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An Experimental Evaluation of Mechanical Behavior in Ultra-High Strength
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This research scrutinizes the mechanical characteristics of ultra-high strength concrete using oxide
graphene nanoplatelet(GO) and hollow glass powder(HGP). The investigation covered various
E-mail : hs_1214@hanmail.net yechanical attributes, including workability, compression strength, tensile strength, water resistance,
and the internal microstructure of standard concrete. Our findings reveal that workability experiences
a significant improvement with the incorporation of a minimal amount of HGP, and an increase was

Received : May 31, 2023 also observed in tensile strength and water resistance. It was confirmed that cGO(C company GO) and
Revised :]June 23,2023 HGP demonstrated commendable dispersion and the pore volume exhibited a reduction of more than
Accepted : June 29,2023 20%. The potential of cGO and HGP to substitute silica fume(SF) was also explored. Consequently, it

was found that both workability and mechanical properties were enhanced in the absence of SF when
¢GO and HGP were used. This finding implies that the utilization of these novel materials could
potentially modify conventional methods of concrete manufacturing.

Keywords : ultra high strength concrete, oxidized graphene nanoplatelet, hollow glass powder, novel
materials
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Table 1. Characteristics of cGO

Layer Thickness(nm) Length(um) Specific surface area(m?/g)
5~50 2~20 5~30 50~150
. Graphene Oxide, GO
2 2 - ‘/"
%} Expanded graphite
PRSSSS== S - A
T e T e Graphene Oxide, GO

Before dispersion After dispersion

Figure 1. lllustration of cGO and its interaction with superplasticizer

Figure 2. Scanning electron microscopy(SEM) image of cGO

Table 2. Characteristics of HGP

Density 90% Breaking strength Particle size distribution(um, by volume)
(g/cc) (MPa) 10th% 50th% 90th% Effective top size
0.46 110 10 20 20 20

Figure 3. Visual representation of Hollow Glass Powder
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Table 3. Properties of the utilized materials

Material Physical properties
Cement(C) Type III, Specific gravity: 3.15, Specific surface area: 341m*kg
Silica fume(SF) Specific gravity: 2.20, Specific surface area: 20m?/g
Granulated blast-furnace slag(BFS) Specific gravity: 2.90, Specific surface area: 430m*/kg
Gypsum(G) Specific gravity: 2.81, Specific surface area: 390m*/kg
Fine aggregate(S) Natural silica sand, Specific gravity: 2.62 , Particle size : 0.18~0.85mm
Superplasticizer(SP) Polycarboxylate high range AE water reducer(liquid type)

Table 4. Proportions of Concrete mix(Weight ratio)

. W/B SP cGO HGP
M \\Y BF F
x %) ¢ 508 ¢ S B (kg (kg)
Ref 24.0 0.4 1.0 0.5 0.08 0.08 1.88 0.75 - -
Reft+G(1) 24.0 0.4 1.0 0.5 0.08 0.08 1.88 0.75 1.0 -
Ref+G(1)+H(2) 24.0 0.4 1.0 0.5 0.08 0.08 1.88 0.75 1.0 2.0
SE(x)+G(1)}+H(3) 253 0.4 1.0 0.5 0.0 0.08 1.98 0.75 1.0 3.0
2.2 M
221 43I =222 9 T500
A
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Figure 4. Diagram of Slump flow
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Figure 5. Slump flow evaluation
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Figure 8. Evaluation of compressive strength
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Figure 9. Investigation of Splitting tensile strength
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Figure 10. Comparative analysis of bending strength and splitting tensile strength
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Figure 11. Permeability testing
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(b) cGO on cracked surface (c) HGP on cracked surface

Figure 12. SEM image of concrete enriched with cGO and HGP

Figure 13 o]l Ref 2} SF(x)+G(1)+H(3) A @A oA AFH et Al HA A MIP 242 AAIRE A5 YefiQlth. 3= - 2=
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Figure 13. Result of MIP analysis
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