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Effects of Aggregate and Curing Temperature on Strength Devel opment
of UP-MMA based Polymer Mortar under Sub-Zero Temperature
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ABSTRACT

In this paper, the effects of aggregate and curing temperature on strength development characteristics of UP (Unsaturated Polyester)-
MMA (Methyl Methacrylate) based polymer mortar under sub-zero temperature are experimentally investigated to provide a criterion
for repair and production of precast products. The result showed that the setting time of the binder was 4 minutes at 20 °C
whereas 35 minutes at —20 °C. The result also revealed that the compressive, flexural, and splitting tensile strengths of UP-MMA
based polymer mortar significantly decreased as the aggregate and curing temperatures decreased. However, sufficient strengths which
can be implemented in actual practices — 36.6 MPa of compressive strength, 6.11 MPa of flexural strength, and 5.81 MPa of splitting
tensile strength — were obtained even though both aggregate and curing temperatures were — 20°C. Strength development of polymer
mortar is largely affected by curing temperature rather than aggregate temperature. It was found that the effects of aggregate
temperature on strength development become smaller as the curing temperature becomes lower. Also, toughness, a ratio of compressive
strength to flexural strength, increased from 3.5 to 5.9 as both aggregate and curing temperatures decreased from 20 °C to —20 °C.
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o ZAEE= 19504 He] xTe]d Axgos i
om, 19709t 2HE AHE F3E 2o} EIEWL
e HeAas ofgE7] ARk il o]28Al= B
FEETE EEY weke] eHdo] (overlay)et 25 Zej7fA
E (precast) AlEEo2 Wo| o851l 9t} (Dattatreya et al.,
2006; Fowler, 1989; Mantrala et al., 1995; Vipulanandan
et al, 1990). ¥ Z3EE FA7F FA (resinell <J5)
ZgtE]o] Q7] el AHE FIESL} X gAfo] HSst
Aqh, - gy A P Al 2ol Pk A vt
(Vipulanandan et al., 1990; Yeon et al., 1990). o|&st &4
= AFAE AR FA7E BRI AMIE Hop ko] 1l

+ eyskL A oA gt
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A HES3l7] WiEot}h (Maximov et al., 1998; Mu et al,,
1990; Okada et al., 1975).

Zon ZAE= A9t 24, AR FdET 2%
A2 Epoxy, UP (Unsaturated Polyester), MMA (Methyl
Methacrylate) 50] AREEH o5 Af2olA ZapHr}, E3t
oo FAYEE WFEo)aL, WA Aol sk 2
710l Z3Fsk= 4ol Slo] S-82okt Wt (Herwarth, 1990).
e FE7] G = Aok P, Al s EEe)
7] 9l EAE 7Hdste] ARSHA Ejollgdl A ES HL
7heste] A4 2=E BHHELI (Inoue, 1975).

dutHo g Een FAES H3pAZH detA JEd
TS T Qas MNA-EXA b)) TRAAIRE X119 M7,
BT FA2E, ZAY A 9 A= Foltt (Haddad et
al., 1983).

53] A9l AHat YL Eoju ZAEo|E AME 23
2Eol= 7hof Atglo]l 9ty Ao & F3F= M (Aitcin
et al., 1990; Ozkul, 1995; Serdar et al., 2010), ZgjH} &2
YES] He= IAY g ol & 93 vF (Ahn
et al., 2001; Galan et al, 2004).
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1. SN E

7t 2

1) Ex3} Zejo|AF 7]

33} ZE|oAE (UP) AR 1 H48A] 23l Hier
(monomer)7} AAE|2 Ao g F3HE 1EAL S¥MES Wt
o}, o] FFo] folatal AoA AEA AIAIE 4= 9L
S Bt ofel kA 9 XA ol et HBAES ARG
A 28T 4= gtk 2% 25 CTolx9] A= 300 mPa-s&
A 27t st Herh RolA|al 2wt apfeH dETt =
oA, FALEE —30 CE 7|&2o& 3k 9lr}

B Ao ARgel Bxst ZE]oAE FAl= @4E] (ortho
type) C2A S th9| Table 13} Ztt.

2) MMA

MMAE FAERS AR C4 HS 9EE sl AzH
TBA (tert-butyl alcohol)E 71A| AJeollAl AEAA HEtZH
RS Az F HEER oAg23) ste] AlReith MMAE
' (monomern) FEIE AZ7} 0.56 mPa- s& of$ won
SHALEE —48 Tol Aoz dA Qi

Bk O R ol FYA A > WA E Etetal
MMAE QFgAJo] bl =& ol &afn] B, oA, 2H4
Aol L4=5} theo] Table 2= MMA R=mo] BAS et
W Aot
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Table 1 Properties of UP resin

Density Viscosity Acid val Styrene content
(25C) (25°C, mPa-s) cl velue %)
1.13 300 20.0 40

Table 2 Properties of MMA monomer

Density Viscosity Molecular weight Appearance
25C) (20 C, mPa-s) (g/mol) PP
0.9420 0.56 100 Transparent

Table 3 Properties of initiator

Specific gravity .
Component 95°C) Active oxygen
MEKPO 55 %
DMP 45 % L1z 100

Table 4 Properties of DMA

Density | Boiling point | Melting point | Molecular weight Appearance
(20 C) () (C) (g/mol) PP
0.956 193~194 1.5~25 121.18 oily liquid
Table 5 Properties of shrinkage-reducing agent
Density Viscosity Nonvolatile matter Appearan
@C) | (20C,mPa-9) %) ppearance
1.11 3,100~ 4,100 34-38 Transparent

3) 7HAIAl (MEKPO)

323} Eejolag A9 H3E sl AR XA E
Qs B Aol HAAIRA] MEKPO (methyl ethyl ketone
peroxide) 55 %2l DMP (dimethyl phthalate) NS ARES
Fom, 542 Table 37 2t} 542E= oF 2 T otz
F4%H, 25 T HeloA Bytsh= AS dAskal .

4) ZZ1A (DMA)

Bu3l ZaloAg 29k MMAZF 3235 A s 74
A 719 739 BAREY] 43} RRe&wrt wig- dop
Zev] HZgt2l}) F3E Ao o]fdh= Zo] E7ks3)
o} webA BRSE EXIAIZ)7] SRk SXA7E dash, 2 A
TFolre A E Aox FIWEgo]l 7Fsdt DMA (NN-
Dimethylaniline)& %7}ttt DMAS] &/ Table 49+ 2
oh 4% 1.5~25 Tolr o 25 T UjQlollA Hugich.

5) 5542
2ot Belolieinlt 9y 9o 2
MRS ofF BRI TgelH Bolt 2ol WAEHTR H4
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Table 6 Physical properties of fine aggregate

Size |Apparent| Bulk |Unit weight| Fineness | Water content | Organic
(mm) | density | density | (kg/m’) | modulus (%) impurtities
0.08~5| 2.64 2.62 1,648 3.09 <01 Nil
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Fig. 1 Gradation curve of fine aggregate
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Table 7 Properties of heavy calcium carbonate

Specific . Water Mean grain Retained
. Absorption .
gravity (cc/ar) content | pH size percentage
(gr/cc) (%) (ym) of 325 mesh sieve
0.75 0.20 =03 8.8 13 0.03

Table 8 Chemical component of heavy calcium carbonate

(unit : %)
Ca0 AlyOg FeyO4 SiO, MgO Ignition loss
53.7 0.25 0.09 2.23 0.66 42.4
2. Ng &Y
7t e 9 E2|H ZEEL2O| HieH|
EX3} FP|oAE FA= w2 HER Qg 2¢Ao] HojA|

o, olgfer Mo sjde fs) A2 BetE

g5 9o

U sl ZHert Afsfshal 50| AXE EAF 9t (Hwang
et al., 1994). ©| l Bls) MMA WwmE H7A7)E A A
o “771] AEE FAA7IE a9E 7 2ot (Lei et al, 1990).

23} EPjoAE 4] 9 MMA 2w Fi= 247 300
mPa-s 9 0.58 mPa-s A2 MMAS H=r} &4yt w}
2ha] B3} ZejoAH Ao MMAE A7k 23A =
= MMA 7pol| QJaf) Wolx|A| =il o]5 Fall 244 7fAat
AYA AMgEFe] Axtol 7hsditt (Lei et al, 1990). L2yt
A7 o MMAE H7IeH HH AjEse 5’4 A2 A,
7w Adl, 7ARAIZE A1 o] EAPZE BRE T (Ohama, 1978).

2 Aqtola] ARNES Bl 2RE A 249 Zejd
B EELR O] ufgh]= o232 Table 99} 2Tt

i)
Flesit ﬂEo@ (KCI)OﬂH et o2 E FZAA o=
“SlF Hat7]2ol 4 T oz o fE wloe A ER
Algstofof Rtk Al g E o] 1o, 19715—‘?—5} 200047}
A P%Oﬂ*H FETAYE A7 oF 95%=A o] 7IzE
FHLE= 05~ —3.5 Coka Bugo] ok E3t 7|40
A3t f&%’A 71585 B 3 199 7o) 7P wor,

Table 9 Binder formation and mix proportion of polymer
mortar (unit : wt. %)

) Binder formation
Binder | Filler | 11" MEKPO | DMA
aggregate MMA | SRA
v SEA | ot | (ohro
12 24 64 62 30 8 1 2
Note, *phr : parts per hundred parts of reisn
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FotwollA UP-MMA E2|n] H2e29] e Wi X 24 9 2= JF

AR A9y Aol —19.2 TR Ho| t
(Han, 2005).

719 2o ARE TAG B Aol HA FARE
£ 9% 47 717 Aol st —20 CTE AAsi.
T2 P A2 fA7E 7Fse tiE chamberolld] &
Aol A () 168 hrs)7HA] AA5HAT

Cf. ZSR{ol A7 U Z2EI29| AFETISAIZE EF

2 AfoMe 2= Wzt HM9E 20~-20 C 71/ A
etel7] wEell SXA APAGRF AAo] ot} weta] A4
AAE 1 phr2 1Astal ERAE ¥ (0.1~5 phr)E 814
A= 9 FALE (0, —10, —20 C)= AgA9] A3t
Azt 9 HE2E2 9] AMTFEAITRS S8t

A AR XA SRAIE E2 AREE A (geD)
S A= o e A B ) e

Zov HEEEO AMTRAIE SAolls ol Qi
AR Hop o] frefsky] wiiZol (Ohama, 1978), KS F
2484 (Zjol|l2H|2 7l ZAES AME 7FsAIRE F4 W)
of AlAE W 5 el s Ak

2t SAIA M U ZZAE

Zon H2E2 ZAAE KS F 2419 (Ego2H2 g2l
ZAYES] Fw AJFE FAA AR )l 1E ol wf
2t AAE =Y FATE 7FsRE 24 AlEFsEGIt

U= AP KS F 2481 (ZoAg2 g7l 23] E9]
FE7IE AR, FAE AR KS F 2482 (Ego)adH=2
g7 ZAE] 7= A, 2T AP KS F
2480 (EFFjoll2H2 HIH ZAES] T AlFHo] w
2t Aot o5 9 2T Algols @5%10 cn9)
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Fig. 3 Working life of mortar
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Fig. 4 Comparison of setting time of binder and working
life of mortar (DMA 2 phr)
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Fig. 5 Compressive strength development with curing and aggregate temperature
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