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Various performances of ultra-high performance concrete (UHPC) applied with microplastics and expanded polystyrene (EPS)
beads were evaluated. Compresslve and flexural strength, performance after ignition, flow-down in fresh state, and effective
bond strength were evaluated. Designed weight of the cement panel with these mixtures was calculated based on the
flexural strength. As a result of the experiments, it was confirmed that the EPS could reduce the density of UHPC with
largest range. By maximum addition of EPS beeds, the density of UHPC decreased to 1300 kg/m?, and the compressive and
flexural strengths for this mixtures were in ranges of 20-30 MPa and 15-20 MPa, respectively. On the other hand, lightest
cement panel could be designed with UHPC having a density ranges about 2.0 glcm?.
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Table 1. Specific gravity and mean particle size of lightweight fillers

. Specific gravity | Mean particle size in mm
Material (SSD) (measurement method)
Synthetic polymer powder 1 0.95 0.45
(P1)* ’ (laser diffraction)
Expanded polystyrene beads 0.04 1.0
(EPS) ’ (scale ruler)

a) and b) from Ahn et al. (2023) and present work, resepectively

Table 2. Mix proportion of UHPC

Proportion of Weight proportion
Type of . . e
. . mixable limit (per cement)
lightweight filler® o
(%) Lightweigth filler | Silica sand
N - 0.000 1.10
Pl 100 0.375
25 0.010
50 0.020 0
EPS
75 0.030
100 0.040

Note) Weigth ratio of other materials per cement: Silica fume 0.25, silica
powder 0.30, water 0.21, water reducer 0.06, steel fiber 0.2
a) mix proportions of mixtures with N and P1 are adopted from
Ahn et al. (2023).
b) Mortar flow of N mixture: 250 + 10 mm (ASTM C 230)
¢) Mortar flow at mixable limit: 110mm (ASTM C 230)
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Fig. 1. Compressive strength of hardened mixtures
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Fig. 2. Flexural strength of hardened mixtures
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Table 3. Flows of mixtures by test setup in Fig. 5 (unit: mm)
Mixtures 30 min 60 min 90 min 120 min

Premixed mortar 1 18 18 18 18

Premixed mortar 2 0 0 0 0

Normal mortar 4 4 4 4
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Fig. 6. Concrete sample preperation for bonding strength
measurement: (a) smooth and (b) rough interfaces

Table 4. Effective bonding strength between concrete and covering

mixtures
Curing temperature 20 °C 90 °C

Interface condition | Smooth Rough Smooth Rough
2.8 33 22 2.8

Premixed mortar 1 0.0 4.6 2.8 3.0
0.0 6.0 0.0 29

2.6 43 22 8.4

Premixed mortar 2 0.0 6.1 34 7.0
0.0 6.9 1.4 7.4

2.5 9.5 2.8 6.7

Normal mortar 0.0 10.2 42 8.8
0.0 11.1 6.8 8.5

11.7 15.4 14.1 10.4

U£C 0.0 19.0 0.0 17.5

0.0 14.8 0.0 21.5

4.9 18.0 9.7 17.3

(P]Ulﬁ)’g%) 3.6 17.3 7.0 13.0

0.0 12.9 8.1 16.1
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Table 5. Specific flexural strength, minimum thinkness, volume,
density, and weight of UHPC panels

M | ) |y | oy | ony | 6
Extruded cement panel | 14.0 60.0 0.043 24 103.7
Normal mortar 53 97.5 0.140 22 151.7
Ugc 281 | 423 | 0061 | 24 732
(WPUHIII)%%) 154 | 571 | 0082 | 24 | 979
(PIfHSI:)(oj/O) 21.9 49.9 0.069 2.0 67.3
(P:ﬂﬁ:g%) 210 | 490 | 0070 | 20 | 719
(PI;H;:)(;)) 23.0 46.8 0.067 23 80.9
(P;J}llg((;%) 24.1 45.7 0.066 23 79.0
(EPléHf<)C()%) 89 | 753 | 0108 | 12 | 1302

a3l AME HEC| 2AHE Table 50 2| STt AlAL Zap 7|1&
o] RtEM3E AHE TH0]| H| LBt UHPC AFRA| HZ0| =2t
0] 30 % 71&f LAdh= S &2l oIRCh 21E ME0| 7+ 7HH2
M=z PIS ARSSH HiRie = 010f TSt Bifgitl= Anhn et al (2023)
off MAIZIRICH MBo U It 7HE S UHPC EPS 100 %2| &
< JUMoR BUETt oksl K&

= Igel SFRUSTHY AR
ojg HCF 235/2 9F 30 % 0|A Z7HE ZAE §0l

FRACE,

op

8 0Ot|2t 1 mm2| EPS u|zg FIt2 M&st UHPCY
s

EPSE =7t 31S UHPCOI
sied of [[HQI ofz7t o} ?E@EE 242+ 20-30 MPa, 15-20
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