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Experimental Study on the Development and Evaluation of Lt. Wt.
& High Strength Composites Utilizing By-Products and Calcium
Silicates for Construction Materials(1)
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Abstract

The results of an experimental study on the development and the evaluation of lightweight
and high strength composites utilizing by-Products and calcium silicates for construction mat-
erials are presented in this paper. The composites using early strength portland cement, by-Prod-
ucts(fly ash, silica fume), silica powder, quick lime, gypsum, Al powder and fibers(P AN-derived
CF, alkali-resistance GF) were prepared using various mixing conditions.

As the test results show, PAN-derived CF and alkali-resistance GF were suitable for rein-forc-
ing fiber of the composites. And the mechanical properties,such as compressive tensile flexural
strength, and toughness of Lt. Wt. fiber reinforced calcium silicates cement comp-osites were
improved by increasing the fly ash and silica fume contents, and fiber contents, especially by in-
creasing fiber contents the toughness of the composites were remarkably in-creased. Also, com-
pressive tensile flexural strength,and toughness of the composites rein-forcing P AN-derived CF
were higher than those of the composites reinforcing alkali-resistance GF.

Keyword : by-products, calcium silicates, fly ash, silica fume, carbon fiber, glass fiber, mechan-
ical properties, flexural toughness.
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Table 1 Chemical compositions and physical properties of
early strength portland cement

Blaine’s
Si0r | AkQs |Fe203| CaO | Mg0 | SOs [Ig.loss| Specific | Specific
(%) | (%) | (%) | (%) | (%) | (%) | (%) |Gravity(20C)| Surface
Arealcm?/g)
19.2| 59|28 |61.7|3.6 | 4.2 [1.37} 3.14 4,500

Table 2 Chemical compositions and physical properties of
Fly Ash

Blaine's
Si0r | Aleds | FerOs | Ca0 | Mg | Na0 | SOs \lgloss| Specific | Specific
) | %) | %) | (%) (%) |Gravity(20C)| Surface
Areafem? /g)
65.40(25.50| 4.25 | 1.2110.98(0.21 {1.03| 3.63| 2.16 4,453
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Table 3 Chemical compositions and physical properties of
silica powder

Blaine's
Si0z | Al203 [Fe20s| CaO | Mg0 |ig.loss [Micell.| Specific | Specific
(%) | (%) | (%) | (%) | (%) | (%) | (%) |Gravity(20C)| Surface
Arealem? /g)
92.90| 3.81 [ 0.51 | 0.27 {0.75]|0.95|0.81 | 2.60 4,480
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Table 4 Chemical compositions and physical properties of
silica fume

! Blaine's
Si0: | AbOs |Fex0s) Ca0 | K20 [NaO| C | Specific | Specific
(%) | %) | %) | (%) | %) | (%) | (%) |Gravity(207)| Surface
Arealem? /g
92.01.6812.510.5 |0.58{0.33/0.31 2.30 26.32

o] TFARE RS AFgE R, dElstEe HAEYA
0.15ume] FolZe] 7} AA} Al F& AR o,
2 3R g ¢ BeHgdEe Table 3 2 49
#rt

(3) 92
3= U JA A A abs = Al o) M5 E
Abgatel 3, 1 548tE A AL Table 59 2.

Table 5 Chemical compositions of quick lime

SiCz | AlOs | FexOs |F-CaO|T-CaO| MgO |Ca(OH)| S
%) | %) | %) | %) | %) | % | %) | (%) | %)
3.01 | 0.36 | 0.35 |92.20/84.41}046 | — | — | 25
(4) 91
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Table 6 Physical properties of gypsum

Setting Time(min-sec) Wet Strength(kg /cm®) | Specific
Tnitial set Apparent Final Set Compressive| Tensile Grav1t¥
Fonal set Strength | Strength | (20C)
15-16 16-18 30-00 130 185 275
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Table 7 Physical properties of fibers

Type of | Average | Average | Specific | Young's | Tensile
Fibers | Diameter | Length | Gravity | Modulus | Strength
(um) (mm) (20¢) |(kg/mm?)}(kg /mm?)
CF 6.8 6 1.78 23,000 350
GF 14.1 10 2.60 5.900 250
PF 88.0 13 0.91 357 70
VF 14.0 12 1.30 3,700 150
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Tabie 8 Mix proportions of lightweight fiber reinforced cal-
cium silicates - cement composites

Fiber{CF, GF) Water
F/M(WE%) | W/M (We.%)

Mix Mix Propertions (Wt.%)

1% Slhca [(FA +5F)] Lime Cerent Gypsum
Ale | - 1|18 3
B s | 5 |17 || 3| 010 6
Cls2] 10 [17]18] 3 15,20
D |4 20 ||| 3

Note : *M=Silica + Fly Ash + Silica Fume + Lime + Cement + Gyp-
sum
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Table 9. Residue weight of fiber after autociave

Type of | Residue

Fiber Shape after Autoclave
Fibers | Weight(%) et pe Tl v

CF 102.6 CF keeps its original form

GF 109.8 GF keeps its original form

PF 104.0 PF masses into a lump

VF 39.0  |VF changes into yellow powder and smells bad
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Table 10 Test results of fiber reinforced calcium silicates -

cement composites,

Compressive

) _ _ Specific Compressive Tensile Bending
M¥X Mix |FA+SF Fibers Gravity Strength Strength Strength Modu14U§ of
series | No. [(Wt.%)| (Wt.%) (g /em?) (kg /cm?) (kg /em?) (kg /em?) Elasticity
(X 10%kg /cm?)

A 1 0 0 0.50 36.2 6.68 7.70 1.87
2 0 0.51 36.5 6.81 7.85 2.01
3 CF 0.5 0.51 37.0 7.24 7.95 1.93
4 » 1.0 0.52 37.8 7.75 8.42 1.90
5 ~ 1.5 0.51 39.0 8.09 9.01 1.8¢

B 6 5 20 0.52 39.0 8.46 9.64 1.88
7 GF 0.5 0.52 36.7 7.16 7.89 1.98
8 - 1.0 0.53 37.5 7.65 8.05 1.96
9 -~ 15 0.52 3.6 8.02 8.16 1.90
10 » 2.0 0.53 38.5 8.30 8.70 1.88
11 0 0.54 37.0 7.09 7.97 2.20
12 CF 0.5 0.53 37.2 7.50 8.35 2.17
13 ~ 1.0 0.%4 3.3 8.29 8.96 2.08
14 ~ 15 0.54 40.2 8.84 9.80 2.06

C 15 10 » 2.0 0.55 40.6 9.26 10.28 2.03
16 GF 0.5 0.54 374 7.35 8.01 2.18
17 ~ 1.0 0.55 38.0 7.9 8.52 2.15
18 - 15 0.54 39.5 8.24 9.13 2.08
19 - 2.0 0.55 40.1 8.59 9.76 2.04
20 0 0.60 37.9 7.85 8.36 2.39
21 CF 0.5 0.60 384 8.06 8.60 2.36
22 - 1.0 0.62 40.6 8.57 9.02 2.20
23 <15 0.61 41.3 9.20 10.30 2.15

D 24 20 - 2.0 0.62 41.7 9.78 10.48 2.12
25 GF 0.5 0.62 38.2 7.93 8.40 2.37
26 ~ 1.0 0.62 39.7 8.27 8.67 2.35
27 -~ 15 0.63 40.8 8.75 9.35 2.19
28 » 2.0 0.65 41.0 9.34 9.92 2.13
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Table 11 Statistically analysis results for tensile strength
of CF and GF reinforced calcium silicate cement
composites

(a) Analysis of Variance of Tensile Strength by CF and

GF Contents

Degree of Sum of Mean .| F Prob-
Source F Ratio »
Freedom Squares | Squares ability
CF & GF 8 11.8717 1.4840 | 6.3823 | 0.0004"
Contents
Error 19 4.4177 0.2325
Total 2 16.2894

Note : * F Prob. < 0.05, * F Prob. < 0.01
(b) Analysis of Variance of Tensile Strength by FA and
SF Contents

Degree of Sum of Mean .| F Prob-
Source F Ratio o
Freedom Squares | Squares ability
FA & SF 3 5.9331 1.9777 | 4.5832 | 0.0113"
Contents
Error 24 10.3563 0.4315
Total 27 16.2894

Note : * F Prob, < 0.05
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Table 12 Statistically analysis results for flexural strength
of CF and GF reinforced calcium silicate cement

composites
(a) Analysis of Variance of Flexural Strength by CF and GF
Contents
Source Degree of Sum of Mean F Ratio F Pfob»
Freedom Squares | Squares ability

FA & SF 8 14,5057 1.8132 | 8.7519 | 0.0001*
Contents

Error 19 3.9364 0.2072

Total 27 18.4421

Note : * F Prob, < 0.05, * F Porb. < 0.01
(b) Analysis of Variance of Flexural Strength by FA
and SF Contents

Degree of Sum of Mean . | FProb-
Source F Ratio N
Freedom Squares | Squares ability
FA & SF 3 4.5361 1.5120 | 2.6096 | 0.0748
Contents
Error 24 13.9060 | 0.5794
Total 27 18.4421

Note : F Prob. > 0.05
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