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Effects of Temperature and Binder Components
on Working Life of Fresh MMA Modified UP Polymer Concrete
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ABSTRACT

PURPOSES : This study deals with the working life of polymer concrete, which is typically used as a repair or overlay material for portland
cement concrete pavements.

METHODS : In the scope of this study, laboratory testing was conducted on fresh MMA modified UP polymer concrete, which uses an
MMA monomer for viscosity adjustment and strength improvement of UP resin. The experimental variables were temperature (-20 to +207)
and binder components (MMA, MEKPO, and DMA).

RESULTS : The result showed that the optimum binder ratios for polymer concrete production were 12, 11, and 10 wt.% when the MMA
contents were 20, 30, and 40 wt.%, respectively. The working life of polymer concrete depending on temperature and binder components could
be expressed by a logarithmic functional formula. The coefficient of variation for each binder component was the highest for DMA content
while the lowest for MEKPO content. Also, the contents of each binder component for ensuring the working life of 60 minutes were proposed.

CONCLUSIONS : Ultimately, the present study derived a linear regression equation estimating 60 minutes working life based on the setting
times of each binder component.
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2 4y pEFREn 22 AR AXECRER
o]-g-Elth(Ahn, 2006; Kobayashi %, 1984), E3 =&
U BEg B4 Eou 2AER /WEE Qo
(Choi &, 2010; Sung & 2011),

Zen ZAYEL AFAE= AEAl(epoxy)TA,
L 5} Z 2] o A (unsaturated polyester : UP)4A],
(furan)<=%], PMMA(polymethyl methacrylate)
A Fol o]-&E L glon, o] 7k g3} o] =

o] UP s=A]o[},

m 4> dd o
o XN r&% }+| i

folgt A7t 24 59 A A aL QAT 3
Z20] 31 A2(25C)914 300mPa s =& =S

7k Qlo] Aol Holx|= A o] Q)

=g U7 Y8 284 E=t(styrene monomer)
E AT = lov AelesS Y 4 (AL, ATt A
skobe AR o] AR, whebA A Riew ti4lof
He w|elolT Y 0| E(methyl methacrylate : MMA)
Rt E AMGSHH 9ot B2 AIKE AT 4 et
SA Ao E 2 FEE 4S5 SUTh

oj9} 72 ﬂﬁ*é SHeL oA FasH FFEe 2

1 A QA F9 7t AM7Hs Al Hworking life) 9]

.‘,__xﬂo]c}‘ 53] A2olAe AHETFSAIZES i

7b golaht Ao A= Ashgo] =A dojubr] uf
ol AF7HEAIZES] g7} of Y},

v ZAEY AT AIRRS Ao ﬁﬂ*]
Zholl YaFe A Tom, o] AL ZXA|} 7HA| 9] <
of WoldsE vt Spdaes FopAA H
(Kobayashi &, 1984). o|2|gt AM&-7Fa A7l 9ok
T 8ae MAA-SA Y vEt o, 2=, 49

T Y= SolH 7 2 9= vA= A2 AWAA
&} ZxAlolt(Haddad &, 1983). AMIE £32|E9

E
A SAAGE BARAY, 2x, AuEe o &
FRoH o AMEY 24 59| S vt

SHA] €]

(Brooks 5, 2000),
Zen ZAYEY ARTFEAIZE SAHE o471
S22 Wolgk oEstaL glo, AHE FAE

4 75‘-?‘% = :‘Oﬂ ojggt SAAE St WL
, AFAFAu A P-wave &%
] 8 J Impact—Eco U 5 /\Hi—‘v_— 7]s0] o]&

Qlth (Subramaniam %5, 2005; Emmanuel 5

2002; Pessiki &, 1988)
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2.1.1. Z&x

(1) E323} EYo|2E(UP) 4]

UP $=Ax 1 7459 2318 2% (monomer)
7b ol ~E 2 (ester) AFO R S LEAF 350
o}, o] AL FHol folatal, A W FZA|9] e
ofsf| A7 GolstA 24T 4 it

2 Ao ARSE UP A= 29 ARl A it
H AorA ILEA HSXAZF 7] Y= =
2EF(ortho type)ol™, 1 A2 Table 13} Lt}

Table 1. Properties of UP Resin

Density Viscosity ) Styrene
(250)  |(@5°, mPa-s)| A9 VAU | content(o)
1.13 300 20.0 40

(2) MMA 2=

MMA Hlw= A4 2tgZd F3(radical

polymerization)& SHd L&A ARS F27F d5H

TFARAAASE UeEdE= AlY 9 EE (syndiotactic) 329
H&o| 7kt 545 7L oot o] AdoA=
MMA H=t= UP Ao thaf] U3t vj&s 235
of ARgshl o, 1 A2 Table 29 2,

r°1‘

Table 2. Properties of MMA Monomer

Density Viscosity Molecular wt. ApDEarance
(25C) (257, mPa's ) (g/mol) oA
0.942 0.56 100 Transparent
3) ZIAIA(MEKPO)
ANAE 2710] Aohitgg Aol AeE o)

A7 A7 UP =2l HAIAIRE 7he o)

=2
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5ol dojdr}, JHAIA R A= MEKPO(methyl ethyl
ketone peroxide) 55%%1 DMP -&<jo] o] & ¢] o
1 AAL Table 33 g,

Table 3. Properties of Initiator(MEKPO)

Component Viscosity Active Appearance
& (257) Oxygen PP

MEKPO 55%

DMP 45% 1.12 10.0 Transparent

(4) XA (DMA)

UpP xm MMA 2t
9 A7bekelE A A
| ol ﬁoﬁ}‘i}vﬂ i
TA s
o] A= Ao E FEHH-(polymerization)
Z 90 7]= DMA(dimethylaniline)& ARESIAL

=2—

=
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Table 4. Properties of Accelerator(DMA)

Density Boiling Melting Point/Molecular
(25°C) Point ) wit. Appearance
(c) (g/mol)
0.942 193~194 1.5~25 121.18 | Oily liquid
21.2. EX ¥ ST
ol 2 aEﬂ FA=E T'w,% —Eréﬂﬁ}@ zﬂ

& 4 297t g0l el vel ALgsie. o] 4
Fol A AgH FA 28 HES Table 59
2

Table 5. Physical Properties of Aggregate

Size |Apparent| Unit wt. |Fineness| Water | organic
: g Content iy
(mm) | Density | (kg/m®) | Modulus (%) Impurities
0.08~5| 264 1,648 3.09 < 0.1 Nil
sl Zelv 2aeE AWAE oakoly] tie] 7
o2 FHlE ol B4 Aole] 33 AU 9
A AL Baste, ol2e ATAY S W 4
T el 7lofstA €k, o] Aol AME TR =
FASA L gol | 23 JAy ssty JE

Table 6 ¥ 73} Zc},

Table 6. Physical Properties of Heavy Calcium

Carbonate
- Mean Retained
%prgsliftlc Absorption Cvc\)lglggt H Grain | Percentage pf
( r/CCS)/ (cc/gr) (%) P Size 325 Mesh
o ? (um) Sieve
0.75 0.20 =03 | 88 13 0.03

Table 7. Chemical Composition of Heavy Calcium
Carbonate

(Unit : %)

Ca0O | ALO; | Fe,0; | SIO, MgO | Lgnition Loss

53.7 025 | 0.09 | 223 0.66 42.4

22, AN 2d

2.2.1. uigH] 2F

7] el TJE’%%‘E'ME EWZ} 14101] LHHPZW _E}.
:r_ajl Zan 23 EQ YA gl Zan AT
= ATAY =4, ATA-=A9) wiguE] 9 S
z2719] Y& W=tk (Chandra &, 1994).

EELECIOEREEE Oﬂsk% =R BN
ofi= 2o of AWlEQ] oF ZAo] 4

Zeof AZtelw, Al Wl %%*E *lﬁd, 8] H]
(vebe) AR, thlAl= AR, & ¥ AIRH 5ol Ao
(Li, 2011).

oj¢} T2 AU wAl= ¥ FAYE Hig

o] A7gof QlojA = vl Fagt @AV FlBR o] At
o= KS F 2476(Z2H AMER=ZEL= O] AR
Hell g Z2 Aol 9 MMA kel w& 2
A W9 AL Al dApAES sk, 14
NERE =2H Ao 241 Eejn] 3 E
1l gh] = Table 83} 7t}

Table 8. Binder Formulation and Mix Proportion of PC

Binder Binder Formulation Filler | Aggregate
Contentl yp | MMA |MEKPO | DMA | (wt%) | (wt%)
(Wt.9%) |(wt.%)|(wt.%)| (phr*) | (phr*)

10 80 | 20 20 70

11 70 | 30 [1,15,2| 01,05, | 22 67

12 | 60 | 40 123 o 64

*phr - parts per hundred parts of resin
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XJZﬂE s X@iﬂ FELLert o =2 w7t

2.2.3. E2|0 Z32|EQ AME7IsA

ARE7HE A EEu ZA2EE B Al A AL
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Hop &R o] f2lslth(Ohama, 1978).

o] AF A= KS F 2484(F|AHIZ I =3

2 EO] ARETFSAIZE SAH) ol AAE A 9
of S48kt A5 Eejolddll 5o &4 g2
Zon ZAES YL &7fhe] bl ogf 45}
= WRloltt

Izt 55

ne

wHon Eou] 2as s B AeAel 5o
Ho| AWE Z3E Hr} ZgA4o] Hojzn,
2o o] F5, 2 24, 2dA-=A v

S W=t} Chandra &, 1994). 181} 2}
oH/g—.e.a u194 7(45 \:ﬂ 1 Ol:oﬂ 7]_0 3 oo

. o=

LA 3
W, MEA7le) HeHmE B2S e ZH5
4

e}

s

oy &

=

£

2o r®
2 [0 ox

O] AFoM= FEALAY] UP A9 J=5 W5

, =4S A7) A R R AP Riew o4l
MMA 2:=mE ARSHTE MMA 2= o] ghako u}
2220 7 WSS aolry] 93 MMA L 20,
30, 40wt %= 33, ATHASS 11, 12, 13wt. %= 3}
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Fig. 1 Variation of Flow Depending on the Binder Content

o] Ao A W*E"
O}X]T*—l Ei
= 9t} & MMA @.P%k 20wt.%
10wt. %ol A 11, 12wt. %= Z7HAHS
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F2% adolt}, A= tiFEo] A A=
A A3} 7Hsetting time)oll m]AE 2918 Thoksht
BPHen, HeE B e ro] dgfo] 2 Ao o

4 lth(Haddad 5, 1983).

o] O%;Loﬂ/qh AskA o] AsIA 7| v]A = =z A
S 73] Yste] 2=E -20T~+20C WY
. MMA ¥k MEKPOSF DMAQ] 710l

H= Y7ol oj=Ho] UP 44+ -30Co]L, MMA
BimE —48C0|uR A eE AA —20 col
A Zgsl= Hlolle 2AI7F gl Aoy A2ollA Hot
3ol A dold AU &3 4= 9t

Fig. 2= A9 1448
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= E X0 = 5 5 - o 5 O A
2 %ﬁh 3= AlFstlch o714 FAFAE AR & @ASHA Fobslow, MMAY ko] Ae4E,
150
Eg $20C fag ©20C 10 | s 200
130 .;?Ct 130 'é?(;c 130 | -(1)9CC
120 x-10C o X-10C 0 | xa0c
< 100 X-20T T 100 X-20C T 100 X-20C
E g E o £ 9
: j = i
S 70 = 2
;5“ 60 |\ E 60 :IE,D 60
g s0 g s0 g so
40 40 40
30 30 f 30 f
20 20 | 20 H
10 10 10 < . ut
0 0 Y T r 0 H I !
0 1 2 3 0 1 2 3 0 1 2 3
DMA (phr) DMA (phr) DMA (phr)
MEKPO 1 phr MEKPO 1.5 phr MEKPO 2 phr
(a) MMA 20wt. %
150 - 150 - 150 -
140 20T 140 $20 5 140 $200
m10C miocC m10C
130 0 130 5 130
120 0C 120 | . 120 0%
X-10C X-10T X-10C
110 _ 110 %20 110
< 100 X-20C T 100 |y < 100 X200
E o E 9 E o X
i s R fof
£ e £ e £ w0
& % g 50 £ 5o tX
40 40 R “ %0 X
30 30 30
20 20 20 H
10 10 af 10 L
0 - 0 f 0 ) f
0 1 2 3 0 1 3 3 0 1 3 3
DMA (phr) DMA (phr) DMA (phr)
MEKPO 1 phr MEKPO 1.5 phr MEKPO 2 phr
(b) MMA 30wt.%
150 150 150 .
140 T #20C 4D #20C
130 130 10T i m10C
120 120 120 0T
110 110 iio X-10C
T 100 T 100 100
E 9 E o E 9
E 80 g 80 E 80
B 70 s 70 w 70
£ 60 £ 60 £ 60
3= 5=t 5
40
30 30 30
20 20 20
10 10 10
0 0 A 0 . .
0 1 2 3 0 1 # < | 0 1 2 3
DMA (phr) DMA (phr) DMA (phr)
MEKPO 1 phr MEKPO 1.5 phr MEKPO 2 phr

(c) MMA 40wt.%

Fig. 2 Effects of MEKPO, DMA, and Curing Temperature on Setting Time of Binder
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MEKPOS} DMA®] H71go| wold4E
o] ZopA|= A& UEbTE
o] AifolA HrexHgor AMEEH MMA= Z3H
7FHe A 9A1S & 4= 9tk 18] MEKPOSF DMA
A7HEol A-GE 229 Fgo] Zopxl AL o]5Y
AHES 58 AE 229 37t floje EAEoR
QIgk ol 2] 9] FFo] 7hsat7] wf o},
2w w2 H3Azke] Bish S FAHOR A
HEH 20CAA oF 6~6122d B3] 10TAA=
T~T65, 0CollAE T~83%, —10ToIAE 8~106%,
-20CoAA= 9~12THOE AAH ZolWE & +
o £ 20T —20T A9 Hd AAIZES oF
2l = o] 2ol 5 H Tt
3 Table 9% Fig. 29 2YP=E 2344
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Table 9. Parameters and Coefficients of Determination
for Setting Time Predictive Equations

Parameters for

MMA | MEKPO | Temp. y=aln(x)b R

(wt.%) | (phr) (c)
a b

20 -5.60 17.45 0.944

10 -7.13 19.68 0.953

1.0 0 -8.91 22.65 0.934

=10 -14.5 29.90 0.971

-20 | —-18.1 35.23 0.971

20 -3.05 | 8.464 0.975

10 -3.30 | 9.403 0.995

20 1.5 0 -3.59 10.53 0.994

-10 | -5.72 12.82 0.970

-20 | —-6.68 13.79 0.980

20 -239 | 7.624 0.915

10 -2.74 | 8.940 0.942

2.0 0 -3.37 | 9.386 0.943

-10 | -4.30 | 10.96 0.935

-20 | -4.65 12.28 0.940

20 -9.97 23.19 0.908

10 -13.1 26.63 0.908

30 1.0 0 -14.0 28.82 0.920

-10 | -20.7 | 40.19 0.937

-20 | -21.7 49.15 0.980

20 -7.48 14.39 0.925

10 —-7.03 18.10 0.910

1.5 0 -9.87 21.42 0.939
-10 -17.8 28.69 0.907

30 -20 | -244 | 3431 0.917
20 -474 | 10.45 0.912

10 -8.34 13.79 0.911

2.0 0 -1n.2 156.69 0.902
-10 —-12.1 21.27 0.903

-20 | 225 32.76 0.910

20 -12.9 27.09 0.926

10 -16.6 31.18 0.905

1.0 0 -18.1 35.82 0.942
-10 -21.2 55.87 0.977

-20 | -24.2 71.97 0.992

20 -13.6 23.11 0.946

10 -14.3 24.95 0.917

40 1.5 0 -18.5 28.72 0.900
-10 | -23.2 | 34.80 0.912

-20 | —291 4518 0.982

20 -134 20.15 0.920

10 -15.6 22.62 0.927

2.0 0 -17.6 25.75 0.931
-10 | -243 | 3334 0.949

-20 | -285 | 39.91 0.977

3.2.2. A Y249 HEt

Ze|u Q] Ao FFE vA = QAaRM=
2 FRHAN AP E A5k R4S 585
of AR FF, AgAY 24, MAA-FHA 9
HlE, JRAAIRE F2A Q) F Fol Aot (Haddad
%, 1983; Kobayashi &, 1984).

A TR0 MMA $FF, MEKPO2F DMA
o M7hgol we 2= A3 HSkE Al At
ol A A3t Fig, 29} #tt.,

o] AtoflA] 37kA] A LAa7F A ALt
A S AHEY ohs 2ok MMA $Hegol o

fr Lo

MMA 40wt %A= 10~127822 Z3tA| 7] Zoj
Ak, A A S 2H MMA % 20, 30,
40wt %Y 79 2= 20TolA 2z 32, 50, 61&-<21d|
Ha| 20T oA ZH2 78, 99, 127807 FA Zoj

[e) A
EODE

MEKPO 7ol wE 7 3tA7ke] Msk= MEKPO
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Iphr? @ 13~12750]W MEKPO 1.5phrd wji
7~115%, MEKPO 2phr? mji 6~108% 02
MEKPO H7H&o] F7Heps Z3pA|gto] Zrobsith,
MEKPO Z7H&o] IphrollA| 1.5phr2 Z7+g uf &}
AlZrol FASHA BRI ANE 1.5phr o]/dollAl= &gt
s1A Ha}stlet

DMA 37kl w2 Z42HA71e] #sk= DMA 37k
o] 0.1phr & 7% 14~127%, 0.5phr¥ 3¢ 8~92&
lphr o F 7T~708E, 2phr & 3% 6~525 3phr &

8% 6~482 2 & DMA H7HEo] $71845 Z3A 1t
o] ottt 53], AIpAITIo] AojA= A2o|A=
DMA 1phr o} 27} Al Z3tA7ke] 54 3] FrotRl=

o] A3hA|7ho] tfgh A e H
$3te] 2257]2] Al Hlo|EE 7HA] L
3Fo] Hord v} 1 Ayl Table 107+
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Table 10. Coefficients of Variation of Each Binder
Component for Setting Time of Binder

. Standard Coefficient of
. Binder S’\:m of | Mean Deviation Variation
omponent ean X
MMA 84.0 28.0 92 32.8
MEKPO 84.1 28.0 7.2 255
DMA 140.0 28.0 16.2 57.8

o] Axjol|A HEASE DMA A7, MMA T,
MEKPO #7}&9] o2 yehy S04 o3 HeE
o Fo] 7 32 & 4 AUtk 53] MMA o]
MEKPO9| H7HeE e E/do] A btk d
o] &g Avfetal sl

3.3. &2l Z32|E
3.3.1. 2x9| ¥&

v ZAYEY AHTHEAIRES 4
Zhat w)segt FgE Holw s 7k %7417% Z—lﬁh a
23 Eejn] 38 EQ AMTHE AR
A7t Aot Zro] 2wo] JokE A A wt
2009). AHIE FAZEANAE 227t F7Fgho]| whet
SAANE BotA A Ftk(Eren &, 1995).

o] AtolA= Een] ERES ARETF ATk v]
A 229 JFE 37| s AT 8L E
HE sto] AES AAISHIY BF 1 A= Fig, 331}

o| A87tsAlzt

A]

Fda=

7| &Eof ME ARETFsAIZe] W) RS K
20CANA 9~66511d] BI3H 0CAAE 9~90E, -10 T
o A= 15~1235 —20°ColA+= 17~148% o|Ato] it}

o] A¥E o9 Fig. 20 Uehd A9 A7k
Hlas] B AAHoR Z4A et 53] 2%7 3
otUE A HTtAITteA L} ni AR ] n]
ZAYE] AT A FAA oA A
Bk a8y AMIE 23 ES] H$- 2571 23T Y
o 27]-3-AA7to] 220~23580]2k= A ATHErdem
5, 2003)¢}t Blaa B ol ok AS o 4= 9l

Zeu ZAYES ATl AE517] A= 1
AlZrol o] AHE7HsAIZHS EHEE|oF $trh(Ohama,
1978). 124 -10T, 2009 ALoA MMA o
30, 40wt.%C1H FAHA AHE7FsAlTto] AojFitt,
E3] 2% -20TolA MMA ¥ 40wt. %9 3%
MEKPOZE 1.5phr ©J3t2 H7Iet = AM7HsAIZE
o] wj- AAXHA AL H O 148 o|Fo=
4 Hgo] oy Ao R YETh
H Z3HA A7HAE AHESE AIHE 238 ES] 34
gt Aol BYUAF g2 FBALl gl
gr=(exponential function)&
S UBrooks 5, 2000), ©] AFolxE HEZAT}
/go] ol A-g-o] B7H55tTt

wjebA o] Ao Fig 39 T#ZES 2%t
408 SHRAE stoict 1 A= Table 113 2
o, o] AE3} IAE A(a, b) 9 FHARR)E
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Table 11. Parameters and Coefficients of Determination
for Working Life Predictive Equations

Parameters for
i | o | oo LT K
a b
20 -4.86 29.62 0.961
10 -5.48 32.03 0.995
20 1.0 0 -9.18 36.18 0.968
-10 -11.3 44.47 0.954
-20 -9.75 60.25 0.996
(H AL
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20 -2.51 12.99 0.962

10 -2.98 14.88 0.984

1.5 0 -3.72 16.70 0.948
-10 -4.29 21.16 0.981

20 -20 -5.24 26.13 0.982
20 -2.28 10.73 0.902

10 —-2.96 11.49 0.942

2.0 0 -3.18 16.03 0.971
-10 -3.44 17.78 0.91

-20 -4.97 20.00 0.938

20 -8.85 30.06 0.945

10 -11.9 34.32 0.947

1.0 0 -13.8 39.46 0.987
-10 -17.7 52.72 0.967

-20 -26.0 77.73 0.960

20 -7.99 14.48 0.902

10 -8.34 19.80 0.912

30 1.5 0 -9.72 23.26 0.845
-10 -19.9 33.21 0.950

-20 —-34.5 49.90 0.953

20 —-4.36 1214 0.944

10 —7.51 16.99 0.919

2.0 0 -9.7 21.86 0.907
-10 -13.6 27.70 0.952

-20 -23.4 35.14 0.918

20 -12.5 33.38 0.941

10 -14.5 39.11 0.906

1.0 0 -18.5 4754 0.959
-10 -25.1 60.93 0.973

-20 -32.3 113.0 0.956

20 -12.1 29.64 0.923

10 —-15.1 33.34 0.938

40 1.5 0 -19.6 37.86 0.954
-10 -229 53.86 0.977

-20 -28.2 96.59 0.978

20 -1.2 28.10 0.917

10 -14.2 30.97 0.913

2.0 0 -17.8 35.11 0.907
-10 -20.9 44.54 0.942

-20 -34.9 62.59 0.942
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Table 12. Coefficients of Variation of Each Binder
Component for Working Life of Polymer Concrete

A Standard Coefficient of
" Binder S’\:m of | Mean Deviation Variation
t —
omponent Mean () ) (cv=%
MMA 124 | 375 10.6 28.3
MEKPO | 1121 37.5 9.6 258
DMA 187.8 | 375 14.3 38.1

o] AitollA MFAs= A2 HstAtolA et nf
722 DMA H7He, MMA 8, MEKPO 3789
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Fig. 3 Effects of MEKPO, DMA, and Curing Temperature on Working Life of Polymer Concrete
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Table 13. Optimum Binder Formulation to Obtain 60min.
Working Life at Different Temperatures

Temp.(C) MMA (wt.%) MEKPO DMA
20 1 0.1
20 30 1 0.1
40 1 0.5
20 1 0.1
10 30 1 0.5
40 1 0.5
20 1 0.1
0 30 1 0.5
40 1 0.5
20 1 0.5
-10 30 1 1
40 1 1
20 1 2
-20 30 1 3
40 2 1
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Fig. 4 Relationship Between Setting Time of Binder
and Working Life of Polymer Concrete
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