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Prediction of Compressive Strength of Unsaturated Polyester Resin
Based Polymer Concrete Using Maturity Method
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This study investigated to predict the compressive strength of unsaturated polyester resin based polymer concrete using the maturity method. The test
results show that the development of the compressive strength increased exponentially until an age of 24 hours. After 24 hours, the development of the
compressive strength just increased gradually. This test result shows that the strength of unsaturated polyester resin based polymer concrete was
developed mainly at the early age. Estimated datum temperature of unsaturated polyester resin based polymer concrete was -20.67 ‘C which was much
lower than of datum temperature (-10 ‘C) of Portland cement concrete. Also, this study result shows that the existing maturity index associated with
Portland cement concrete was not applicable for polymer concrete because curing time of Portland cement concrete is different clearly with curing time
of polymer concrete. The cause of different curing time was that there were different curing mechanisms between Portland cement concrete and polymer
concrete. In order to best apply the experimental data to a model, CurveExpert Professional, the commercial software, was used to determine the
predictive model regarding the compressive strength of unsaturated polyester resin based polymer concrete. As a result, Gompertz Relation or Weibull
Model was an appropriate model as a predictive model. The proposed model can be used to predict the compressive strength, especially, it is more useful

when the maturity is in the range between 40 °C - A** and 900 C - 1.
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et al., 2001; Topcu et al., 2005).

M= Y11 At M
0

&]7| 4|, M = maturity index,C- hrs (or C-days)

T = average concrete temperature, C, during the time

interval At
1,
t = elapsed time (hrs or days)

datum temperature (usually taken to be -10 C)

At =time interval (hrs or days)
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oy7] A, M = maturity index (‘C hrs)

T = average concrete temperature during the time interval
At (0)

T, = datum temperature (C)

t = elapsed time (hrs)

At =time interval (hrs)

n = constant
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7} el 4] (logarithmic equation)©]t}(Carino et al., 2001).
18] 31 Plowman (1956) 0] A|2kst Hcli<4= 3= (semilogarithmic
function) = Wo] o] &=t}

S=a-+blog(M) 3)
7] A, S = strength for maturity index

M = maturity index

a, b=regression coefficients
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7] A, S = compressive strength of concrete

K, a, b = numerical constants

M = maturity of concrete

30 = maturity below which the strength is effectively 0

T12]a1 2X|2E] (logistic) =41 (https://commons.wikimedia.
org/wiki/File: Logistic-curve. png) = ©|-8-%=4] o] 72 2l
o] 2712 Uehhs 4514 mulR A S B410]0, 5= s,,,/z
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7] A, S = compressive strength
M

a, b, c=parameter

= maturity index

X718 A S AT A 57 E (equivalent
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‘ZJ’} 7 5838t AL A | gt Ads g

P Hskx ] Fetche glojrh ol#fgt HES Heksto]
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7] A4, S = strength
M = maturity

A =initial slope of the strength-maturity curve

S, = limiting strength

Freiesleben Hansen et al. (1985)& Z3 8| E Q] 7}=rtd
o Zol Hga B0 hgT} e A HAAL AlStel
Ak

A
S=5.e ° (7

&]7] A, S = strength

S, = limiting strength

M = maturity

T =time constant

a = shape parameter
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kel Hshg 2 Qloick Al 4733, 2 4}
&, X918 2] 3257} glo) K olitof| A= MEKPO 55 %,

Table 1 Properties of unsaturated polyester resin

Specific gravity Viscosity . Styrene content
(20°C) (25 °Cc, mPa-s) Acid value (%)
1.138 300 20.0 40
arseka=iA] Alsod Aoz, 2017 « 21
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Table 2 Properties of initiator

Component Specific gravity (25 °C) | Active oxygen

MEKPO 55 %, DMP 45 % 112 10.0

Table 3 Physical properties of heavy calcium carbonate

2. Al Rzt
7t Zalo| 23820 vigl| 2

Feju| sae)Eg vghe 499 7 uelele Jug
91 4 9= 9] ol K] AR5 AN L Heh Sh,
AT Belo 2] OFS 243k BH o] 14 ook
Eoif 2ctelmsl MYl 4853, 4710l 39 T
B4 2 Y, A2 Sl vt Dekxu, 1 Aol
Y=o 97 ik za- RE RN a@ o
Fuls Agsigon, 298 Ben Zae|s gue
Table 63} 231, AL ZJu]L= Table 734 ek

o”:ﬂl

Lt AIRA JEF AR

P AEE A A= KS F 2419 (E2] o ~H 2 7
ZAEL F=AIHE A A )l A Rl
ofsto] Azt shoint o] wj vk FA 2| EE A4 HA =
SFRAL T2 ol uho]Heo]E (3,000 vpm) = 287t
A= ADE A= 45

302 A F7)= 07.5¢15

e . Absorption Mean grain size Retained percentage
Specific gravity (%) Water content pH . of 325 mesh sieve
2.75 0.20 =03 8.8 13 0.03
Table 4 Chemical compositions of heavy calcium carbonate (by %)
Ca0 Al;O3 Fez03 SiO; MgO lg. loss
53.7 0.25 0.09 2.23 0.66 2.4
Table 5 Physical properties of aggregate
Max, size Apparent specific Absorption FM of combined
Aggregate ST (mm) gravity (%) aggregate
Coarse Crushed granite stone 13 2.62 0.65 419
Fine River sand 5 2.60 0.75

Table 6 Mix proportion of unsaturated polyester polymer concrete

Binder =i Coarse aggregate Fine aggregate
iller
(UP+ST) 10~13 mm 5~10 mm 1.2~5 mm <1.2 mm
10.5 10.5 1.2 16.6 10.2 41.0
Table 7 Formulation of binder
UP resin ST monomer CoOc MEKPO
60 wt.% 40 wt.% 0.25 phb* 1,0 phb*

*phb : parts per hundared parts of binder (UP+ST)

22 + Journal of the Korean Society of Agricultural Engineers, 59(6), 2017. 11
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1 Compressive strength versus curing age for various curing
temperature

Fig.
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Shl BT o] 2 442 AFEE A9 (Gorninski et
al., 2004; Ohama et al., 1987), o ZA] =25 A&t 7$-
(Oussma et al., 1987; El-Hawary et al., 2012), PMMA & A}
2351 749 (Ohama et al., 1981), MMA-PMMA & A3t 7
& (Sonetal, 2012), 2] 9o} E 522 ALG A5
(Agavriloaie et al., 2012), UP-MMA & A3t 742 (Hyun et
al,, 2012) 53} 2 7120] ATel AAH 7ol
ulas) B, QPR E7}20-30C whs kgl ont 1
ol4pe] 31291 ulis W3] A LheLbs ek Helck

R
=
— 1

AHIE 22| E 0] arte Aol ARGE= 7|32 = Al
W= o] 5-8pkgo] Qlofd 4 Qi HALERA-10 CF )
5}l @It (Carino et al., 2001). 28U EYH 23 EE

Table 8 Test results of compressive strength (Unit : MPa)
Curing temperature Curing age (hrs)
(c) 3 6 9 12 24 48 72 120 168
20 31.5 39.3 47.2 51.6 .4 7.7 81.7 88.8 92.3
30 35.4 50.2 59.9 60.7 90.7 98.7 100.3 101.9 106.7
40 4.3 58.6 61.4 62.7 100.4 103.6 107.7 109.3 115.2
50 445 58.8 62.5 69.7 108.9 117.8 119.5 122.0 122.9
60 51.2 59.5 70.7 88.0 123.9 127.5 128.4 129.5 130.4
70 57.8 61.9 74.6 88.9 125.5 128.3 128.7 131.3 132.0
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Fig. 2 Scale—down factor vs, coefficient of determination

Table 9 Computation results of slope coefficient of strength

Curing foma(t =) +b
temperature Constants
(c) ; ) B
20 9.785 24,537 0.9019
30 10.996 32,995 0.8252
40 11.531 36.982 0.8257
50 13,122 37.806 0.8076
60 13.090 47.103 0.7448
70 12.596 51,349 0.7534

Table 10 Computation results of datum temperature (n=0.4)

78 Sl QloiH 7H A Tl a4t
A(2)9] n o[k n & HAARREA 0.1 2] 10744 Thlso] AF
25 Aol =71 Al glo|g|& 18R] AL (scatter
diagram)ol| 4| 714 A& A4~ (coefficient of determination) 7}
A RS 790 n gk Alelaa e, o] ke et
W 900] Fig. 20] 1, 2 A7k 7V 271 e b 79
nir2 0492 4 4= 9tk

CRSol o5 0 2kS 0185101 = 7AbAK (slope coefficient
of strength) = 5tofof ac. o] A1E37] 9laf At 2
A T ASE (F) 2 TAE 2k 1ol o 3]+
AJ5to] Heke bl 71 A= Table 99 Zom, A4 A4 (RY)
0.7534~0.90192] o] 9lc}.

Table 9] epdl QP82 =1 241 3] 4] o o] e
oA BEBAATE nlshs oo P2 BA = F
B 227 A o] Aojxit. o] WA Ao A a = 00] H= 7, &
yZHE2] gk 00] El= Fa xFoll A FHoto] s 4hE4] 9
71&e w2 3t 28U 2P Al L o =00] = FHol 27
A 24 AT 168417 o|jof] Z=ddo] F=d 4= 9l
L owoly, Zke 7o Jir NS o] Aojd 4= Q= A AL w
2 A8t 4= )t} (Ohama et al., 2000). LA 7| &%=
(T, ol 7+ 3k Foll Al 2= gro] itk Table 100]= 23}
gA] ol ek o)A Ao} 7| =0 A AukE UE
W Aot} o] Aol A 7|2 =-20.67 TS & = Atk

3. U=k ME

= A g eEe] Fog EAEN, 2714w
oSl 2 Mg HE AE oS e A4E
£ 2ol AESIE o] RolutkE Fasie. 53] 4t

w7 o] 278kt el 2 Rk 7] whiol
2013 oo i, AHIEA A S5l ol B}
AR FejeA) AR kgl d8) BEst wa
. o} o] o} 5 1 A =] A} 7L Fo] Tk u o
Fejn] mare|E 0] H4E Aol 7120] AMLEA A=A
AL Qs ARE ) AR 47} ek

710] AIE B E0] AHgH A4 A
B A A e BEE A (1IN 7L T, A
E Fae]se] g5k -10 CF AMGE 4 §laL, A7

PSE

el
=
A

o

N oE

Slope coefficient of strength y= ax® +br+e Datum
Curing temperature (°C) temperature
g g ® B (7, )
20 30 40 50 60 70 o’
9.785 11.00 11,53 13,12 13.09 12.60 —-0.0019 0.2361 56933 0.9374 —20.67
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Table 11 Estimation results of maturity index
Curing Maturity index (C -h%*)
temperature Curing age (hrs)

(c 3 6 9 12 24 48 72 120 168
20 63.11 83.27 97.94 109.88 144,99 191,32 225,01 276.02 315,79
30 78.63 103,76 122.02 136.91 180.65 238.37 280.34 343.89 393.43
40 94.15 124.23 14611 163.93 216.3 285.41 335.67 411,76 471.08
50 109.67 144,71 17019 190,94 251,95 332.45 391 479.63 548,73
60 125,18 165,19 194,27 217.96 287.61 379.5 446,32 5475 626.38
70 140.7 185.66 218,35 244 98 323.26 426,54 501.65 615,37 704.02

ALS I glo] TolE Ag s ALt Bk 28 ol

A Erk= Holt}. o]oh 7 %—E’.—Xﬂﬂ o7 o] 7| 2L 7,
EPNER T ESE Rl

wh AR A (1) A A (S AR
o] AJo|A] 7|2 T, = Table 1004 AMEFF-20.67
g8l AL Av oA ngke: ool A 4153t 0.4
482} ol efe GBS 4 ()] skl A& 4
L Table 1132} 24t} o] Anal 7 B Aar o] 57 1)
% T} oYLz Agto] YEBA) Arks AL & 4 .

ole} o] pAlLiz o] sto] Athaom I ek A
o Aeo] ARE Zae]E0] 49 Areld] Hlalel(4] (1)
S AP R (4] () HR)

l‘l

USAE S HAE ARPAE-2 9] 4] (3)~4] (7)ol 4]

o] thefst mEl o] AA =] Qlrk o] 7R
2191 4] (3)-2 Plowman (1956)0] A2kt Ao =
HAE U= 217] Sl= A F9 sholtt
(Carino et al., 2001). o] A& ARG-S 759 F7Fe] Ad <5 ol A
=745 H|u A G diEd 4= Qo EAY =2 s
L= EUA]sk= 2 o] 9t} (Carino et al., 1983; Carino
et al., 2001).

o] 4] Qjof| grof| A AAIZE 2] (4), (5), (6), (7) HA AIHIE
ZAYE Yt w21 A5 42 el Algk
H AlEolt}. o] F 4] FollA] Al (4)=HIAE 3AHIA, A (5)
=S% FA4, 4 (6)r A, A (DS A=A o2 UEry
: 2, B E A2 2
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AarE Z2IOHS0] wWol AL 483} =ojql7] wiE
otk 24 rdlg Zropf7] 9Jaff & AtollA=AF oS
H A I E ¢o] 20| A CurveExpert Professional (http:www.
curveexpert.net/download/)& ARE-314ch

o] AIZEQJOIE AE5to] AHATTF =2 Aol &)
ARE 2719 A BES the 2] (§)at Zo] HHE=
Gompertz Relation¥} 4] (9) 2 #& &&= Weibull Model 52
71A| el Ao 7 &9l ] ith Gompertz Relation-2 £H7HsE 2t
A dlo]ele] o] Mgtk Ao qlstol 4 Ael4 of
2, g slol AEE B4, vhRslolA 172 Aol
2elg 5of o] &%, Weibull Model &= -5-335}7] wfj &0 7|
AREe] 4 o2, AR Bstol A 2] A, Al A
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Table 12 Parameters and determination coefficient derived from
Gompertz Relation model

a b G R’

132.0090 0.8483 0.00747 0.9306

Table 13 Parameters and determination coefficient derived from
Weibull Model

a b c d R?
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