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Evaluation of Properties of Polymer—Modified Mortar with CSA
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Abstract

Two main parameters were examined such as CSA content and polymer-binder ratio to find effects on the strength, water
absorption, chloride ion penetration depth, carbonation depth, length change and chemical resistance of polymer-modified mortar
with CSA and EVA polymer powder (EVAPP). As results, compressive, flexural, tensile, adhesive strengths, and length change of
the polymer-modified mortar with CSA and EVAPP increases with increasing CSA content and polymer-binder ratio, although the
water absorption, chloride ion penetration depth, and carbonation depth decrease with increasing polymer-binder ratio and CSA
content, and also the chemical resistance decreases. Such strength and durability development is attributed to the high tensile
strength of EVA polymer and the improved bond between cement hydrates and aggregates because of the addition of EVAPP and

CSA.
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Table 1 Physical properties of fine aggregates

Table 5 Physical properties of EVA

Average Class pH
Type of . g. transition [10% water
Appearance | particle size . . .
polymer () point dispersion]
(©) (20)
EVA White powder 350 0 9.1

Size Density Absorption Organic
Number (mm) (g/em?) (%) impurities
6 <0.6 2.62 <0.3 Nil
Table 2 Chemical properties of CSA
ig. loss SiOp Al03 Fex03 CaO MgO SOs3
1.3 61.0 20.4 6.3 5.2 2.4 2.3

Table 3 Physical and chemical compositions of ground granulated
blast—furnace slag (GBFS)

Densi Blaine Percent Activity index (%)
ensity .
(efer) fineness flow
o m’kg) | (%) 7d 28d 91d
291 400 87 128 115 106
Chemical compositions (%)
MgO SOs SiO; ig. loss Cl—
5.58 0.12 33.5 <0.05 0.003

Table 4 Physical and chemical compositions of fly ash (FA)

. Blaine Unit Compressive | Center of
Density | .. water . over over
(efer) fme?ness ratio strength size 44ym 88/m
(m/kg) ratio (%) (fm)
(%)
2.2 340 100 97 29.92 23.8 6.1
Chemical compositions (%)
ig. loss SiOz Alzo;; Fezo:g CaO Kzo TiOz MgO
1.3 61.0 20.4 6.3 5.2 2.4 2.3 1.1
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Table 6 Mixture proportions of polymer—modified mortars with

CSA
Mass ratio (by mass)
Binder CSA Polymer—
(by cement. Wi%) binder ratio
OPC [GBFS| FA | Sand | Oy : (by cement, Wi%)
70% | 20% | 10%
1 1.5 0, 5, 10 and 15 0, 2, 4 and 6
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Fig. 1 CSA contents versus water—binder ratio of polymer—
modified mortars
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Fig. 2 CSA contents versus Air content of polymer—modified
mortars
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Fig. 3 Pore size distribution of polymer—modified mortars
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Fig. 4 CSA contents versus compressive strength of polymer—
modified mortars
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Fig. 5 CSA contents versus Flexural strength of polymer—
modified mortars
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Fig. 6 CSA contents versus tensile strength of polymer—
modified mortars

Photo 2 Microstructures of polymer—modified mortars
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Fig. 7 CSA contents versus adhesive strength of polymer—
modified mortars
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Fig. 8 CSA contents versus water absorption of polymer—
modified mortars
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Fig. 9 CSA contents versus Cl penetration depth polymer—
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Fig. 10 CSA contents versus carbonation depth polymer—
modified mortars

REERE U 22jo] Adai Bdu= A3k Eel st
ol 20 AEE A3lA7]7] wiolgt Bk} (Ohama et
al., 1986).

3.7 M3t

AN

0}

Fig. 102 Z2|v] AIWE E=8=90] $A43} Zlo|9} CSA
7Kg AE ek Zlojth Egn ARE REEE9)
5733} Zlol= CSA H7FEE St whet Fhashs Ads
BT o2& CSAQ] 7ol whe} Z7]of| vhge] oERIAL
o|EEZ ANt Wi ZAo] AstA /37| wiol
etk ghE, CSA H7Fl dAlglel, Eew ARIE B
=EEO] FA) ol EYW-ATAn e kel wet 7
sk S B 0]712 Photo 204 HQ1 Hel o]
e Eow st 49 =F7INY e IE
ol F7teto] olatsleiAe] T W gito] ofAE7] v

olg} I} (Ohama, 1988; Ohama, 1988; Schneider, 1993).

= -

42 =PxSFCRXYE|RsE =28 X192 A15(2015. 1)

0.0 T T 1
-0.5 5 10 15

Fa -1.0
= s
X
P
T -
5
=
= -
=
B
51 —a— Polymer-binder ratio : 0%
= -4.0 —@— polymer-binder ratio : 2%
45 polymer-binder ratio : 4%
—— polymer-binder ratio : 6%
-5.0

CSA content (%)

Fig. 11 CSA contents versus length change of polymer—
modified mortars
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Photo 3 Chemical resistance of polymer—modified mortars

EVAZF £9057) 9o A= merhelqt Helo) 54
8L o gk

(1) CSA %] Zem] AlHE REe=9) 9, 4, <
gl FAES CSA A7 H %—ﬂﬂ-@%ﬂﬂu %
Zhell whet S7kehs A Bolrk

(2) CSA &4 E2] AHIE REpk= o] Y42 CSA
A7 8L ERu-A AW Skl whet Stk
e Bl

() NEANE EdE 55 CSA £9] Fw AME
FEEEE AR B vl /iiEs o 5 0l
o el SR E et 28 Aokt @ske] &
AE el A8 fARE dtast

A& o lowiel sk wEh AR H2AY

Falod A% A8 B Aol

to mfu

aAel 2

2 A= 2012 AAUst . ATl o8] 3E
o, WA AAHEA 4L e =Yk

References

1. Choi, S. J., Park, K. T., Kwon, S. J., (2014), Evaluation of
Mechanical Properties and Crack Resistant Performance in
Concrete with Steel Fiber Reinforcement and CSA Expansive
Admixture, Journal of the Korea Institute for Structural

SR E SRR pE sk =28 H19H M15(015. 1) 43



Maintenance and Inspection, 18(1), 75-83. 13. Ohama, Y., Miyara, M., Endo, M. (1985), Drying shrinkage

2. Han, C. C., Lee, M. H., Park, J. M., Pei, C. C. (2006), and strength of steel fiber reinforced mortars containing
Early quality improvement of concrete incorporating CSA shrinkage-reducing agent, The society of materials science,
admixture, Journal of Architectural Institute of Korea Structure 34(376), 14-18.

& Construction, 22(4), 127-134. 14. Ohama, Y., Shiroishida, K. (1983), Temperature dependency

3. Innami, T. (2000), Effects of standard sand and mixing of strength of polymer-modified mortars, Proceedings of the
method on properties of polymer-modified mortars, master Twenty-sixth Japan Congress on Material Research, The
thesis nihon university, 103-118. Society of Materials Science, Japan, Kyoto, 195-199.

4. Joeng, S. C., Song, M. S., Lee, K. H., Han, C. G. (2002), 15. Ohama, Y., Shiroishida, K., Miyake, T. (1982), Thermal
Hydration of expansive materials with CSA-system, Journal resistance of polymer modified mortars, Proceedings of the
of KCI, 14(5), 631-637. Twenty-fifth Japan Congress on Material Research, The

5. Joo, M. K., Jin, N. J, Yeon, K. S. (2002), Strength and Society of Materials Science, Japan, Kyoto, Mar, 234-238.
durability of polymer-modified mortars using ground granulated 16. Okada, S. (1981), Handbook of concrete structures, asakura
blast-furance slag, Journal of Korea Concrete Institute, 14(2), bookstore, 568-572.

164-170. 17. Pei, C. C., Lee, G. C., Park, J. M., Lee, S. H., Han, C. G.

6. Joo, M. K., Lee, Y. S., Youn, D. Y., Jung, I. S. (2005), (2005), A study on early quality improvement of concrete
Durability of high-fluidity polymer-modified mortar using incorporating CSA admixture, Journal of Korea Institute of
redispersible polymer powder, Journal of Korea Concrete Building Construction, 5(1), 25-28.

Institute, 17(5), 703-708. 18. Powers, T. C. (1965), Mechanisms of shrinkage and reversible

7. Kwon, S. O., Bae, S. H., Lee, H. J., Jung, S. H. (2014), creep of hardened cement paste, International Conference
Durability of high volume fly ash concrete, Proceedings of on the /structure of Concrete, Paper Gl, London, 319-344.
tee Korea Concrete Institute, 26(1), 173-174. 19. Schneider, S. 1., DeWacker, D. R., Palmer, J. G. (1993),

8. Lee, Y. S., Joo, M. K. (2003), Drying shrinkage and strength Redispersible polymer powders for tough, flexible cement
properties of ultrarapid-hardening polymer-modified mortar mortars, Polymer-Modified Hydraulic-Cement Mixtures, STP
using redispersible polymer powder, Journal of Korea Concrete 1176, American Society for Testing and Materials, Philadelphia,
Institute, 15(3), 703-708. 76-89.

9. Moon, H. Y., Sea, J. W., Son, H. H. (1988), A study on 20. Smith, R. H., Mills, R. H. (1968), Variations in shrinkage
the chemical resistance of concrete substituting fly ash, of concrete resulting from the use of additives, proceedings
Journal of Korean Society of Civil Engineers, 8(1) 103-112. of the RILEM/CEMBUREAU International Colloquium on

10. Ohama, Y. (1973), A study on the properties and mix the Shrinkage of Hydraulic Concrete, Vol. 1, Instituo Eduardo
propotions design of polymer-modified mortars for building Torroja, 1I-G.0-11G.15.
construction, Construction research report, (65), 194-198. 21. Tomida, R. (1988), Shrinkage-reducing agent, Journal of JCI,

11. Ohama, Y., Demura, K., Lin, Z. (1990), Effects of mix 26(3), 55-60.

propotions and curing conditions on strength properties of
superhigh-strength mortars, CAJ proceedings of cement &
concrete, (44), 674-679.

12. Ohama, Y., Demura, K., Miyake, M. (1986), Diffusion of Received @ 09/25/2014
chloride ion in polymer-modified mortars and concretes, Revised : 10/28/2014
cement technology annual report, (40), 87-90. Accepted : 11/05/2014

2 N

e
2
—LJ

SIHE CSAT BT Be] AME RS B, F46, 95 ol& WF 20|, 95 2o, oluah @ verEe] A
& ol thslo] ABHOE PYHI L A3 CSAS czm B A= wEded 92 4 93 4 XREEE oA 1

SN B0 ek BRI, S CoA Wk 9 EA AN} Shied the gegle, donsks
W Feful AR} Skl el sasilh @st o) A%FZe] 9 F45 ol CSA A7 9 EejvlAen))
Z7Rel et Zassigick e, SRR CSA A7 9 FelolAREn} S7ke) mek sk olst B A U U )
Ae EVA Zerle] & Q7] 7105k, BVA Zein) 8 csa 906 Slajo] AlRE S3183) ZAlele] atelo] ANE) o
Fole} heick

A 8O CSA, Eev-AdAm], Ak, 58, W4

44 =z P REs =28 A19A M15(2015. 1)





