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Engineering Properties of Cement Composite Panel for Outer Wall
Depending on the Types and Combinations of Insulation Materials
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Abstract

In this study, the engineering characteristics of outer wall insulation panels according to type of insulation
materials, their combination, and the contents of insulation materials were tested. Vermiculate, ceramic bead, perlite
and expanded polystyrene were used as insulation materials. Flexural strength and thermal conductivity depending on
the insulation materials used were measured. It was found that the flow of fresh mortar significantly decreased with
an increase in the contents of insulation materials. In terms of the effect of insulation materials on thermal
conductivity, an increase in insulation materials resulted in a decrease of thermal conductivity. In particular, PL and
EPS, when used together, have lower thermal conductivity than other materials. Regarding the flexural strength of
the hardened mortar, the strength showed a tendency to gradually decrease according to the increase in contents of
insulation materials, compared to that of the plain mortar. In terms of the flexural strength depending on various
types of insulation materials and its combination, it was found that the flexural strength of cement mortar containing
3% of vermiculate(V)+ceramic bead(CB)+perlite(PL) was the highest among the specimens tested.
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Table 1. Experimental plan for Series |

Factors Levels
W/C(%) 70
C:S 1 1:1.2
Target Determined based on
flow(mm) W/C and C:S
Mixture _ \
fndsand 8 6 O(Plain), 2, 4, 6, 8, 10
Series insulation
| ma(ter)ials
%, O(Plain), 0.2, 0.4,
EPS 6 06, 0.8, 1
- Flow
Fresh mortar 3 - Air content
Exper- - Unit weight
iment - Flexural strength

Hardened mortar 2 (1, 3, 7, 28 days)
- Thermal Conductivity

Table 2. Experimental plan for series Il

Factor Level
Kinds Vv
and CB O(P|a|ﬂ), 3
contents PL
Series Mixture of V+CB 6
I insulation  V+PL 0(Plain),1.5+1.5
materials CB+PL
(%) \+CB+PL 0(Plain), 1+1+1
Exper-

Hardened mortar 1 - Flexural strength

iment
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Table 3. Mixture proportions of mortar in series |

C:S e E/:g/ Insulation Conters e

) ) % C scwsP F Vv CBPL ES
434 - 0 606013 157 00 0 0
Qv 2 66NN BT WO 00
0o 4 6660 5T 270 0 0
@V 6 6069 U7 H0 00
45V 8 SB6NB M T B0 00
11 v 0 75928 147 60 0 0
44 OB 2 06628 47 0 B0 O
3% OB 4 BT 4T 0 B0 0
g CB 6 S9562% 136 0 %0 0
% CB 8 57125 126 0 40 0
M2 70 48 B 0 464924 126 0 5% 0 0
s P 2 506628 147 00 130
P 4 AT 4T 0 0 %50
mw A 6 S95% 136 0 0 B0
¥® A 8 571B 126 0 0 460
A 0 464924 1226 0 0 50
o EPS 02 60682 17 0 0 0 f
€06 EPS 04 SBI6M2B M7 000 3
M S 06 2642 137 0 0 0 4
W EPS 08 556M2% 137 0 0 0 5
3 EPS | 52525 136 0 0 0 6

V : Vermiculate, CB : Ceramic Bead, PL : Perlite,
EPS : Expanded Polystyrene, SC : Silica, WS : Wollastonite,
P : Pulp, F : Fiber

Table 4. Mixture proportions of mortar in series Il

< WC W __ Contents Unit weight(kg/m*)

OS5 o) (kgm) ™R o) T scws P F v oB AL
434 - - 620 691 30 15 7 - - -

427 \% 3 610 661 28 14 7 2 - -

403 cB 3 55623 21 13 6 - 2 -

12 70 381 PL 3 5450 2 13 6 - - 2
h 415 V+CB 1.5+15 52 642 27 14 6 11 11 -
403 V+PL 1.5+15 5568 27 13 6 10 - 10

392 CB+PL  15+15 560606 26 13 6 - 10 10

403 V+CB+PL  1+1+1 575623 27 13 6 7 7 7
2 79 AEARe AR T 9 12 o] 22 3
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e BN St BA0R AEw, ARz 1 Al
= TollM Ad dadaAd 24 e HEaAE 2
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Table 5. Physical properties of cement

Sound- Setting time Compressive
Density  Blaine (min.) strength(MPa)
@em)  (ewfg) S Tinial  Final
(%) time ime 3days 7days 28days
315 3165 0.18 235 320 209 284 389

Table 6. Physical and chemical properties of silica

SiOx(%)
95.00

Fe20s(%)
0.87

AlO5(%)
2.01

Density(g/cr)
2.90

Blaine(em/g)
3 597

Table 7. Physical and chemical properties of wollastonite

Density(g/ev)  SiOx(%) TFe(%) CaO(%) MgO(%) AlOs(%) LOI(%)

2.40 50.38 033 4529 1.09 0.62 2.14
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Table 8. Physical properties of pulp

Density(g/cm) Air dry weight(%) Oven dry weight(%)

0.40 50 48.6

Table 9. Physical properties of PP fiber

Tensle oo Tensie of - Add Akl
: * Melting  Tensile o ci ali
Eze?cﬂt)y I_(m%t)h eloirg)%at point  strength Elastic  resist  resist
9 (%) () (MPa) —ity -ance  -ance

° (MPa)
Very  Very
0.91 12 25 170 300 5000 high  high

Table 10. Physical and chemical properties of Vermiculate

Density Si02 F6203 Na20 Ca0O MgO A|203 Kzo HzO
(gfem) %) (R (R R (B (R (R (%)
080 4574 970 053 1086 1505 593 217 7.31

Table 11. Physical and chemical properties of Ceramic bead

Density SiO, FexO3 NaO CaO MgO ALO; KO LOI
(glem) (%) (L) (L) (R R (%) (%) (%)
025 7450 280 345 130 080 1638 230 354

Table 12. Physical and chemical properties of Perlite

Density SiO. Fex0O3 NaxO CaO MgO  ALOs KO
(gfem) (%) (%) (%) (%) (%) (%) (%)
0.15 7523 1.45 452 1.80 0.38 1538  3.58

Table 13. Physical properties of Expanded polystyrene

Density Heat Flexural Compressive  Absorbed

(glom conductivi-ty strength strength amount
(kcal/mhC) (MPa) (MPa) (%)

004 0081 mo&g‘a” more than 016 001

e —

(c) Perlite (d) Expanded polystyrene
Figure 1. Appearance of Insulation materials
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(a) Table vibrating
compaction
Figure 2. Specimen compaction and curing plan for Series |

(b) Steam curing plan (c) Steam curing

(b) Autoclave curing
plan

(a) Extrusion molding of
mortar panel

Figure 3. Specimen extrusion and curing plan for Series Il

(c) Autoclave curing
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