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Setting Shrinkage, Coefficient of Thermal Expansion,
and Elastic Modulus of UP-MMA Based Polymer Concrete
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"Dept. of Regional Infrastructure Engineering, Kangwon National University, Chuncheon 200-701, Korea
ICenter for Transportation Research at the University of Texas at Austin, Austin, TX 78731, USA

ABSTRACT This study examines setting shrinkage, coefficient of thermal expansion, and elastic modulus of unsaturated poly-
ester(UP)-methyl methacrylate(MMA) polymer concrete, which is generally used for repair of portland cement concrete pavement
and manufacturing of precast products. In this study, a series of laboratory test were conducted with variables such as UP-MMA
ratio, shrinkage reducing agent (SRA) content, and test temperature. The results showed that the setting shrinkage ranged from 29.2
to 82.6x10™, which was significantly affected by test temperature. Moreover, the findings revealed that the coefficient of thermal
expansion, elastic modulus and ultimate strain of UP-MMA based polymer concrete ranged from 21.6 to 31.2x10°/°C, 2.8 to
3.3x10* MPa, and 0.00381 to 0.00418, respectively. The results of this study will be used as important data for design and appli-

cation of UP-MMA based polymer concrete.
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2.1.0 ZYTH

(1) UP 4]

233} Zg|o2~F(unsaturated polyester: UP) A=
I FAEAe] Z3tE E:=w(monomer)7} o2EHIE A
Fo= FE A sheHEo|Th

o] Aol FAFARE ARSH UP A= &9 A AL
ANM A" AomA 4 BrYeln, 2 42 Table 1
I 2

(2) MMA 21

v e wefola 8| ©] E(methyl methacrylate : MMA)R
e FAEEE AH2A A4 gEd SEstA
IEA AR FER7E AE5E FEAAS UEilE Y el
g (syndiotactic) +x2] H|&°| F7tske 544 YERT

o] AFollXe FZAFAR] UP FX o A vz
EFete] ARgsti e, 2 AE- Table 29+ 72T}

(3) 7AAA

UP A9 Asts S8l MAIAeE SX1A7F A7k,
SXA7E A7 UP A= HAIA H7FEH 73Sk

Table 1 Properties of UP resin

Density Viscosity . Styrene
0 0 Acid val
(25°C, cc/g)] (25°C, mPa-s) I8 VAU | ontent (%)
1.13 300 20.0 40

Table 2 Properties of MMA monomer

Density Viscosity Molecular Appearance
(25°C, cc/g) (20°C, mPa<s) |weight (g/mol)| * TP
0.942 0.56 100 Transparent

Table 3 Properties of initiator

Component Density (25°C, cc/g) | Active oxygen
MEKPO 55%
DMP 45% 1.12 10.0

Table 4 Properties of DMA

Density Boiling | Melting M;Leicgl]iltar Appearance
(25°C, cc/g) point ("C) |point (°C) (g/mol)

0.942 193~194 1.5~2.5 121.18 | Oily liquid

Table 5 Properties of SRA

Density
25°C, cclg

Viscosity

Components (mPass)

Appearance

Poly styrene 35%

Styrene monomer 65% 1.1~1.3  [8,000~10,000| Transparent
0

o] dojdtt. JAAI R = HEAEAE ZFA|E
(MEKPO) 55%¢S! DMP &-9o] o] &%t}

o] Aol AHEE JHAIAIS] /- Table 37 2T}

(4) A

UP 7419} MMA R 353 (copolymerization) A+
gl FHAIAIRE H7Feld s 79 Ao s vk
T7F wg =ER7] wEe] EEjw S ES AxTt
E7FsetAl Ent weba] 9k XA S HIPE vhEA]
2 Q3lt}. o] AFoA= DMA(N,N-Dimethylaniline)& A}
g3tlen, 2 442 Table 49 7t}

(5) == AZA

UP A A= A3 Al BE 6~10%2] & 0] 2
AL o] FE AF] Fhol} A5 gL A
gk 4= 7] W&ol =% #7A(shrinkage reducing agent:
SRA)E AHE-3ht.

o] dAFelA AMSE SRAE ZE|2ddlS 2"d B
ol &A1 AogA 2 e Table 59 2th.

—

212 2 X SHIY

ZYv FAYES ZIAZE AP T2 o] &HH,
AFE AREShE Ao fEl e olfe dERde] &olsta,
ZAE B2 AxAZ a7} gl7] wiolt}h o] AF
of AFEH ZAle] =84 4Z 2 Table 63 2Tt

shd, ZElv ZAYE AFA = qFol7] wFel ¥
o|2E FHIZ wHEo] Aol FFS AT sl
Me FAA Bast, o2 Al % ¥ A=
ol 71938HA "} o] ATl AMEE FHAE T2

Table 6 Physical properties of aggregate

Apparent| Bulk . Water
. . . Fineness
Size (mm)| specific | density modulus content
gravity | (kg/m’) (%)
0.08~5 2.64 1,648 3.09 <0.1 Nil

Organic
impurities
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Table 7 Physical properties of heavy calcium carbonate

Retained
. . Water Mean
Specific | Absorption . percentage
. content | pH | grain size
gravity | (cc/g) %) (um) of 325
° K mesh sieve
0.75 0.20 <03 |88 13 0.03
grabdgoln, =24 A2 Table 73 2t}

221 220 % 2 23 E0| HiZH|
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Table 8& Algol AF&-3t AAlel 243 Zolw 2
g Ee] WS Yepd Rolth

2.2.2 AVIRE A

7A3lr2=A1E L Ohama-Demura A @HH o) w
o] cto] LVDTE H sl WS Ol stk Al A
o] =7]E 70 x 70 x 320 (mm)°]H, A1F-S £ 10°C, 20
°C, 30°C, AHHFEE 60+£3%2 F2AolA A3k T

4L x7] 33X 108 HALE, YA = 307 7H
Ao = tolE Z7|(Tokyo Sokki, TDS-602)°1 2Js] =4
Elia=d

223 283 A

g3 FA = RILEM TC 113-CPT(PC-12 method of
test for coefficient of thermal expansion of polymer
concrete and mortar)E F&3}e] HASIATH AlFA <
A7]E 100 x 100 x 400 (mm)°] 22, 7+ 8] X (batch)E 2 &
AMAE L 208kl 30 A FeAT 27] 3412
S AEA ] 2EE 20£1°CHA FAA Mﬁm] 80°Cell 7}

A 247 AR 20°CH Eo7HAA S8 3T
TC 133-CPTOllA AlQtsl= EAFE &2 to3
2.

Table 8 Binder formulation and mix proportion of polymer

concrete
Binder Binder formulation Filler Fine
E:Jtlt;gt UP:MMA (E}iﬁ) 1\?;11;]1)))0 (];]]:f(ﬁ) (Wt.%) a‘%if:if)te
11 70 : 30 0 1.5 22 67.0
11.5 | 80:20 i 1 1 23 65.5
12 90:10 6 0.5 24 64.0

Oparts per hundred parts of resin

L= (l_lo)/lo (1)

o714, L=8%%3E
I,= A1 2] Zo]
Eoﬂ/\i ZJGE] 710]
283, TC 133-CPTOlA Aetele QAT AH=2)]
L 0}3119} Ed =
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Ar= 1= 7o)

Ae= 2% =)ol e YFE

2.2.4 H8Hx NE

A E 050 x 100 (mm) Z7]12] A|FA S o] &3}
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SH] AlER)el AR W wEk Al E st
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371X, E=e37AI5~(MPa)
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g=8 SPl oJal A A= Y
3. 41 g nE
31 488+%
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Fig. 1 Development of setting shrinkage depending on age at
test temperature of 10°C
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Fig. 2 Development of setting shrinkage depending on age at
test temperature of 20°C



Fig. 3 Development of setting shrinkage depending on age at test temperature of 30°C
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Fig. 4 Influence of UP-MMA ratio on setting shrinkage development depending on SRA content

Fig. 5 Influence of SRA content on setting shrinkage development depending on UP-MMA ratio
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Fig. 6 Influence of test temperature on setting shrinkage
development depending on UP-MMA ratio
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Table 994 EHZAFE AHHEW UP-MMAH] 7}
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Table 9 Test results for coefficient of thermal expansion

Test values Mean value | Standard
P:-MMA
v (x 10°/°C) (x 10%°C) | deviation
19.2 | 22.8 | 20.5
70:30 21.6 +1.5

21.1 | 22.7 | 235

28.7 | 252 | 29.7
80:20 28.0 +1.6
29.6 | 273 | 275

314 | 28.8 | 33.9
90:10 31.2 +1.7
29.7 | 31.1 | 324




Fig. 7 Relation between thermal expansion and test tem-
perature
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Fig. 8 Compressive stress-strain curves depending on UP to
MMA ratio

Table 10 Test results of ultimate stress and strain
UP : MMA (wt.%) 70 : 30 80 : 20 90 : 10

Ultimate stress (MPa) 76.4 80.5 82.1
Ultimate strain 0.00381 0.00395 0.00418
Table 11 Test results of elastic modulus
UP:MMA (wt.%) 70:30 80:20 90:10
Elastic modulus (MPa) | 2.8 x10* | 3.1x 10" | 3.3 x 10°
Holi vk & FehgH o oF 70%71A] Ao A

(¢}

o] W3lE HltEs Motk
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