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Tab.1 Uniaxial creep test after high temperature

AL NS AT PG TR £ 838D / MPa

temperature furnace

N TR I )& /°C PAE N RV S 1§
B2 B B EHLE
RB-1 25 8.78 11 13.15 15. 38 T 3
RB-2 200 10 12.5 15 17.5 T 3
RB-3 300 9.6 12 14.4 16.8 T 3
RB-4 400 7.8 9.75 11.7 13 T 3
RB-5 500 5.6 7 8.4 9.8 Ts 3
RB-6 600 5.4 6.75 8.1 9.45 T 3
RB-7 700 2.4 3 3.6 4.2 T 3
RB-8 800 2.8 3.5 4.2 4.9 Ty 3
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Tab.2 Creep test data of yellow sandstone under different temperatures

BE/C b i i A /107 b B AR AR /(107 h ™)

Mg BIgC WU Hmg B B B BN
25 0.8 1.03 1.2 1.4 0.4 0.52 0.6 0.7
200 1.2 1.4 1.9 2.8 0.6 0.7 0.95 1.4
300 1.35 1. 68 1.99 3.8 0.68 0.84 1 1.9
400 2.1 2.3 2.6 3.9 1.05 1.15 1.3 1.95
500 2.3 2.6 2.9 3.3 1.15 1.3 1.45 1. 65
600 2.8 2.9 3.2 3.7 1.4 1.45 1.6 1.85
700 2.9 3.1 3.7 6.6 1.45 1.55 1.85 3.3
800 3.3 3.6 4 4.1 1. 65 1.8 2 2.05
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sandstone at different temperatures
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Tab. 3 Creep strength of rocks at different temperatures

I /°C IR B / MPa KI5 B/ MPa KI5 S5/ BRI i JEE
25 22.4 14.11 0.63
200 20 12.6 0.59
300 18.35 12.43 0.68
400 14.9 9.1 0.61
500 10. 48 6.8 0.65
600 10. 46 6.6 0.63
700 4.8 3.2 0. 69
800 5.8 3.7 0.65
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Tab. 4 PSO-BP neural network sample data table
R/ C 25 200 300 400 500 600 700 800
B—9 8.78 10 9.6 7.8 5.6 5.4 2.4 2.8
21k it 11 12.5 12 9.75 7 6.75 3 3.5
11/ MPa WY 1315 15 4.4 117 8.4 8.1 3.6 4.2
HEpUg% 15.38  17.5 16.8 13 9.8 9.45 1.2 4.9
B9 0.8 1.2 1.35 2.1 2.3 2.8 2.9 3.3
iy 1.03 1.4 1.68 2.3 2.6 2.9 3.1 3.6
i [ MR AE R /107
=% 1.2 1.9 1.99 2.6 2.9 3.2 3.7 4
£ IE] 1.4 2.8 3.8 3.9 3.3 3.7 6.6 4.1
A -
B9 0.4 0.6 0. 68 1.05 1.15 1.4 1.45 1.65
e
Hly 7] - 2 0% A . 0.52 0.7 0.84 1.15 1.3 1.45 1.55 1.8
HAE/107h™ =g 0.6 0.95  0.99 1.3 1.45 1.6 1. 85 2
EANESS 0.7 1.4 1.9 1. 95 1. 65 1.85 3.3 2.05
W 3 B / MPa 22. 4 20 18.35  14.9  10.48  10.46 1.8 5.8
FEH /m e 57! 3.07 2.52 2.18 1.85 1.43 1.18 1.11 1.05
FLERR/ % 18.79 20.86 21.25 22.25 23.52 24.32 24.98  25.35
AR/ g 0 —2 —3.7 3.9 —5.2 —6  —13.9 —35.5
&A1 77 /MPa 29.41 28.88 26.53 21.76 16.93 15.32  8.53 7.84
Jit /g 389  387.06 383.7 384  383.62 381.18 378.82 351.33
HeAE 0.63 0.59 0.68 0.61 0. 65 0.63 0. 69 0. 65
i i b s
¥ PP/ GPa 5.05 4,44 4,34 3.87 2. 66 1.9 1.05 0. 85
1) 3% BE / MPa 14.11  12.6  12.43 9.1 6.8 6.6 3.2 3.7
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Fig. 13 True value and predicted value
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Tab.5 Forecast results and evaluation indicator
. . PSO-BP fit ~ BP #ill SEBRH (PSO-BP) (BP) (PSO-BP) (BP)
i BE/ . , . .
M{E/MPa  {4/MPa /MPa RMSE RMSE R R
25 14. 1 14.5 14. 11
200 12. 6 9.9 12.6
300 12. 4 15.7 12.43
400 9.1 7.1 9.1
0.0016 1.9931 0.99 0.94

500 6.8 6.4 6.8

600 6.7 9.7 6.6

700 3.1 3.4 3.2

800 3.7 4.4 3.7
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Research on sandstone creep test after high temperature and PSO-BP
neural network uniaxial creep long-term strength prediction

LIANG Zhonghao, QIN Nan, JI Peizhi, ZHOU Tongtong. GE Qiang

(School of Mechanical and Electrical Engineering, Qingdao University of Science and Technology, Qingdao 266061, Shandong, China)

Abstract: In order to study the creep strength and deformation characteristics of yellow sandstone
after high temperature action, uniaxial creep experiments were carried out on yellow sandstone after
high temperature action, and the effects of high temperature damage and axial pressure on the creep
deformation characteristics, creep strength and creep rate of yellow sandstone were systematically
analyzed. The results demonstrate that there is a creep stress threshold for yellow sandstone after
high-temperature action. Below the creep stress threshold, only stable creep occurs, while above the
creep stress threshold, unstable creep occurs. Moreover, the degree of creep deformation and steady-
state creep rate are linearly related with increasing temperature when the specimens are at low stress
in the creep test. In the high stress state, the influence of temperature on the degree of creep
deformation and steady-state creep rate increases at the same time. PSO-BP neural network is also
applied to predict the long-term strength of creep in yellow sandstone after high temperature action. It
is found that the actual fit is better, the training speed is faster and the prediction accuracy is higher
than the traditional BP neural network model. The research results can provide some technical support
and reference for the reconstruction of subsurface rock projects after high temperature catastrophic
changes.

Keywords: yellow sandstone; uniaxial creep experiment after high temperature; long-term uniaxial

creep strength; creep deformation; PSO-BP neural network prediction



