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An Experimental Study on the Mechanical Properties of Silica Fume
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Abstract

The results of an experimental study on the manufacture and the mechanical properties of car-
bon fiber reinforced silica fume - cement composites and light weight fly ash cement compos-
ites are presented in this paper,

As the test results show, the flexural strength, fracture toughness and ductility of CF reinfor-
ced silica fume - cement composites were remarkably increased by the increase of carbon fiber
contents. And the workability of the fly ash - cement composites were improved, but the com-
pressive and flexural strength and bulk specific gravity of them are decreased by increasing the
ratio of fly ash to cement. And the compressive and flexural strength of the fly ash - cement
composites by cured under the hot water were improved than those by mositure cured. Also, the
manufacturing process technology of lightweight fly ash - cement composites in replacement of
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general zutoclaved lightweight concrete was developed and its optimum mix proportions were

proposed.

Keywords : silica fume, fly ash, carbon fiber, compressive strength, flexural strength, bulk spec-

ific gravity, fracture toughness, ductility
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Table 1 Chemical compositions and physical properties of
early strengh portland cement

SnO_, A1203 F6203 Ca0 MgO SOH Ig loss
%) | (%) | (%) | (%) | (%) | @) | (%)

192 | 59 | 28 | 6L7 | 36 | 42 | 137
Specific|Blaine's| Setting Time | Comp. Strength(kg /cm?)
Gravity (e /g)|Initial | Final | 1ds | 3ds | 7ds | 28ds
314 | 4500 | 3:30 | 5:20 | 197 | 338 | 373 | 448
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ik “3}01011 l ALestd s, 1o setRA 2
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Table 2 Chemical compositions and physical properties of
fly ash

Si0y | AlOy | Fe,O3 | CaOQ | MgO | Na,O | SO; |1g.loss

Table 4 Physical properties of carbon fiber

Type Average | Average | Specific Young's Tensile
of Diameter | Length | Gravity Modulus Strength

(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) Fibers (pm) (mm) (0c) | (x10%kg/c?) | (kg /cmd)
65.30 | 25.50 | 425 | 1.20 | 0.98 | 0.21 | 1.03 | 3.63 PAN-CF 6.8 10 178 23.0 35,000
Specific Gravity Blaine’s Particle size Pitch-CF 145 10 1.63 38 7,800
(20C) (cm?/g) (mm)
214 3,124 4.2x10°% M, 71 EAE AR NAF A Z o] 1 g2 FAt o
ZH2A 7| EAE ARt e, HEolEw =
(A 7H& W SAF Al E 2] v 5 0.34, 9478 1.2~5.0mm (7

Ae]7}§S PGolxa] 71 Anglo Alpha Co. A&
o] ZuRwe] AES ALEson, 1 ststxy
92 224 AAL Table 33} e},

Table 3 Chemical compositions and physical properties of
silica fume

SlOg Ale;; FEZOj; Ca0 Kzo NaZO C
(%) | (%) | %) | (%) | (%) | (%) (%)
92.0 1.68 2.51 0.56 0.33 0.33 0.31

Specific Gravity Blaine’s Particle size
(20C) (m?¢/g) (1)
2.21 26.32 1.36

(4) et &

BaMGE U KOSKA A& PANA car-
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Table 5 Mix proportion of CF reinforced silica fume-cement composites
SF/C w/C SP CF Mix Proportion(kg /m3)
(%) (%) (wt.%) | (vol.%) C SF w SP CF Remarks
0 1170 351 468 58.5 - -
1 1158 347 463 57.9 16.3 Pitch
1158 347 463 57.9 17.8 PAN
9 1146 344 459 57.3 32.6 Pitch
1146 344 459 57.3 35.6 PAN
30 40 5 3 1135 340 454 56.7 48.9 Pitch
1135 340 454 56.7 53.4 PAN
4 1123 337 449 56.2 65.2 Pitch
1123 337 449 56.2 71.2 PAN
5 1111 333 445 55.6 81.5 Pitch
1111 333 445 55.6 89.0 PAN
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Table 6 Mix proportions of fly ash - cement composites

Cememt : FA| W/{FA+C) Mix Proportion(kg /m?®) Flow No
(by wt.%) %) Cement | FlyAsh | Water '
100: 0 28.0 1671 0 468 176
90:10 28.4 1457 162 460 179
80:20 30.0 1233 308 463 180
70:30 30.9 1041 446 460 178
60 : 40 319 861 574 458 180
5050 3.2 690 690 458 177
401 60 344 532 797 458 181
30:70 36.3 382 891 462 179
of 387+ A A en, @ A Etolof
- AME 2§ o 94 Primary Blend(wat-

er, foaming agent)® 1%, Secondary Blend
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cement) £ 2~3F 02 st}
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Table 7 Mix proportions of lightweight fly ash-cement composites

FA:C Pe;l‘i:(;?nsfent For(nv‘;itng/Ai:nt W/ (FAC) Mix Proportion(kg /m?) o Flow

by wt.% o o %) Cement | Fly Ash | Water | Perlite ! No.

(by wt.%) FA +C) FA + C) o Agent | C

0 32.0 676.6 451.1 360.8 72.5 - 176

N 0.1 33.5 665,2 443.5 3714 71.2 1.11 178

40 : 60 50 . : NN , .
0.3 34.4 655.6 439.1 377.6 70.5 3.29 182
0.5 35.0 654.3 436.2 381.7 70.1 5.45 181
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Table 8 Flexural strength and fracture toughness of CF
reinforced silica fume - cement compsites

CF Contents| Flexural Strength (kg /cm?) |Fracture Touthness (kg - mm)
(vol.%) PAN-CF | Pitch—CF | PAN-CF | Pitch-CF
0 91 91 15.5 15.5
1 212 135 184.8 48.2
2 279 168 3113 160.5
3 335 200 454.8 283.2
4 351 242 542.1 401.6
5 367 268 680.5 504.7
400+ PAN-CF

:
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Flexural Strength (kg /cm?)
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Fig. 1 Relationship between flexural strength and carbon
fiber contents of carbon fiber reinforced silica
fume - cement composites
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Table 9 Analysis of variance for flexural strength of CF
reinforced silica fume - cement composites

Source of | Degree of Sum of Mean F F
Variance Freedom Squares Squares | Value | Probability
CF Contents 5 72043.7500 | 14408.7500 | 1291 | 0.0070%
Types of CF 1 23496.7500 | 23496.7500 | 21.05 |  0.0059"
Error 5 5581.7500 1116.3500
Corrected | 1012.50 | 101122.250
Total

Note : * : Significance at 1% level,
* : Significance at 5% level
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of PAN-derived carbon fiber reinforced silica
fume - cement composites
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Fig. 3 Relationship between flexural load and deflection
of pitch-derived carbon fiber reinforced silica
fume - cement composites
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Table 10 Analysis of variance fracture toughness of CF
reinforced silica fume - cement composites

Source of !Degree of Sum of Mean F F
Variance Freedom | Squares Squares | Value | Probability

CF Contents 5 ATT258.3775 | 9451675 | 4479 0.0004*
Types of CF I 50090.8408 1 S0080.8408 | 2350 | 0.047
Error 5 106354842 | 2131.0968
Corrected 1 S38004.7025
Total

Note : ** : Significance at 1% level,
* : Significance at 5% level

a0t CF Content
| (vol.%)

L

o 1,000 2,00C 3,000 4,000 5,000
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Flexural Stress (kg /cm?)

Relationship between flexural stress and extreme
tensile fiber strain of pitch-derived carbon Afiber
reinforced silica fume - cement composites
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CF Content
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Flexural Stress (kg /cm?)

Fig. 5 Relationship between flexural stress and extreme
tensile fiber strain of PAN-derived carbon fiber rein-
forced silica fume - cement composites
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Table 11 Pnysical and mechanical properties of fly ash -
cement composites

C:FA [W/(FA+C)| Bulk Specific Comp Strength (kg /cm?)] Flexural Strength {kg cof

(bywt%) (%) Gravity |Hot Water| Moist [Hot Water! Moist
100: 0 2.0 218 60 54 14 57
90:10 284 2.07 662 457 117 61
80:20 30.0 1.98 543 430 116 60

70:30 | 309 1.89 589 359 96 58
60:40 | 319 1.82 511 263 #0 50
50:50 | 332 17 438 160 66 4l
40:60 | 34 1.68 363 117 55 26
30:70 | 363 1.62 284 B4 40 14
20:80 | %9 1.57 158 30 26 7
10:90 1 438 ' 153 63 w12 4
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Fig. 10 Relationship between water/ (fly ash-+cement)
ratio and perlite content

Perlite Content
0| .
. _n
= (vol.%) o
D 200"
e st e
Qo PN "
= O
&
5
£ a5
L4
o]
+ o
< 40f —a
4 100 g~
S e —
ol .
S it
- P gl A 0
- V=" o
3 30
<
3
25
’ R — L J— ] L 1.
o 0.1 0z 03 0.4 05

Foaming Agent Content (wt.% of Fly Ash+Cement)

Fig. 11 Relationship between water/ (fly ash-+cement)
ratio and foaming agent content

165



Table 12 Physical and mechanical properties of lightweight fly ash - cement composites.

- - — >
Pe;hte Foaming Agent W/ (FA+C) Bulk Sp-ec1f1c SFrength (kg /cm?)
vol.% of ) (wt,% of ) %) Gravity Compressive Flexural
FA+C FA+C ¢ Autoclave |Hot Water | Autoclave |Hot Water | Autoclave |Hot Water
0 319 1.79 1.56 555 516 111 102
0.1 32.3 1.51 1.47 497 460 94 87
0.2 32.4 1.37 1.34 432 389 69 64
0 0.3 32.6 1.27 0.90 364 338 55 47
0.4 33.0 1.08 0.83 318 281 43 36
0.5 33.5 0.92 0.75 277 252 33 29
0 32.0 1.57 1.48 438 353 87 80
0.1 32.9 1.44 1.38 386 293 76 72
30 0.2 331 1.28 1.21 315 234 51 44
0.3 33.6 1.01 0.82 268 197 40 33
0.4 34.1 0.90 0.75 219 142 30 26
0.5 4.7 0.73 0.64 175 112 23 19
0 32.0 1.48 1.41 238 208 75 72
0.1 33.5 1.37 1.32 207 187 66 60
50 0.2 33.9 1.12 1.06 175 150 44 39
0.3 34.4 0.86 0.77 157 129 33 26
0.4 34.7 0.76 0.69 115 : 95 23 20
0.5 35.0 0.62 0.58 82 59 18 15
0 33.0 1.39 1.34 210 190 67 62
0.1 35.3 1.25 1.20 191 165 56 50
80 0.2 35.7 1.01 0.92 153 : 131 38 32
0.3 36.1 0.69 0.73 134 112 26 21
0.4- 36.5 0.64 0.61 95 78 17 14
0.5 37.0 0.55 0.49 60 41 12 9
0 34.5 1.35 1.25 185 155 64 56
0.1 36.3 1.20 1.13 158 128 52 45
100 0.2 37.4 0.95 0.85 130 110 36 29
0.3 38.9 0.63 0.72 110 94 24 19
0.4 40.1 0.57 0.57 79 60 15 12
0.5 41.8 0.48 0.45 38 20 9 7
0 41.5 1.08 1.03 131 110 51 45
0.1 44.2 0.92 0.85 112 88 39 33
150 0.2 45.6 0.77 0.71 90 76 29 23
0.3 46.4 0.60 0.54 77 53 18 15
0.4 47.9 0.48 0.49 50 32 12 9
0.5 49.4 0.45 : 0.42 26 17 7 5
0 50.4 0.93 0.87 85 76 46 38
0.1 52.2 0.76 0.72 69 58 33 28
200 0.2 53.9 0.67 0.60 53 42 23 19
0.3 55.8 0.54 0.45 40 27 14 411
0.4 57.6 0.43 0.43 24 18 10 7
0.5 59.7 0.40 0.38 17 12 5 4
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Table 13 Analysis of variance for W/ (FA+C) ratio of lig-
htweight fly ash - cement composites

Source of Degree of | Sumof Mean F F
Variance Freedom | Squares | Squares | Value | Probability
Perlite Contents 6 2462.75% | 4104599 311381 0.0001"
Foaming Agent Cont, 5 115.7905 231581 | 1757 0.0001"
Error 3 39.5462 1.3182
Corrected Total 41 2618.0962
Note™ : Significance at 19 level,
* @ Significance at 5% level
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Fig. 12 Relationship between bulk specific gravity and per
lite content
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Table 14 Analysis of variance for bulk specific gravity of
lightweight fly ash - cement composites

Source of Degree of | Sumof Mean F F
Variance Freedom | Squares | Squares | Value | Probability
Perlite Contents 6 3.5601 0.593 [ 112.53] 0.0001*
Foaring Agent Cont, 5 6.4346 1.2669 | 244.06| 0.0001%
Curing Method 1 0.1151 0.1151 21841 0.0001"
Error 71 0.3744 0.0053
Corrected Total & 10.4842
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Table 15 Analysis of variance for flexural strength of lig-
htweight fly ash - cement composites

Table 16 Analysis variance for compressive strength of lig-
htweight fly ash - cement composites

Source of Degree of | Sumof Mean F F Source of Degree of | Sumof Mean F F
Variance Freedom | Squares | Squares | Value | Probability Variance Freedom | Squares | Squares | Value | Probability
Perlite Contents 6 166110714 | 27685119 {100.39{ 0.0001% Perlite Contents 6 1059782.3333| 176630.3380 | 199.86 |  0.0001%
Foaming Agent Cont, 5 30437.9524 | 6487.5905 |235.25| 0.0001" Foaming Agent Cont. 5 256938.05%| 51387.61191 58.15| 0.0001%
Curing Method 1 4761905 | 476.1905 | 1717 0.0001% Curing Method 1 18571.4405| 18571.4405 | 21.01 | 0.0001™
Error 7 1958.0238 27.5778 Error 7 62748.5833|  883.7829

Corrected Total 83 51483.2381

Corrected Total 83 1398040.4167
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