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IE RUE
 SUMMARY >
This research aims at developing a high damping and cost—effective
multi—functional concrete composite material with an equivalent damping of 10%
level, which can efficiently enhance the wind-resistant, seismic, and
sound—absorption performances. The novel concrete composite material is
developed by employing a plastic nano—electrospinning process. lts characteristics
are verified via mechanical and structural experiments. In addition, structural
systems for reducing vibration-noise and improving seismic capacity are
proposed and verified together with a pilot-test. As a final outcome, construction
and technical manuals for field applications are provided.
1st FY (TRL 5): Establishment of fundamental technologies
- Development of nano—electrospinning system and novel concrete composite
material based on polyurethane
- Development of evaluation technique of polyurethane-based high damping
concrete composite material
Purpose & . . . .
Contents |~ Evaluation of damping performance of polyurethane—-based high damping
concrete composite material
2nd FY (TRL 5): Development of core technologies
- Development and optimization of high damping concrete composite materials
- Development and optimization for enhancing dispersion of high damping
concrete composite materials
- Development and verification of structural elements for improving
vibration—noise performance
- Development and verification of structural elements for improving seismic
capacity
3rd FY (TRL 6): Pilot-test and practical applications
- Experiment and analysis of vibration—noise performance
- Experiment and analysis of seismic capacity
- Pilot-test and preparation of construction and technical manuals for field
applications
— Publication of journal papers: 29 including 12 SCI(E) papers
— Conference presentations: 40
- Patents: 9 applications, 3 registration(s)
Results
- Product prototypes: 11
- Student involvement: 4
- S/W: 5 registrations
- Development of novel nano—materials and structures for building applications
- Development of novel building and construction materials with high
performances and their practical applications, including wind-resistant, seismic,
Expected sound—-absorption building materials and structures

Contribution

- Establishment of fundamental design technologies for wind-resistant and
seismic applications

— Construction and technical manuals and/or design guides for practical
applications

Keywords

Nano High Concrete Vibration/Noise Seismic

Electrospinning Damping C,\jg;ggsge Control Capacity
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- Polyurethane paste matrix

(@ (b)
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oj¢} #& PU-PE Sal 4vt ZAYE(C-G-P) tiv] Z&]f-dete 74 54
S Qe 4 glom, PU-PS PU-G-P2 HuE T3] L Zeo]2E FAE
ol we ax= geld ¢ v PU-G-P3 PU-G-MZ Blushd A zH3y
of We Aol FE F 9lon, PU-G-Me PU-G-S-MEZ Hlashd 43
A E}del e G FAT F U
228 ZAHL 9ste] 40 mm X 40 mm X 160 mme ZE=E F=H]E I
C—G-PoAE A WA Ax Z2A2ZA] Bsd Zg|ZgorE WAooz Z
2 AU A9 ¥e I, F v TRAHAZ AWE o] AEE 3R A
& & AL W ZA Afolo] Fof Yol AFAE Axsth. PU-PollA =
g g-ag FAY AsAE Ed7l Wa 7AS dEje] =g o 7kx] =F
T A w Exo Fof Yol APAE Axett. PU-G-PollA= 3 W
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A= A v AAZEA e W= AoHm AAuF S5 sy
© O e SR DAY, AFo] e SR AT kA b= Al
gy Aol oyA 2t T8-S UEll= AR ARSEY 7 A9 wighd
A2nE SA4s7] f1ske] ASTM C 2159 93 &4 71z A]g WHS ALS-3)
Ak AdAE wido I7]17F 40 mm X 40 mmeo]w, ZAo]7} 160 mm<Sl Zt
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st Tk G4 ZZ(amplitude) ] 1/v2%] AS o vy,

. ouig B oAl =

AE T4
T A=
EYA FoZ2A 2 A
C-G-P ANHE Ho|A~E =94 nj Q] A
PU-P =299 & v =93] nj Q] -
PU-G-P Z2 9 e =9 9] A
PU-G—M =2 5-dE =4 &3] B
PU-G-S—M =2 5-d e =4 =9 B
Al TP ZY O 2ER IA £¢ 3 wEgY X F=¢sto] A=t
B WjEH 2 2AE RVl Fal A FHE v 5 A
%, ZE9-de A9 Ak B4
FYA | AN | AFAE | Ag | whe
22 | BT (mPas) | wz | ANz AR g = ©
(min) (hrs) (MPa) (%) (%)
= 2.000—4,500 1.05
30—70 24 6.9 250 40
7 3} A 2.000—6,000 1.35
olgf 1L 7|E AFA ] AHE 7uk I E(C-G-P)e} o] AToA] Aot
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(impact test)S &3l 78 A FItle] AEE T+ 4 <
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1.2 1 1.2

0.8 - ‘ 0.8

e {5

i 0.0 P

]l 1l 0.01 | b 0b2 0004 0006 0002  0pL
04 N 0.4

|_i
08 4 ‘ { 08 4
1.2 - 1.2
Time (sec) Tirme (sec)

(@) )
a9, B3 g wE 7 EA; (a) C—G-P A&A (b) PU-G-P A& A

0.4 A |
0.0 '4‘

Amplitude
Amplitude

. A= wE HHAdE

T Wa A4

AAA e v (%) B A4H (%) (%)

4
A

1.98
1 1.13 1.57
1.60
1.74
C-G-P 2 1.68 1.68 1.42
1.61
0.94
2 1.11 1.01
0.98

16.83
1 16.24 16.6
16.72
16.91
PU-P 2 16.79 16.9 17.1
16.92
17.37
2 18.14 17.7
17.54

20.61
PU-G-P 1 16.48 18.0 18.1
16.99
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(a)

D Polyurethane coating ' Aggregate

(b)

- Cement paste matrix
D Polyurethane coating - Aggregate
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o HE XEWUE AWUES A3 A5E AFEste] ZAIHEY] 04 ARE Ho|~EE
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o Mg AR oF EFEL ok Eol bt E F PC-P EFEL o]
Tol Al AtHE Aw L A=A o) AFE A2 2 FHols ZATEo.]
oo Fe BAE EW $4e 5o Telgduom myw AT AFP yol
Agetglth. EElgelee] A3t ¥ EEedees I8 " A ZHde A
(o} 23)e] & AIHIE Ho]~EE Ao FHIAY. # IAE gHeA =
gol=d Z2ash ety &2 =AY FAY 15 %%t PC &£8&2 It
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Tensile
Viscosity Specific Elongation Elastic modulus Coefficient of
Material strength ‘ '
(mPa.s)  gravity (%)" (%)" restitution (%)
MPa)*

Polyurethane

2,000~4,500 1.05
resin 3.53 195 3.69 40

Hardener 2,000~6,000 1.35

" Measured in the laboratory
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Materials

Mixture
Matrix Coarse aggregate
PC—P Cement paste Polyurethane coated coarse aggregate
PC Cement paste Normal

SAsl7] Mol 4 &2 7] v &S, ASTM C215 : 20149
Holl o&] =AUt C. ASTM 215, ASTM International, West

Conshohocken, PA, 2014, ZAZE AlH9] 7| 712, A= B3 2 vEH T3
Fo FF A W) T4 AP g8 & A7 wEel Aol AHI 5
A3 A RS AR AIFAe] Aol Wake] EH ol =
7held f& 2o AXE #4125 mme d@dd H
93] = H AR HEs AXNsE A7l 98 7IE5=A(PCB 353B16, PCB
Piezotronics, Inc, USA)E ¥H|& ol A x| do]g =3 A]2~8(PCB 480B21,
PCB Piezotronics, Inc., USA NI USB—5132, National Instruments, USA)S A}
| st 99 g E How A vE&S Altsteld aid pgo] Wk g
gFe ol&ste] A Y99 NEZE Fus G99 A2 WS ofd 1¥
< S0 FAANR AYs dedth
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Flexural strength

Compressive

%)

Density (g/cm

Mixture

(MPa)
2.87 £ 0.23
3.05 £ 0.11

strength (MPa)

15.9 = 0.88
43.9 £ 2.10

2.26 £ 0.01

2.38 = 0.01

PC-P

PC
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uu]_eﬂ] 7L/\O]_oq PC—-P

47 % St} A - Wy — A
2"l A (m), 74 AT (¢
3} o] AAreE 4= ).

1.2

0.8 |

04 |

Acceleration (scaled)
Acceleration (scaled)

0.002 0.004 0.006 0.008

Time (sec)

mixture

0.8

0.4

-04

-0.8

oA o] Tpme] Az
PC AHurh A4
& ebdtt. obg 1

0

0.002 0.004 0.006 0.008

Time (sec)
(b)
: (a) PC—P mixture and (b) PC




0.16

014 | |=——PC-P mixture

= e = PC mixture

0.12

Spectrum
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O ] | 1
4000 6000 8000 10000

Frequency (Hz

a9y, 7 HE A Fos g sdEy

o
(o]
S
o

obel Eol 7t B wAHE e of g Shx vl mgEyom
v

H
WS PC-P B AR 744

Al + PC H3AI59 AR 4.3 =%t
A%d AHT PC-PY PC BPARe] FUF Aol ZSugon =g
=49 Abgoldth HAE Ayo mEw &9 F7H328%57H 7 95 A
= Aa64%2), @ FEGRE)RY FUH Ededdge R A4S AWt
o ZAE 73% AN F T
E.7 gel UG AAFuE @ gy
Longitudinal natural frequency
Mixture Damping ratio (%)
(Hz)
PC-P 5,133 *+ 47 8.22 + 0.56
PC 9,600 = 82 1.92 + 0.15
o olg] 1YL AR A GE=FE AHAGHAEZA] 10.04 MPaZl YERG
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|fiber content 6T%.

g dElgta g, o] 9EE ol &3t W HWAHE e AlRdAE =2 &
TS 45 4 A7) "o =g Foket GFP(Green Fluorescent Protein)
£ ARESte A ET HokollA o] ZiRe] g &85 vk Torigoe T
# &1 7 (fluorescence microscope)S o] &3t A& fxYg o]ln|xE o]z 3}sk
AA olulAE ARF Arle] BRor w7 B2 gl AR A &
ol ola] werst & o] ARE mPoR HFRAYS setagith el o)
& E59 A7lol wet AfiEAEdS vEdlE AT Gt s 9ol Q)
E AR ERE A8 bsd BE 54 97} oy
High conductive fiber Low conductive fiber
. . . Synthetic
Steel fiber Carbon fiber Glass fiber .
fiber
Image analysis Practical Practical Practical Practical
X-ray Practical N.A. N.A. N.A.
AC-IS Practical Practical Impractical Impractical
6 mm fibers 40 mm fibers
75/2 mm
__?5!2mm 2.0
]
N =15 & .
z o | A g
A S
E ®
2051 .
0.0
A0 A2 A8 B8 cs A2 scC
Mix design
O viEY A JAAT A WY Al B (a) AC-IS 54, (b) M 2
AT Wl e AT BE
Static segregation Dynamic segregation
(column test) Mini-cone slump flow “Channel flow”
- 7;/ T ‘*‘zn‘ﬁz!n_‘
— 8i1kg/m*
Top third i
Aiber contenf 2%, o
S~ | N o
Medium third =250m | & i Ty 0
f‘rE’éf}fTTeH%?% ! e @ ]%M T
— | 1 g T
| |

¢ = 80 mm
Fiber content along column

height

mini-slump flow diameter

Fiber dispersion in the

mini-slump flown patty

Fiber dispersion in a channel-

like flow
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AA = el AR o8 s HEldo EAE FIEE 2T 7 UAES
ghoh el 4 #Y AdES Fo] ARt AEE dEstal 83 AR BHES
AA B8 ARE AASIE Aol olm|A|oA A 5L A4, A3 A
2 2A So] Aok g EAE FTolA AR olmA = A D Hito] A F
7] Wl A FEES ERsked A 530 ofyth 914 Hgk s A
o] ¥ ol Adgk 540 ofYt}. Fig. 3el4 &<l

A% (convex hull)e] WA (Ach), €49 WA (Ace), @9 ZAo|(perimeter:
Ip), EA1¢ W Aol sl Atk 1Y o F 7l=AES FAdel g
E4o] 7FAok shi= 3| A (rotation), ©]& (translation), Z7|(scale), 1]l ¥}7]
# 3} (illumination change) 5< W&o tisle] B 5A4& z2bx] Xt} whebA
A oluAE 4714 8 =, Type N1, Type N2, Type N3¥ Type N4 = F
Fot7l 913 502 ofHfd W] diste] & 58S 7= 57hY SAwS
3 7= A4s sl

A WA 52 Solidity(Fs) 24 EA9] W8S HAESHT ddoz e
#tolth. o]= Type N13 Type N2¢t #2 Fd& tE F38% Zddt=d A%
stH, o]l& Ao R FdsHH v A3 Zoh

A
F o= ob

s

ch

L

T WHA EA S Packing density(Fe)2A4 EAo HAS & 2]
Sz WAOR Use grolvh o] SA %> Type N1 &2 #3935 o
gleh=dl A3telH, ol& FAo 2 RHSH v Ay P

P o vatel Zolzt 21 BAlS 4% 0 7 %E terha, Kol e

A9 A5 1o 7be ghs vebdth =S Fesl A7 9 d v)golxl 4=
T ot A &2 #@Ael] wiell, Aol Vleolxl HEE ATA R YEd
- ok

_md/A_d_ 4 _
T a?ja U dlcost ©°

A71M 6= AF7F duleld 7Eod ZtmolH, d = Ao Aotk [ Wi
ol Af7F vebl= Bhele] A dejeltt. whEbA Fem Aol 7120zl 7=,
gl thate] cos ok L. o5 F&f AFe] WFIS HUHE F Uk

A RA SAGE a9l AT Sd(Fp)EA S0 dels =Ae uAoR Y
gkolth. Fp Type N3¢ &2 95 o2 92 welstod A@s o= &




[}

1>
o
fr
=5
[-4 {
ol
=
i)
dlo
>
&
s
)

Tt 5AUS Fl1 FrizA G deol& 249 Wy Be AR oA 59
At AW dol(lavg) 2 22 Y @tolth(ths 4)). o] &2 Type N29} Type N4
g oE 739 Zgst=d 183 gholth.

obgl Z#e 1,35070 A oW A& 4714 frPo® ERetl FEHEE
Azke] By = Tgzz ¥3dd Ao|th o] HolEH|olAE RHEJ|Z ALY
ANNe®| shzol] ARE-5 ATt

—

B LD R —

w*ng

ANN<S Folzl dlolguo]l 2= 8t53 A5, 1 dolEuo] 2ol E3+H
Zadd 7 s O FxE HAs & ]‘:} T3 ANNO| A
HES A9 H3%=(complexity)ell ola] A% =dH, MIEX AL 3¢
idden layer)®] &, ¥l EFE=(HAE < transfer function), 7}
7} 2] (weight) 2] 54 9] (range of interconnections), 13 il
ol osle] AR, dubxow ANNO HF Fxd £A49
ANN Fx9] BJFLE7F dAst= S orlstn FoIx ZA4E &

A
1>

:?L_’;
fr o o

%%
H

=

H
[

(

flo
K
oo b o of L

(M 2 10 1M o
1o Y o flo
p‘L
rr
o Iz
ol

;9
(2w
>




7HE 2rekgk 22 o] FojoF e & TH(Ockam’s Razor H#]).
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Typel Type2 Type3 Typed Total
Type N1 378 0 9 0 387 97.7
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Type N4 0 1 24 52 77 67.5
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A= 23 HE" 45 (Type N33 Type N4)= A Al =™, ANNe| oj&] 2t
Z+o]l fEHo w2 BEFETE Type S1, Type N1 Type N2+ 1z AZEFolA A7
Ags] AZEA7] wiLol] F71H24 Q1 AE AA o] §laL, Type N3 57 &are]
ol g8 Af+E Bgs] AEcts Aol F7F FHET. Type Nd= 11 A4l o]
njxje] 7|z 8- st i B3] EA7F AT AFBR, olg HA
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Fiber image “Ns means number of

segmented object

Type determination
Segmentation (Four types)
tershed algorith F
Niaersheddnin) Feature extraction
(5 shape descriptors)

Detection
(Thresholding algorithm)

Y Construction of
= Database

i ANN Learning
Single fiber Possible

single fiber

Classification
(Classifier: ANN)

1

Simply use Morphological
the results from Segmentation [ reconstruction
thresholding (Wate_rshed
algorithm algorithm) Segmentation
(Watershed

algorithm)
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7 i I CR =
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7 L S S Wyl CEPEEE .
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1 5 | i i o
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[ Orientation (radian)
7
7
7
7 ;.
H 5} ] o] =] =i S O 5l 2= o]1= =13
a9, BEAR Do AR 9ae] B 2 PR B 5 i e

2T ES ]

& slate] Af PE A4S AT, o dAge] % 3
2 vkt vt g 123 AE & FUHE

=1 Type N4& AAZ3s7] 93}

, 183 Type N4E #AZ3l=d A48 =

=
1
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Nano—Electrospinning “&H], &4 A 2~8 7k 2 A) A1 g
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AAE 9T e AL e e
AMze w7k A4 Are] ARs gk ¥t £ Af duE e 24 5
ol Hold AAE ZAYE Amel] EFshz 71Ee] gl A7l em 9
o, o] gHE A AR A717F mm F& um @9 o TAE AR
o A7IHY A7) Wi dwEdo] fuE, gl i, gk APl
B HolojA] R o] WolX A Hof FEAset 5ol wkd Row #d
g},
mebd 71E 25 71N dAsa ZBEHQ #HS57he 2] st 2w
E Aol ZaHe AR A4 im FEOR AT AEWS Agstad
@t o8 Bkl ZaHE ARAY FAAel FHE T2 AL :
of meh B &4 glol e d FAe VT F Ak =F, VE 24 Al
Hlste] mwH Aol A FTAGES S FAFYo] §4eta, el fe) do] =
Pdxde Tote] a&A AT T e o JUF F 9l

Ui AHE AZss dxdd 7€ A7]Z9H(Self Assembly), 42 (Phase
Separation), % %A (Template Synthesis), A 7]¥AF(Electrospinning) %°] U
o, o] T HVIA} 7]EL B} 7]EEC Hste] FA o] hstal A F5 o] Ag o
A gte] s W oolye} Al 7Idgk =& vxHA, F5E(Porosity) ¥ T2
719l xHo] folgith= AHES 7HY. vx AR AFE fgk dA7EA
(Nano—Electrospinning) 7]&<2 7|4 o2 345 Zgxg fo =2 &85

Aljet)s S8t Wd=AdFE A2 F e s4o=, vlo]aznEolA iy




et Wierbg 7]Wk7] o,
Lok AA AVHAL VS vtg e Hu tpekst JHo] Yy AHRE 7HEer] 9
sk At Aol Xerar o, iAo =r (1)3o] -4 (Core—shell) FEje] L
==
[e)

= A 7)"9AF(Coaxial Electrospinning) 2 (2)5 7}A] o)A+
o o Fekayg &8 ALl §F UAFE T U3 A7
AH(Multilayer and Mixed Electrospinning) s°| ¢, & 2L Hejo 7|
U g3 A 59 Es 71gE 4 9l

R Ris ﬂﬁﬂ e 7HAE ZAYE AR LS fste] 48E e vxeA
ol ArEe W$e BAAS, 2 By, L Z o] (Hysteresis) SAS HO|
v BT = ](Elastomer)ﬂ Attt ol¢f 22 B@ATHEA T, EETHE
A A5 (Natural Rubber), 3425 (Neoprene)ol]l H]sle] €& o] %o wE
A5 (Transmissiblity) o] 4—108jA % o} A% A7A 5ol s, 744n)
(Damping Ratio)¥ 2.34 HzollA 0.344=% A& A8 Fol 714 =t} waba] d7)
WAL 71e=s AEete] Ui 2 BW P4S Aloste] FARESS] FF Aess
Folil FAMS Folve Tiwo] /MiE A ZAYES AHHE r|He=m =
oal o) o
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A7 A (electrospinning) FAAAM = Feb2E v AFY Azt 9t &
28 A2AE & =l Fek~¥ &9 (polymer solution)s x=F(nozzle)S &
sto] EESY, BAE 988 sk i%ﬁ giollA ZEtsg gL FEI £
Ao o] oste] A4S FASHA B o W =F3 [{w
(collector) Atolell H717E H-o st 5]‘?1 Zoh2E g Agotes xHEE
W E = A7) go] WA Eo] o] Aol M HA Hrh WYEH &
FAE I o g ZI FASHA =M, o]¢} e & FA4 & BWS HA
Z(Taylor cone)olztar go}. 17bel F= 25 A717e] A717F AdAGS dolA
Al HH A7 ofgk Fdv|ge] A EES SHEA Hol &4 AE(et)7t
FAEH, o]st TS AEE FAFHA dAT FHF(flow rate) 02 Zo2H &
Neg &S ot AFHORE el Fo=A ASd AEY YAdo| 7o
Aot =55 F5te] E55= ZdaE 899 AEE [JxldS Fa sk A
|ujo] Fto] dojuAl Ha, webd EFekaY v Adfrto] Hxlwe] A5 A
ot ety &9 AEE o' T AAv|g st xHA o] FUIEHA HH
AfHow FAE= Ao A4l Uy FE5 7HAA "k
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Nano—Electrospinning

ar.

Electric potential

Needle-collector distance
Rotational speed of collector
Electrospinning time
Flow rate for each nozzle
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Mixture Width (m) Height (m) Span (m) Manufacturing
method
G-P 0.2 0.1 18 Preplaced  aggregate  and

cement paste injection

Preplaced aggregate coated

ﬁ(li 0.2 0.1 1.8 with polyurethane and
cement paste injection
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—— Theaoritical envelope
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1%, Damping estimation with Hilbert transform

3f. Modal properties of PG—P beam

Natural Damping
Mode No. frequency ratio

(Hz) (%)

1 11.63 9.8

2 50.65 95

3 114.2 11.2

4 198 10.2

5 252

6 333 -
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Item Value Remark
Slab size Te 79 1A
Density of slab 2,400 kg/m?
Density of air 1.225 kg/m?
Sound speed 340 m/sec
Young's 21.152 GPa
modulus
Poison ratio 0.167
. 0.3 x 0.3 x
Element size 0.18(m) Shell element
Analysis .
method FEM Frequency domain
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(a) Unit cell (b)Tetrahedron

(d) Manufactured Kagome
a9, b Eda

(¢) 2—dimensional Kagome

o KVD ®He] A5 13 BE9 oAl M7t 6%71F HEF A
Aolut, obdl Ei ww M A% 7 meo] ggk o] 2Hel REENS ek
I Qo HBy AA$e] 7 RE 3570557 vAs A A YEleE A2 KVD
o B4e wstel ;i AL FAFHAY] WRoITh o] BH FAuE A
A A 7t BES} 290 ANE AXNES 24F QoW Wy AX F 14 ©
T 6%0y a3 B AH]E 10% ol e s vERhal ) o] Ze Wiyl
AR XA xF REO] AJfA ] WMol 7] wjZo|th

£.9s AFe] wg 54
Modes
Parameter
1 2 3 4 5
Natrual
frequency 0.200 0.584 0.920 1.182 1.349
w/o KVD (HZ.)
Damping
ratio 2.0 2.0 2.0 2.0 2.0
(%)
Natrual
frequency 0.204 0.609 0.933 1.196 1.364
(Hz)
with Damping
KVD ratio 6.08 13.8 16.2 11.8 17.8
(%)
Estimated 5.74 13.3 16.1 B B
(error %) (5.6) (3.6) (0.6)
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I Y dAAd mE AATES
1/1 octave band
SHTLT | 210mm S22 +PU|(Z ) 2 +PU
Hy L agje |2g el
315 106.2 102.3 1054
63 88.9 86.5 86.2
125 78.1 738 13.5
250 62.0 56.9 53.1
500 56.7 527 512
Li,Fmax, AW |62dB 58dB 57dB

(3) Task C: AAE NS 9t 174 F2A]~H

o FRE|A A= FEA QN FHFo] Thsdt T o] sAIZl A REE o
A AR RS Zdsd. Mg EY ARREHE RIS A
(viscous damping)® <&#A] = ofefe] 189 Dash—pot c2EA] FAHC}
Dash—potell &= 71 Aol nlgsle], &re] gupake] 7432 —cy7} B3
A7 5 HATRAASG (coefficient of viscous damping)® A= sty, HA
Aot AEEdy 2 vAYIEAdYESs A= 4 A 2" es AYxls #H
H A g Eolebal gkt

o AARAAAE 7HA = 1 ZHA (SDF) 2L a3} o] xddY. AFfEe W
422 d'Alemberte] 9 ZHEH v Aoz xd3)

m:1)+ cg.;+ ky=20
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é)+ 2hwj;+ wa =0

Z*(damping factor, friction of critical damping)S YEFHH,
TE Yehle o3k ZE&el

77 ey i

ky --—
M . m

cy —-——
¢: dash-pot €y )

v Free Body Diagram
Forced SDOF Structural
Muodel

o 7)o Aol B e Mo W Ae okl 43t ge SARAAe Fuw

e o= ol
y=Ae

A4+ 2hwr+w? =0

A
{A—l}Zhwi\/hQIw:hwi\/thwi
2

MM 970l E=Elal JJEF o, o]R o] AEATF g M+ B 2] il
ok dle) AAe nel gl SalA et gol 3R BRAL

y:efhwt(Ae\/hzflwt_,'_Bef \/hz*lwt)

=e¢ " (acoshVh*—1wt+bsinh Vh> —1wt)

Ty r_ -z ~ ) )
A7 A, coshe = ———5—, sinhz = ——— : &34 34 (hyperbolic function)
2 2
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Story shear force (100kN)
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F. HE B oA

. Maximum
Ground | PGA Maximum

Case . Interstory Displacement, A
Motions | [Gal] | Shear Force, Vu [kN] Y UeP
u [rad] (mm)

No retrofit 200 2040.7 0.0105 (34.65)
200 1524.5 0.0051 (16.83)

Existing Damper |El centro
INS] 300 1879.4 0.0084 (27.72)
High Damping 200 —1491.8 0.0045 (14.85)
Damper 300 1762.7 0.0006 (19.80)
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Fig. 6a. Set-up for flexural tests - coarse aggregates replaced by rubber particles,

1 7% test set—up 2

Fig. 9a. RC1 beam after the cracking.

pinl |

Table 7 Table 8
Results of compressive tests — coarse aggregates replaced by rubber particles. Results of compressive tests — fine aggregates replaced by rubber particles.
No. Compressive strength® COV (%) St.dev.(MPa) Decrease Mo. Compressive strength® cov St.dev. (MPa) Decrease
(MPa) (%) (MPa) (%) (%)
C1 45.80 5.20 +2.38 - 2 27.11 5.78 +1.57 -
RA1 2390 1229 +2.93 478 RAZ 2397 190 +0.46 116
RB1  20.87 12.79 +2.67 54.4 RB2 2041 1.97 +0.40 24.7
RC1 1742 12.89 +2.25 619 RC2 1945 6.48 +1.26 283
RD2Z 17.06 3.93 +0.67 371

# Average values of five specimens.

* Average values of five specimens.

| 4574 = 43 231

AL

Table 10 Table 11
Results of flexural tests — coarse aggregates replaced by rubber particles. Results of fexural tests - fine aggregates replaced by rubber particles.
No. Flexural strength® Decrease (%) No. Flexural strength® Decrease (%)
Ser (MPa) CcoVv (%) St. dev. (MPa) for (MPa) COV (%) St. dev. (MPa)
a 351 1035 0.36 - a3 534 1115 +0.60 -
RA1 293 7.67 022 16.6 RA3 5.10 457 +023 449
RB1 252 1822 046 282 RB3 5.03 b6.10 +031 5.81
RC1 252 873 40.22 282 RC3 495 9.94 +0.49 730

* Average values of three specimens.

* Average values of four specimens.

|1 874= 249 231

2 =

A=
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(1) Rubberized concrete: A green structural material with enhanced energy—dissipation
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