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Abstract

The purpose of this study is to evaluate the improvement of flow, compressive and flexural strengths of polymer
cement mortar(PCM) using SBR latex mixed with blast-furnace slag and fly ash. The test specimens were prepared with
SBR polymer dispersion, two types of admixture (blast-furnace slag and fly ash), five polymer-cement ratios (P/C; 0, 5,
10, 15 and 20%), and six admixture contents (0, 3, 5, 10, 15 and 20%), plain cement mortar was also made for
comparison. From the test results, the flow of PCM was significantly improved compared to ordinary cement mortar, but
the flow was slightly reduced when mixed with blast-furnace slag, and the flow was similar to PCM when mixed with
fly ash. In addition, the compressive strength of PCM mixed with admixtures was significantly improved, but the
flexural strength did not improve except for some mortars. It can be stated that the optimum mix proportions of PCM
using SBR with admixture contents 10 to 15% and P/C 10% for the compressive strength improvement, and P/C 20% for
flexural strength improvement are recommended respectively in this study.

Keywords : polymer cement mortar, blast-furnace slag, fly ash, polymer-cement ratio, admixture content

1. A & B2 2 FF9E0 shte] SaE Edoto] ARtk
A2 AEA Ut ol=igt PCM E= PCColl Higt A
FZIE-ZTy Bl AdARR ARSEA oF 60 e BRE AWE ZggEe} 72 HyE] thhol
of Wo| ko Ad@olME olAl B4 EMES Al AZS AAst =2 HIAIS Hofdt 4= glex] Jeja ok
T2 AL Qo JEu A AdEEoE 298 Eof did AL =Y & YAl diE) BU%E 9T
E-EEn] 539 ofg] 8% FolA BLEITE 12 (1371 A=t 1 Anea] @4 ARET Qs =
29| He-EAARE ARENL Qs EE AMIE B8 o oy} AlesRy BusA)r) e ol Saiy
Z(Polymer Cement Mortar ; PCM) ¥ FI2E = 3AE0 B Z& PCM FEE ARET Qlont
(Polymer Cement Concrete ; PCOE it AJHE 2 B ESSE 2holA PCC FE|Z AH ARgo] Z71st
I QItH4-6l. ole &2 E9dofl ot IAE F7pHT

T

Received : October 31, 2020 ZQHA o] Mojir] LX) vE-S 1ok S5
e s Ty uhgel MO bl E52)E) 29 2S4S 5
* Corresponding author: Jo, Young-Kug 1_’H‘—I'—ILF— l:._i%'—/\]‘ﬂ] A]—%E]%_Q_Uﬂ 200915 ?_]_;:ﬂtﬁﬂ nH
[Tel: 82-32-770-8172, E-mail: ykjo@chungwoon.ac.kr] A g ALE oE 9k shH PCM 2 PCCrt Z+
©2§§itSTileese§{V(;1§a Institute of Building Construction, All 2= E] 75, /‘5] Xa] ‘3‘4 LH:F‘}E] o 6(}}8_}\]7];(] o} }\] z 3 Xj oﬂ/\-]



A Study on the Basic Properties of Polymer Cement Mortar Using SBR Latex with Blast-Furnace and Fly Ash

250 w ojy ZFHE gule] ko g Al8sloiof 5}
o, g Isiolr] foto] 229 FARFHS F3iQl
A 5ol e A= ASEL JTHT- 11 1. T3 PCMS

Fedt ZAEE etsio] E2v EigE AHE 3

Sl 5-30% 85V AR IEH212.13], olefet PO
o ol B4 4 Fo)4 S5 Bl oSl U

3o Qe B BWedof o) W58) e, Eee]
o] B0l FRILE YSASL AR AFE Kol

Lo oL WKL 1/10 ol 514 e Eelle] 5
A wjolct. oleft pCMe] vREAS AW T 4
= WOR B4 2B AME ESEE de)
ASHT Gl MR T TR D o] ole] Y

< 18T 4= Stk 12& 0 vl 9 EFjolofAlE A
HE Z32Eo] ZQoto] AREsH= F 1_91 e
T7.14-1615 S3te] 11 Aso] ofvl
PCMo]| &5k= Ao gt &= ﬂﬂ& 3
t}. ShH @A7IA] PCMo] EejH ©E02 AJHE Z=E}
2 9 Z3=E0] JAg sy D} 2 AoflM=
2&H0 njEd EgolofjAlE PCMo] %45t &
Zom AHIEH|eL S5l TQUE] wE E5 W) ‘3-l

71 Aol 7FsYdE BA s 1§ gEE ¢
PP E4S B AME HEE20}t v2sdT Ul
D 4 ZelolofA] &9 AHE R EEfE9) Hlw B7tolo]
AA| oA AT 4= Q= T3 &% PCMY] F Al
& AXTSHIAL stk

2. A§AE

E2H HAHZAL 1m oot 2™ v|EAP 450+
SHA B4R FEIAE A6k onjolt). & oA ARE
St EwQl A BrA]ll I5(Styrene- Butadiene
Rubber, SBR) &A= @A oA 7F Wol] AMgE=

AHE 22}+8- E2]HQl ‘:ﬂ AHE Z32EQ| QI et
oz} iRt B4EE $4ittal I Irh2,3,8-10).
PCMZ KS F 2476 (Z2]H AMIE HEEt=0] Al
510, Table 13 22 AR g AHES} ZEAE
SR 103, &g AEH] (Polymer-cement
ratio ; P/OE 0, 5, 10, 15 ¥ 20%= WskA|ZiL) 7|+
PCMO] L7g3t Al57d= $fotod E22AF 1704 5m7t &=
£ EAMEH] (Water-cement ratio, W/C)5 2oL

o7]0f 12&e 1 v (Blast Furnace Slag ; BF) 4 =
2loJofAl(Fly Ash ; FAYE AMIE $5F0= 0, 3, 5, 10, 15
4 20%5 27t 2Qlolo] &=, YT 9 I AlES

sl

Table 1. Experimental plan

Factor Level Variable
Cement type Ordinary Portland cement 1
Polymer type SBR 1
Polymer-cement
ratio, P/C(%) 0, 5,10, 15, 20 S
Admixture BF, FA 2
Admixture content(%) 0, 3, 5, 10, 15, 20 6
' Flow, Air content, Compressive
Test item strength, Flexural strength 4
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Table 2. Physical and chemical properties of materials

Density Blaine SiO2 MgO SOs; CaO lg.
(g/er) (em/g) (%) (%) (%) (%) loss(%)

OPC 3.15 3200 205 290 210 633 1.95
BF 2.90 4300 293 36 25 462 2.35
FA 2.20 3,830 549 09 05 41 0,90
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Table 3. Properties of polymer dispersion

Type of Density pH Viscosity Solid content
polymer  (g/ew 20C) (20C) (mPa - s,20TC) (%)
SBR 1.02 9.2 60 485
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Table 4. Mix proportions of SBR-cement mortars

P/C BF FA W/C Flow Air
(%) (%) (%) (%) (mm) content(%)
0 167 73
3 167 10.8
5 179 104
10 0 189 10.3
15 193 10.1
0 20 70.0 194 9.8
I T 187 89
5 187 96
0 10 180 8.0
15 184 77
20 177 78
0 168 12.8(17)
3 163 -
5 161 -
10 0 153 10.4(18)
15 157 -
5 20 45.0 157 -
I T 148 -
5 158 -
0 10 170 11.8(14)
15 166 -
20 166 -
0 168 14.4(20)
3 156 -
5 157 -
10 0 154 12.4(19)
15 153 -
10 20 25 152 -
[ T 152 -
5 163 -
0 10 164 11.6(20)
15 167 -
20 166 -
0 173 13.4(21)
3 165 -
5 158 -
10 0 166 15.0(19.5)
15 168 -
5 2 420 164 -
3 160 -
5 165 -
0 10 161 14.0(21)
15 164 -
20 167 -
0 166 13.0(20)
3 162 -
5 165 -
10 0 157 14.0(19.8)
15 160 -
20 2 415 158 -
3 165 -
5 169 -
0 10 170 13.0(19)
15 170 -
20 164 -
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Figure 1. Flow of plain cement mortar according to W/C
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Figure 2. Flow of plain cement mortar according to BF
and FA content
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Figure 3. W/C and W/C reducing ratio of PCM for target
flow of 170£5mm
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Figure 4. Flow of PCM with BF and FA
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with BF and FA
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Figure 6. Air content of PCM with or without antiformer
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Figure 7. Air content of PCM with BF and FA
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Figure 8. Relative compressive strength of PCM
to plain cement mortar
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Figure 11. Relative flexural strength ratio of PCM
to plain cement mortar
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Figure 12. Flexural strength of PCM with BF and FA
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Figure 13. Relative flexural strength ratio of PCM
with BF and FA to admixture content 0%

BRI of7jold Xoff A== P/C 5%, FA SU4E
39%01A1 112%019=] A&t A4S} v A2 BRE:
BRIt Ao Hisl FAZ &gt PCMe] A erl7F
"o oF7k 2| LpERgoH, 40| Ak UeRf= 3]
A AdEre] g 3A Wokl H3ke B

£ o] Aol & &= 9= Hiel o] BFeF FAE PCM
o Eolo] U=} FH=E WA Heliale B
S afigiadolx Hro] Ajol7} Wgstu s AA| SolA]
AREA] E2jr] AHIEH]QL S51A9] TRUE 23S AHT]
Aeisioiof gt

4.2 &

B 7= SBRS ARESH POMY] A5 741 Qlsto] BRe}
FAS E9o10] 678 9 Ik A4S H7RE 208 A+
23S Aelobd thaat 2tk
1) PCM9] & E#4] 170+5mmol| T3t W/CE HE
AHE Z2El=20] sl P/CY] F7tol wet 39.2%-
52.4%°] W12 A Aot oH, BF 9 FAS &¢
oF 739 SSpE SQokA] 92 PCMe] 29} vgsot
At o 2A Uepsit

2) PCM9] =7 BRo} FAS S9iglof wlet 2o &
s HE AHE H2El2 Wt 17548 2 1,704,



J2a SRS SQJ6kA] g2 PCM Eri: 1.08#)
2 1.058] 242} 7jAd=lo] 2ol oo el &
I7E A & 5 Ak

3) BF &%) PCMY] S =H= 115%-134% /9=
LE QoA A /WS Helom FAS RIS
PCMQ] 7390l P/C 20%= Aleford 79| =& ufgh
o] AAUZT=R7E 100%S Aslste] Tl S5
of TAZC] I WAETE AS & AUk

4) BFe} FA 29 PCMQ] == U573et 9] gy
P/C 20%Z AQlohd, = Higlofx] EsiE 245t
A 92 PCM K o 2 s Uehy S5
2o w2 i A 7B Gt UERER] ok

5) BF &% PCMO] A= rl= 78%-115%2] HAA
on FAS T3t 4L 78%-112%2] 9z E2H
AHER|9} S3tAfo] TolEo] wet & JRRS Wkt

6) ¥ 1743}, PCMOl B} FAS S8l met =7
T WA Jaks A @R glo, Eo) A At
£ G5 P/Coll gFg=lo] Vet @ 84| 8%
o= 2E3t vighS Aeolojof T Aol

2 o

2 e 12EHT nEE 9 EQolofAlg Egt
PCM9| £2, 9574 4 84T /M HA=E B7lstarst
319} Al 9fgt TAAIE SBR E2H tAHH, IS
235 P/C57A (0, 5, 10, 15 9 20%), T3] 34
67 O, 3, 5, 10, 15 9 20%)2 HSIAA PCMES ARSI
on, H|ZE fslo] HE AMIE HEE2 T ARSI} 2
A3} PCMY] E2L HE AHIE FEEl=0] H]s)| 27
7WaEglon, TEEHTE SJst Y- 27 KT Aokt
Fom, ZElolofAlE 2RIet A9olli= PCMT HIsst 753F
< Bt} B3 TIHE 2948k PCMY] S = A0
WA= oY, B RS AlQlsh Hdamt A2
UFERAA] 230k}, £ ¢d-toflA] BES} FA EUE 10%-15%2]
SBRE AREZH PCM2] U573 7ol P/C 10%, %=
9] W& SfelE P/C 20%E 27 24 viigho = Aokt

s

% qlgirt

FIE : Z2|of A|lME Z2El2 D252, Z210|ofAl
Z2|H AHEH|, 23t 2E

Funding

This research was supported by the Academic
Research Fund of Chungwoon University in 2020.

ORCID

Wan-KiKim, http://orcid/0000-0002-0445-3547
Young-KugJo, http://orcid/0000-0002-0965-8007

Reference

1. OhamaY, Ibe H, Mine H, Kato K. Cement mortars modified by
SB latexes with variable bound styrene. Rubber Chemistry and
Technology. 1964 Feb;37(3):758-69.

2. Ohama Y. Handbook of polymer-modified concrete and
mortars. Noyes Publications. New Jersey (U.S.A); 1995. 225 p.

3. Jo YK. Basic properties of polymer cement mortar with EVA
emulsion and admixtures. Journal of the Korea Institute for
Structural maintenance and Inspection. 2019 Nov:23(6):53-60.
https://doi.org/10.11112/JKSMI.2019.23.6.53

4. Kim M, Shin GO, Joo NC, Lee GJ, Jeong JP. Vibration properties
of concrete overlays using RS-LMC. Journal of the Korea
concrete Institute. 2016 Oct;28(5):571-9. https://doi.org/10.
4334/JKCI. 2016. 28.5.571

5. Choi KK. Numerical investigation on cracking of bridge desk
slabs with latex modified concrete overlays. Journal of the
Korea concrete Institute. 2010 Jan;22(1):77-84. https://
doi.org/10. 4334/JKC1.2010.22.1.077

6. Piotrowski T. Prochon P. Capuana A. Mechanical properties of
polymer (PC-FRQO).
Proceedings of the 16th International Congress on Polymers in
Concrete; 2018 Apr 29-May 1; Washington DC (USA).
International Congress on Polymers in Concrete; 2018. p. 227-34.

cement-fiber-reinforced  concrete

7. Jo YK. Kim WK. Investigation of physical properties and self
healing of hardener-free epoxy-modified mortars with GGBES.
Journal of the institute for structural maintenance and
inspection. 2020 Feb;24(1):80-7. https://doi.org/10.11112
/iksmi. 2020. 24.1.80

8. Pareek SN. Improvement in adhesion of polymeric repair and
finish materials for reinforced concrete structures [phD thesis].
[koriyama (Japan)]: Nihon University. 1993. p. 80-106.

9. Ohama Y. Principle of latex modification and some typical
properties of latex-modified concrete. ACI Material Journal.
1987 Feb;84(6):511-8.

10. Jo YK. A study on the improvement of adhesion in tension and



A Study on the Basic Properties of Polymer Cement Mortar Using SBR Latex with Blast-Furnace and Fly Ash

11.

12.

13.

14.

15.

16.

flexure of polymer cement mortar depending on various test
methods. Journal of the Korea Institute of Building
Construction. 2019 Feb;19(1):47-57. https://doi.org/10.5345/
JKIBC.2019.19.047

Sawaide M. Improved construction joint work of early-age
concrete by polymer-emulsion treatments. Proceedings of the
6th International Congress on Polymers in Concrete; 1990 Sep
8-11; Shanghai (China). International Congress on Polymers in
Concrete; 1990. p. 562-8.

Ohama Y. Study on properties and mix proportioning of
polymer-modified mortars for buildings. Report of the Building
Research Institute. 1973 Oct;:65:100-4.

Jo YK. Properties of polymer cement mortars under combined
cures. Journal of the Korea Concrete Institute. 2006
0Oct;18(5):667-75. https://doi.org/10.4334/JKCL.2006.18.5.667
Yoon YS, Cho §J, Kwon §J. Prediction equation for chloride diffu
sion in concrete containing GGBFS based on 2-Year cured result
s. Journal of the Korea Institute for Structural Maintenance and
Inspection. 2019 Mar:23(2): 1-9. https://doi.org/10.11112/jks
mi.2019.23.2.1

Garbacz A. Sokolowska JJ. Concrete-like polymer composites w
ith fly ashes-comparative study. Construction and Building Mat
erials. 2013 Jan:38:689-99. https://doi.org/10.1016/j .conbuild
mat.2012.08.052

Jo YK Tensile and adhesion properties of polymer cement mort
ar with EVA emulsion, blast-furnace slag and fly ash as a repair
material. Journal of the Architectural Institute of Korea, Structu
re & Construction. 2019 Nov; 35(11):147-54. https://doi.org/1
0.5659/JAIK_SC.2019.35.11.147

10





