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! Self-Compacting Concrete
? Super Plasticizer
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® High performance concrete
4 -

Nano-Silica
> Micro-Silica
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® Fiber-reinforced concrete
7 Filling ability
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® Resistance to segregation
9 . .1
Passing ability
1% peformation Capacity
" Velocity of deformation
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2 Pulverized Fly Ash
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Chemical Analysis (%) Cement

SiO, 21.56
ALO3 6.67
Fe,0; 6.17

CaO 49.88
MgO 4.51

SO; 2.75

K,O 0.76
Na,O 0.43

LOI 2.79
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Silicon Oxide Nanopoarticle (SiO2, 99+%, 11-13 nm)
Details:

Silicon Oxide (Si02)

Purity: 99+%

APS: 11-13 nm

SSA: 200 m./g

Color: white

Bulk density: <0.10 g/cm3

True density: 2.4 g/cm3
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Particle Diameter (u m)
Dian Cun Diff Diam Cum Diff Diam Cum Diff
x(p =) Q 3(%) q3 (%) x(p =) Q3(%) q3 (%) x(p =m) Q3(%) q3 (%)
1 |1000.000 100.000 0.000 18 28.988 61.522 7.826 3s 0.840 0.746 0.200
2| 811.975 100.000 0.000 19 23.538 53.695 8.519 36 0.682 0.546 0.166
3| 659.303 100.000 0.000 20 19.112 45.176 8.672 37 0.554 0.380 0.191
4 | S35.337 100.000 0.000 21 15.518 36.50S8 7.489 38 0.450 0.188 0.145
S| 434.680 100.000 0.000 22 12.601 29.015 5.527 39 0.365 0.043 0.041
6 | 352.949 100.000 0.000 23 10.231 23.488 4.529 40 0.297 0.002 0.002
7| 286.586 100.000 0.000 24 8.308 18.959 3.948 41 0.241 0.000 0.000
8 | 232.700 100.000 0.000 25 6.746 15.011 3.248 42 0.196 0.000 0.000
9 | 188.947 100.000 0.000 26 5.477 11.763 2.515 43 0.159 0.000 0.000
10 | 153.420 100.000 0.046 27 4.447 9.248 1.852 44 0.129 0.000 0.000
11 | 124.573 99.954 0.826 28 3.611 7.396 1.377 45 0.10S5 0.000 0.000
12 | 101.150 99.128 3.313 29 2.932 6.019 1.250 46 0.08S 0.000 0.000
13 82.131 95.815 5.834 30 2.381 4.768 1.092 47 0.069 0.000 0.000
14 66.689 89.981 7.076 31 1.933 3.67M 0.949 48 0.056 0.000 0.000
15 54.149 82.905 7.169 32 1.570 2.728 0.885 49 0.046 0.000 0.000
16 43.968 75.736 6.987 33 1.275 1.843 0.697 S0 0.037 0.000 0.000
17 35.701 68.749 7.227 34 1.035 1.146 0.400 S1 0.030 0.000 0.000
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TABLE 1 Grading Requirements for Fine Aggregate

Sieve (Specification E11) Percent Passing
9.5-mm (%e-in.) 100

4.75-mm (No. 4) 95 to 100
2.36-mm (No. 8) 80 to 100
1.18-mm (No. 16) 50 to 85
600-um (No. 30) 25 to 60
300-um (No. 50) 5to 30
150-pum (No. 100) 0to 10
75-pum (No. 200) 0to 3.0"8

A For concrete not subject to abrasion, the limit for material finer than the 75-um
(No. 200) sieve shall be 5.0 % maximum.

B For manufactured fine aggregate, if the material finer than the 75-um (No. 200)
sieve consists of dust of fracture, essentially free of clay or shale, this limit shall be
5.0 % maximum for concrete subject to abrasion, and 7.0 % maximum for concrete
not subject to abrasion.
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Polypropylene fiber properties
molecular formula (C3H6)n
specific weight 900 Kg/m3
density
length 12mm
diameter 25um
tensile strength 350 N/mm2
melting point 160°C
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Abstract

In this experimental research, ground glass (GG) and nano-silica were incorporated in
self-compacting mortar (SCM) as cement replacement. The substitution percentage for
GG was 10, 15 and 20% and 2, 3 and 4% for nano-silica. The experiments included
slump diameter, compressive strength, flexural strength, water absorption and acid
resistance tests. The specimens were also reinforced with polypropylene fibers.

The results indicates that although the optimum percentage for GG was 15%
replacement, samples with 20% GG also show desirable mechanical strength and also
acceptable durability properties. Consequently incorporation of GG in SCMs is
absolutely feasible and contributes to the better performances. In addition, using nano-
silica up to 2% of cement weight is an effective way for even better properties.

Scanning electron micrograph (SEM) photos of samples at 28 days of curing
demonstrates the increased amount of C-S-H gel in samples containing GG. A uniform
pore distribution of samples was also perceptible when GG was added to samples. The
SEM photos also shows many pores as big as 20 pm in samples containing 3% nano

silica.

Key words: ground glass, self-compacting, nano-silica, polypropylene fibers,

compressive strength, flexural strength, water absorption, acid resistance, SEM photos
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