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Effects of Fillers on Mixing and Mechanical Properties of

Polymer Concrete
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Summary

This study was performed to evalute effects of fillers on the mixing characteristics and
mechanical properties of polymer concrete. Two types of unsaturated polyester polymer and
two types of epoxy resin were used as binder material, and the portland cement, a fly
ash and heavy calcium carbonate were used as filler.

Following conclusions were drawn from the research results.

1. Working life of polymer concrete was not affected by filler types, but affected significantly
by polymer types and quantities of hardener and catalysts.

2. Without concerning polymer types, use of heavy calcuim carbonate as filler was the
best in improving workability.

3. The highest strength was achieved by heavy calcium carbonate in using unsaturated
polyester resin and by fly ash in using epoxy resin type.

4. Elastic modulus was in the range of 2.05X 10'5;2.6>< 10" kgf/cm? which was approxima-
tly 60% of that of cement concrete. Heavy calcium carbonate with unsaturated polyester

resin and fly ash with epoxy resin showed relatively higher elastic modulus.
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Table-1. Properties of unsaturated polyester resins used

T Specific Viscosity Styrene Acid val
. cid value
ype gravity (25T, ps) content( % )
UP-A 1.14 3.0 385 25.0
UP-B 1.12 35 372 26.5
Table-2. Properties of epoxy resins used

T E.E. W Viscosity Color Specific

ype (g/eq) (25T, ps) (Gardner) gravity(20C)
EP-A 187 9.0 1Max 114
EP-B 187 125.0 0.5Max 1.17
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Table-3. General properties of hardner for
unsaturated polyester resin
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Table-4. General properties of hardner for
epoxy resin

c ; Specific Active Type Specific Viscosity
omponen . ) . .
P gravity(25C) | oxygen(%) gravity(25C) (25T, ps)
55% Amino
MEKPO 55 113 10.0 : 0.96 25~45
DMP 45% polyamine
Table 5. Physical properties of coarse and fine aggregate used
. Size Specific gravity Absorption Finess Oranic
Classification . . »
(mm) (20C) (%) modulus impurities
Coarse Crushed .
<10 264 0.51 6.43 Nil
aggregate stone
Fine River .
(5 2.60 0.67 2.77 Nil
aggregate sand
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Fig. 1. Gradation curves of aggregates
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Table-7. Properties of shrinkage reducing
agent used

T Specific Viscosity Styrene
ype . o o
gravity 20(C) | (25C, ps) | content( %)
SR-A 0.96 12.6 69.0
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Table-6. Properties of fillers used

Portland Heavy calcium
Type Fly ash
cement carbonate
) Blaine’s specific surface | Blaine’s specific surface 3
Grading(mm) area 3,140cm?/g area 3,060cm’/g (2510
Specific gravity 3.15 2.16 281
(20C)
lg. loss 0.7 1.2 -
Insol. 0.6 0.35 -
Si0, 223 58.9 -
Chemical CaO 64.5 - -
Compositions( %) | SO, 17 14 -
Fe 0 29 4.6 -
AlO3 54 28.0 -
MgO 1.6 1.7 -
CaCO; - - 100
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Table-8. Formulation of binders

(Unit © wt. ratio)

Shrink:
Kinds of polymer Identification | . Resin r‘m age Hardner | “Accelerator
reducing agent

Unsaturated polyester UP-A 100 25 23 -

resin UP-B 100 25 12 -
Epoxy EP-A 100 - 20 5

resin EP-B 100 - 20 5

Table-9. Mixing ratio of polymer concrete (Unit © wt. %)

Kinds of polymer Binder Coarse aggregate | Fine aggregate Filler Total
Unsaturated polyester 11 312 46.8 11 100
resin (245.3kg) (695.8 kg) (1,043.6 kg) (245.3kg) (2,230kg)
Epoxy 17 28.2 43.8 11 100
resin (368.9kg) (611.9kg) (950.5kg) | (238.7kg) | (2,170kg)
HORE SRS v Fagey % Z(slump) 2 F2S

Zeo) ZagEe) WS KS F2419(E o)
282 43 LAYEY FRAFEL FAA A
o] Fatel 224, M2 2 2AAS
4 T3 9o HAHE BUse 2A2 8
Aot THA 2o RS AE TAUESL
97t AeEY 2 e!faoum Zao] o}
Aule sk 2o gAY Zan 23
YEE 3~4AT BAEslY 2% 20C, §%
60%9) ARAo)A 2o AR FEEE
A

3. REBAHE

A g3} o] KSol #AE Wil &
st AA P on, AMEIHFAIZE, YAYEE,
B, @A TE 3NE A e Ao Hdgg
43402 3.

7} AHE-7HsA1ZHe KS F 2484(F 8o 28 2
#3 22 EQ AMEVFEAIZE SN A
A8 HA WY S 5l o8 &
HRon, APe 2% 20T, £% 60%9 4
P A AAHATH

. 9AYE AP KS F 2402(EEH=
AME #FAES £HIZ Algd) e E34

(flow) #& RS Ao 2 gt E2¢ &2
EHUEL APA] SHEE % Az ZFoldA W
F Z3v %ﬂa]Eﬂ W Z& SAT kol
HZE uge A (20cm)& WM Ao 3
Atk £ L E2 L P& SHZIES AAY
U #9058 F &3 HAU

o 4% 2 $EAAAAE APE ¢7T0mmX
140mme] AIPA S A Zete] KS F 2481(&F]
d2dz H FIAYHES 4FFE A )
% KS F 2480(Z&ol=H 2 g FAYEY
A= AR A el wtet &
PatAch. 2l FAE AFES 40mmX40
mmX160mme] Al@HE A 2}ste KS F 2482
(Zgd2Hz 43 EAUEY 4= Ad
weDol AR Wyl o3 AAEA.

&, GAASE ¢70mm X 140mme) A g ) o
2E# Q] Aol A(67mm)E #3}ste] KS F 2438
(Z3YE 9F A FEdAs L o}
SH) A FAE Wl wel R
#O 40% & wrE Ao 2 Jls) AL fEH-BIK
T 772 FE Ao AZHE
Aez 3

(secant)



HEETREE B35%E F2% 1993%F 64

mR A R
1. fERRTHERFR

Zgr] ZagEE AWE 238 E v
0| B2 A FEAIZES ZEw] Z3EE
o o] go) glo] wj$ F a5tk i) Hlw )=
B ) (batch) 8] £% AAE AHE7VAILS 1
AslA gtod ofn, =, YR 2L BYS
g Mxe] HRE AS ANZBE A
Ao ELEfEC] Aot ALY F ol B
Aol wAEA ©rh,

2 2¥olx ZHE A7 AZMe Fig. 2
A B F gl mpsh o] B ¥ Zelo)2E
TA7F 25~51%, NFA AL 82~97% 01
o 7)1 B3t Zyol2E Fx¢ 3% UP-
AE UP-BRU 453 1 ALE15AE 7}
Bou, oEA FA9 ALE 18 & o) B
Holx gttt FAA 2E5HEE ¥y %m}
Za)o) 28 529 A EA X9 A
RE7} QA HsFFS ol B 5 aiﬁ rr'i
oligl 1 ol =A Fob FAAT AHEI}
Az ol Qg wATnE ¥ 57t
A1t

olghgto] Zalw Az E 9 ALEIVEAITHS
A4 FHEGE v 2H A F
$Huz Ziv ZAHES wWFstr] Hele
whE A Ean)e) ABeEe Ao that ou]A

Polyester

UP-A UP-B EP-A EP-B

Heavy
== Fortland gy Fly ash B calcium
carbonate

Fig. 2. Comparison of working life by type
of filler

Be AA BHe Aol HWFY T Aoz Aw
o, |

2, flFLzlEl

2 2agee] 4AYYEE dnne
At I B2 e AUE FagE

L

o ujs waw W, Bie FAS 2e
THAFS A= T ASE WU BEo 9
ALt s Fasi.

JIGEE BEECELIE SRR NRL:

& B3 ¢AdUEE SA4E Moy, o
A% Fig. 3 2 Fig. 49 2o}, o7 213
ZT 28 £ A5 2 G 75~131
cm, €HUE e 72~131cmP B, ZA
FAY B EZ$ G2 156~292cm, EHZ
2 14.6~215cmE YERTE, o]fo] X3}

s

301
25}
20
15+
10+

Polyester

Heavy
g Portland  guy Fly ash 8 (alcium
cement
carbonate

Fig. 3. Comparison of flow value by type of
filler

(cm)
25 ,—\MM*—W
207 Polyester

15

10

UP-A UP-B EP-A EP-B

=== Portland Heavy
cement NN Fly ash BB calcium

carbonate

Fig. 4. Comparison of slump value by type
of filler



FEMY v FAE9] EEeT HBY HH nXe 9%

Fol2H 4 ZYv ZaYEY EES Y
olvt I ol Frol YA EI} Ymy
Wehd A2 Table-9o A 9 o] Za)v]9) kg
g@27] WEelth. wetM Zame FHo)
n2} Few 239 JAUYE S ung
e AL E7bss

ey, ¥ FaYEY YALEE %
B FHol wet dFe Walgge Hojm
At & BES Zd2E $£AU o E
FAAN 25 HE B4dE, Sdo] o4,
ESHE AHEY Fog gAY} ¥5
A vebgth o3-S FeEM e ikt B
AZd e WREV BRS e 9% v
Tzt & 4 YA

3. % [

22 Y 239 A%y YL vt
We 35 72 dhEF Q) Ro) Bk o).
B s RARTY 7% 8 ®oha 9
A=, A%, @4AS, WTA, Yy S
€ Y & AR, 7R AFHY AA A
718 AAE 4 e 71F0] "k

AHE ZAES} HEE kol Tt de
Aoz 47 Zen EYE QUojN A
Ao FFH wWE 4%, AF, FAE Y
A¥+= Fig. 5, Fig. 6, Fig. 79 2},

o Ao X3 Zld2H £AE AL
# Bee AEFF=I) 523~773kgf/cm?, Y

800 iolyester Epoxy
600
400
200
0 —P~A UP-B EP-A  EP-B

Fig. 5. Comparison of compressive strength
by type of filler

(kg/cm?)
%]

Polyester

6()»
40

20

U

P-A UP-B EP-A EP-B
Heavy
=" By ash @B caiciom
carbonate

Fig. 6. Comparison of splitting tensile stre-
ngth by type of filler

160 . R
[‘7 Polyester Epoxy

"EP-A  EP

Portland Heavy
= cement . Fly ash €2 calcium

Fig. 7. Comparison of bending strength by
type of filler

A4 %=7} 63~76kgf/cm®, BHEI} 121~137
kgf/emo| 31, NEA £AE ALY FE
P4 E7t 503~754kgf/cm?, EFAZA T}
62~77kgf/cm?, B T=7} 123~143kgf/cm?0] 2}
vt B Wile d4¥Ed EXs Zq
A2E FAANMNE AN EFo wel u)
wH & Axe| zolg Helw led ulE,
NEAl FRAAANN = F=A9 FF g o
E Zxe zolE Heolm ok A& #F
ZAMNE FFAEe Hd BAEE RHolre
gou 2 zole AR gt )N F
FHoZ JEhd Ae 233 Ego2H $£37
o] 49 HE @ Hol, oEA £X9 A$E
Eoto] f4i7t 4%, A%, YAE EF vay
2 @& Jeilthe "oz ole A4 A



BEBTEEE $35% H25 1993F 67

Table-10. Comparision of strength ratio

Kinds of polymer Identification Type of filler o/a. oi/ob ov/0c
Portland cement 0.117 0.512 0.232

UP-A Fly ash 0.119 0.515 0.208

Unsaturated polyester Heavy calium carbonate 0.105 0.543 0.196
resin Portland cement 0.120 0.520 0.232
UP-B Fly ash 0.105 0.534 0.200

Heavy calium carbonate 0.098 0.555 0.178

Portland cement 0.123 0.505 0.250

EP-A Fly ash 0.114 0.510 0.227

Epoxy Heavy calium carbonate 0.119 0.505 0.238
resin Portland cement 0.106 0.543 0.200
EP-B Fly ash 0.102 0.537 0.192

Heavy calium carbonate 0.104 0.549 0.192
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Table-11. Results of elastic modulus test

Kinds of polymer Identification Type of filler }E(lis;;kr;(;(ci:;s Remarks

Portland cement 2.10 6.=535kgf/cm?

UP-A Fly ash 232 o.= 631kgf/cm?

Unsatuyrated polyester Heavy calium carbonate 247 6.=658kgf/cm?
resin Portland cement 2.30 o.= 523kgf/cm?
UP-B Fly ash 2.52 o= 684kgf/cm?

Heavy calium carbonate 2.60 o.=773kgf/cm?

Portland cement 2.05 o.=503kgf/cm?

EP-A Fly ash 2.25 o.= 568kgf/cm’?

Epoxy Heavy calium carbonate 2.05 6.=528kgf/cm?®
resin Portland cement 2.21 6.=703kgf/cm?
EP-B Fly ash 242 o.=754kgf/cm?

Heavy calium carbonate 2.31 o.= 729kgf/cm?
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