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Parameter optimization of steel reinforced concrete beam-column
fiber elements based on random forest algorithm
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Abstract: In order to improve the accuracy of elastic-plastic analysis for SRC (steel reinforced concrete) beam-
column members, the prediction model for fiber element parameters of SRC members ( PMFEP-SRC) based on
random forest algorithm is proposed to optimize the hysteresis curve fitting of SRC beam-column fiber elements.
Based on 153 collected SRC beam-column specimens, with the peak load capacity ratio R, and energy dissipation
capacity ratio R are taken as target parameters, and the load capacity adjustment factor C; and stiffness adjustment
factor Cg are taken as adjustment parameters, the hill climbing algorithm is employed to determine the optimal
parameters of the fiber element. PMFEP-SRC was trained and established by the random forest algorithm with the
test control parameters of SRC beam-column specimens as the characteristic parameters and the optimal adjustment
parameters of the fiber element ( the solved load capacity adjustment factor C} and stiffness adjustment factor Cy) as
the labels. Finally, a batch of SRC columns with different shear-to-span ratios were designed and completed for
low-cyclic loading tests, and the accuracy and reliability of PMFEP-SRC was further validated using the test data.
The results show that PMFEP-SRC can effectively fit the hysteresis curves of SRC beam-column specimens with
different failure modes, and the fitting accuracy of peak load capacity and energy dissipation of SRC specimens is
significantly higher than that of the fiber elements without parameter optimization.

Keywords: steel reinforced concrete(SRC) beam-column; fiber element; low-cyclic loading tests; elastic-plastic

analysis; random forest algorithm
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Tab.1 Main parameters of SRC beam and column database

7%' ﬁ%ﬁﬂﬂp& R/ e fre/MPa Pas /% Paee’/ To P,/ %
Sck R mm X mm

[10] 23 160 x220 1.10 ~2.75 0~0.36 52.2~67.9 0.643 6.11 0.821 ~1.650
[11] 17 180 x 240 1.52~3.55 0.135 ~0.406 38.2~41.5 0.713 4.98 1.070 ~2.140
[12] 12 150 x 210 3.55 0.082 ~0.246 75.5 0.499 4.53~6.82 0.808 ~1.340
[13] 1 450 x 450 3.55 0.0725 45 0.377 7.01 0.849
[14] 27 200 x200 2.22~3.33 0.227 ~0.431 105 0.785 3.57~7.14 0.864 ~2.650
[15] 5 150 x 210 3.32 0 70.5 0.499 4.53~6.82 0.808 ~1.340
[16] 16 160 x 240 1.32~3.27 0.21 ~0.36 55.8~93.9 0.409 4.71 ~5.60 1.180 ~1.580
[17] 39 200 x 200 1.67 ~2.78 0.30 ~0.52 51.6 ~55.2 0.770 3.57~6.37 0.807 ~2.200
[18] 7 500 x 500 4.17 0.361 ~0.525 42.4 ~64.0 0.342 0~7.08 1.380
[19] 6 300 x300 2.95 0.135 ~0.432 20.7 0.377 4.53 0.798 ~1.930
#it 153 150 x210 ~500 x500  1.10 ~4.17 0~0.525 20.7~105.0 0.342~0.785  0~7.14 0.798 ~2.650
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Fig. 1  Effect of load capacity adjustment factor C; and stiffness adjustment factor Cq on hysteresis curves
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Fig.3 Distribution of fitting results of 3 types of fiber elements
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Tab.3  Statistical analysis of calculation errors of 3 types of fiber elements
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Fig.4 Establishment and validation of PMFEP-SRC
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Fig. 6  Fitting results of flexure failure specimens of 3 types of elements( specimen 1-SRC-07-1)
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Fig.9 Fitting results of diagonal shear failure specimens of 3 types of elements ( specimen 2-SRRC2)
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Tab.4  Statistical analysis of calculation errors of 3 types of elements

T T rye—— W BRAR AR P Y1222/ % FEREIMI AT 1% 22/ %
PMFEP-SRC Steel01 Steel02 PMFEP-SRC Steel01 Steel02
S22 10 7.3 17.1 20.0 9.5 25.1 21.9
LRI 4 8.4 5.9 6.3 9.2 35.9 20.9
STUIEh4s 5 5.3 13.2 15.6 10.3 32.4 21.4
HYIRHE 8 7.6 13.3 16.9 15.9 72.6 58.0
Ty — 7.2 13.6 16.8 1.5 2.1 32.4
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Tab.5 Main parameters of SRC column specimens
RS NN N1 MEHECE /% BUBJEE/mm . HiEJI/KN BEIEDS
1 SRC-1.54-1 414 +4¢12 »8@75 4 8 0.24 1340 S
2 SRC-1.5-6-1 414 +4¢p12 »8@75 6 14 0.21 1340 S
3 SRC-1.5-8-1 4414 +44b12 d8@75 8 18 0.18 1 340 S
4 SRC-1.54-2 4414 +4¢b12 »8@75 4 8 0.32 1 749 S
5 SRC-1.5-6-2 4414 +4¢b12 »8@75 6 14 0.34 2182 S
6 SRC-1.5-8-3 4414 +4¢12 »8@75 8 18 0.27 2 019 S
7 SRC-1.54-3 4414 +44b12 $8@75 4 8 0.41 2249 S
8 SRC-1.5-6-3 4414 +44b12 »8@75 6 14 0.43 2 744 S
9 SRC-1.5-8-2 4414 +4¢b12 d8@75 8 18 0.37 2718 S
10 SRC-2.254-1 4414 +4¢p12 »8@75 4 8 0.24 1220 FS
11 SRC-2.25-6-1 4414 +44b12 $8@75 6 14 0.20 1220 FS
12 SRC-2.25-8-1 414 +4¢b12 $8@75 8 18 0.18 1220 FS
13 SRC-2.254-2 4414 +44b12 »8@75 4 8 0.33 1 661 FS
14 SRC-2.25-6-2 4414 +44b12 »8@75 6 14 0.35 2 096 FS
15 SRC-2.25-8-2 414 +4¢12 P8@75 8 18 0.28 1 956 FS
16 SRC-2.254-3 414 +4¢b12 $8@75 4 8 0.42 2135 FS
17 SRC-2.25-6-3 414 +4¢12 $8@75 6 14 0.44 2 635 FS
18 SRC-2.25-8-3 414 +4¢12 $8@75 8 18 0.38 2 633 FS
19 SRC-3.04-1 4414 +44b12 »8@75 4 8 0.24 1287 F
20 SRC-3.0-6-1 414 +4¢b12 d8@75 6 14 0.20 1287 F
21 SRC-3.0-8-1 414 +4¢b12 d8@75 8 18 0.18 1287 F
22 SRC-3.04-2 414 +4¢12 $8@75 4 8 0.31 1707 F
23 SRC-3.0-6-2 4414 +4¢12 »8@75 6 14 0.34 2 141 F
24 SRC-3.0-8-2 4414 +4¢b12 »8@75 8 18 0.27 1 989 F
25 SRC-3.04-3 4414 +44b12 $8@75 4 8 0.40 2 195 F
26 SRC-3.0-6-3 414 +4¢12 P8@75 6 14 0.43 2 692 F
27 SRC-3.0-8-3 4414 +4¢12 »8@75 8 18 0.37 2677 F

T 1 g5 R SRC-BY B e B A9 i %8 — R S 4540 7 I“ SRC-1.54-17  Hih “1. 57 Fomit gy B e g 1.5, “4” FORFAN AR N 4%
“S” “FS” T A iMRR BT IR BTN MR, < 17 FoR AR RO T IR g0 il RN — K, 2. BUR €35 T IR BE
e IREE ST T RS A £, =44.83 MPa, 3. &8 JiiffiR 1] HPB300, JT IR £, =340 MPa, #RBRERJE £, =533 MPa, 4.$12 4R
JH HRBA0O , JT IR L £, =405 MPa W FRIBJE £, =579 MPa; 14 S5 1 HRB400 , JE IRFRFE £, =427 MPa, iR FRIREE £, =608 MPa, 5. JEFE8 mm
BARAR T Q3458 JE IR AL £, =421 MPa i FRIREE £, =540 MPa;JEEEE 14 mm BUHR ] Q3458 JE IR AL £, =430 MPa W FRIBJE £, =570 MPa; )5
J£ 18 mm BUHIR ] Q345B, Ji IR EE £, =503 MPa, #RERBEE £, =617 MPa,
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Fig.11  Comparison of hysteresis curves of partial spcimens using PMFEP-SRC
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Fig. 12 Distribution of fitting results of 3 types of fiber elements
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Tab.6 Statistical analysis of calculation results of 3 types of fiber elements %
B B 721 RETHIAR
ST LTS i LR
S AR 2 i R Eya SRR Z T (E R Eya
PMFEP-SRC 97.2 -2.8 7.3 95.3 -4.7 7.7
Steel01 88.6 -11.4 12.0 163.2 63.2 63.2
Steel02 84.0 -16.0 16.0 134.3 34.3 34.3
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