEet ZEENe duEdzE FEEN, I%AIE FH et AEME 5:19 2 H|8=2 Z%FHelo] of
ZAl BTS2 MEst¥en, EglH Z232Es & Y T olEA| 2|Zo| AX|st= Y Hlg2 =g
2 5t0d, E2lH ZeH|E 10, 15, 20%7HX| %7FAI9I o oz EF2 E2H 232 EE A sty Ct.
ShHH | Mock-up Al el HDFQl Z2AZE A|gXM= E 82 25-24-150 #A<| Ut o|2S AlIES
04 A =tstct
7. E2H(AEA) E2IEE dig (22l kg/m®)
Mixin Aggregate Type
Type , g Cement Epoxy Silica sand | Silica sand Water
ratio Sand
#4 #6
P-10 1:9 - 50 - 150 300 -
P-15 1.5:8.5 - 75 - 150 300 -
P-20 2:8 - 100 - 150 300 -
¥ 8. At Z 32| E vt (Sk2l : kg/m®)
W/R S/A iater Binder Aggregate Type Ad
(%) (%) C F/A S S2 G (B%)
45.3 50.2 176 298 53 542 305 1,092 0.9
¥ 9. EZIHEIZES sXMEY 53 7
Mock-up Test S8 7R
AlE 37| 900mm X 900mm x 300mm
Mock-up AlH HAH =2 Free-free
SE FH AlZt 3.2 [s]
Foe=gH ¢ 1 ~ 500 [Hz]
AlH TR =2 Impact Hammer
Fol AN HH Sl 3

[23E|E EfAM]

. ZE2lHEZ32|E Mock-

up AER A=
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EZ2|HZ32|E Mock-up A& Z=H|

3) EelHZ 3z ELt S§7= HEHAEE Mock-up AIE &

22| FZ3IZ|EQ| d[g0| BIters Z4Jt FEHSHA LIENH EOf 1Xt ZEofM 3dB, 3%}
ZEoM 50B &4

e FTE0| Jt=

S =

= dFc ZEHs Qo] 2

« Z2H ZIZES FIt & HEe HREC FoHt 458 2
o Mock-up AlEASl SHMEM EXZD, P-15 SBF AlH2| HZ M350| 7t& 58 Ho=2 #EE

21 0l
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001 4
. o0 i -
:SN EN IE-3 '?;,’ -2
3 E E
L5 1r-3+4 E E
= — P-10%-(25.1dB) &2 | — SBF-{19.1dB] SR — Anti-Pad-[24.6dB]
P- 15%-[23.9dB] SBH-{22.4dB) Plain-(24.3dB]
— P-20%-{20.2dB] ! — SBHL-(20.1dB] — P-15%-[23.9dB)
4 - 1E-5 T 1E-5 [ T
1 10 100 1 10 100 1 n 10
Frequency (Hz) Frequency (Hz) Frequency (Hz)
[Fot+SE 37| vl] [F&uixl ¥ =0 wE d|] [Plain ¥ T{=2}o| H|ul]
¥ ¥ ]
Rl D Anti-Vibration Pad

Bell + Liguid

Ball
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1.
1)

Modulus of elasticity(GPa)

S i A
1 22 232 E HE viETx s 54
Cheket ABOIM LABHE TBAS HAHUSO Ch3tol siA = A A
sHMzE S S5t 0l staol LMsts viE &2 TS| uts E4 niot
stsoll e M=o =4 Hat nE A 2" 7d
{ : | By, :
Rf.a—?+.5'- s Yi=pd; ﬂ
‘: - -\ax. &I LIRS a{. )
7y, | i 3y, Road roughness
— 3—:—ﬂ'+ﬂa(x—ve)e---_.- — y
Moving Ul g ax] ° - " =
vehicle = i | !
Moving :
Harmonic 3
Impact between load ol

tire and surface

__

7

N
oy

Euler beam{concrete slab)

P ET TR E:

ontinuous viscoelastic supports

L
\
I
C

J8 1. ol sk=dl 2lst tHEA S MR E&
2 Eg|lH E238|EQ s EM A&
=28 §M AE"Z
EFMA== PlainOl 22.36PaZ LIEtGen{, ZEz|H(o|FA|) =2UE 1525%7HK|= 22.7~35.8GPaz
HMES™MoZ I eLnt, 0% = cik Aot deo 2 LIEHCE.
A=AUE= Plain EI2IET} 44.50PaZ2 JHE A2 g2 LIEKHSD, ZE2|HE 15~30% =9t <,
47.4~95.3WPa2 Bl 280| B7IEESE &FZTIL IH B7Ists A2 LIEHGCE.
CIRIAE = Plainoll H|sf ZE2lH =220 S7letrE, QEZUEIF 4~11.5H], AT 3.3~0.3H4
ZEIl5te ZHL 2 LIELGCT}
40 - 100
Plain & P-15% PY — Plain < P-15%
® P-20% # P-25% 354 5 & P-20% -+ P-25% 95.3
30 | mP-30% u = 80 mr3ow
31.0 5
[ ] [=)]
A 24.8 § 60
20 223 227 2
‘é 40 4|.:5 47.4
10 5
£ 20
[s]
(V)
0 ! 0
Plain P-15% P-20% P-25% P-30% Plain P-15% P-20% P-25% P-30%
Polymer content(%) Polymer content(%)
[Modulus of elasticity by polymer content] [Compressive strength by polymer content]
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40
= Plain & P-15% —= Plain & P-15%
15 | ®P-20% - P-25% " @ P-20% -+ P-25%
g - = P-30% = 30 - WP-30% 31
= 14.0 o
s w 3
= =
S 9 o 20
=
=] (7]
w P
2 %
= =
= S 10
L. N
[T
| 3.8
0 L4 0
Plain P-15% P-20% P-25% P-30% Plain P-15% P-20% P-25% P-30%

Polymer content(%)

[Tensile strength by polymer content]

Polymer content(%)

[Flexural strength by polymer content]

j_al 2. EEIEH 33|Eo| EEII—I EA-I

2) E2lH Z23z2[E9 8 M At
- B2l Fdelsel SMUM g ANMSS SH| lsh, YTl Kol HAZZIM YBE o2
&4 Jidlst 5|, JI4E SHol CE HYESE 54
o bl F3I2|E2t E2|H Z32|Eo| et TSR AlZbo|Ent AHEZ S LIEk s ZHAe=2 FSO0|
AtMo = 71 MZISot X&£EE= AE HoFECt
e Plaintt ZE2lH Z3E|Ee| ZAH|E d|Wst Z3, Plain® A% 1.34%, Z2IH ZI2IE 15%2
2.84~3.92%=2 Zt2A[H|7} 2F 2~3u BItok= A2 LIEGCE
150
— Plain
100 | —— Polymer concrete 15%
50
0
-50
-100
-150 . . .
0.35 0.40 0.45 0.50 0.55
4 . Time [sec]
[Measurement of dynamic properties] [Modal properties of Plain and Polymer concrete]
J2 3. Z2lME32|Ee =3 4
3) zle S4 AygHnt
. ML w08l SHE Fit SHEG o Z4HIE BAS ZI, Foi% SEHLE Plainol
I 2 Ao UEtHen], E2|HE 15% SISt At JHE X2 gt LERAUCE
o THH, dt Z3e|Et EElM Z3e|ET| SEAE FME At HsS0| et A2E LIER}, 1
24 232|ES Ygr 232|E9t Aol PEB0| NEBE F2, NSMNY 2t 2 UOE ALREC)
20 5.0 20 5.0
(A) ™ Inertance B Damping ratio (B) m Inertance W Damping raito
E 16 4.0 g = 16 /-\ 4.0 :\?
e S E / . §
L 12 30°@ Ho12 S R 30
E > & s :
] / ~ £ T 2
c 8 — 2.0 g g 38 / —~— — 20 &
] / ) o] £ g
[ (=] 5 [=]
£ 4 1.0 £ a4 1.0
0 0.0 0 — 0.0
Plain P-15% P-20% P-25% P-30% Plain P-15% P-20% P-25% P-30%

Polymer content(%)

[ 5x5x50cm (Plain and Polymer concrete) ]

a2 4. ZE2IHE3ZZES s EM

Polymer content(%)

[4x4x50cm(Plain) + 1x1x50cm(Polymer concrete) ]
Al's|Z 1}
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4) [E 54 siMAD
. Z2jy Z32|ES| ZE 4
2E siMe sy T=Ael Fuls SEEE(Frequency Response Function, OI3H FRF)E 37| #fet
ngi’ %%% Hl__rl él\_E ';lcl 7[‘ = I—}'E-l'L'EH _/F %l : I}” Oloﬂ AI—O_|'_ _7'<__|T,_|._/'§ %;E:‘[I‘?:"—/Fg
#E2to|dx(compliance), Ze(El(mobility), OILE X(inertance)at atof, ofef A (1)~(3)2 ZOl
LIEFH 2= ATt
. N X(w) [m]
H{o| /&l = AT
Compliance(H#H¢l/&) : Hw) Flw) | N =
Mobility(S=/8l) @ M(w) Fw) N (2)
o) ¢ () - 92X (W) ms”]
Iner tance(7H&5S/8) © A(w) Flw) N ¥

Eo| £=x[sfAMS 25, ANSYS ver.2021_R2Z2 0|Z35t0] &SI o], ZH A|EHA el gMHEZ
, FEO| ApFohel AAZZAOA JIElEd S @l24sto] fotea M2 MASIU0,
wAEE degs EQicd, E2l Z32|Eo| Fule ZEEHErE Plain Z32[E|
A5t AR LiEGen], ZMH|= EelH F3e2|Eet ddr FJ2EE SEHES
2ch= A2 LIEHGCE
= &
| E
L. L.
. Tan a) Plain concrete b) Polymer concrete
Plain concrete : =
Polymer concrete — 'Polymer concrete " T
i
‘ :
Zcm c) Polymer concrete_1cm d) Polymer concrete_2cm
[plain and polymer concrete] [Mode analysis of plain and polymer concrete]
J8 5. Z2IHEIEES ASEH siMZ 1
o EziH Z32|Ee X =4 siM HE
et oM Aile DREST 500Hz CHo|Me] ASHE Z2H|E XMEeh ZIotEM, Plain 32|Ex
Fulr SEEEEIE 16.622, AEFX 16.22F JHE |FAISE gte 220, E2(H F3E(E 1cmet Hh
Z32|E 4cme| HE AEA S| SHAMXIZ}F 6.42 MEHX[Q 5.72F RAIE gt 204, sHM 2ol st Z350|
o|Folxicen, E2|H Z32|E Ao A7t ASNHAMS0| 60% M MS0| et U= LIEMGHC.
100
100 Plain concrete Plain concrete
Polymer concrete Polymer concrete
Polymer concrete-1cm _ Polymer concrete-1cm
Z 10k Polymer concrete-2cm Z 10 Polymer concrete-2cm
I N
2] 2}
E E
o T
= ©
5 2
= 0.1 - 0.1
001 1 1 1 1 001 1 1 1 1
100 200 300 400 500 600 700800 100 200 300 400 500 600 700800
Frequency [Hz] Frequency [Hz]

[ Inertance by measurement of Plain and Polymer ] [ Inertance by FEM analysis of Plain and Polymer ]
a8 6. E2H 232|Ee sH=EM MAE
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3) E2l Z3z[EL SET= Yoo sz |zl

o ZAE RESH= EAol REZ0| ZASE nEo=z, 2FoAM JhsHE ol H{X|[7F SA 2 LiFolA HolLt
opak S0l QlsiM &A=l= WS olo|sict.

o 2Ho| olslf MAME oflHX[7t AH|EHAM ZAH|7} ZIFSCE o|HASHAM MEe| ghSoll ost HAo|
HeTs d2aMs0| fFs5ictn & 4 ot

o HMAMZ2 olal AttxlE olHX|()= =3FtstEol| 2t stE-HeloledZMe| HAI Zotll g 5 Ut
(Lee et al., 2007; Cho et al., 2013)

o EZ|H —E—ELE'-IEE 42 50| fF5t0f, s 252 22 F Us AMHANM==Z &80 Jtss, o
EAl FX|2 BMTeE SRHE FMACEM, 2N SHE St 2l &4 ¥ S Atolel opEnp oF
=2 280 2§t olHX| &ikg Solf s 2Tt o] FOo{ Rt

K, = ——, (&% : kN/mm) (4)
m
Tl ds) ds T ds\?
ED:/fD . dé:/o ‘”(CE)E :/O ”C(E) dt (5)

Voids around aggregate  Silica sand(#4, #6)

Force(kN)

Strain Energy(Es)
Dissipated Energy(E;) ’

t-
‘s" '!1'(
K (A) Polr A...'-‘.‘;-‘-;‘!.i

Displacement(mm)

— Plain concrete
—— Polymer concrete

— Impact damper

— Viscous damper

Acceleration(m/s?)

-150 - L L T L

Epoxy resin coating

0.406 0.416 0.426 0.436 0.446 0.456 0.466
Time(sec)
8 17. Specimem of polymer concrete with hybrid damper
4) EelH Z3z|E ST+ HEe M §4
o Fulp 2Etek(lnertance) I ZA[H|(Damping ratio)E H|met Zol, Fulke 2gske= PO 16.22
718 2 Ho =z LIEIS ], PM300| 71 &2 g2 LIERHACE
o HAH[e| A=, PCIF 1.362 71 YU Zo=z LIEfgon, E2lH =280 S7igol w2l =ZolX|=
AHoZ LEIGCE £9], PM302] A= Z2H|7F 4.92 PCol H|s 3.5HMEE IH BII5H, TS
Ms0| 5t o2 LIEIC].
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o PCel ZRc= IRFT I} 488HzE LiEHG=DH, 5 HHE M8shi =W ZM0| ot FItst| IRy
7t 51822 BIISEM Fuie SHEME R E Zasts Woz Uetdct o M WHE o
8t P LFFTUTT 47822 FASHRIZH, Fio SEEHE 512 7008 E JA Hd4sks ZHoE
LiERt, RS2 Mso| JAH Btk A= LiEtRCH

e Plain 232|E= IRF L7t 488Hz tHdolX|gh ZE2lH Z232|ERt S+ HEHE 2 M8e 49
= 2ol 3 B7I5t0f 578~603Hz CHH 22 LIEHGD, Fuls SEHeTE 26~ T2 A Ha5t0e,
sz dsHo|AM PCCHE| 245t A= Liethct m2iM, E2(H Z3e(ELl 57X HHE SA
of M8stH =2 HEX N ASAUM M52 IAH M AMZ = U2 U2E AtRECH

20.0 6.0 100

M Inertance — PC
‘® Damping ratio e PC_ID
16.0 l 48
2 12.0 3.6 2\6 %
T °% E
§ 8.0 2.4 g. g
g s ¢
T a0 . 12 -

0.0 0.0 0.01 . . . , ——

PM20 PM30 100 200 300 400 500 600 700800
Polymer content Frequency(Hz)
[Dynamic properties of Polymer content] [Dynamic properties of Hybrid damper]

20.0 6.0 100

M Inertance —IEI\CI|20 D
‘- Damping ratio ~
160 a8 = PM20_VD
o b4
% 12.0 3.6 E E
£ 80 24 2 ]
& E t
c 3 ]
c £
T a0 12

0.0 0.0 0.01 L . . , ——

PC_IP PM20_ID PM30_ID 100 200 300 400 500 600 700 800
Polymer content and Hybrid damper Frequency(Hz)
[Dynamic properties of Impact damper] [Dynamic properties of Hybrid damper]

20.0 6.0 100 —

e —— PM30_ID
- amping ratio - e PM30_VD
_ w0 “‘ 4.8 = 10
E 12.0 i . ‘m 3.6 '% E
£ 80 24 g— s
g 5§
I £ o
2.0 l 12
0.0 0.0 0.01 . . . . .
PC PC_VD PM20_VD PM30_VD 100 200 300 400 500 600 700 800
Polymer content and Hybrid damper Frequency(Hz)
[Dynamic properties of Viscous damper ] [Dynamic properties of Hybrid damper]
a8 18, B2l 23a|E9 SYTx YHel S5 54
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JEEEA2] 9l HDE S 71X HolM HO{EFZE Izl ofgt Sol|HX|7F 2 Ee Hez LiE}
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wend, bt 232 |Eof| tfsh =g TS0l F=5Ha hEt 22?‘_78 E7HX ZSHATL tEA dojLs He

2 LIEfgTh 3H JIEEAE Soll AlH E Ho|lHE HdEst 21, et 2F2(ERCt E2|H Z32(ELt
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2E JHERol tisf EEHEI2EL F2, =M SAS80| BIETSE AHHS0| Botete A2z Lt
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Referemnce 15% 20% 150 0% Mount Reference 15% 0% 15% 0% Mount
Specimen Specimen
(28 JIESEHA &gl [6%H THSZA 22 8]
O8 24, 8 32 & H 232 EQ M Ay Znt

@ FEMSl A2 S DFF o
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[Plain concrete] [Plain-Polymer concrete] [Plain-Mount concrete]

Specimen e
P Freq.(Hz)
. ] ' ' Reference 229
79 /' ¢ T Polymer 15% 225
g s T - 1x+ Polymer 20% 259
o 500 1 Polymer 25% 261
< |
B 400 [ —=— 1storder | Mount 152
'E‘ —&— 2Znd order
= 300 | Reference 618
2 son . -—" '\ Polymer 15% 608
. N Polymer 20% 699
100 . T
Reference  15% 20% 25%  Mount Polymer 25% 705
Specimen Mount 415

a8 25, AE E STFa

_28_



8) ZIA4 v Z32[E siAM2Y HE X AEF 3 vl

@ ZIAY ZI=8te 23E|E9] 554 Hlu 21
HsNad dsdE AMdS flof et F32(E
Ao chet JHEAIE S SASIUCH JHEAE 2 AME oM

Ch(Ch1) 2t AlEoO| ob=tEl HEEH(Ch2)olAM 22t TS

HEES dE/2Ho H|Z o] 25
Slabi(gt ZIE[E)2} Slab2(E2H SIS 20% H
Peak Tt 55Hz, 360Hz, 420Hz CHOlA| Slab22] MEHEO| 15~20%8 X H H2 A2E Eolgon, &

7552 AP 35~40% B2 2

i

4>
o
0x
or
]
h
8
ful

P

HFEE Al A (Slab 1) EglH 232|E Mg 7| =HIE AIEA(Slab 2)

Ayt ZI2|E HE 7|

O3 26. 7|AA HIE ZFEE AIHEA

1.00

090 | —Slab 1 Average
@ 080 | —Slab 2 Average
<
W 0.70
b
ufl i
zl 0.60
o 050 |
K
K 040

0.30

0.20

0.10

0.00

0 50 100 150 200 250 300 350 400 450 500

Frequency(Hz)

O 27. Z7IAA Z|=8tE Z232|E AlEAN ISTHE vl 20

_29_



@ JIHA 7IZuiE 238 HMEY HE

=
JIAA v EulE 2aElEe] AEMY M50l et A 5¥ HE ABE FTstol, J|AA st 232
*2 . y 7 Mg siamEel 4B,

o
Eo| s4 2Y SyS ofzh 2 Zo|
|

7IH/ ST 7IA EH|

1A 2H|Q BT\ X 232[EQe| HERY

E2|H 232|EE HiHAl
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Total Acceleration Enl A .

Type: Total Accsleration SZ 7|A & Type: Total Accelerstion 2 7|A s
Flequency; 4335 iz raquency: 40826 e

Sweeping Phase: 90.° Swceping Phase: 90.
Unit: em/s? Unit: emfst
2020-11-24 2F 524 2020-11-24 2 1:82
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ag 20, 1A i 23Rl A 2Y S

E 1. 7|AHA 7| =0t 232|Ee| sl ZAu)
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. =y |pexoge 7‘._|o7_P—._'.:_E{IE(cm/sec )
T (mm) (Hz) 1 7|zeks | =325 ! #l
7| H M| are Zajo bSPAC]
gt Z32[E 200 21.03 51.36 12.70 4.27 100%
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gur| et E320= 170 20% B
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NDEVCO Model 2305 impact hammer (X3
- Frequency range: 0 - 1kHz (medium tip)

- Head Weight: 15 Ib (6.8kg)

- Sensitivity: 0.227 mV/N

(2) Accelerometer: (B&K, Type 4384)

(3) Charge Amp (B&K, Nexus Type 2690)
B&K Pulse 3560B

(1) E

(4) Analyzer:

(1) 7F&I2  Impact hammerE At235t0o{ J4AlISHC}
(2) S™A| =4 33 o|At JIZI5H01 coherenceZt 0.9 O|&F === Sict,
(3) uEHAe Mo|l= i3t Zo| Fofzlct
Z=F/V (1.1)
047|A, F = Impact force, V= velocityS 2lo|stc}
QIuEHA EYADE= ch23 20| EAISKUCE.
L,=20log(| Z/Z,| , B (1.2)
oi7|M, Z, =1Ns/m= He|ect,
(4) gle AHE JHZFEE ZHIISSIH} ST SHSI|IE 222 JIE T Al(accelerometer) & ALE
slo] JIEEE SHst ¥ v =q/2nf S 0IB3l0{ dmEAES Foict,
= 20log (| Z/Z, |= 20log (2rif ) — 20log (| a/F)) (1.3)
(5) Coherence2} Inertance= narrow band® 1 Hz ZtHd 2oz =X sict
(6) 2t Zt&EA fxlol thsl E™TH N2Hel 2HZ2|E[E Al(].4)2F &0| W35t (energy average), =35H
oz AFE F§f duHAE FE 5 Aot
%vemge:[1/Z1+1/Z2+'“+1/ZN]/N (1.4)
- 3" -




Zavergae = 1/ average ( l 5)

(7) A (1.4), (1.5)e] =2|E| a4 (1.6)MF ueire

m
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=
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-
gh
rr
0
T
Hn
30
o

Zcherqage:[Z1+Z2+'”+ZN]/N (1.6)

(8) & &S vluWstH 03] 7He| duHA (E= =ZY2|E)7t 2 xto] glo] tHS3HH 4 (1.5)2F (1.6)
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my
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H

A0t LtEfo], uEHATL

et oM ZILE2R dip £ peakS 7HXH F A2 FAlE

=
T4
4 gl Alol2 Bold Hoh ubsom chg @Ayl MEstn Al (1.5)E uEAel 5iEY

Sl S LIEHA
Ct.
Zavg 2 ZavgiMobil (|7)
(9) 1/3-ZEIE BHEZo] HE2 4] (1.4)olM T35 1 Hz @0l uHA g2 cihg3 2o HEZZ 1

510 log 2H&tsto FE 5= UCEH

LZ_band = IOIOg{(ZIOLL/loj/Af}

0i7|M Af=bandwidthE <2|o|stct,

F5 Il. 0l2E2} HiEe| uHAE s iy
Foeiwt

TXB k

Impedance Z

2 30. Mass-spring system on the elastic floor with impedance Z
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(k—o*M)X—kX5=F, (11.1)
KX—X p=ZjoX g=F 4, (11.2)

o2 EStetoll A HEEO| Jtsk= &2 FﬂOWELT'_ st F & of vl= o3zt Zof =t

F, oM k
F roor =1 A (1+ cho) (11.3)
Al (11.3)0lA duEATE HESE ZMo| 2 HIEHE oo|gtct. AxF Aol QuEHASl H|TF 4

(11.3)e g=|k/Jw| ol olxle g M4HEH ch23}h 2ot
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31.5 Hz
1/10 0.00051
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Ao ME&E M=ol SMEH2 ot E 42F ZCh.

M= e EFA H = Zop&H|
Z32E(2x) 2,400kg/m* 2.7¢" Pa 0.18
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B: Harmonk Response
Total Acceleration

Type: Total A((eleralmn
Frequency: 16.088 H
Sweeping Phase 210 -
unit: /s

2022-01-12 23 1236

B: Harmonic Response
Total Acceleration
Type: Total Acceleration
Frequency: 14436 Hz
Sweeping Phase: 270, *
Unit: cm/st

2022-01-12 23 1210

0,623 Max 5.8862 Max
89356 5764
82483
75609
68736
61862
54989
48115
41241
34368
27494
20621
1.3747
068736
0 Min

5.2666
4.9568
4.647

43372
4.0274
37176
34078
3.008

27882
2474
21686
1.8588
1.549

1.2392
09294
06196
03098
0 Min

FZ2E232E 100T
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B: Harmonic Response B: Harmonk Response
Total Acceleration Total Acceleration

Type: Total Acceleration Type: Total Acceleration
Frequency: 16442 Hz
Sweeping Phase: 270. *

Frequency: 15.832 Hz
Sweeping Phase: 270, *
unit: cm/s? an/st

2022-01-12 2% 1203 2022-01-12 27 12:33
soassmax S S ~gg 23558 Max
46849 22249

43245 2004

39641 1.9631

36038
32434
2883
25226
21623
18019
14415
1.0811
072075
036038
0 Min

1.8323
1.7014
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In)

¥ 5 1IRdEs & MSIEE, SIS Y i ME Tt
1RIUS s AT
22 i N 4l
o &= B(V)
S 14.44Hz 9.86gal 79.9dB(V)
=22 + £ 100T 16.08Hz 6.13gal 75.7dB(V)
siA Antgrolaz, o
=X + 22 1007 £¥g 5% F71Hel
=225 T 30 15.83Hz 4.68gal 734dB(V) | s g mas most
EE + F= 1007 16.44H 2.38gal 67.5dB(V)
— _ . z . a .
(ZE2|HE32|E THE 30T) 9

@ A8

O DRIUSFDSE B AT 144022 71 FotM UNo| XS Aoz moiEn, 2azIRlE
It AeE 16.08Hz, WRIME 30T F7HsH ZH9E 15.83Hz, Z2lnf ZA2IE W= 30T F7t3F F9E
16.44Hz2 D73 utprt 71 2 AR =el=lof, 40| JHE 2 A2 HThECh,

@ TISI7IEE|"(Vibration level, VL)2 &x2| A% 79.9dB(V)2 FZEZ32|EJt x| M2l SALE
= TS0| A wyE Hez merEct FZE3E2[E 10071 F2HE 2= 75.7dB(V) 2 S2xEct= 7
S7tEEeHol 38% M ZastA| ol AHFSE stEol teiM 87| F(XHLEV|E, 4.00al line) S Cha
DFESHX] Zote A= grt=E Qi gRliER F2|? & E 30TE FItet 29= 73.4B(V)E2 F2
Z32|EECt 20% H = SIS ol M=o, HE7|ES UHESHX|CH, XS StE0| Bt 49
= &IS0| 2dlsto], Mo SRHAMA L ASHE0| AS A2 HEHEICEH

Z2lH Z32|E e 0TE FI7iet d9c AS7tETeHol 67.5dB(V) 2 2232 E thH| 61%, 2l
= "] 49% Hx JHMEE= A2ZE HItEo], JE7|ES TEEI SAld Mol SFREMAME §E7]
Z(FH 7|& ok, 0.7gal line)s Fstes X2E &Rl QAct it o|NH XS Fo| 25t oMz
S0| g A2, MuuoMe As & FxrAg B7tel delol 2 £ ALEE MAEHEs ot X[EHHel
AEHE|II HeY A= HChElCh
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O|ZHIE T =M 2 FAHS F0[7| ¢t &xchz) F It 2171 Holh wo|c, detE oz o|FHt
SExEE Al25HH chddlERzolMel XSS 2F 85%0AM 0wtk £ = e U2Z YoM U2ni,
Ol & &Zol X EstH 87.60dB(V)ollM 53.97dB(V)7HX| Zls& &Y + US A= ECtElch ol st
O|ZHIEH T XS HE ME Ao &UHoz M3 £ oL},

k=

=

totE dH7|ZE St FH| JtS2 Stiefof stk= THEol Uck TF 4tollE oY HIET =L o|FSHIE
—

2 2 2 r
[ABERS LIEhT, T8 420l HiSol JhsiR EZD of B0l thst A/sHE w

UJM_Model 1
MSC Patran 12.0.041 11-Jun-04 18:49:36

Detorm:SCT:DEFALLT, Al:Maode 1: Freq. = 24175 Eigenvectors, Translational

1.95-002 UJM_Model 1
MSC Patran 12.0.041 11-Jun-04 18:54:38
1.82-002

Detorm:SCT:DEFALLT, Al:Mode 1: Freg. = 24.175: Eigenvectors, Translational

5.10-002
4.76-002 I

TR0 442002
156002 408002
14302 374002
1 30—002. 3.4u—uuzl
1.17-002 3.06-002
104002 272002
9.11-003 2.38-002
7.81-003 2.04-002
6.51-003 1.70-002
5.20-003 1.36-002
3.90-003 1.02-002
2.60-003 6.80-003
1.30-003 3.40-003
233010 B58-009

a8 41, Shuietnl o BulETEel ASSE AHEY

oiin

JE ]

default_Fringe

Mex 1.95-002 @Nd 2182
Min 0. @Nd 194
default_Deformation
Mex 1.95-002 @Nd 2192

=002

Valotilias [ridsac]
§

=006

=00 T T T
a 1.0 o k]

Tirrwe [S]

40 50

(a) Hitol| 7tslizl 242

O 42, HiEO| Jhsi

£2{2{3} o 220l thet A/5HT vistel 2

4.00-003
2ap003 H

800004 o |

defoult_Fringe :
Mex 5.10-002 @Nd 1890
Min 0. @Nd 83
default_Dsformation
Mex 5.10-002 @Nd 1830

B00004

Velocities [misec)

-2A0-003 77

-4.00-003 T T

(b) AbRBELT} StEulEte)

40 50
Eaild
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XNZxHE Mistes FE MNsi= Znoet ga 2 fde|miyt JA=dl, ol= ofE dXtel s geknt
& grsko| YR|st= BuH(PIb, Primary wave)2t oi&e| A& deknt mo| g weko| AZg o|F= o
(ST}, Secondary wave), Xl=Imbe| ZIZFo| X|ZMHoAM e o7t Zof&od| w2t FA5| =HotX|= 2l Y2lTH(R
o}, Rayleigh wave)2 T2& = UCt. &, X EHo|M 2ot & Al @M si= ERM I of 4 X|= RIIZ}

2+2ZF

=
MA ol X|e| 67%E AMX|SHK|OH 2l ulel Fut= 22t 26%, 7%2 BRIl o X|JF =ch. w2k, Table 1
1 Zo| Zs3shel Mol UM = RuIE 7HE Z2FH oo|E JIX|ER RIIE A= AWo| AsKE
o| siplolz} & £ Ut
1. Types and characteristics of vibration waves
Classification Vibration Energy Damping Velocity
(Surface)
P-wave 7% . rt C,>2.5¢,
?(Underground)
1
— (Surface)
S-wave 26% ) r’ C,
7( nderground)
1 C,=0.92
— 0 . R
R-wave 67% 7 ~0.97¢,
G - Velocity of P-wave, ¢: Velocity of S-wave, C,: Velocity of R-wave

Pul, Sut, Rue| X A= ZobSH|(v)oll w2l Betst=d, Fig 12 »=0.252] Z <ol tistof, X|&kof
M UYe A2 JiFle mf, mto| Mup d@s et Zdolct
MA, pupyt FHACR HWEZ Muza, FE w2b Subyt putet St FHIEAM MEEN, RuE Tt
=4 s "el2M MEECh pubs oiEe| MAMEtol it XM Eol @ elo] EI01 Ho7l= m=z2M, 7|
A Eof Sdol siEsts &Hu, 2nzr F2|od, MupKzrt JhE weE SZof Aot £, el d
Z2 X BolMe Hel ol gulzsto] Zastn, X EHAM= Halel MF 2ol 2| Stol ZtotxIct,

ghd, sot= pxtet TI'AI'éI' S8 2ol=dl, XlzxEHo| d5to] syt MEE mf, fEo| A Yoz
TSsHA =AM st otE svut, sgdeoz TSSHHAM 2YstE s SHut2 FEshv|T 5,
olg{gt putet SutE F& st A u2ty FECtH

R wave Swave P wave
1 1 1
Land surface | Vibration e AT 72 7
H f\ — PR— .
In the ground
1
—— Amplitude attenuation
AT /1
,"‘ BN g
% T

/ - .y
“Vibration direction \\
\

Propagation direction

% 3. Wave propagation condition in case of impact on ground
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ANEH2 detdoz M 3l EQko| EFof w2l #dstX| 27| &2 XHgs #Lst 2s Moojd=z
Mztsk = gle 4271 2ot uebM, pub, ST, RuleE AsXMobofEle| zof XIEEe| Zba HEZ ot
M omle| £Eo} gefrict, £ el R Mg w2t Musk=d, 1~2otE MEQE AR mEoZ
HEHEZ, X ZxEHAML Zol7} ZAH & wzt XEo| 25| ZAsts S Eelct

i 2. Vibration velocity in the ground
L Type of P wave S wave poission Density
Division . g 3
medium speed speed ratio (kg/m?)
clay soil 80~160 1,200~1,600
layered sandy soi | 250~700 60~200 1,600~1,800
gravel 250~350 1,800~2,000
|oam 140~200 0.35~0.50 1,400~1,600
diluvium clay soil 1.000~2.000 160~250 1,400~1,600
sandy soi | 200~350 1,700~1,900
gravel 300~600 1,800~2,000
mudstone 2,000~3,000 600~1,000 5 2,200~2,600
oo soft rock | ndstone | 2.000~3.500 700~2,000 0.30:0.40 |5 5002700
granite 4,000~5,700 2,100~3,300 5 2,600~2,800
hard rock basalt 4.400-6.700 | 2.500~3.800 | 227035 1 5 8003 000

@ Msue| Helz
s z2REo| He| dale Asume S/LE Xlgte] Mef o w2l Z2iE = A=, LA SH X|ghof
CHsiAM FSme| Mo w2 olHX(el Z4tnt X|ghofjzle| ofEto| w2 Z2[E TI24sto] A (1)o ofelst
o Apter 5= gt

L =1 —8.7/1(7—70)—201og10(ri)” (1)
0

o{7IM, L2 A2l r2F "Hoid Hol dF, L= HEl »UF EoZ Ho| Z=F, 2= X|gte| A

ne EMHE(1/2)0|Ct.

AlEA MZE 2 AE dA
Udt Z3J2|EE 0[&5101, Photo 12| a)et &0l J7I2 2.4m, MZ 2.0m, =0| 2.5m, W5 =Hx =7
0.2me| F=AEHME HM=tsIFCt AEA SFZ Z2lH 232/E+= PC(Polymer Concrete), Z2|<2lEF o
E &= PUM(Polyurethane Mat), 1% m{=+&= RU_M(Rubber Mat), CN(Plain)Z2 XE7|sI¥C}.
E2lH Z3I2Es €S2 085101 b)et Zo| 0.5x1.0m I7|2 H=ESH0], ¢)et Zo| TZAIYA e 2fF
Hodo| MX|5tE 20, PUM, RUME d)2F Zo| Fat5t0 M =HsHYCt.

a) Algd o2& b) Z2IHZIZIE M= MZE ¢)Z EIEI-|='3EIE JlH': “X

g 4. XERlE =

E
S omo
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g2Hd | Photo 2 a), b)= HM=ZHEl AHME MRSty flet x|k =

e,

)
MzHEl AlEH = c)2f Zol X[gt W Fo

g) Applying an impact load

BEAN ¥, d)sf Zo| &
Al AEH

%&FEPS% LIEFAHCE g)= 100kgel &S
2t

X[ SE7HEIZ1(APS 400 with APS 0412) 2

i

A
|ed =Holl F
Al

CN2 z=gtet

A )
f) Check sensor installation

h) Applying an vibration exciter

8 5. Experiment method

LIEHH O],

Al A

sige

I SHA 7

=
e

Lt

7t

IxIo M 7tz
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Photo 3 a)
olgstof, A
APS 0412) 2

= AgoilM

ZF5tAct. b) 2Abst7| 9l E=igh FHEIER| (AP
AFA o

Okg FAH 2 300x300x600 = 7|o|jo{, LutMol ZbA
or ( 400 with
Ml AL2E2 Table 92F ZcC}.

i 3. Specifications of ground vibration device

B Force Velocity Stroke F.Q Weight Dimension
(N) (mm/s) (mm) (Hz) (ka) (LxWxH)

158 200 73

Shaker 445 1,000 526x314x178

load cel | -

- 100 300x300x600

X ZHx|= Photo 42F Zto| 2t

Futg Eds5H7| 2o, 7
[=]
=

AMAHMEREH 2.0m Ho{xl 2x[olA JERISHY ) 2 Al A|
A RIxI 225 1.0, 2.0m ¢/ xloll Sensor 1
£ Photo 42t Z0| Mx|5t¥20i,

P &5t0{, =o| 1.5m7x| E0{=&l
galo 2 X|dho| 542 Jtst

o &l
, 28 MXISIACE Z2f

5 ZHp|EN Y=o MA FHFO 2l TR A
2l =ofl, =& Sk=EH(300 %500 X 150mm) ol
=5 stct.

a) Impact load device b) Ground vibration exciter

2 6. Excitation device for ground vibration measurement

Application point
Sensor 2 Sensor 1 of the load

Hl rc [ RUM
[ pum [ N

% 7. Sensor installation to measure ground vibration
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@ A7k wHol| e XENES 54

Photo 52| a)= Xlghofl oHZE AlEAMZ2FEE FE2Z 2.0n & 0| 1.5m IX|oA 100kgel F5 AR
StAIF, XhE TS Jilsks WAlS LERHCE

Fig. 22 &Z47tzloll ogt AlgA 7L IS7EEEE HEMH oz, AHe Zas2ae AUSHEHS=E
Toks EY Bol= PeakollM ChE Peak2 HolZm 1 ZEe| 37|18 S HAXM2=Z Lot YO
7tE Metetct. £EZnt, peE ZS2IHol 54.650B(V) 2 olHX| Ss20| 7+ Z120f, RUM, PUM, CN
TOZ HolX|E Aoz LIEHGC. ONel &< 77.03dB(V)Z PColl H|sh ZlSa#ol 23dB(V) of& FA| LtEt

L} AEXZH Mso| MY =2 Z{o2 LIEFL}CY.
SEh2 FFT(Fast Fourier Transform) sto{ FmlE FIlof wpab LtEPH T =

2, 2 9I Al Aol sl 33lof A™ Sst §Z§% st E8Zn, PC, PUM, RUM, 22|11 CNe
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® 6. 2l SEo it A=2 FsHL
x| AZE | AETE (gal, cm/sec?, rms) | RS7TafH(VAL)
Heo =54, Hm2 2ot XY - 0.5 gal 50.97dB
=k 2.0 gal 63.01dB
= H X
gt 1.0 gal 56.99dB
N - 4.0 gal 69.03dB
S, MUH - 8.0 gal 75.050B
 dsof et maiAI™Ee Aete 2 6mm/s (EAol= 57 30mm/s)S HMAlE.
7|M RNSI|=X= rms, 7IE5Z(mm/s? )E dB 2 LIEHH
® *+== M= 7|&
o X 2.32 FEEOAAMS FSTIEZ LIEHACH
7. == Ms7=E
Contents Level of Vibration Criteria Source
Structural Damage Criteria 5 mm/s DIN 4150-3
~ iteri Hor . 2.88 cm/s?
Perception Criteria by Use 1SO 26312
(workshop) Vert. 4.0 cm/s?

¥ SO 2631 vibration criteria proposed in the table are the lowest vibration level within the band
range of 1~80Hz, and the graph (left) shows the applied vibration levels by frequency.
3) ME&sd % ot
® &H e
Aol CHE SEH S22 20214 10¥€ 13¢~20¢20 Z2X st en], S % EMEH|= B&KAS
Pulse 3560C Z&H|E o|&sIct. et ZA2E F E2H ZTIAZE J|=HIEHA AR = et TSA
e AWE siH AlEe sHsle 554 ¥ MYgss EHsYC
8 NESY U EMTH
Ty F2 Alet
EAMA|AH B&K Pulse 3560C PULSE
T Software
Sas Dytran 3191A  5V/G Accsloromater
Dytran 3191A1 10V/G /
: ; Impact Hammer Signal Analyzer
ol £ 3 o] ] Dytran 5803A
SIMA: 0.225 mV/N
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