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Evaluation and analysis of the performance and microscopic mechanism of

green low-cost ultra-high performance concrete

ZHAO Wenhua, KONG Jiahui, SUN Qi
(School of Civil Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: To address the challenges associated with ultra-high performance concrete (UHPC), such as its low
water-to-cement ratio, high production costs, and substantial cement consumption, this study developed an eco-
friendly and cost-effective UHPC variant. This was achieved by incorporating industrial solid wastes and natural
pozzolanic materials, specifically limestone powder, slag, and pumice powder, as supplementary cementitious
materials. UHPC performance test, BBD response surface test, PCAS porosity analysis system and SEM scanning
electron microscopy were used to explore the effects of various admixtures on its basic physical properties and
microstructure. The results show that substituting cement with limestone powder, slag, and pumice powder not
only enhances the mechanical strength and durability of UHPC but also refines its microstructure. Moreover, this
substitution strategy significantly reduces both the economic and environmental costs of UHPC production while
maintaining its superior performance. The outcomes of this study offer valuable insights for the formulation of
sustainable and economically viable UHPC, contributing to the advancement of green construction materials.
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Tab.1 raw material chemical composition

P2 IRy BT 52 %

JEAARL :
Ca0 MgO Sio, Fe,0, ALO, SO, K,0 Sr0 cl
FiRATB 69.51 5.09 0.80 0.38 0.29 0.13 0.12 0.06 0.02
L 37.72 8.34 28.30 1.03 14.06 1.64 0.41 0.06 0.05
AR 8.51 5.95 45.01 11.65 13.47 0.06 1.86 0.08 0.02
K 53.45 321 2238 229 7.38 3.24 091 0.05 0.07
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Fig.1 XRD patterns of raw materials
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Fig.2 particle size distribution of raw materials
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Fig.3 electron microscope scanning results of raw materials
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Tab.2 test results of UHPC performance under the

foundation mix ratio
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Fig.4 UHPC performance under different material substitution rates
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Tab.3 three-factor and three-level experimental scheme

SV e HZE A% [N B/% K C/%
1 5 5 5
2 10 10 10
3 15 15 15
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Tab.4 BBD response surface test results

20 541 K% A/% K% B/% HZ C/% PR3 /MPa LT /MPa i & /mm
1 5 5 10 101.75 16.81 187.3
2 15 5 10 101.08 14.61 178.8
3 5 15 10 93.75 14.77 164.2
4 15 15 10 92.11 15.39 179.9
5 5 10 5 102.62 15.96 178.8
6 15 10 5 94.78 15.20 172.8
7 5 10 15 98.22 14.52 170.9
8 15 10 15 96.16 13.28 191.9
9 10 5 5 106.31 16.50 191.3
10 10 15 5 94.09 13.73 170.4
11 10 5 15 100.85 13.26 190.4
12 10 15 15 95.57 14.72 179.4
13 10 10 10 110.32 17.92 197.3
14 10 10 10 108.64 17.88 195.8
15 10 10 10 108.55 17.47 200.0
16 10 10 10 109.14 17.34 194.8
17 10 10 10 109.02 17.81 197.3
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interaction results of various factors of compressive strength BBD response surface model
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Fig.6 interaction results of various factors of flexural strength BBD response surface model
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Fig.7 interaction results of various factors of the fluidity BBD response surface model
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Tab.6 comparison of UHPC test value and predicted

value under optimal mix ratio
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Fig.9 carbonization results of UHPC at different curing ages
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Tab.8 unit price and processing cost of material
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K 320 40.0
ARATHY 100 19.4
i 85 24.0
A 260 278
TR 1 800
b 50
Wk 3000
K 2
AFRRAL . X IR 2145 4 1 m? UHPC BT il 45 1
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Tab.9 environmental benefits of base materials
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CED CEN GWP AP EP
K 971.0 58000 48000 53100 0.33000
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I K 12 000.0 279500  9400.0 119.0000 57.900 00
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Fig.10 hydration heat release curve of UHPC under the

optimal ratio
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Fig.12 pore structure of UHPC at different curing ages with optimal ratio
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