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The Effect of the Replacement of Grinded Fly Ash according to Curing Temperature on Repair
Mortar Based on Polymer Admixture
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Abstract

The objective of this study is to evaluate the effects of the replacement levels of grinded fly-ash on the repaired mortar based
on a polymer. The main parameters are the curing temperature and replacement levels of grinded fly-ash. The curing temperature
and the replacement levels of grinded fly-ash are varied at 40C, 20C and 5°C, and between 0% and 35% of the total binder by
weight, respectively. The flow in fresh mortar and compressive strengths according to ages, the relationship of stress-strain, elastic
modulus and modulus rupture in hardened mortar, as well as scanning the electron microscopy and the X-ray diffraction of mortar,
were measured, respectively. The test results showed that the flow, elastic modulus and modulus rupture are great in mortar
specimens with 20~30% of the replacement levels of grinded fly-ash. In addition, compressive strengths according to ages were
affected by the replacement levels of grinded fly-ash and the curing temperature indicated that the strength development ratio of
mortar with 20% of the replacement levels of grinded fly-ash was greater than others. In the prediction of the compressive strength
specified by the ACI 209 code, the strength development at an early and late age can be generalized by the functions of the
replacement levels of grinded fly-ash and the curing temperature. In the analysis of scanning the electron microscopy and the X-ray
diffraction, the number and intensity of peaks increased and the form of CSH gels on the surface of the particle of grinded fly-ash
was observed.
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Table 1 Physical properties of grinded fly—ash
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Table 2 Physical properties of polymer

Solids content | Bulk density

Type of polymer| Appearance @) (ke/l)

pH

Co Brownish 98% 0.54 6.5~8.5

EVA White 99% 0.45 6~8

Fineness Loss ignition | Activity index Si0y

Specific gravity () @) @) %)

2.23 4,520 4.0 92 52.8
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Percentage of weight passed (%)

5 2.5 1.2 0.6 0.3 0.15
Size of sieve (mm)

Fig. 1 Particle distribution curves of fine aggregate
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Table 3 Proportions of repair mortar mixes and summary of test results

Curing Comp(?sitio.n of binder Flow (mm) f.0 (MP2) 5/ \/f Y \/ﬂ
Group |Specimens wis S/B 5 3, | temperature by weight (%)
(%) (kg/m’) ©) 0 30 1 3 7 ] 28 | 56 | 91 o .
¢ 4 Po mins | mins | day | days | days | days | days | days 28days | 28days
H-FO 95 0 100 | 100 |23.8 | 29.9 | 34.9 | 41.7 | 435 | 44.8 - -
H-F10 85 10 110 | 100 | 224|295 | 39.5 | 44.3 | 45.7 | 46.4 - -

. H-F20 10 75 20 135 | 105 | 18.0| 26.6 | 39.2 | 50.4 | 50.2 | 53.0 - -
H-F25 70 25 135 | 115 | 13.8 | 23.6 | 37.7 | 49.2 | 50.8 | 53.1 - -
H-F30 65 30 135 | 110 | 10.2 | 224 | 32.2 | 39.4 | 41.8 | 43.8 - -
H-F35 60 35 135 | 115 | 85 | 20.2 | 34.2 | 38.3 | 385 | 39.1 - -
S-FO 95 0 100 | 100 - 9.5 | 255|314 | 35.6 | 37.5 | 4409.2 | 0.63
S-F10 85 10 110 | 100 - [ 14.3]26.8 325|371 |41.3|4385.3| 0.70

) S-F20 20 ) 3.3 20 75 20 . 135 | 105 - [ 182]29.1|37.0 | 41.9 | 454 | 48228 | 0.74
S-F25 70 25 135 | 115 - 11011229298 | 342|372 |4683.7 | 0.82
S-F30 65 30 135 | 110 - 6.9 | 187 | 26.2 | 28.6 | 31.1 | 4298.9 | 0.80
S-F35 60 35 135 | 115 - | 116 | 21.3 | 26.0 | 27.6 | 30.4 | 41129 | 0.74
L-F0 95 100 | 100 - 7.1 | 136 ] 283 | 32.0 | 34.3 - -
L-F10 85 10 110 | 100 - 1011204282329 357 - -

) L-F20 75 20 135 | 105 - | 145(223|343|449|478 - -

! L-F25 ° 70 25 135 | 115 - 5.9 232|377 |41.2 | 451 - -
L-F30 65 30 135 | 110 - 7.8 | 21.5]33.2|43.6 | 48.3 - -
L-F35 60 35 135 | 115 - 7.2 | 182 ] 32.6 | 37.0 | 40.9 - -

W/B and S/B are the ratios of water to binder and fine aggregate to binder by weight, respectively. €, F4 and Po are the cement, grinded fly—ash and

polymer, respectively. f.., £, and f, are compressive strength, elastic modulus and modulus of rupture, of concrete, respectively.
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Fig. 2 The ratio of compressive development
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Table 4 The evaluation of factor to strength development

Grou Specimens Fac(;zietlzpizigth Effectiveness
A, B r?

H-FO 1.01 0.96 0.99

H-F10 1.26 0.95 0.99

H-F20 2.37 0.94 0.99

! H-F25 3.07 0.90 0.99
H-F30 2.63 0.89 0.99

H-F35 2.54 0.92 0.98

S-F0 4.75 0.79 0.94

S-F10 3.82 0.79 0.95

. S-F20 3.59 0.81 0.98
2 S-F25 4.97 0.77 0.96
S-F30 5.89 0.79 0.96

S-F35 3.50 0.85 0.96

L-FO 9.13 0.72 0.99

L-F10 5.25 0.75 0.98

L-F20 6.29 0.67 0.97

! L-F25 7.97 0.75 0.96
L-F30 8.45 0.62 0.98

L-F35 8.50 0.71 0.99

A= A7 A A vlEE] Zetolefa7t ZAddel 719
5ho

e ovidith 919 nREekee) 4,3 B9 w2
= 7|qto 7 ooy} 78 g Autsler 4 ol%—lqﬂ:ig_ 3).
Ay =20[(1-Rr}) T ®|+0.7 (2.2)

B, =0.0035[(1— R;)T"?|+0.7 (2.b)

VA, Rz v Eefolojne] NS, T A
SRS UENIT, webd vjEas Seolojiizt Wk 1
SrEpEelq AR GEATE A ()3 2)F olgate]

=2 |

AgAOR AT & gk

o] 40 ol e A0 ABAAL
A A¥EE AA7EA] v A ASS
-4 /‘] HEE Hued o9 7E
ofofA] A|gkgro] el wm|gh P Wkt



10 + Best fit line
y=20x+0.7 0o
R>=0.870

< 6 r
4 +
2 o
0 Il
0 0.1 0.2 0.3 0.4
(1-RHT?
(@) 4,
1.4
Best fit line
12 + y=0.0035x + 0.7
R*=0.869
1 |
- A
;A A
0.8
06 &
0.4
0 10 20 30 40 50 60 70 80 90
(1-R)T"
b) B

Fig. 3 Generation of factor to strength development

Stress (MPa)

0 0.002 0.004 0.006 0.008 0.01
Strain

Fig. 4 The relationships of stress—strain
3.5 EEAls & oAl

BER2El2 ] SXAANE)S FHAG(f,)E FES
AN 28U BFLE(/ for )2 FAHA3} 3121C) Figure 5]
Uehd nle} o] &% 20T olx] YA RER 229
E,[ /£ 4300 ~ 4822°] Wgle] Qg wld =

6000

ACI318-11(E . =4700\f )
5000 | e

4000
3000
2000
1000

0

S-FO  S-F10  S-F20 S-F25 S-F30 S-F35
Specimens

Ec/\fer

Fig. 5 Elastic modulus normalized by \/ﬂ

1.00
ACI318-11(f, =0.63f ()
0.80 [
~oco - TR R R R
k4
&

0.20

0.00

S-F0O  S-F10 S-F20 S-F25 S-F30 S-F35
Specimens

Fig. 6 Modulus of rupture normalized by \/ﬂ

gfolofal Aghgel] ofe v Fgs Mtk viie =2
olelA7} 7k A] ok APA| S-FO- 440920 Wb vl

H Zgfolofr] 28] 20%<1 AHA) S-onoﬂfﬂ% 4822

2 oF 10% Z7F8lsith o, RyR=e=e g/

ACI 318-11(2011)2] AA1715=21 4700 K.t} Sk ]1— s
A EL] AAE 7Rkt Sl ACT 318-11(2011)72]
H| W EHE RERZELEY) 7| 2 Ee| nld sHdAS

o] Aol W& ov]ETHong et al., 2013).

Figure 6015 Pt ZefolofA] x|ekgol| e HyRe=
B9 f,/ /Fo B HERIQE HERE 294 fr/\/ﬂ
£ 0.63 ~ 0.82°] Welell =, nlEsfE JolA] A
o] 20% 7H= thA LISt R ETJEE}EPJ
I/ \/f E ACI 318-11(2011)2] AAI715 B} 8kt o]
= e ZEelolA 7t TE RS Eola, ke
PVA AR9] 7lnddez 3 Addes TIAF7] wii
o]t Whang, 2008).

SR XSFTIRA|pE 28k =28 H19¥ M4z(2015.7) 121



28
days

(@ 7 =0%

(© Rr =20%

Fig. 7 Typical SEM image according to replacement level of grinded fly—ash
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Fig. 8 Analysis of XRD
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