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Proper Mixing Ratio for Securing Quality of Free-form Panel
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Abstract

Recent developments in architectural technologies and programs have enabled architects to think creatively and
design free-form architecture. however, there are many problems in the production technology of FCP(Free-Form
Concrete Panel). In particular, reduced accuracy due to lack of free-form panel production technology can lead to
redesign of buildings as a result, problems such as an increase in construction cost and period. Therefore, this
experiment aimed to compensate the decrease of the accuracy according to the displacement difference and to derive
the proper mixing ratio for maintaining the shape during the free-form panel curing. In this study, molds were made
using paraffin that is a recyclable phase change material. Concrete Panel is usually produced from Portland cement,
dead burn magnesia, phosphate, borax and fine aggregate. In this study, four mixing ratios of FCP were selected after
each material was blended to determine the proper blending ratio of the fluidity phase, the water absorption rate and
the water content of the test piece. FCP was fabricated on the basis of the selected four compounding ratios and
thickness and error rate were measured. Based on the error rate of the measured FCP, the quality standard was
satisfied among the four compounding ratios.
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Figure 2. Daily average waste generation
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Figure 3. Displacement of CNC equipment

e =
L A= .

Figure 4. Formwork fabrication method
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Table 1. Chemical composition of cement

Chemical composition(%)

Density
3
(glem’) CaO SiOz AlOs Fex03 MgO
3.14 62.9 211 6.5 29 33
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Table 2. Chemical composition of dead-burn magnesia

Chemical composition(%)
MgO Ca0 Fex0s
93.3 2.06 0.6

Cl
0.06

SiO2
3.14

Al20O3
0.52

SOs
0.11

Table 3. Physical properties of dead-burn magnesia

L Fineness ) ) Fineness Volumetri
Division Porosity Density
(cm2/g) number c
Composition -200mesh
cost(%) 2,591 05 346 >97% 125
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Table 4. Chemical composition of sodium phosphate

. pH Water
Appearance Purity (1% sol'n) Iron(Fe) inoslubles
White Powder 98-103% up 4.3 - 49 0.05% max 0.1% max
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Table 5. First basic experimental batch table

Unit mass (@)
Division W/B(%
1B(%) W c
Portland(20%) 20 148
Portland(23%) 23 170.2
740
Portland(25%) 25 185
Portland(28%) 28 207.2

Table 6. Secondary basic experimental mixer including fine

aggregates
o o Unit mass (g)
Division W/B(%) W c s
Portland(55%) 55 825
Portland(58%) 58 87
Portland(60%) 60 90 150 450
Portland(62%) 62 93
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Figure 5. Flexural and compressive strength of the first test
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Figure 6. Flexural and compressive strength of the second test
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Figure 7. Absorption ratio of the first basic experiment
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Table 7. Third basic experiment placement table

Unit mass (g)
Division W/B(%) D-MgO W Sodium phosphate
MgO(20) 20 27.66
MgO(30) 30 4149
MgO(40) 7y 1383 55,32 4840.5
MgO(50) 50 69.15




Table 8. 4th basic experiment placement table including fine
aggregate and borax

Unit mass (g)
Division W/B(%, i i
/B(%) DM©O W Sodium Fine
phosphate aggregate
Mgo(40) 40 55.32
Mgo(45 45 62.23
0045 1383 48405 1383 4149
Mgo(50) 50 69.15
Mgo(55) 55 76.06
(Time,min)
B0
50 48
40
30
21
20
9
10
: [] I
0 |
Flain borax 0.5% borax 1% barax 1.5%

Figure 8. The coagulation time according to the addition ratio
of borax
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Figure 9. Flexural and compressive strength of the third

basic test
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Figure 10. Flexural and compressive strength of the 4th
basic test
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Figure 11. Absorption ratio of the second basic experiment
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Table 9. Measurement results by section of panel (mm)

Section  Sectio  Sectio  Sectio  Sectio  Sectio
1 n2 n3 n4 n5 né
average 313 401 453 616 57 47.1
(mm)
error
rate(%) 18.7 9.8 47 1.7 7 28
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ni n2 n3 n4 n5 né
average( 4 g 51 47 521 513 448
mm)
error
rate(%) 15 1 3 32 1.3 52
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Table 11. Measurement results by section of panel (mm)
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Table 12. Measurement results by section of panel (mm)

Sectio  Sectio  Sectio  Sectio  Sectio  Sectio
ni n2 n3 n4 n5 né
averagel 455 473 473 3 518 491
mm)
error
atel%) 47 2.7 27 25 22 1.2
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