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Research on Mechanical Properties of Concrete at High Temperatures Based on

Machine Learning

LIU Junhua,LIU Bin, CAO Haifeng, LIU Zhiguang, LI Zhiyong

(China National Chemical Construction Investment Group Co., Ltd., Beijing 100041, China)

Abstract: Structural safety is directly affected by the mechanical properties of concrete at high temperatures.
Firstly, based on the existing compression and tension test data of concrete at high temperatures, the Abaqus
finite element software was adopted for numerical simulation reproduction, and the reliability of the simulation
method was verified. Secondly, by simulating the uniaxial tension-compression and confining pressure tests of
normal concrete with different strength grades under high temperatures of 20—800 °C, the influence rules of
temperature on the compressive strength, splitting tensile strength, elastic modulus, and stress—strain
relationship of concrete were elucidated. Finally, based on three commonly used machine learning algorithms,
i.e., BP neural network (BPNN), support vector regression (SVR), and Gaussian process regression (GPR), a
rapid prediction model for the mechanical properties of concrete at different temperatures was established. The
results indicate that the prediction accuracies of the GPR and SVR models are relatively high, and the R” of the
prediction models for the compressive strength and tensile strength of concrete are 0.997 23 and 0.979 55,
respectively.
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Figure 1 Heat transfer model of concrete temperature field
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Figure 2 Temperature field simulation of concrete

specimens under different temperature effects(unit: ‘C)
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Figure 3 Stress—strain curves of concrete under

compression and tension
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Figure 4 Compression finite element model
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Figure 5 Comparison of experimental and simulated
stress—strain curves of concrete
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Table 2 Ultimate compressive strength of concrete at

high temperatures

T/ B AR 1/MPa S5 R 2/MPa
< I BEUAE B BEUE
20 14.77 15.49 38.05 38.35
100 14.09 15.08 38.03 37.44
300 16.04 16.15 39.24 38.65
500 12.54 11.57 30.31 28.30
700 4.95 5.29 11.54 9.90
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Figure 6 Comparison of stress—strain curves of concrete

in triaxial compression test
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Figure 8 Comparison of tensile strength reduction

factors of concrete
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Table 3 Tensile strength reduction factors

MR IR 1 ST IR A 2
MR/ C
I H A 6 HEAUME

20 1.00 1.00 1.00 1.00

100 0.76 0.78 — —
200 — — 0.73 0.77
300 — — 0.62 0.65
400 0.49 0.51 0.53 0.52
500 — — 0.44 0.40
600 0.26 0.25 0.17 0.20
700 — — 0.11 0.12
800 0.08 0.09 0.10 0.07

x4 EHFIR
Table 4 Compression conditions
TR BE 1/ M/ Z g ) i) / AR/
MPa C h (mm>Xmm >Xmm)

16 20~800 2 100100 X 300
24 20~800 2 100100 X 300
32 20~800 2 100100 X 300
40 20~800 2 100100 X 300
48 20~800 2 100100 X 300

R F1/MPa

N f1/MPa

0d . . . .
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P 7%
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Figure 9 Uniaxial compressive stress—strain curves of

concrete at high temperatures
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Table 5 Elastic modulus of concrete

WL/ AN TR) 3 BE A g (MPa) TR B 1 (1 B A i/ GPa

T 16 24 32 40 48

20 25.40 30.00 32.50 34.50 36.00
100 18.40 21.60 23.40 24.80 26.00
200 15.30 18.30 19.80 21.04 21.90
300 12.80 15.00 16.30 17.30 18.00
400 9.90 11.70 12.70 13.50 14.10
500 7.16 8.42 9.12 9.68 10.10
600 5.14 5.15 5.60 5.91 6.16
700 1.58 1.86 2.02 2.14 2.23
800 1.51 1.51 1.51 1.52 1.52

x6 RBELINEEEIEE

Table 6 Peak compressive strength of concrete

AN T JIE 4 2 (MPa) R BE - B0 552 18 1/ M Pa

MR/ C

16 24 32 40 48
20 15.60 23.40 31.50 36.60 44.22
100 15.10 22.60 30.60 34.90 41.80
200 14.80 22.40 30.30 34.40 41.40
300 16.10 23.60 30.80 32.90 39.96
400 13.80 19.40 26.10 24.50 26.10
500 11.60 14.60 23.90 20.10 21.30
600 7.52 9.97 13.50 13.40 13.90
700 5.31 5.75 7.76 8.93 10.50
800 2.51 3.57 4.76 5.39 6.38

100 mm X 300 mm A4 i A AR AR YA 0L BB e 3 56, 4n &
10 Fr 7 o 38 3= i o AS [) B /3L 2 A F 5 v 1R 6 TR
B =48 1A TR RE R R

E10 =HEHBRITER
Figure 10 Triaxial compression finite element model
PL 24 MPa il B L4 4, 23 5t fin 5 MPa,
10 MPa }¢ 30 MPa = # [l s 47 LA, IF X e w il R
F1400 “CHF VR &E 1 = b & 45 1 Bt He o BE e { . S 40
GEARMNER TR .
7 BRELHWBAEREE

Table 7 Ultimate compressive strength values of concrete

M/ C [l /MPa e BR BT 58 B /M Pa
5 45.56
20 10 69.16
30 161.81
5 42.23
400 10 65.84
30 156.25

LU BE R 32 MPa il &t + ki), X4 3 B 7€ 100 °C,
200 “CHY , W {58 B2 3 51 Ry W i 19 97.1% 1 96.2% 5
T BE TE 300 “CH, e F 5 B MR BT /0N S 8 T i Oy IR
T Y 97.8% ;400 °C 500 °C, W8 58 J& 43 51 g % I T
[ 82.7 % M 75.9 % ; 241 B 15 %] 600 °C 700 °C 800 C,
TR R - 0 {85 3 R 0R T B, 43 30l Ol IR T Y 42,900
24.6% F15.1%

22 =HES

F R T 3 R R e 4 e g R
B T 13797 0 A R 4 R 00 A5 R b R T
AR SCHRE HE I B AR L v B v v T T SR L AR
SRR G 1 L, E BRI 45 A R A SRk 1 8 )
iz AR R = R 46 19 K58 T . SR A 100 mm X

HY & 7 7T A0 B LR A 3G, TR B R R
WEE 2 bl 2 34 K . Y 1Bl 10 MPa i, TR % + i %
558 J3E oA BAUR TR 45 5 Y 2,95 4% o 4 TR RE R N LR
AR TR) S Bt 5 T 0 388 0, YR - A B R B I 4
/N B 85 0 5 TE 400 CCI YR BE £ Y B 5l A = %
PUHE SR B N BT 17 % R 5%, Uk B AR A —
FE R EE LA TR EE A AR P R DT B/
T AR TR BE A A RE A R
23 B@pi

Xif VR 5 = VAT AN R IE EE T00 T (36 8) 1 BF S it
oL 3 3K A AL, 75 3] 19 7 0 g 57 Al £ AN 1 11 T
AN CHUE L2 9. BT IR B 10,
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Table 8 Splitting tensile conditions of concrete
= 8 N R M 2k 2h om kg R
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MP °C I ( ) N N i L -
: ' mmmm e mn ot % 8 1 T IR U ) 2 e Rl R T IR
16 20~800 2 150X 150 X 150 " . N . U
B8 B (= N o i3 < = N = < L
24 20~800 2 150 X 150X 150 . . o . e [
i SRy B T R R R EE 0 SRR 29 0ok H BP
32 20~800 2 150 X 150 X 150 _ , N o .
A E=N =3 e
10 20800 ) 1505 150 % 150 P2 P25 (BPNN) L SZ 45 ] & [115 (SVR) | & B ad &
i s oo 150 150 91U (G PR ) 3 0 85 FH 06 BL48 2% 3 v %0 185 3 TR 0
+ IR E AT HIA
Y YN ez g N 2 4k ATy N e Ak 4 Ers >
RESFERVENAR, FRAABEHRBLER 251 4 2 o K5 R 8 T AR i
5E G A% 1B B N 7, A5 0 R R A 2R 4k 2 T W R R S S T B AR AR R R

R BE 0 0B T R I O R R, R A
fE 2« B 25 TR TR, R 300 C R D 3 B4
BT M, 24 52 2B D 1 AR Y 7 A ek
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FETR5E - AP0 PL 0 B W (A TE = IR AR TR T BRI R A
AT -8 BAM KR LRE N 24 MPaiR ¥ +
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Figure 11 Uniaxial tensile stress—strain time-history curves of concrete at high temperatures
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Table 9 Peak tensile strength of concrete

L/ R ) 5 5 2% (M) 6L - 9548 8 W 1/ M Pa
< 16 24 32 40 48
20 1.91 2.43 2.73 3.31 3.58
100 1.50 1.96 2.24 2.60 2.85
200 1.35 1.78 2.13 2.36 2.57
300 1.20 1.57 1.84 2.01 2.21
400 1.06 1.27 1.55 1.58 1.66
500 0.75 0.97 1.19 1.25 1.34
600 0.49 0.56 0.62 0.72 0.71
700 0.29 0.30 0.34 0.40 0.41
800 0.18 0.20 0.22 0.26 0.27

F10 RETHUHREITE RS

Table 10 Tensile strength reduction factors of concrete

R/ AN T iR B 25 9 (MPa) 1R B - BT 53 J3E 37t 22 %5
< 16 24 32 40 48
20 1.00 1.00 1.00 1.00 1.00
100 0.78 0.80 0.82 0.79 0.79
200 0.71 0.73 0.77 0.71 0.70
300 0.62 0.64 0.67 0.61 0.60
400 0.51 0.52 0.56 0.47 0.46
500 0.39 0.38 0.43 0.38 0.37
600 0.25 0.23 0.23 0.21 0.19
700 0.15 0.13 0.12 0.12 0.11
800 0.09 0.08 0.08 0.08 0.07

32 SVRE%
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Table 11 R? and RMSE Values for Compressive
Strength Prediction Results

e R? Ryise
BPNN # % 0.992 13 4.951 60
SVR #1 7! 0.997 23 6.981 60
GPR#27) 0.996 05 3.040 40
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Table 12 R? and R, Values for Tensile Strength

Predictions Results

*ﬁﬂ RZ RMSF.
BPNN # # 0.974 93 0.13579
SVR 1 %! 0.973 88 0.017 06
GPR 515! 0.979 55 0.115 59
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