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A Study on the Early Strength Prediction of Lightweight
Polymer Mortars by the Maturity Method
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ABSTRACT

The maturity method in which the strength increase of cement concrete is expressed as a
function of an integral of the curing period and temperature of the concrete has often been
applied to its strength prediction. For the purpose of the application of the maturity method
to the compressive strength prediction for lightweight polymer mortars using an unsaturated
polyester resin as a binder. the lightweight polymer mortars with various catalyst and
accelerator contents, are prepared, tested for compressive strength, and the datum
temperatures for the maturity equations are estimated. The maturity is calculated by using
the maturity equations with the estimated datum temperature
the lightweight polymer mortars are predicted from the

. The compressive strengths of

maturity-compressive strength
relationships.
Keywords @ Maturity. Strength prediction, Datum temperature. Unsaturated polyester

resin, Catalyst. Accelerator, Lightweight polymer mortar
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Table 1 Properties of unsaturated polyester resin

Specific " . Styrene
i Viscosity .
gravity o content Acid value
5 (20, mPa - s)
(20C) (%)
1.13 325 38.0 16.9
3.2 SEA U BYE
FAA= FEGZE(CaCO), FA= JIS A
50021 %4 AREaTE FA)e] FATA %
= ol dF A& Expanded Shale(ES), Foamed

Glass(F(z), Hollow  Fused AJumina(IIFA),
Hol]ow Mullite(HM) & AM&38t5ct, =24 2@ 7

gzAe] 58 01% olst= o}M,, LIl A
A& Table 29 21},

Table 2 Properties of filer and lightweight aggregate

. . Specific | Water
Type of filler and Size ! .
ogregal (mm) gravity |content |, i
& ate mm . . 28
ggreyg (20 (%) mpurties

Organic

Heavy calcium

Filler carhonate 10° 270 0.1 Nil
(CaCOs)
Expanded | ps-1| 2550 | 135 | 1] Nil
Shale

(Es) |ES'2| @5 ] 162 | 1] Nil

Foumed |FG-1] 2550 | 036 | 1| Ni
Fine | Glass |[FG 2] 12715 | 042 01| Nil
Agg. | TG |FG-3|03-12| 045 01| Nil

Hollow Fused |\ o0 1 070 | con | il

Alumina(HFA)
Hollow Mullite | 150-300 ., .
(LMD %10 0.40 <0.1 Nil
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Table 3 Formulations of binders

Formulations by mass

Styrene MEKIPO CoOe

monomer (phr+) (phr=)
0.25
0.25 0.50
0.75
0.25
100 12 0.50 0.50
0.75
0.25
0.75 0.50
| 0.75

Unsaturated
polyester resin

Note, *phr © Parts per hundred parts of resin.

Table 4 Mix proportions of lightweight polymer mortars

Mix proportions by E -illzr -
Type of volume INAEr Y Apparent
ratio, o
fine VE/ Vi specific
aggregate| Binder | Filler Finc s gravity
(Vb) (Vf) | aggregate {by
volume)
ES 1.73
FG 202 156 59.2 0.62 0.98
HFA 1.26

Note, * © Filler binder ratio calculated by volume.
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Fig. 1 Curing period vs. compressive strength of lightweight
polyester mortars with MEKPO content of 0.75phr
and C,O. content 0.50phr at wvarious ambient

temperatures
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Table 5 Ambient temperature vs. compressive strength of lightweight polymer mortars with various catalyst and accelerator

contents.
Catalyst and accelerator | Ambient Compressive strength (MPa)
contents (phr=) temnperature Curing period (h)

CoQc MEKPO (e 6 12 2 2 120 168

0 Ok 0 0 0 0 0

10 0 0 0 21 23 2.6
0.25 20 0.9 5.0 24.7 495 59.9 67.8

30 50 9.0 57.7 63.5 70.3 73.2
40 59 10.2 60.9 70.5 72.0 745
0 0 0 3.1 5.1 30.9 319
10 0 o4 12.7 48.8 522 6.8
0.25 0.50 20 45 15.8 478 703 71.7 745
30 146 444 64.4 84.5 84.2 803
40 24.6 747 B1.5 86.4 861 9.4
0 0 5.8 13.7 295 36.9 387
10 6.1 13.7 36.4 58.5 62.1 63.7
0.75 20 10.8 475 678 68.2 .2 82.7
30 5.0 6.7 69.4 85,3 89.4 90.0

40 63.9 82.8 86.0 87.8 9.6 9%6.4
0 0 0 1.0 72 14.0 157
10 0 0 0.8 354 370 43.0

0.25 20 16 54 279 9.0 688 6.8

30 5.0 94 5.6 70.1 71.8 74.6

40 5.9 109 62.5 71.0 722 76.5

0 2.1 72 9.8 26.0 32.0 32.8

10 8.8 34.7 381 68.0 69.2 71.1
0.50 0.50 20 9.8 245 53.8 82.6 83.2 85.4
30 15.0 60.3 70.8 82.9 84.2 | 87.6
40 36.5 75.8 76.6 91.2 94.1 47.0
0 5.3 87 146 315 380 41.0
10 10.1 31.3 36.4 60.1 63.5 64.0
0.75 20 16.6 33.1 66.7 82.2 82.9 35.9
30 20.0 28.0 69.6 36.9 92.0 9.8
40 M5 83.8 86.9 92.0 100.0 100.5
0 0 0 1.5 76 13.0 21.6

10 0.9 45 6.6 36.7 375 46.2
0.25 20 2.1 6.2 31.7 684 70.8 725
30 49 10.8 59.1 69.5 72.1 74.8

40 6.0 11.6 65.8 715 79.2 9.7

0 3.0 54 8.7 3.1 34.4 346

10 2.5 14.2 20.0 47.8 48.1 49.3

0.75 0.50 20 10.0 26.1 4.0 819 83.8 86.5
30 169 19.0 76.1 85.9 8.5 8.1
40 40.0 76.1 899 91.5 .5 98.6
0 6.0 12.5 158 36.0 39.0 415
10 13.3 35.1 40.7 69.1 7.7 736
0.75 20 17.0 D36 670 90.9 91.2 93.5

30 50.5 729 80.9 91.8 92.0 9.1
40 9 849 89.0 94.2 9.8 101.8

Notes, *phr @ Parts per hundred parts of resin. *% 1 Not to harden.
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Tabie 6 Constants of regression equations for Fig. 1

Catalyst and .
accelerator . Yo AVX o B
contents{phr#) wﬁi&?&'{[‘}]_ﬁ —
Cooe INERPO &8 Constants ("K’t(f)'t?“‘m
A B correlation
0
10 0.55 207 0.72
0.25 20 15.18 53.71 0.93
30 2232 7342 0.93
10 2285 74.15 0.93
0 141 1.22 0.96
10 8.2 23.04 0.99
0.25 0.50 20 10.9H 1821 0.96
30 10.47 146 0.93
40 7 29,33 0.73
0 184 11.10 0.99
10 879 13.74 0.98
0.75 20 783 828 0.83
30 6.39 33.30 0.97
40 304 60.48 0.72
0 1.26 4.05 0.97
10 6.22 -19.72 0.97
095 20 9.4 24,29 (.99
30 11.31 13,78 0.89
40 11.28 16.85 0.8
0 515 11,31 0.99
10 879 5.00 01.96
050 | 050 0 0% | 0w
30 914 1313 0.2
10 70| IR | 0T
0 (5.l£m l() 10 ().9"5)““ )
10 867 121 0.97
0.75 20 9029 981 (.83
30 6.01 3712 0.99
40 204 71.94 0.91
0 2658 807 0,99
10 e 16.21 0.99
0.25 20 CLLB 2845 0.99
30 LG 1760 050
40 11.32 1590 0.56
¥} 7.10 17.33 0.99
10 868 15.01 0.9
0.7 0.50 20 11.70 1347 0.98
30 10.21 7.79 087
10 66 | AL | 076
0 723 1011 0.99
10 9,70 465 0.8
0.75 20 1074 | 531 0.92
30 0,490 AD.G2 08y
A0 26T | TS L 08l
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Table 7 Regression analysis of coefficient of slope of strength and datum temperature.

Catalyst and Cocfficient of slope of strength Y - aX® + bX + ¢ for Fig. 2
accelerator contents Datum
(phr) Ambient temperature () Cocefficient | temperature
a b ¢ of c)
CoOc_ | MEKPO 0 10 20 30 correlation
0,25 0.35 15.18 22,32 2285 [ -0.0352| 2.5024 | -20.9040 0.99 9.7
0.25 0.50 441 8.24 10.95 10.47 0.0116] 0.5536 | 4.2562 0.99 -6.7
0.75 4.84 8.79 7.83 6.39 -0.0108| 0.3712 | 52234 0.97 10.7
0.25 1.26 6.22 9.90 11.31 1128 | -0.0087 | 0.6010 | 1.2227 0.99 -2.0
0.50 0.50 5.15 879 11.95 9.11 . 0.0122] 05342 | 51073 0.96 -8.1
0.75 6.12 8.67 9.29 6.01 2.5 -0.01141 03573 | 6.2146 0.99 -12.5
0.25 2.68 6.07 1145 11.10 11.32 0.0086 | 0.5692 | 2.3320 0.98 3.9
0.75 0.50 7.10 8.68 11.70 10.21 .8 0.0103| 0.4214 | 6.6505 0.94 -12.2
0.75 7.23 9.75 10.74 5.90 0.0121] 03654 | 7.3759 0.97 -13.8
1.0000
10.0 v
e \
‘% 5.0 0.9500
E o0 \ 3
& C \ H
g 5.0 ‘J\\ : é 0.9000
= : CoOc Content €
§ -10.0 N 0.251
1 0.75 0.8500 et
-15.0 0 0.25 0.50 0.75 1.00 0.20 0.30 0.40 0.50 080 0.70 0.8¢ 0.90 1.00

MEKPO Content (phr)

Fig. 3 MEKPO and C.,O. contents vs. datum temperature
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Table 8 Maturity of lightweight polyester mortars with vario us catalyst and accelerator contents,
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temperature Curing period (h)
CoOc | MEKPO (e 6 & o1 ™ 120 168
0
10 0.7 1.0 15 25 3.3
0.25 20 D2 0.7 D 87.4 128
30 49.7 703 99,4 172.3 2224
A0 74.2 104.9 1484 2571 331.9
#] 16.4 3.2 328 6.9 734
10 40.9 079 818 1417 182.9
0.20 (.00 20) 604 2.5 130.8 2606 2925
30 H9.9 127.1 170.8 311.4 402.0
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¢! 26,2 37.1 90.3 117.2
10 5.7 717 17T
0.75 20 72 106.4 )b\) 8]
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0 19 g B9
10 24 1 dls
0.25 20 n3.9 762
30 L 1109
40 1029 145.5 4601
0 194 8.1 817
10 A4.3 62.7 198.3
0.50 0.50 20 6R.8 97.3 3078
30 u33 132.0 417.4
<0 1178 160.6 5269
0 30.6 423 1.1 36
10 001 779 190.9 246,
0.75 20 9.6 112.6 2TH8 3.0 4213
30 104.1 147.2 4606 A653.6 550.9
40 128.6 1819 155,05 7. 680.5
0 9.6 135 3l 0.5
10 34.1 482 1150 102.3 180.2
0.25 20 535 N2.8 228 2618 309.8
30 ¥3.0 1174 3714 439.4
40 His 1521 4809 9.0
0 209 13305 B
10 514 .
0.75 0.50 20 Misks A17.4
30 103.4 5
40 1279 124 5718 (76
0 R 117.1 1512 1784
10 8.3 i 2020 3085
0.75 20 8n 2851 1381
0 107.3 7T 4TI 567.7
40 1318 535 1 5RO 697.3
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