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Machine learning method for overall stability of welded
constant section box columns made of high strength steel
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Abstract: At present, finite element modeling or laboratory testing methods are generally used in the research
of the overall stability of high-strength steel members. However, the prediction method based on machine

learning (ML) has greatly improved the accuracy and convenience of component performance prediction. To
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accurately predict the overall stability of welded constant section box columns made of high strength steel, ML
method together with a database based on the fiber model is proposed in this paper. Firstly, the input and output
parameters of the model are determined, and the database is provided. Then, three different ML. models and
empirical models in the existing specifications are selected for prediction, and the performance is compared
according to the evaluation index. Finally, the rationality of ML models is analyzed according to interpretable
algorithms. The results show that the prediction results of most ML. models are in good agreement with the
experimental results, which are slightly higher than the empirical models, and the Gaussian process regression
model has the best prediction performance for the overall stability of high-strength steel members; the influential
trend of various parameters on the overall stability of components meets the expectation, which verifies the
rationality and reliability of the ML model; the regularized slenderness ratio has the greatest influence on the

prediction results, while the initial defects have the least.

Keywords: machine learning; high-strength steel; overall stability; prediction model; fiber model

T ARk B 2 SRl Y R R AT G
HETLZREE BRZ KEEMHERY . &
AR ELAT T A0 S IR R BB A B AR
I R P AR AR R R B v )2 A SR A AR R ok 3k 1 Y
M WM R AERAREEN ., ME S
S A 7 e O SR BE T o SR A A R 0 52 ) M e T
PE— 2B g O A2 R AR 1 A2 PR R
R M — T i SR I RIS Y T A ARk
R 22 3 6 AT T im0 o B0 AL 1 1Y A R e M E O
B AT B bR I8 25 % 460,550,690 MPa F 46 %1l
5 38 1 ) 0 A i R 6, O 0 UE T 7 R A A
e PR R 7 2R AR KT 3 A R A A O A 5 X 4
AU s rh G AN 1) S Y 3 S XU X FR N6 S B g
Xt R KR B T A A S SRR AT T R A L
6 LA 9% Q460 = sl A AR 12 T 7 I #1721
e P R P BB I X R R R 8 R R T A o ) b i
YRR E RBOTHE A S TEIE . Meng %
it 435 4 B B IR 23 0 A i (CHS) 32 0 1 % A it i
AE e T3 56 5 B3O AL 5, 91 X RO R v 80
AT 7 3k AT T R SRR VAL o 2R T AR X iR
L) 1 B B R RS E T HEA T RIF ST, R 2R A PR OT
S AT B3 1 56 1 BF 9 ik L TG DS [R] AR I8
M7 AR |- 2 58 33 15 o vk I A S PR 9 9 o AT
BAMEZAE . L, A 0BT — B e sk HL A 1
T SRR A R A R AR R e R I 9

P R N T8 BB 40 I 4 3 2 — W BILES 2 > Oy i
SEAE FLE 75 1 000RS B (8 ) A AR O AR B AT SR 1Y
G R, 78 A A Sl B 24k I 7E S AL 1R 1
P RE T 7] B [ R BLAE 5 . Limbachiya 87 A
T A 2 9 45 (CANND) 191000 e 5 3% 1 A it il /s 39 )
SR BE IS IE TN TR I £ R TR o A P 1 T 5
T ML R 2 >0 IR R AT A I R R A
P 8 B4R 5 Wakjira 285 LA [R] A9 AL 7% 2 =5 3 ) 45

TP BE DL R 2y 39 5 oK T 5 o ] 22 9 4 4 79000
BT IF 0 B A5G RV o DR R HE 4T 0 A
Sarothi % YK G ] T AL 443 4> 55 56 B0 4 A AL
Ko g, 45 5 AL AR o o TOUI 45 44 B9 00 BT B2 A4 1 2 1Y
R BRI O0r R AR B AT 0 M, R T
A 1 BIR et Al 5 B8 L R SR A HE RSO o 5 R 119 5 )
W BLE o 2T BE AT R v 4R O R R i O
3R AR AIE [ AR R R Tk B R B A F R .
B AYAL 55 AF B 52 Al 5 B0 TSP A B
A, 3 5 A B K i L & 2 ) FoAR Sk e B
FH T B0 v o 5 R 1 A A AR P B BIL 45 2 ) T
B34 1 Fp W5, ELEE X2 A5 400 A R I 10 e o A A
1 1R R ARG RE P IR A 1 e = ] SR ML HEAT 45 7

5B W T K e ik B AR e A AT A R AL A A
R A T B HIL A8 5 =T TN ASE R 0 A ] 5 B8 ) oy 5 4
e A% AT AR L AT 10 P 2 A R Bk B A A
VP, 2% BUAT A R BT LT rb X B 45 R B AR AR
PR OE R M P BT R G RRE
Oy e 4 L i I 9 R L OE AR AR L TR L SR
B d X 8 A S MU i A S 8 DA R R R 2807
A8 iy By 1 250, 91 8 He 23 B 3 AR AR AR S 9 F TR BIL
i o o) R G T 45 2R Gl G VA 4 bR PR R AR
LTI A R I 56 TE AL 4% 2 BB A T A L
BB L o A e I AR R SR R AL
v = > TS TR ACHS A R A T A R A A 4 1) B
il -, AR B A R P9 A 4 LY B A F 9 I A Y
A HE

1 I ZGEEERE

1.1 HFERBEHN

T H R U, 6T AL 2% 2] T AL A HE AT I 2
BE— AR TS RO A R KR BN L LA
HLas 24 S R IEAT I 5 B0 UE AN o & UL A A



184 + K5 3% L FHKOP E X

% 46 %

WO ) T B A5 A BROCECY B 10 DL 2 48 4R
B Rk 28 3P I OCR Bl o A BR T i R AR AL Oy
T HOIRAT B 00 KO RS B , {E A A IR X
I 50 45 ) o B 37 6 S0 A AN S B2 A 2
R N g A 1] 347 10, B AR 2 A Bl n] g2
Ohy B B S5 A5 I A AR I R RO . rh T R A
0 7 R B, 1 A RS SO ) B AT U R
Bt R RE s 9% o

1 A A5 R 110 e AR S AEURORE R R BE D 1 Y
TET 30 43 Shy D00 A% R B9 R T 21 24 3 i K fE AR 03 19 5
EHEAT IS . 207k B B S A N b
ML Z B M KR . Lii H IRV 5221
PRI R T A5 5 B i 48157 ¥ it e SO BB T B 2 2R
PITIEAFAE A FEAMBUE A7 8 s w8 Sl 740 B 1)
T A5 5 s e P O BCGE AL
J5 BTG M2 A 1E 52 il 2R Y 2k . R A A A
A £ A T 1t A g A 7R 7 R G SCik T oA B R B
HT T B A% IO 3 X Jl 1) A2 45 48 4 Ji ith 47 AT BCR
S, BT L £F A 45080 T B i 2 R BE R B AR
(1 12 A T AT 8 — R R I T A

AR A PR B3 A XF T e i A A AT Bk A N
G — 73 A A5 L 4 BIE S RT AT o i S A T AT Y
BRAR LI 53 AT AFTE AN R 45 i DA L — E X
AR 35 2] 73 A B B2 TR IV 3, T 2 R DX s A7 7
FRARLNL I o 2) K 28 B i DX ) i R 5k A i 1
T /N TN B T IR e B BT AR TS B AR A R ) B
AR i /I o 3) B A o #8 IX JB ) A T R B Al A
55 LG HE R WY 0 e/ o AR B R B AR B S
LB R AR R AT B B A% R T a0 A T R AR
U PR T 7S B B B AR S A 3 21 AR R e ]

B1 f—RRMARE

Fig.1 Unified residual stress model
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Fig.2 Correlation statistics of data variables
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Table 1 Characteristic parameters of machine learning model
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Fig.3 Bayesian principle of optimizing hyperparameters
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Fig.5 Gaussian process regression flow chart
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Fig.7 Schematic diagram of simple decision tree model
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Fig.8 Schematic diagram of integrated learning method

framework
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Table 2 Test data of axial compression bearing capacity of high strength steel welded box section columns

= kL 144 5 H/mm  ¢/mm L/mm e/mm  f/MPa A SEl E/GPa N/kN
460Q B-8-80-1 110.3 11. 40 3320 3.00 505. 8 1.28 7.68 207.8 1077.8
460Q B-8-80-2 112.1 11.49 3260 0.60 505. 8 1.24 7.75 207.8 1329.7
. 460Q B-12-55-1 156.5 11.43 3260 4.90 505. 8 0. 86 11.69 207.8 2367.8
LR 460Q B-12-55-2 156. 3 11.42 3260 3.80 505. 8 0. 86 11.69 207.8 2411.1
460Q B-18-38-1 220.2 11. 46 3260 2.40 505. 8 0. 60 17. 21 207.8 4 250.6
460Q B-18-38-2 220.8 11. 46 3260 3. 40 505. 8 0. 60 17.27 207.8 4213.1
460GJ 460B50-150 <12 155.1 12. 46 3118 4.31 492.0 0.83 10. 46 209.5 2517.7
460GJ 460B70-100 <12 104.8 12. 35 2 828 3.05 492.0 1.15 6.47 209.5 1198.1
550GT 550B110-75X12 77.5 12.51 3170 4.43 635.0 2.06 4.18 207.7 435.2
e 550GT 550B30-100X 12 100. 9 12. 60 1378 2.42 635.0 0.67 6.00 207.7 2355.0
550GT 550B30-150X12 152.6 12.82 1987 0.95 635.0 0. 60 9.91 207.7 4196.4
550GT 550B50-100X 12 102. 2 12. 60 2103 2.01 635.0 1.00 6.11 207.7 1907. 6
550GT 550B50-150X12 153.1 12.82 3118 0.82 635.0 0.96 9.96 207.7 3397.0
550GT 550B70-100X12 102. 3 12. 60 2 828 4.47 635.0 1.35 6.11 207.7 1231.6
460GJ B-120-12 120.0 12.23 3493 1.22 571.0 1.31 7.81 209.0 1563.0
460GT B-168-12 168.0 12.45 4111 2.44 571.0 1.07 11.49 209.0 2851.1
JE T 460GT B-264-12 264.0 12.21 3684 3.12 571.0 0. 60 19.62 209.0 6216.7
460GT B-175-25 174.0 21.53 5323 0.12 571.0 1.40 6.08 209.0 3852.4
460GJ B-200-25 197.0 25.42 5154 1.55 424.0 1.04 5.75 211.0 5002.7
690Q B-30-2 236.5 16. 10 2812 4.90 772.0 0.57 12.69 233.5 9726.9
ESNN 690Q B-70-1 140.9 16.07 3610 1.90 772.0 1.29 6.77 233.5 3317.0
690Q B-70-2 140.5 16. 08 3609 1. 50 772.0 1.29 6.74 233.5 3354.2
960Q B1-960 142.6 13.99 1878 25.88 973.2 0.77 8.19 208.0 3900. 4
HEE 55 960Q B2-960 141.6 13.94 2879 3.13 973.2 1.20 8.16 208.0 4003.0
960Q B3-960 141.5 13.92 4 382 0.82 973.2 1.82 8.17 208.0 2058.9
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Fig. 10 Prediction response diagram of machine learning model in the training process
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Fig. 11 Residual diagram of machine learning model during training
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Fig. 12 PDP plots for eight indicators.
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Fig. 13 Importance of characteristic parameters
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