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Prediction of UHPC Compressive Strength Based on Different
Machine Learning Methods

YANG Yichao' ZHANG lJinfan® PAN Zuanfeng”"~ GU Zhengyu' CHENG Xinyue’
(1.Shanghai Tobacco Group Co., Ltd., Shanghai 200082, China;
2.College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract  Ultra-High Performance Concrete (UHPC) is a high-performance cementitious composite material
characterized by ultra-high compressive strength, superior toughness, enhanced ductility, and excellent
durability. However, a systematic and standardized framework for UHPC mix design remains lacking. In both
engineering applications and scientific research, mix proportioning still heavily relies on empirical approaches.
To address this gap, this study compiled a comprehensive database consisting of 300 mix designs and
corresponding experimental material properties from a thorough review of the existing UHPC literature. The
database incorporates seven key influencing factors: cement content, fly ash content, silica fume content,
quartz sand content, superplasticizer dosage, steel fiber content, and water content, along with their
experimentally measured compressive strengths.Based on this dataset, several machine learning algorithms—
including Random Forest (RF), Extreme Learning Machine (ELM), Support Vector Regression (SVR) , and
Backpropagation Neural Networks (BPNN)—were employed to develop predictive models for the compressive

strength of UHPC. Furthermore, a machine learning-driven mix design methodology was proposed to achieve
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targeted compressive strength. The results demonstrate that all adopted machine learning models can provide

reasonably accurate preliminary predictions of compressive strength based on the constituent proportions, with

the coefficient of determination (R?) of the training set exceeding 0.8, indicating satisfactory predictive

performance. The proposed method effectively generates UHPC mix proportions that meet specified strength

requirements, offering a data-driven alternative to conventional empirical design.

Keywords ultra-high performance concrete, machine learning, mix design, compressive strength prediction
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Table 1 Preliminary statistical characteristics of the

mix ratio

No. | 78k Max | Min | ¥ | H2% | MR
B-1 | k¥ | 1226 | 270 796.7 | 153.23 0.189
B-2 | R | 352 0 68.8 | 91.13 | -0.142
B3 | HEK 469 0 150.8 | 82.37 0.227
B-4 | HHEAS | 1788 | 628 | 1095.8 | 218.79 | -0.197
B-5 K 234 | 57.6 | 179.8 | 3325 | -0.027
B-6 | WKH | 4% | 0.5% 00| 1% -0.147
B-7 | WLr4E | 390 0 89.3 | 83.83 0.612
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Fig.4 Extreme learning machine prediction result diagram
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Table 3 UHPC mix ratio based on cement content

45| C | FA | SF S W | BT 4E | R
S1 755 | 105 170 | 1080 | 195 78 121.21
S2 | 785 85 170 | 1080 | 195 78 123.96
1z 815 65 170 | 1080 195 78 126.11
S3 845 45 170 | 1080 | 195 78 129.39
S4 875 25 170 | 1080 195 78 130.14
=4 EZBERIZER UHPCEL AL
Table 4 UHPC mix ratio based on the addition of

silica fume

%5 | C FA | SF S W | B YE | PR
SF1 815 105 110 |1080| 195 78 117.09
SF2 815 85 140 |1080| 195 78 121.78
JZ 815 65 170 | 1080| 195 78 126.11
SF3 815 45 200 | 1080| 195 78 129.73
SF4 815 25 230 | 1080| 195 78 134.59
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Table 5 UHPC mix ratio based on water content

%9 | C FA | SF S W | L4 | PR
W1 815 65 170 | 1080 | 155 78 142.75
w2 815 65 170 | 1080 | 175 78 132.89
JZ 815 65 170 | 1080 | 195 78 126.11
W3 815 65 170 | 1080 | 215 78 124.24
w4 815 65 170 | 1080 | 235 78 123.33
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Table 6 UHPC mix ratio based on steel fiber content

45| C FA | SF S W | LR | PURSR S
F1 | 815 | 65 | 170 | 1080 | 195 0 110.43
F2 | 815 | 65 | 170 | 1080 | 195 | 39 118.39
JZ | 815 | 65 | 170 | 1080 | 195 | 78 126.11
F3 | 815 | 65 | 170 | 1080 | 195 | 117 132.96
F4 | 815 | 65 | 170 | 1080 | 195 | 158 139.34
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Fig.6 Compressive strength prediction results for each parameter
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