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Machine Learning Based Strength Prediction of UHPC for Spatial Structures
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Abstract

There has been increasing interest in UHPC (Ultra-High Performance Concrete) materials in recent years. Owing to the
superior mechanical properties and durability, the UHPC has been widely used for the design of various types of
structures. In this paper, machine learning based compressive strength prediction methods of the UHPC are proposed.
Various regression-based machine learning models were built to train dataset. For train and validation, 110 data samples
collected from the literatures were used. Because the proportion between the compressive strength and its composition is a
highly nonlinear, more advanced regression models are demanded to obtain better results. The complex relationship
between mixture proportion and concrete compressive strength can be predicted by using the selected regression method.
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(Fig. 1) I\/Iontpelller - South of France station,
Double-curved roofing, Ductall®

(Fig. 2) Jean Bouin Stadium in France Paris,
Roof and facade, Ductall®

(Fig. 1) A Y5 Montpellier & KI2A{0]
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(Fig. 4> Correlation matrix of features in the dataset
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(Fig. 3) Violin plots showing the distribution of the dataset

(Table 1) Statistical variable of the dataset

Attributes Coded Unit Min. Max. Mean Standard deviation
Cement C kg/m’ 383.0 1600.0 879.7 3313
Silica fume - kg/m’ 0.0 368.0 195.1 9.4
Fly ash - kg/m’ 00 480 33.0 730
Sand - kg/m’ 0.0 1898.0 980.0 516.2
Steel fiber SF kg/m’ 0.0 4700 39.0 751
Quartz powder QP kg/m’ 0.0 750.0 36.9 1265
Water W kg/m’ 109.0 3345 2006 563
Admixture A kg/m’ 0 185.0 319 283
fc s MPa 9.0 2400 1522 316
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(Table 2) Statistical variable of the dataset

Dataset Linear terms Quadratic terms Interaction terms Total number of
of the 8 variables  of the 5 selected variables  of the 5 selected variables input variables
Set_1 O 8
Set 2 O O 13
Set 3 O O 18
Set_4 O O O 23
7S 24 Eg] 2ePo) et gaE s 1Y
Feature Importance 9] E}L]‘i ]__/_'K__,] AR EE]% }\}%—8}04 %,I‘Ejg ?%E% Oiﬂ
1 g de & Utk
020 ] (Fig. 5)E AHEH APPRs0] 71 =2 5Q%
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(Fig. b) Feature importance of the dataset
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st #x=2 UHPC M2 flst 7|AIEE 7lgt 22057

Iteration 1 Test Train Train

Iteration 2 Train Test Train

Iteration 3 Train Train Test

Iteration 4 Train Train Train

lteration 5 Train Train Train

Train Train Error 1 —

Train Train Error 2 —

Mean
error

Train Train Error 3 ——

Test Train Error 4 —]

Train Test Error 5 —

(Fig. 6) b-fold cross-validation
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4. UHPC GIOIE{E #lgt =|HZE

4.1 CatBoost

2 ¢7lojA= UHPC HOHE 9Ist sl7Es <
afl CatBoost(Categorical gradient Boosting) 7|H& A
EISIQICE. CatBoost= 2atE sh59] 4B (Boosting)
714 % shE 22 AL, RAES o] E
EFDE Alote WEolA et B1E 73%1'5}
of 4st BRV1E Ues VHe ‘EOH:}ZB) 71E9 F

g 7Ho] g oz HE £ HoHE oz XJ
ZHResidual)E AXRICIH, CatBoost 7[He QR AL
8o10] TS Atel F 018 Salf g 5ol U
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goh= HolHC] Higs R S7IAA SRRl 28
e AL o) Sdff 7IE B8 7190l 7L
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4.2 "It 7l

= NES HAE NES YEtt HIEE Wil &
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MES}F HIAE AEE oft W gk=aliA Uil 220
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HolE= 2 BA9] =0 sigck= EEE HAE Al
EZ LA HOHE 28 MER AlSshk= BHo=
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k7H9] HEE A ot 2 HolA= 5-3 WAk A
S WHS ALSSIICKFig 6).
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(Fig. 7> R? scores of tuning hyper-parameter

¢ Mean Square Error (MSE)

1

MSE=%E(ti—yi)2 (3)

i=1

¢ Mean Absolute Error (MAE)

MAE:%EW_Z/A (4)
i=1

OP7IA toF y= 22 AR gl o5 ghe Seith

4.3 slo|mu}ziole =&

CatBoost 7HE R dREoA] Algsk= H
=0] 72X 02 F|Fsp & Fo] Qlof stolulet

U]Ei ZA(Hyperparameter tunning) 78S AXK| &
O} EC} SRR UHPC EloJE] AE0] 71

5| A1l

2} Wi} 2IRIE GEAT S8 7t Ajolo] Bk )
A8 AV GEEEE 2 AFolA= 2709 StolHat
2]} (learning rate, max_depth)oll Thall F&Q] &
= Ee +l6IIC

learning_rate EHEE FA40 £4(Loss)S Zh=
L= S5 IPHol|A] B (Step size)S Eé]%f 3,%
2 WS} max_depth= Eg| 7419
Al ZO Ee| Z01E 5Bt 2 BEA

R AIO0] #o] LPZPHA] Skgok= —'}7\% Q% ARE

O] BA AelHA Heiert =2 &Est 70 Egvt
Qs 284 FA9] slolHukH= THER
Sohl 2Eog HU9| g SHAIZIEE E=0
ECk (Table 3)2 2} HIOJE AIES] thell A F&9]
SlolHIEME ke HojEal QArt
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(Table 3) Optimal values for hyper-parameters of
CatBoost method

Dataset learning_rate Random _strength
Set_1 0.05
Set_2 01
Set_3 0.05 10
Set 4 02 12

(Table 4) Performance of CatBoost method in four
datasets with b-fold cross validation

51 Train 51 Test
Dataset g2 R RMSE MSE MAE
(MPa) _ (MPa) _(MPa)

Set1 09 036 2441 1857 60129
Set2 093 033 2467 1850 61136
Set3 09 041 2326 1815 54365
Setd 09 041 2343 1825 5518
S22 L}E}LHE} &g (Fig. 7

Hqse
@»9 Set 1 H$+= max depth’} 601 prle)s
learning rate’} 0.05¢ [EHO] o] ZEe & 4= A
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(Fig. 8) Comparison of the results using R?
and RMSE score values
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