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Abstract

Recently, prepackaged-type surface preparation materials using redispersible polymer powders are widely used for
interior and exterior finishing in the construction work. The purpose of this study is to evaluate the performance and the
quality of prepackaged-type surface preparation materials using a VA/E/MMA terpolymer powder. Surface preparation
materials using a VA/E/MMA terpolymer powder were prepared with shrinkage reducing agent contents of 0, 4 % and
cellulose fiber contents of 0, 0.5, 1.0 %, and tested for drying shrinkage, strengths, adhesion in tension, crack and impact
resistance, water absorption, permeability. As a result, prepackaged-type surface preparation materials show outstanding
performance depending on the shrinkage reducing agent and cellulose fiber contents.

Keywords : terpolymer powder, prepackaged-type, low shrinkage, surface preparation materials

1. Introduction

Polymer—modified mortars(PMMs) are widely used
in various building constructions such as surface
preparation materials, finishing materials, self—leveling
materials, patch materials for deteriorated RC
structures, etc[1,2]. This is attributed to the outstanding
performance of the PMMs, The improvements from
adding polymer modifiers to concrete include
increased bond strength, freezing and thawing
resistance, abrasion resistance, flexural and tensile
strengths, and reduced permeability and elastic
modulus[3,4]. Since the development of prepackaged—type
products using redispersible polymer powders among

others, it is being commonly used till today.,
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As a prepackaged product which consists of only

powder—type materials, it makes work more

efficient[5],
just mixing it with water in the construction

Because the products can be used by

site[6,7]. It is not only convenient, but gives
accuracy of premixing with the cement, aggregates,
and other powder components[8, 9]. Also, the use of
prepackaged mixture can avoid disposal of buckets,
which are normally used to contain the polymer
latex, The disposal of these buckets become an
environmental concern, So, the use of prepackaged
mixture can contribute to decrease of environmental
pollution[10], However, the PMMs using redispersible
polymer powders have a defect that drying shrinkage
is larger than that of unmodified mortars[3].

Now, commercially available prepackaged—type
products using redispersible polymer powders are
products using copolymer that two monomers are
polymerized, In this paper, developed than that,
surface

using a new generation of terpolymer powder|[11]

prepackaged—type preparation materials
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that three monomers(Vinyl Acetate/Ethylene/Methyl
Methacrylate) are polymerized are prepared with
drying
shrinkage reducing and cellulose fiber for crack

powdered shrinkage reducing agent for
inhibiting and improvement in impact resistance, and
tested for various test items to assess the performance,

2. Materials

2.1 Cement

Ordinary portland cement as specified in KS L
5201(Portland Cement)was used as a cement. The
chemical compositions and physical properties of the
cement are listed in Table 1,

2.2 Polymeric admixture

Redispersible polymer powder used as a polymeric
admixture was a vinyl acetate—ethylene—methyl
methacrylate (VA/E/MMA) terpolymer powder. The
properties of the redispersible VA/E/MMA powder
are given in Table 2, Before mixing, to control
entrained air, polyester—based powdered antifoamer
was added to the VA/E/MMA terpolymer powder in a
ratio 1 % to the total solids of  VA/E/MMA
terpolymer powder,

Table 1. Physical properties and chemical compositions of cement

v Blaine's specific Setting time ~ Compressive

. Eegﬁi y sur%cge prea (h:min) strength (MPa)

Physical — g/e orig Initial  Final ~ 7d  28d
properties

3.14 3200 420 650 18.9 36.7

. Ig.

Chemical S|02 A|203 F6203 CaO MgO SOg loss
compositi

on(%) 20.6 55 3.18 63.03 314 223 124

Table 2. Properties of redispersible polymer powder

) Glass o
poymer Aopaes SR wanstion S0 DR
poly H point(C) P

White
VA/E/MMA Powder 400 12 7.0
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2.3 Fine aggregate and filler

Silica sand(size:0.04~0.60 mm) as specified in KS
D 2120(Molding Natural Sand) was used as a fine
aggregate,
calcium carbonate(size: less than 2.5x10™° mm) was

and commercially available ground
used as a filler, Calcium carbonate powder is an
inactive material which is different with other
mineral admixtures in the cement paste. It doesn't
contribute to strength development, But, it improves
the flowability, also has excellent effects on
reducing bleeding and heat of hydration, And it has
micro—filler effect, So this effect increases the

durability of cementitious composites[12].

2.4 Water-retaining agent

Hydroxyethyl cellulose(HEC) was used as a water—
retaining agent for sufficient hydration reaction and
prevention drying out of mortar,

2.5 Water-reducing agent
Sulfonated melamine—based high—performance
powdered water—reducing agent was used as a

water—reducing agent,

2.6 Shrinkage-reducing agent
Polyethylene glycol was used as a shrinkage—reducing
agent,

2.7 Crack-inhibiting agent

To improve crack and impact resistance, cellulose
fiber(volume ratio : 0, 0.5, 1.0 %) was used as a
crack— inhibiting agent,

3. Testing procedures

3.1 Preparation of binders

Binders for two types[C—2(finishing thickness : 1
~3 mm), CM—2(finishing thickness : 3~10 mm)] of
surface
specified in JIS A 6916(Surface preparation materials

cementitious preparation materials as



Table 3. Mix proportions of prepackaged-type surface preparation materials

Mix proportions (wt%)

C-2-F CM-2-A CM-2-B CM-2-C CM-2-D CM-2-E CM-2-F

Material C2-A C2-B C2C C2D C2E
Ordinary portland cement 56.6 56.3 56.2 55.3
Silica sand 25 224 24 220
Calcium carbonate 14.2 14.2 14.2 14.2
Redispersible polymer powder 5.6 56 56 55
Antifoamer 0.056 0.056 0.056 0.055
Water-reducing agent 0.56 0.56 0.56 0.55
Water-retaining agent 0.5 0.5 0.5 0.49
Shrinkage-reducing agent 0 0 0 2.21
Crack inhibiting agent 0 0.29 0.59 0
Water-cement ratio(%) 39 40 43 40

55.1
21.9
14.2
55
0.055
0.55
0.49
2.20
0.3
41

549 341 339 338 336 335 333
219 625 623 619 616 614 612
142 - - - - - -
55 34 34 34 34 34 33
0055 0034 0034 0034 0034 0034 0034
0.55 - - - - - -
049 034 034 034 034 034 034
2.20 0 0 0 134 134 134
06 0 039 078 0 039 079
44 62 67 72 63 69 76

for finishing) were previously prepared with the mix
proportions given in Table 3,

3.2 Preparation of specimens

According to KS F 2476(Test Method for Polymer—
Modified Mortar), PMMs were mixed and their flows
were adjusted to be constant at 135+5 mm(C—2)
and 160+5 mm(CM—2). After that, beam specimens
40x40Xx160 mm for compressive and flexural
strengths were molded and moisture cured at 20+2
T and 90+10 %([RH) for 2days. The specimens were
then dry cured at 20+2 C and 60+£10 %(RH) for
26days,

Beam specimens for drying shrinkage test were
molded, and moisture cured at 20+2 C and 90+10
%[RH) for 2days. Specimens for crack and impact
resistance test were molded by using frame of 3
mm(C—2) and 10 mm(CM—2) thickeness made with
PVC on the concrete board 300X 300X 60 mm, Before
placing mortar, bonding surfaces of concrete
substrates were treated with No, 150 abrasive paper,
and then wetted with water, The molded specimens
were moisture cured at 20+2 € and 90+10 %(RH)
for 24hours, then dry cured at 20+2 € and 60+10
%[RH) for 6days. Specimens for adhesion in tension

test were molded by the same method, and moisture
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cured at 20+2 C and 90+£10 %(RH) for 2days, then
dry cured at 20+2 € and 60+10 %(RH) for 12days
for C—2 ,and moisture cured at 20+2 C and 90+10
%ERH) for 2days. The specimens were then dry cured
at 20+2 C and 60+10 %(RH) for 26days for CM—2.
Specimens for water absorption test were prepared
as follows : ordinary—cement mortar was mixed with
a mass ratio of cement standard sand 1:2 and a
water—cement ratio of 0,65, Mortar substrates
70X 70 %20 mm were molded, and moisture cured at
20+2 € and 90+10%[RH) for 24hours, then water
cured at 20+2 T for 6days, and dry cured at 20+2
€ and 60+10 %[RH) for 7days. The bonding
surfaces of the mortar substrates were treated with
the No.150 abrasive papers, and wetted with water,
PMMs were molded in the thickness of 2 mm on the
water—wetted mortar substrates, and moisture cured
at 2022 € and 90+10 %([RH) for 2days, then dry
cured at 20+2 € and 60+10 %([RH) for b5days.
Finally,
permeability test were molded and moisture cured at
20+2 € and 90+10 %(RH) for 24hours, then dry
cured at 20+2 C and 60+10 %([RH) for 27days.

specimens 200X200X10 mm for water

3.3 Test of fresh polymer-modified mortars
Flow and unit weight of fresh PMMs were
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measured by the procedures specified in KS F
2476(Test Method for Polymer—Modified Mortar),
consistency change test was conducted in accordance
with KS F 4716 (Cement Filling Compound for
Surface Preparation).

3.4 Drying shrinkage test

After moisture curing at 20+2 € and 90%10
%[RH) for 2days, original length of beam specimens
was measured, then the specimens were dried at 20
€ and 60 %RH) for 28d. And their drying shrinkage
was measured in accordance with KS F 2424(Test
Method for Length Change of Mortar and Concrete).

3.5 Crack and impact resistance test

As shown in Figure 1, crack resistance test was
conducted in accordance with JIS A 6916, The
mortar surface was visually checked for crack
occurrence on the 7—-day. After that, impact
resistance was tested by impacting the surface

with steel ball in accordance with JIS A 6916,

Figure 1. Impact test setup

3.6 Compressive and flexural strength tests

Beam specimens were tested for compressive and
flexural strengths in accordance with KS F 2476,

3.7 Adhesion test

As shown in Figure 2, specimens cut in the size of
40x40 mm were tested for adhesion in tension to
concrete substrates in accordance with JIS A 6916,
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Figure 2. Adhesion test setup

3.8 Water permeation test

According to JIS A 6916, 28—day cured specimens
were immersed for 24hours, then the specimens
were set up with pipette and funnel that the bottom
of the specimens were in contact with water as
shown in Figure 3.

(Unit : mm)

Messpipette
Rubber Tube or N\
Hardened Vinyl Tube

Funnel ]

250

Silicone-
Sealing Materials

C ]

Figure 3. Water permeation test setup

Water Level

3.9 Water absorption test

According to JIS A 6916, specimen was set up
that surface preparation material was toward the
bottom as shown in Figure 4, and immersed to a
depth of 15 mm, After

apsorption was measured,

10minutes, water

(Unit : mm)

Ordinary

Epoxy Resin Cement Mortar

ﬁ_

15 7|

Surface Preparation
Material

Figure 4. Water absorption test setup



4. Test results and discussions

Table 4 shows the test results of prepackaged—
type low shrinkage surface preparation materials
using VA/E/MMA  terpolymer Overall,
water—cement ratio and consistency change of

powder,
surface preparation materials increase with an
increase in the cellulose fiber and shrinkage reducing
agent content, However, the consistency change of
surface preparation materials is considered not to be
a problem in workability or other performance during
since the change is within quality
requirements,  Meanwhile, surface
materials both C—2 and CM—2 give high performance
in the crack and impact resistance test, No cracks

real work,
preparation

and delamination were observed,

Figure 5 shows the dry curing period vs, drying
shrinkage of prepackaged—type surface preparation
materials, Drying shrinkage of both C—2 and CM—2 are
inclined to increase with dry curing period, and the
rate of increase is inclined to decrease with dry curing
period, The changes of C—2 are higher than that of
CM—2, This tendency is attributed to relatively high
unit weight of cement of C—2 than that of CM—2, Also,

because of the more compact pore structure of C—2 by
micro—filler effect of calcium carbonate used as a
filler, increased capillary tension causes increasing
drying shrinkage when water evaporates|13,14].
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Figure 5. Dry curing period vs. drying shrinkage of
prepackaged-type surface preparation materials

Table 4. Test results of prepackaged-type surface preparation

Quality requirements

Surface preparation materials

Test ftems C-2  CM2  C2A C2B 02C C2D C2E C2F OM2A OW2B OM2C OM2D OM2E QWRF
oW - 139 140 13 136 133 138 161 158 159 164 162 163
Consistency chande | ess than 15 33 38 79 95 10 11 13 19 25 21 21 29
Compressive strength - More - - - - - - 25 265 214 267 222 183
Flexural strength - More. - - - - - - 82 86 92 81 80 86
Adnesion, 10 1ension wore than 1 17 17 19 27 16 20 27 28 29 31 17 27
Water gbsorption - Less  (LeSS, 067 075 087 081 08 092 008 119 137 111 124 16
Water permeation - ogesSs . - - - - - - 01 015 015 015 021 025

Drying shrinkage Less
(%) than 0.150  0-192

0.192 0200 0.113 0.112

0.117 0.088 0.105 0.108 0.066 0.075 0.084

Crack resistance No cracking

No cracking

No cracking

No cracking and

Impact resistance delamination

No cracking and delamination

No cracking and delamination
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Figure 6 illustrates the cellulose fiber content vs,
28—d drying shrinkage of prepackaged—type surface
preparation materials,

The drying shrinkage of both C-2 and CM—2 are
inclined to increase with cellulose fiber content, It is
commonly known that addition of cellulose fiber is
effective in reducing drying shrinkage.

However, the range of flow is fixed item in this
study and water—cement ratio is controlled for the
proper workability, On this account, addition of
cellulose fiber causes increasing of water—cement
ratio, This increasing of water—cement ratio brings
about increasing amount of water evaporation,
Therefore, it can t say that addition of cellulose
fiber decreases drying shrinkage, But the influence
of cellulose fiber content on the drying shrinkage is
not so high, and the drying shrinkage decreases
with the addition of shrinkage reducing agent,

Cellulose Fiber Content(%o)
0 0.5 1
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m —a—CM-2-SRA 4%
=
i
2% Y g
S 20 —)
oo
ol

Figure 6. Cellulose fiber content vs. 28-d drying shrinkage of

prepackaged-type surface preparation materials
Figure 7 exhibits cellulose fiber content vs,
strengths of prepackaged—type surface preparation
materials(CM—2).  The strength
decreases with increasing the cellulose fiber and
And flexural
strength also slightly decreases with an increase in

compressive

shrinkage reducing agent content,

the shrinkage reducing agent content, However, this
is improved by increasing cellulose fiber content,
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Figure 7. Cellulose fiber content vs. strengths of prepackaged-
type surface preparation materials (CM-2)

Figure 8 represents cellulose fiber content vs, the
adhesion in tension of prepackaged—type surface
preparation materials, The adhesion in tension of
both C-2 and CM—2 increases with increasing
shrinkage reducing agent content at a cellulose fiber
content of O %, However, adhesion in tension of
surface with  shrinkage

reducing agent tends to decrease with increasing

preparation materials

cellulose fiber content,

Figure 9 shows cellulose fiber content vs, water
absorption of prepackaged—type surface preparation
materials, The water absorption of both C—2 and
CM—2 increase with increasing cellulose fiber and
shrinkage reducing agent content, This tendency is
caused by increasing water—cement ratio by use of
cellulose fiber and shrinkage reducing agent,
Because the increase of water—cement ratio affects

on the pore structure of cement matrix[15].
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Figure 8. Cellulose fiber content vs. adhesion in tension of
prepackaged-type surface preparation materials
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Figure 9. Cellulose fiber content vs. water absorption of
prepackaged-type surface preparation materials
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Figure 10 illustrates cellulose fiber content vs, water
permeation of prepackaged—type surface preparation
materials(CM—2). The amount of water permeation of
CM—2 increases with increasing cellulose fiber and
shrinkage reducing agent content, The tendency is
similar to that of water absorption, This is also
explained by the reason that the use of cellulose fiber
and shrinkage reducing agent cause an increase in
water—cement ratio, and it makes porous structure by
the evaporation of moisture in the hardened PMMs,
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Figure 10. Cellulose fiber content vs. water permeation of
prepackaged-type surface preparation materials

5. Conclusions

In this study, performance of prepackaged—type
low shrinkage surface preparation materials using a
VA/E/MMA terpolymer powder was evaluated, and
the conclusions obtained from the test results are
summarized as follows:

1) Water—cement ratio and consistency changes of
surface preparation materials are increased
with increasing cellulose fiber and shrinkage
reducing agent, However, all of consistency
changes of both C-2 and CM—-2 meet the
quality requirements,

2) Drying shrinkage of surface preparation materials
are considerably affected by shrinkage reducing
agent rather than cellulose fiber, and it causes a
decrease in the drying shrinkage,
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3) Compressive strength of surface preparation materials
decreases with increasing shrinkage reducing agent
and cellulose fiber content, And flexural strength
increases with an increase in the cellulose fiber
content, decreases with using shrinkage reducing
agent, But all of them meet the quality requirements,

4) Regardless of the shrinkage reducing agent and
cellulose fiber content, adhesion in tension of
surface preparation materials is 1.7 MPa or
more, and meets the quality requirements(1.0
MPa or more).

5) In general, water absorption and water permeation

of surface preparation materials are slightly

increased with increasing cellulose fiber and
shrinkage reducing agent content, However, they
also meet the quality requirements by standard,

As surface preparation materials for various

the

performance of prepackaged—type low shrinkage

surface  preparation materials using a

VA/E/MMA terpolymer powder is evaluated in

this study, and the surface preparation

materials using a VA/E/MMA terpolymer

powder give outstanding performance meeting

finishing  materials including tiles,

quality requirements by standard in all the test
it
prepackaged—type products can be applied as

items, As a result, is expected that

custom—made products by use development
based on the result from this study.,
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