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Strength and Durability Properties of Recycled Polymer Concrete
Using Unsaturated Polyester Resin and Recycled Aggregates
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ABSTRACT

This study was performed to evauate the strength and durability properties of recycled polymer concrete using unsaturated
polyester resin and recycled aggregates. Unsaturated polyester resin, naturd and recycled aggregates and fly ash were used. The mix
proportions were determined to satisfy the requirement for the workability and dump according to aggregate sizes (510 and 525
mm) and unit binder contents (10 % and 12 %). Tests for the compressive and flexura strength, freezing and thawing and
durability for 20 % sulfuric solution were performed. The compressive and flexurd strength of recycled polymer concrete were in
the range of 85~97 MPa and 17.9~20.8 MPa, respectively. The srengths of recycled polymer concrete using recycled aggregate
have smilar or dightly decreased compared to polymer concrete using natural aggregate. After 300 cycles of freezing and thawing,
weight decrease ratio and durability factor of recycled polymer concrete were in the range of 0.13~1.42 % and 94~99, respectively.
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AR e AtAnel 71E0) 74 FA7IE’D 5= 4
19949 ZA2E FAREO] Aolgof Hek = A
712Qke MEo] nidsks & AARIES 85 9
7 AAH SR A=l it (Sung, C. Y. and Y. I
2003).

Eh wellAe 2AdH7EY] A8AE 9 48] a4
| oieh Als]A] o1 vigoz 1993o] T ARe] Aokt A
§ F7lol| et WE, & YWskaL, 199480 F=mARAAY
APRE AlRYste] E-8ARES S4ste] #H7lE AHeE &
skl glom, ZAdH7E g FS % AH 9 HE
Ago] o]FoIA|aL 9Jtt (Sung, C. Y. and L S. Park, 2005).
A FuollA AR Q= AEAe FE AARIA )
uhe} oF7ke] Ajol7} glom, 53] HATA 9 A= vlF
2 e Y =94 54l tE7] dizel] ARl 9
7b atEw, AEAel gk thefRt A7t AlGAoE o] F
oJAoF skt (Buck, A. D, 1977; Sakai, K., N. Banthia and
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0. E. Gjorv. 1995).

SHH, 7719 vlokAQl HHoR fxEo] tiygst ¢ 1L
53t & AREEHol Ak Sl wet AR 7= o
ok QlAo] tiREHA AEAL AR EYHE E83 29
ZAES tieh A57F Fol ofFofx|ar Qltk (ACI 1986;
Brandt, A. M. 1995; Czernin, Wolfgang. 1980). Z2|H &
AYEE Uik AHE ZAZES Hlsto] dE5E, =
9 e 2t opdet Uebd, WA, Wk, A
7] A9, W, Usdseld s 22 &9 - A3k A
o] wj¢ 3k Aoz d#A St} (Fontana, J. J, M.
Steinberg, and W. Reams, 1987; Folwer. D. W. 1994).
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3 9 ol A el wE Ay FE HHO| oy &
of ofaf Wtdo] Akl s 7HAAL Qltk wizel] £4
ZE ] FRES YA fARSE X Y] AR
slollAl 7w Ak o+ WA 2 U AsE sl ofgk Ui+t
dgke] S Zsr] whzel ofofl thdh &gtk tiFe] &
o] X,

b & At @A AR Qe AE-EAe A
EAE HFos 2AE Az 28517 9t Ao=, 1L
A A=l EEsRELoAE A9 ARSI D A4,
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1. ARSAY

F

Exsl FPoAE A= I HdEARe] 2k Rt
oAH 2 ARtom S EA SRtES Wb, gl &
ofgh it oz} A3k U ke GV Aol Blste] o
o3 71AA, A714 4d 2 oS AWl ok (Sung,
C. Y. 1995; Sung, Chan Yong. 1995).

A Een Z2YE AxE % AdEe 2UEA F
SEXAPTE 7ol Qs S4ER]Y] XSt ZejolAE 44
£ ARgatglen, oo digh vy EAJ2 Table 13} 2t
re oA Re AT A% AN AxE 1F ABEAE
ARt on, AEA R HAndelt A% AboA AlxE
15 AJYEAE AMEstoinh AR 2419 dubd gd
Table 2 ¥ 33} 2t} 3, ZA7 25 Sshd 29
ZAYENM = SAE S 23A S 24 H Aol
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Table 1 General properties of unsaturated polyester resin

v Specific gravity|  Viscosity Styrene content Acid val
ype (20C) (25 ps) (%) cliavae
Ortho 1.12 3.5 37.2 26.5

Table 2 Physical properties of coarse aggregates

Type Size | Bulk density Specificogravity Absorption ratio | Fineness
(mm) (kg/m’) (20C) (%) modulus
Crushed | 5-10 1,489 2.78 1.18 6.23
gravel | 5-25 1,482 2.78 1.18 6.67
Recycled | 5710 1,562 2.91 1.95 6.34
aggregate | 5-25 1,543 2.91 1.95 7.02

Table 3 General properties of fine aggregates

Type Size | Specific gravity | Absorption ratio | Fineness | Unit weight
P mm | 00) (%) modulus | (ke/m’)
Natural sand| <4.75 2.61 2.34 2.32 1,476
Recycled | <4.75 2.56 2.88 3.61 1,455
Table 4 General properties of filler
Type Specific gravity | Specific surface Grain size Color
. (20C) (cri/g) (mm)
Fly ash 2.96 3,212 <0.15 Gray
Geapo] Fgslo] AASH A WHAE SEA Bt

AP ER Fg0] 0.1 % o5} HEd Axsto] A8l
=3

Egh, SAEY A ARERS AL JAE STt
AA RS 37 & BEHoR u|ge] Elo] ojxE FA
A2 ARESFI0H (Yeon, K. S. 1988), o]o] thgt &4 &
AL Table 49} 2t}

2. HiEHAA 2 MR

Z2H ZIE= PR AREE Aol SRl o
2 Eon SAREY me I7RHARE $AF0] AU
71l Hd Am Ze2leh FokesT SOl AR 2Rl
FA3] deAlnz AFs] azeiM AAstoior gt (Yeon,
K. S. 1989).

Ao A FAR 3P| ffste] ulddE Fote] &
Al e 2o vlea SAA AR AAEke
o, SAAe ARz e H A=A ARl
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Table

5 Mix design of recycled polymer concrete using

unsaturated polyester resin recycled aggregate
(Unit : kg/m®)

Aggre- Binder |Coarse aggregate| Fine aggregate | Filler
Series gate Type
sise ! . ) Natural ) Fly
(o) UP |Crushed [Recycled sand Recycled ash
CS 240 822 0 1068 0 240
RS 242 0 840 1082 0 240
. R=-9
Sei‘es j_fg CR | 240 | 80 | 0 0 | 1054 | 23
RR 240 0 836 0 1070 | 240
CRSR | 240 416 418 530 535 | 240
CS 277 789 0 1022 0 230
RS 280 0 796 1040 0 232
Series | 5-25 p 1
i 5-10 CR 2176 782 0 0 1012 | 230
RR 278 0 792 0 1028 | 232
CRSR | 278 395 396 510 514 | 232
* CS : Crushed aggregate + Naturd sand
* RS : Recycled coarse aggregate + Naturd sand
* CR : Crushed aggregate + Recycled fine aggregate
* RR : Recycled coarse aggregate + Recycled fine aggregate

CRSR : Crushed aggregate, Recycled coarse aggregate + Natural sand,
Recycled fine aggregate

B3 AEeE
sto] A 3715
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= WS s, SeAT ] e e 9 U 54
& B3] fjol RIATARES 10 % 2 12 %= sk
Table 5 A4 v 2azje0] g vigAAS Ui,

s

3 Al

U5AE= KS F 2481 (EHoAHE 71 2AES] ¢
=74= Alga)el 1R el E8kd 100<200 mm<l
HFAFAE ARESH9.oH, AstAldol= 100,000 kgf 85
o] UTMZ ARgstlom, #7t== KS F 2482 (Ze]o|2H|
2 gz ZFYEY = AT el Fstglen,
960x60x240 mm F7|9] Z+E AIFAE AT

SABIMANES KS F 2456 (55283000 dist 23E
O] AGAIE HWoll Foto] 5 34 FAFIAES e
o, ojuf FAFQ] 2= FAA -18 T, §3MA 4 T7F 5
A stoich A8 1ALelES 2417 4080] A8t
AJBEot o 50Al0|E 7HA0 R ZEksl 9 EEA LS =
Aatgon, FAg32 o] 300A01E0] HS wf AlY
< g=sioich S4E FAAEEREE o Aol Sato] W
TFA A4S AESI9TE Malhotra, V. M. and N. J. Carino.
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1991; Mcconnell and G. Kenneth. 1995).
DF= PN/ZW

7™, DF = Y74 A
P = N APIZAAM Y s dAs (%)
N = SEAFH] =20 B Ee & AlE
M = A5 eEo] £ W APl

UAHIAIES A 79% ¢100%200 mme ZAAES 3HAF
20 %8N HAFI 0, 2, 4, 6 LU 83Fo] FAE FHS
&= dohfjo] THAXESHIE| o] SebHskeS St
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Fig. 1 (a)oA ®i= v} 7Fo] Series 1 (TFIATARF 10
%)M 5~25 mm ZAE AR Y AYEAE A &9
842 ok CS HiEhY] A EL 93 MPag Yehfglon, A
Az 2 AWEEAE 22 Y3 RS, CR, RR HigHe
749o= 85 MPa~92 MPa$E YeRlich AFIAE
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S YA AAY Fgol A EH
ARl E2 M F47F 2 Wt opet
Sto] o] Folx|A] ¢17] wEo R ek
ZAet AFEAE Sk 29Jgk CRSR Hi9ke]
MPa2A AEANES 2918k vligol] Hlsto]
ASAEE Ydstke A= veht ddzA 2 A
Zotsto] AMES 79 ATEA L] AR
Ao T (Bentur, A, S. Mindless
and N. Banthia, 1986; Ohama, Y. and K. Demura, 1979).
5~10 mm =AE ARERE A CS vl U4 == 97
MPaE YERH% e, RS, CR ¥ RR HigHe] 57w 87
~96 MPazAl, 5~25 mm ZAE ARS3H 3¢9 iz A 2
AFEEAE ST Eon ZAE widEoh JAEA
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Compressive strength(MPa)
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(a) Binder content (10 %) (b) Binder content (12 %)
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Fig. 1 Compressive strength with aggregate sizes and binder
contents
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Fig. 1 (b)X= Hlo} Zo] Series I (AT 12 %)
oA 5~25 mm % 5~10 mm SAE AR 49 CS wifgke]
=T 97 MPa ¥ 99 MPaZ Uehfglon, u#FeZ
A 9 APYAEAE 242 EQJgE RS, CR, RR HigHe] 7Z$oll=
86 MPa~94 MPa @ 88~97 MPa HYZE vFehYILh Series
[ oA}t nR7 A2 AAFZAE U A 2y 2
FYEE AATAE Y v ZAYEY Ad=7=et A
o] FAkIAY ot fhadhe 73S YERA RhHel ARk
ANE Yt Afolle daAZA 4 AE2ZAE S of
o] S| Hlgto] ZAwrt Astehs A3 UERASI
oHH, S ETARk] 2 % F7RISlE AT 10
% EU3t vigle] wlsto] PEAFEIF A AR FekeE A
o5 yeht A Zew ZAE] AATIEREE gk vy
AN DAATARF Aol ofgt ezt AsiElojop & A
o= gtET,

o

i)

7t

|
o1

2.

Il

Fig. 2= A4 Zev] AES] e Ag4as HoE
t} Fig. 2 (a)ollA ¥i= vke} o] Series 1 oA 5~25 mm
IS AREE A9 CS Hige] 7%= 20.1 MPaE YEHY
o, AT 4 AIEFAE 47 EYs RS, CR,
RR #igre] 7$of= 17.9 MPa~20 MPa®$iE uehfigict
USE Aganet AR YYF2IAE Ede A
ZE|n ZAYEE AATAE Tet Zy 23ES ¥
ol Aol FARBIAY At Hhashe 43S UER whel A
EAE 2Ye 7ol Fd=rt Astok= A3 VERH
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Flexural strength(MPa)
Flexural strength(MPa)

oL , i
cs RS cs RR CRSR cs RS cs
Type Type

(a) Binder content (10 %) (b) Binder content (12 %)

RR CRSR

Fig. 2 Flexural strength with aggregate sizes and binder
contents

o}, BhHoll CRSR HigHS] B74%+= 19 MPaz2A AP§%EARE
S E3H uligle] wlal] ot FAEE WEHsks FloE Y
ERtE 5~10 mm ZAIE ARG 4 CS wige] E7h=s 21
MPaE Uehfigled, RS, CR ¥ RR Highe] 7 ex= 18.4~
20.8 MPazA], 5~25 mm ZAHE AHE3E uligol] Bt &7
7t A F7kke AEE UeRiglth olEet ks B
AHE ZA2|Eo| Hjste Zejw ZIES ujgk: &y
4 f-57do] AR Wt opel YA EZF £4] o] Wi
A A7)7F A2eE olg T2 EAS AT 4 9o A=
HFEo] fejst Aol 7|Ist AR ekt

Fig. 2 (b)oAl Hi= v} o] Series I oA 5~25 mm
4 5~10 mm ZAE ARESE A CS wigke] 4= 21.8
MPa % 22.7 MPaE UeRiSlom, RS, CR, RR &S] 7%
o] #AwL 18,6 MPa~21.2 MPa ¥ 19.9~22 MPa H¢=
UeRSITE Series I ox¢} A2 AAF2EAE &9
o AN Zey 232EE AAZAE 9t E2v 23
EQ] 7wt A fAklAY ot fhadhe A3 UErd
sl B AE QS Aol A 2 AFE
AE E9J3t vieke] 7wl wlsto] ZAwrt Akl A
UeRfgict, HhHel CSCR #igke] 7=s 242 20 MPa ¥
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2o 23 EQ St A AR HeE UERSIT
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Fig. 3 Weight change with freezing and thawing cycles
(binder content : 10 %)
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Fig. 4 Weight change with freezing and thawing cycles
(binder content : 12 %)

(Sandberg, P. 1995).

Fig. 3 ¥ Fig. 4+ ARIANE
Zoju ZAES] FAF AlY
=3

Fig. 3 (a) ¥ 3 (b)ollA] Hi= viel o] FAF3l 300 Al
o]Z & Series 1 o4 CS uigte] A A7]o] w2 FFt
Ago 7k7F 0,23 9 0.22 %E YERten RS, CR, RR CRSR
gl A 22 7)o wE FFAES 47 0.22~1.42 %
2 0.17~1.38 %9 WA= veht 24 271 2 A 7l
TAglo] ST A9 gl AoE YRyt olsh At
AHE ZAEQ AJAYR AHEEO(A]= AJHES} He
2 Ao Ay Een EAE] AME E323} oA
2 FAs A3 F Fado] AY gl] wizel ERAEY 2
A7 SAE s D&t EFE 2AYUEE P
2ol FAGd AEAl U Aske] el EAYE YR
o] RS ¢8| Apdsly| whiEel AoR wekEct SHH, &
Zgai Aol mfe 3t QY Een] FAYEES SEES
a7t == B4 2o AR A W Al 2
A 7198 = A& AR wEch ®3h Fig. 4 (a) 9 4 ()
oA Hi= vie} Zo] FAFd 300 AlE ¥ Series I of|A]
CS Higke] =4 7)o we FFaag2 217 0.11 % 0.16

0 AR T A
o WE o WSS HolE

L=
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Type Type

(a) Binder content (10 %) (b) Binder content (12 %)

Fig. 5 Durability factor after 300 cycles of freezing and
thawing
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Fig. 5 (@A X Hieb o] F483] 300 AlE
Series 1 oA CS vigte] A 27]of| ws Wt dAl4== 97
2 998 yepton) RS, CR, RR ¥ CRSR HigollA =4 2
7o) W2 YA leE 242 94~98 W 96~99 %2 HS=
UeRd 24 37] 9 ZA F5ll TAIgle] WAL
& =2 Flog yepdtt vl B4 Bxs) Zeoa
2 £AE ARSISole nAgh S e 9 Yt A
O] Azt A A A Zejn ZAYE AR @2
SHzo|| 7)9lste] EFMA] e T|Eo] o]Fojx|A] ¢ko HE
o] £Aal7] WEoR2 wtE, Ed] AEAE YT 4
9 =2 THEY A BEAOE Qi 554 2 o EA
o] t}2 ufgte] ulste] Eelsy] wiEe] oo gk Folet Y
o] gt}

%3 Fig. 5 (b)ollAl Hi= vk}l Zolsdgsl 300 Atol&
T Series MollA CS uigte] 4] 271 w2 W32 e=
98 @ 997 Yelton RS, CR, RR % CRSR HigolA &
A A7)0 w2 WA 22 96~99 2 97~99 %] H
Q& YeR} Series 1 olXet sEIAR 24 7] 9 Z2A
5ol BAIgle] W A7t ol =2 AR YR

Ry

i

o

4. LjatA

o Eae|EY] AAgAol SthEel ue 34 D G
Sah e A2 4] ke 497t wot £awEe]
YTAE S $ig A7 apEloln. dubdow &
Fejo] SR Fol thor ZAE He Aot

101



BsiEelo|aE X9k AABAE o847 A Balv) mae|Ee) 4w U YT 54

0 o
4 -4

——CS

B

Weight change(%)
&
Weight change(%)
&

-2 —a—CS
—o—RS 124 RS
—A—CR
16 —¥—RR 16 R
197 —¥—RR
—4—CRSR

—4-CRSR

2 0 2 4 6 8 10 2 0 2 4 6 i 10
Immersed period(week) Immersed period(week)

(a) Aggregate size (5-25 mm) (b) Aggregate size (5-10 mm)

Fig. 6. Weight change with immersed period in 20 % HaSO4
(binder content : 10 %)

o] SRS w2 SR Al wigsl] 419 7
A 3RFEel C-S-H (Calcium silicate hydroxyl)e} C-A-H
(Calcium aluminate hydroxyD+ w3fiE|xr, tjeFe] |77} A
AdElo] do] g3t AR Soll oel M4, sl AR
dA Qi B3, AL Ak 5ol Qg HajRg-e 249
A3k (CaCly), AAEE (Ca (NO)a)p) T Wh849] Shakaes
(CaSOy) 5& Ak, Ak} dFut 52 83AA A
7ieb ARuAS s ZAAE FAAZITE (Neville,
A. M. 1995).
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7+ 467 % 9 3.89 %2 UEREOH RS, CR, RR CRSR Hj
oA 24 2719 wE FEFHAES 47 5.89~6.83 % X
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Agle] SeFHEE A9 9l AR UERT od HAik=
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7] RO gty duHoR AME EZIEEE 5 %9
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wigke] ZA| A7)o] w2 3 HH 8F T SEtAage 7
75 3.23 % R 2.43 %& UeHSH, RS, CR, RR CRSR Hf
oA 24 2719 e S 247 3.43~3.94 % ¥
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(a) Aggregate size (5—-25 mm) (b) Aggregate size (5—10 mm)

Fig. 7 Weight change with immersed period in 20 % HySO4
(binder content : 12 %)
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TR EQU% uliglol] Histe] <=3t FUEE WSk A0E
UFERT.
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