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Damping Characteristics of Polyurethane Composites Incorporating
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The purpose of this study is to investigate the damping properties of polyurethane composites incorporating waste tire rubber powder
and preplaced coarse aggregates. Four types of polyurethane-based composites were manufactured, and longitudinal impact tests
were performed. And vibration signals in the time domain and frequency domain were measured and values of damping ratio for each
specimen were calculated. Test results showed that the damping ratios of polyurethane composites, in which the amount of
polyurethane was reduced by 10.6% and 21.2% through incorporation of rubber particles, were 8.4% and 4.6% lower than that of pure
polyurethane. The damping ratio of the polyurethane composite produced in a similar manner to the prepact concrete production
method was found to be 22% lower than that of pure polyurethane, however, the amount of polyurethane was reduced by 50% and the

stiffness was 25.7 times higher than that of pure polyurethane.
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Table 1. Properties of polyurethane

Tensile
. . A,
o | S| Vit | oy | Elongation
gravity . (MPa) 0
Urethane 1.05 2,000~4,500
3.53 195
Hardener 1.35 2,000~6,000

* Measured by uniaxial tension test

100
90
80
70
60
50
40
30
20
10

Percentage passing (%)

100
Particle size (pm)

Fig. 1. Size distribution of rubber particle

Table 2. Properties of rubber particle

1000

Chemical composition(%)
Material -
7/n0 | SO; | Na,O | Fe,Os | ALOs | SiO, | CuO | Cl | ete.
Rubber | 4171213 15 | 04 | 3 | 24 |203] 17 |365
particle
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Table 3. Mixtures

. . Rubber particle Manufacture
Mixture Matrix S Aggregate method
PU - _
10wt.% of
PU-TI0 polyurethane - A
PU 0
PU-T20 20wt.% of B
polyurethane
0,
PU-PA-T 10wt.% of Normal B
polyurethane aggregate

PU : Polyurethane
A : Normal mix
B : Preplaced aggregate and the injection of Polyurethane composite
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Fig. 2. Impact test setup for measuring damping ratio
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Fig. 3. Time history of acceleration in each representative specimen
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Fig. 4. Spectrum of acceleration in each representative specimen
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Table 4. Resonant frequency, Dynamic modulus, and damping ratio
of each mixture

amic 9 9
e | S| | D
(MPa)

PU 600 449 22.61 + 0.39
PU-T10 600 454 20.72 + 0.45
PU-T20 600 454 21.58 + 0.82

PU-PA-T10 2,500 1205.0 17.57 + 0.38

* ¢ KS F 2437



HIE & & QUCH

2} B S HIE2 PU BIEHO] 1,200, PU-T10 BiEO]
1193, PU-T20 HIE0]| 1,186, PU-PA-T10 HIt0| 19272 LIEHG
Cf. PU-T Al2I= &Sl 0I2XC2 Altket 22 PU Hi ol
HIGH 2.1%~2.3% W20, PU-PA-THiEISl 242 PU Higtoll H
t04 25,73t =2 A= LIEITC) 0|2 &6

ol

=
=

| -

FELUS ol S22 B MEHES S0/TNM —L:%% Hald
st dds =2 4 U= A2 LERKT,
4. 2 B

0] 20 M= HEFO|0] DRETI H2 SME =&t 22
FUE SNz ZAldsS ZARINUL 012 flotH g4 o
S0| 24t 22 ES TEN[H 1R E F X5t
=M A 1z £ S50 FYUSIH HEHE MASIAC, ASTM
C215(2014)0ll & 524 71 A8 WHoz 4 g5 =4

oteH, dels ol ¥2 222 s 2t

1) Z2|R(Ere] Z4lHl= 22.61%2 LEHTCH, 0= YUt
o= AT ZI2|E9| ZA[H| 2%0 HIsl 10] 014 =2
50l

2) nREREUS Z2R2EY T tiH] 10%2 20%E =¢get
Pu—ﬂozr PU-T20 I:IH0F0| UABIE 242t 20,.72%2} 21.58%

{ SEF 217} 10,6%2}

@t 4.6%2H LA

N
)
X
A
<
rn
=
re

N
l'_;
0%
olr
HO
o

3) majmE 22| X YA AP BT 220 A
9l 92 5 oio] ZalQAEIS Jxh A0|R FUsi0! At

= 17.57%2 LIEIICH 0l= PU

BiE0] Blah 22% ZhAsH 24| HS0IQKISt BalL2|Eto
£2 2

SUE2 50% £0]11 25,73t} NS X|H o2 Lt

u:olI
=]
IﬂJ
Q
J|fﬂ
0x

Ef%ICH 0|2 E510 #2 St 1RE2EUS 285tH E2
LYE AIZHE £0|HM =2 ZAINST A4S S
g4 Qe Ao LIEHTE
Conflict of interest
None,
AR 2
E U7 s 2EuER ZENSTIESTATAY Y AFHIX]

2(19CTAP-C151882-01)01 2lal| 3w |isLCt

References

Azevedo, F., Pacheco-Torgal, F., Jesus, C, De Aguiar, JB,
CamBes, AF, (2012), Properties and durability of HPC with tyre
rubber wastes, Construction and Building Materials, 34, 186191,

Chung, KH,, Hong, Y.K (1999). Introductory behavior of rubber
concrete, Journal of Applied Polymer Science, 7(1), 35—40,

Eiras, N, Segovia, F., Borrachero, M.V., Monz6, J., Bonilla, M,
Payé, J, (2014), Physical and mechanical properties of foamed
Portland cement composite containing crumb rubber from worn
tires, Materials & Design, 89, 550-557,

Eldin, N.N,, Senouci, AB, (1994), Measurement and prediction of
the strength of rubberized concrete, Cement and Concrete
Composites, 16(4), 287—298,

Lin, CY,, Yao, G.C, Lin, CH, (2010). A study on the damping ratio
of rubber concrete, Journal of Asian Architecture and Building
Engineering, 9(2), 423429,

Mohammed, B.S, Hossain, KMA, Swee, JTE, Wong, G,
Abdullahi, M, (2012), Properties of crumb rubber hollow concrete
block, Journal of Cleaner Production, 23(1), 5767

Najim, K B,, Hall, M.R. (2012). Mechanical and dynamic properties
of self-compacting crumb rubber modified concrete, Construction
and Building Materials, 27(1), 521-530,

Segre, N, Joekes, I, (2000). Use of tire rubber particles as addition
to cement paste, Cement and Concrete Research, 30(9),
14211425,

Shen, W, Shan, L., Znhang, T, Ma, H, Cai, Z, Shi, H (2013),
Investigation on polymer-rubber aggregate modified porous
concrete, Construction and Building Materials, 38, 667—674.

=07 20204 92 267



o
2
o

ﬂ
inl
°

0

Siddique, R, Naik, T.R (2004). Properties of concrete containing
scrap—tire rubber-an overview, Waste Management, 24(6),

563-569,

HEfOl0] IRELT SRS SYS Za|9aE BaxiEel 24| SA
0] el BXS HEl|0] NREUS FIF Z2|SPEt HERE RS BAS AXKISED B2IPPEIS Kt Zolo
2llEt ZEREO| ZAMSES Blsls Z0[C) 012 95101 5 4 39| Z2|S0E 7|it HEN=E HEIUT, 2 71
MBS MBI, AIBS S510 A7 FolTl Rk HololMel FSEAS AES 5 ZAlHIS ANBIRCE AlE 2
noEag Solsiol Z2IPaEre] %o 212} 0.6%S} 21.2% SOIS AlHSC| Al 248t B2192Et AR B}
Of 2124 8.4%9} 46% WS HOE LIENIC] T2E B2E HX Weinl QA WHoR TES Eoioaet 2amz)
ZAHIE a4 Z2IS2E0) Bl5l0] 22% WS 202 LEN{KIR ZaIS2Et SIS 50% ZASIROD, ZAS 257
B &2 2o ettt

268 vol. 8, No. 3 (2020)






