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A Study on the Formulation Selection of Self Leveling Floor Mortar

with Fluidity and Early Strength Improvements
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Abstract

The purpose of this study is to develop a floor mortar construction technique which has high strength and inherent
mechanical properties and does not cause cracks due to shrinkage after construction. It has been demonstrated that
compressive strength, bending strength, flow with floor mortar, and crack reduction performance. As a result, it was
confirmed that the developed floor mortar had the same or better performance comparing with the existing foreign
products. The results of this experiment can be used as a validation material for high performance and high flowable
mortar construction technology with excellent material performance, economical efficiency and construction ability by
securing the required performance as floor mortar and selecting the optimal formulation.

Keywords : floor mortar, self leveling, floor finishing material
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A Study on the Formulation Selection of Self Leveling Floor Mortar with Fluidity and Early Strength Improvements
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Table 1. XRF analysis results of binders

Chemical composition (%)
SiO; CaO AkOs FexOs Na:O KO MgO SO
OPC 1879 65 42 42 009 124 226 168
CAC 49 365 521 15 006 066 072 004
gypsum 152 5303 064 131 - 012 009 4254
metakaolin  50.79 0.11 472 066 015 005 - 0.01
BFS 3362 4353 1367 107 020 053 350 203

Type
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Table 2. Factors and level of the experiment
Classification Factors Level
1 A " . N ??901080207 30%
regale graain
aoregate grading N0.8 (10, 20, 30, 40%)
OPC (80, 20%),
2 Binder ratio Alumina cement (?86/64 48, 40, 20, 16,

Gypsum ( 4, 8, 16, 32, 40%)

3 B/A ratio and guantities B/A 107 1:08, 1:09, 11, 1:1.2, 115),
of BFS S (0,09, 1304, 1667, 23.08%)
Quantities o

4 of meta kaolin 4,6, 8%

5 Kinds and quantities Citric acid, Tartaric acid, Maleic acid
of retarder (0.02, 0.04%)

6 Quantities 0.1, 02, 03%

of organic fiber
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Table 3. Formulations for aggregate grading selection

Aggregate (%)
No.6 No.7 No.8

Additives
(% of Binder)

Classification  Binder (%)

1-a 10 ) -
1-b 20 80 -

Thickener 0.1%,
e X & B Resin 4.5%,
1-d OPC 100% - 0 10 Accelerator 0.05%,
_ _ Fluidizing agent 0.6%,
e & Defoamer 0.4%
1-f - 70 30
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Table 4. Formulations for binder ratio selection

Classfication B nder. % Aggregate Additives
OPC Alumina  Anhydrous (%) (% of Binder)
cement  gypsum

2-a 80 20 -

2-b 80 16 4 Thickener 0.1%,

2—¢ 80 12 8 Resin 4.5%,

No.7 90% Accelerator 0.05%,

20 2 & No.8 10%  Fluidizing agent

2-e 20 64 16 06%,

2-f 20 48 32 Defoamer 0.4%

2-q 20 40 40
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Table 5. Formulations for B/A ratio selection and mixing
quantities of BFS

Aggregate
(%)

OPC CAC gypsum BFS No.7 No.8

Binder (%) Additives

(% of Binder)

Classificatio  Binder:
n Aggregate

3a 11.0 2000 4000 4000 - 9 10 )
Thickener 0.1%,
3b 108 1818 3636 3636 909 90 10 Retarder 0.04%
Resin 4.5%,
3¢ 1207 1667 3333 3333 1667 90 10 Accelerator
3d 115 2000 000 4000 - 9 10 _ 0%
Fluidizing agent
3e 112 1739 478 3478 1304 90 10 0.6%,
Defoamer 0.4%
3 109 1538 3077 3077 2308 90 10
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Table 6. Formulations for mixing quantities selection of meta

kaolin
Binder (%)
- — Anhydro Aggregate Additives
Glassiicaton Alurrina Meta (%) (% of Binder)
cement kaolin
gypsum
4-a 20 40 40 - Thickener 0.1%,
Retarder 0.04%
4-b 20 38 38 4 No7 72%, Resin 4.5%,
o Accelerator
4-c 20 37 37 6 No.8 8% -
0.05%,
BFS 20% L
Fluidizing agent
4 2 % % 8 06%,
Defoamer 0.4%
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Table 7. Formulations for kinds and mixing quantities selection
of retarder

Additives (% of Binder)

T Binder Aggregate
Classification (%) (%) Citric  Tartaric Maleic
Others ! ) !
acd  acid acid
5-a Thickener  0.02 - -
OPC 20%, 0.1%,
5 Alumina Resin 45% 0% -~ B
5¢ cement 38%, No.7 72%, Accelerator - 0.02 -
Anhydrous  No.8 8% 0.05%,
5d gypsum 38%, BFS 20%  Fluidizing 004 -
5e Meta kaolin agent 0.6%, _ 00
4% Defoamer
5-f 04% - - 0.04
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Table 8. Formulations for mixing quantities selection of

organic fiber
' Additives (% of Binder)
Classification B'(Q/d;a ' Aggregate (%)
° Others Organic fiber

6-a ' -

Thickener 0.1%,
6-b Alu?nTrS; ioeor/;’em Retarder 0.04% 01
3 No.7 72%, Resin 4.5%, '
6-c > No8 8%  Accelerator 0.05%, 02

Anhydrous L
o BFS 20%  Fluidizing agent
gypsum 38%, 06°%

6-d  Meta kaolin 4% o0 03

Defoamer 0.4%
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Figure 5. Durability test
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Table 9. Test results based on aggregate grading

Compression strength

Bending (MPa) Bonding Ratio of
o Flow Length
Classification (mm) strength strength Change
(MPa)  1d 3d 7d 28d (MPa) %)
1-a 155 77 22 2714 453 473 24 -0.051
1-b 158 79 23 X2 501 417 23 -0.050
1-c 165 69 28 284 429 53 25 -0.053
1-d 175 78 44 323 384 484 25 -0.052
1-e 173 7.3 51 291 380 433 22 -0.053
1-f 167 75 39 278 403 535 28 -0.0%5
1-g 173 7.1 54 194 333 442 22 -0.053
200
180
5160
g 140
i
120
100
1-a 1-b 1-c 1-d 1-e 1-f 1-g
Specimens

Figure 6. Results of flow test for aggregate grading
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Table 10. Results based on binder ratio

Compression strength

- Flow Bending (MPa) Bonding Ratio of
Classification (mm) strength strength  Length

(MPa) 19 3d 7d 284 (MPa) Change (%)

2-a 165 49 29 89 185 214 12 -0.0%0
2-b 168 59 36 94 23 268 11 -0.0%0
2-C 175 75 43 79 104 22 12 -0.051
2-d 180 64 230 284 314 307 14 -0.0%5
2-e 177 61 125 190 242 267 16 -0.0%5
2-f 175 53 185 214 292 3HB4 23 -00%4
29 175 68 207 246 334 M5 22 -0.051

50

o Eme2g === 2-h ceedeee2c
=) =)p =g o)f o—@u—).g

40

30

20

10

Compressive strength (N/m?2)

0 5 10 15 20 25 30
Age (day)

Figure 7. Results of compressive strength for binder ratio

Table 11. Results based on B/A ratio and mixed quantities of

GFS
) . , Ratio of
Bending  Compression strength (MPa)  Bonding

L Flow Length
Classffication (m) strength strength Change
WP g W T ad R )g

3a 1% 56 241 25 316 400 24 -0053
3b 19 6.7 24 2718 B0 487 25 -0.051
3 198 69 23 260 415 48 25 -0.049
3-d 165 64 68 146 21 31 22 -0.048
3e 180 62 143 2711 B5 M7 21 -0.046
3 185 71 278 B8 416 543 23 -0045
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Table 13. Results based on kinds and mixed quantities of
retarder

0 5 10 15 20 25 30
Age (day)

Compression strength

. . . Bending Bonding  Ratio of
Figure 8. Results of compressive strength for B/A ratio and CFS Classiication Tm/ strengh (MPa) srengh  Lengh
(MPa)  1q 34 79 28d (MPa) Change (%)
vl /ZAm 2 12 & sol=k A
3.1.3 whlel/EAN] B 12ed T 29 A4 5a 182 73 22 374 430 471 26 00
AP}, 12&HT0E SAE] 20% Z|gkeE 3-f(HR] 5b 191 75 206 206 38 421 23 0090
Cl/ZAH] 1:0.9)9] A7t Z2 223} 2=A{7tol| a4 5¢ 185 76 285 387 42 47 28 008
ol1 IELH T Aol W2 7| sho] Q&3 Ao 5d 20 83 84 B3 B2 43 24 00
5-e 198 8.1 285 315 374 447 26 -0.046
= 2RIl
5 203 78 268 327 385 432 27 -0.044
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Table 12. Results based on mixed quantities of meta kaolin o
- Bendng  Compression strength (MPa) Bonding  Ratio of %
Classification Flow (vm) strength strength  Length : F i
MPa 1d 3 7 (MPa)  Change (%) & & i ) & = o
4a 1% 71 267 %7 30 B/ 22 006 Specimens
o 1% 82 26 Z8 @8 Al 25 00465 Figure 10. Results of flow for kinds and mixed quantities of
4 190 78 R4 204 260 345 29 0045 retarder
4-d 200 79 300 313 35 316 28 -0.046 o
)
7 g o0
0
§ 10 S o0
c 8 ;-0.03
3 g
§ 6 g -004
% . 2 -0.05
g ) D 006
T c
£ 8 007
@ 2% 4b 4% 4d 5-a 5b 5 5d 5 5-f
Specimens Specimens

Figure 9. Results of bending strength for quantities of meta
kaolin
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Figure 11. Results of length change ratio for retarder’s kinds
and quantities



Table 14. Results based on mixed quantities of organic fiber

Table 16. Results of developed mortar

Fow  5eNdng Compression strength (MPa) Bonding  Ratio of
Classification (m) strength strength  Length
(MPa) 1d 3d 7d 28d (MPa) Change (%)
6-a 195 73 2716 X1 205 433 25 -0.051
6-b 201 79 254 267 314 420 27 -0.048
6-c 203 8.1 2712 335 3P4 432 2.8 -0.044
6-d 194 83 29 314 3H9 413 24 0042
- 0
9
~ -001
o
= -0.02
s
o -003
(<]
S -004
£
© 005
=
D -006
c
8 007
6-a 6-b 6-c 6-d
Specimens

Figure 12. Results of bending strength for mixed quantities of
organic fiber
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Table 15. Mortar formulation of developed mortar

Binder % 7999 Additives (% of Binder)
ltems (%)
a b c¢c d e g h i i k I m n o
Mortar 16 32 32 3 16 90 10 0.1 0.04 45 005 06 04 02

a:OPC, b:Alumina cement, c:Anhydrous gypsum,

d:Meta kaolin, e:blast furnace slag, g:Silica sand(num.7), h:Silica
sand(num.8), i:Thickener, j:Retarder, k:Resin, I:Accelerator, m:Fluidizing
agent, n:Defoamer, 0:Organic fiber
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ow Bending  Compression strength  Bonding  Ratio of
Classification () strength (MPa) strength  Length
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Develooed 106 g2 171 253 B2 M8 28 00087
mortar
_ 50
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o 0
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Figure 13. Results of compressive strength
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Figure 14. Results of length change
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Table 17. Experimental conditions of chloride penetration test

Initial Initial Time Specimen
Specimens  voltage  Z  curent UV s T(K) depth
V) (A) (m)
Developed 4y 4 0 B B0 2@ 00T
mortar
Table 18. Penetration depth of chloride
) Penetration depth of Chloride (m)
Specimens
a2 a3 a4 a5 a6 d7
Derﬁi'ﬁiﬁ?d 001000 001183 001202 001145 001324 001079 001055
D = RT g~y — Q)
m 2 FFE t
of7] o]l A
U2 . | RT o, 2G
E— T 5 a=2 ﬁ erf (1 7{])
D, A 0] BHakA 4= (ecm2/sec)
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T S S| FHi A2%(K)
L Al 9] F7(cm)
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Table 19. Results of chemical resistance test

Developed T company S company Normal

ltems mortar mortar mortar mortar

Compres

Over

Alkali 20.0

437 372 415 26.8

sive

strength,
(N/mm)

Over

Acd 300

408 324 382 235
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