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In this study, the properties of no-fines polymer concrete with different polymer binder contents were evaluated. The
polymer concrete was formulated using a polymeric binder (unsaturated polyester resin), fly ash, and recycled coarse
aggregate (60%) and crushed coarse aggregate (40%). The polymeric binder content (4.0-6.0wt.%) was used as an
experimental variable because it dramatically affects both the cost-effectiveness and material properties. The results showed
that the density, compressive strength, flexural strength both before and after exposure to freezing and thawing increased
as the polymer binder content increased, while the absorption, void ratio, permeable voids, coefficient of permeability, and
acid resistance (mass loss by acid attack) decreased as the polymeric binder content increased. In particular, even though
the void ratio was 18.4% and the water permeability coefficient was 7.3mm/sec, the compressive strength and flexural
strength were as high as 38.0MPa and 10.0MPa, respectively, much more significant than those of previous studies. Other
properties such as absorption and acid resistance were also found to be excellent. The results appear to be rooted in the
increased adhesion of the binder by adding a cross-linking agent and the surface hydrophobicity of the polymer.
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2.1 A XM=

2.1.1 %3} E2|0|AE X|

0| G0l ArEet 213t Z2/0|AE »Xl= ZLUEHA Z3t
X7 H7E e SAEI(Ortho type) Q2 A 11 HEI2
C}S2| Table 11} ZiCt,
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Table 1. Properties of unsaturated polyester resin

Specific . .
. Viscosity . Gel time Styrene
gravity o : Acid value o
(25°C) (25°C, poise) (25°C) content
1.13 3.0+0.4 20.0 7-11 40
2.1.2 FHAIH|

JHAAE HIEOEAE ZEAO|S(MEKPO) 55%, DMP 45%
QI Eotz ASoiier, O MZES Table 22+ 2Lt

Table 2. Properties of initiator

Component Specific gravity(25°C) Active oxygen
MEKPO 55%
DMP 45% 1.12 10.0
2.1.3 7luH|
Zo|H 232|Es |R7I1E0 Z2iH MEZAL} 2I[EH0l =
Mete] Zete 2 0|R0TICt 0o F M=ol Zefe 51l ot
ZtulX|(cross—linking agent)2XA] A|2H(silane)& AI2SIHMH,
1 MA2 Table 31 2Lt
Table 3. Properties of silane
Spem.ﬁc Viscosity Atomic Fla?sh Appearance
gravity (25°C, weight point (color)
(25°C) mm?/sec) (°C)
1.04 242 248.4 125 Colorless

2.1.4 E2}0| OHA|
22| 222 E0M= HRAMAT +X12f Y2 2011, FY
*IH7P 0|ZECt, of S0 M= S210] OfAIE
A2 Table 42t &t

ol xHZ Yol &

Table 4. Properties of fly ash

Density SiO, Loss ignition Specific surface
(g/en’) (%) (%) (em/g)
2.22 51.9 32 3,651

215 =723
0] HHAM ALSE 2EF2 2= B2 %’é‘ RIS
‘232E 0] Hgret A 58,4
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217 SEF2EM
dYzIRl estEael 22 7IZ oM Mot U= 232
EZ >3z AgHIE0f W2t teF2SME 859 60%2
oI, LIHX| 40%= feameaME 28foto AIZsIUCt
271X F2 Mol thet HZ2 Table 5, =g F2Z Mo cet
HMEA Zih= Table 6, 122/11 242f9] Y2 Fig. 101M E=
Hiet 2k,
Table 5. Physical properties of aggregate
Items Gradation Density | Absorption | Solid volume
(mm) (g/em®) | capacity(%) | percentage(%)
Recycled
coarse 5-20 2.56 2.73 58.4
aggregate
Crushed
coarse 5-20 2.69 0.95 57.5
aggregate
Table 6. Sieve analysis of mixed coarse aggregate
Sieve size(mm) 2.5 5 10 20 25
Grading
requirements 0-5 0-10 20-55 | 90-100 100
(20mm, %)
Test values(%) 0 0.2 28 99 100

a) Recycled coarse aggregate

b) Crushed coarse aggregate

Fig. 1. Shape of coarse aggregate used
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221 EMEx E2|H E'_aa|§9_| HY &HH|
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MN=
[

of M =Em22M A2 RAEM 220 232|EQ ¥ ¢4 &4
= 2 Xz 220 ZEHEZeZ2 oA X)) e
= H4.0-6.0w.%) 2 SIU2H, ol HS Sotod ZHE Hi
Sd|= Table 72t 2Lt
Table 7. Mix design of no-fines polymer concrete

Mixing ratio(kg/m’)
Polymeric
binder content | Polymeric Cycled Crushed
(Wt%) binder Fly ash coarse coarse
aggregate aggregate
4.0 70 105 958 638
45 82 122 958 638
5.0 93 140 958 638
5.5 105 157 958 638
6.0 116 175 958 638
2,22 E2|H ZexHel vHEy|
0f A70llM ArZet Z2|H ZETHC| HiEH]= Table 81 ZLt,
Table 8. Mix proportion of polymeric binder
Unsaturated Initiator Silane Remarks
polyester resin | contents(phr*) (phr*)
100 1.0 2.0
phr* : parts per hundred parts of resin
2.2.3 Al =
HEY AEA (9100Xx200mm)2F ARZFE AIRIH|(200 X
200X60mm)E MAGIAUCE St STME 2d|e of = 28
THE Soist 3 AHA BN EEAIRON, B TS HUT
ANEHE 25 60+5°C, & 50+5%Q1 Zti(chamber)oi| A
SHIAZE YHAZI = A2 (23+2°C)0f| A 7H7H LGt
2.3 Al
2,31 4
KS F 250501 MAlE S &E5I0 Chx (1) Alof Sfsh A=
SFRIC,
== 0
v
710N, 7 & Yx(kg/m), VE MEHS 8X(mY), m 2

AgdH|e] 22 (kg)olct,
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S0l ZaZl SAHQ & 2H). Ws
X
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£ BHARTSIMEC HRH(g), V= SAHI HE(cm?)olct,

23.5 BEA+
474 AR KS F 44190] TiRfed, Chg (5)A02 At
SHEACH,

Q

=X
K h  AX30s

H7I0M, K = ExAl(mm/sec), Q = HieEls RE4E
(mm®), d = 229 £H(mm), h = £2|9 XH{mm), 4 = 229

THHE(mM?), 30s = SHAIZHs)OIC

436 vol. 9, No. 4 (2021)

2.3.6 Y=L
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F 2456 B 2ol of3f I
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168A|12F AT thg £t S HalEs Witd22 oI

3. Zn W 1

3.1

U A Zuk= Fig, 22t 2Tt 67[0llM 2 4 U= Hiet &
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Fig. 2. Effects of polymeric binder content on density



20

< oy
N
od
=
k=]
Kt}
0l
o
;Td
fu}

g AT SxfEY Z20lee) A B4
Lz J|FoZ 50%0 2 4 UK
/52 ZOHR| B o2 EofolTt

o H
~
M Ay 0
|0
HU
N
(@]]

R
A
r\r

]
o
Im
mor
>
o
10

(Naville 2011),

0.200

0.180 r
0.160 r
0140
0120 r
0.100 r
0.080

Absorption (%)

0.060

0.040
0.020
0.000 L - L -

4.0 45 5.0 5.5 6.0

Polymeric binder content (wt.%)

Fig. 3. Effects of polymeric binder content on absorption
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Fig. 4. Effects of polymeric binder content on void ratio
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Fig. 5. Relation between void ratio and density
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Fig. 6. Effects of polymeric binder content on volume of
permeable voids
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Fig. 10. Failure pattern by compression test with polymeric binder
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