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Abstract: Existing calculation models for the peak characteristic parameters of the uniaxial compressive stress-

strain curve of corroded stirrup-confined concrete generally suffer from insufficient cross-dataset generalization
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ability, which severely limits their application in practical engineering. To address this issue, based on 112 axial
compression test data of circular-section corroded stirrup-confined concrete columns, this study takes the peak
stress and peak strain of the stress-strain curve as prediction targets. Six algorithms, namely Support Vector
Regression (SVR), Artificial Neural Network (ANN), eXtreme Gradient Boosting (XGBoost), K-Nearest
Neighbors (KNN), Categorical Boosting (CatBoost), and Random Forest (RF), are employed to establish
prediction models, and the SHAP method is utilized for interpretability analysis. The results indicate that SVR
exhibits the best performance in predicting both peak stress and peak strain, achieving coefficient of
determination values of 0.940 and 0.938 on the test set, respectively. SHAP analysis reveals that, under the
premise of considering the reduction in net cross-sectional area and yield strength of rebars due to corrosion,
corrosion of both longitudinal and stirrup rebars still exerts a non-negligible additional influence on the axial
compressive mechanical properties of corroded stirrup-confined concrete. Compared with existing empirical
models, the proposed model demonstrates superior prediction accuracy for peak characteristic parameters and
exhibits favorable generalization ability, providing a more accurate tool for the calibration of stress-strain
constitutive models of corroded stirrup-confined concrete.

Keywords: corroded stirrup; einforced concrete beams; machine learning; uniaxial compressive behavior; peak

characteristic parameters; constitutive model
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Fig. 1 Distribution of input feature variables

1.00

£, =-026 0.15 046 -0. 049 -0.12 010 0.

0 0.08 0.23
-f;c --028 023 042 -0.26 -0.08 0.11 -0.34 E(X
€, =019 002 -001 0.04 -0.06 044 -0.05 0.

fco--om . K .25 -0 . .64 -0.. 4 . RN -0.12

EXEN -0.49

-0.10
0.50

-0.05 -0.34 0.23

f~ 0.00
6 o

-0.06 -0.08 0.08

0.04 -0.26 -0.10

-0.50
,': (KN 0.34 0.03 0.07 026 -0.09 021 -0.01 042 0.46

-0.07 EUSYREIERIN0E08 0.02 1023 0.15

-0.19 -0.49 -0.15 -0.04 -0.19 -0.28 -0.26
1 -1.00

1.00 EUKIN-0.59 -0

(U RERRY -0.26 -0.32
1 1 1 1 1 1

f(\\s %\5 R ‘\\3‘\ éa §o° '\\4 '\}.4 %c“ [ g& ;;,o"
B2 TEEBAXERH

Fig. 2 Correlation coefficients between variables
fE AR 2R
R2 AHTESAANFETFE

Table 2 Output variables and subsets of input features

i 2 B fify AHRAE T4
1 AN NN N
el U AN NN N RO

2 Hl=RFEIEBNMERE T

2.1 HB/EIKEE

Sy TR R A R B B Y & WM B SRR 6 R
Wi ML %% 22 2] B 1 (SVR, ANN., XGBoost, KNN
CatBoost fll RF) i 17 8 45 5 X} t™), % F R,
e Z A AR BR R R 3 i TN M g g f AR Y (SVR
ANN F1 XGBoost) i % HL 45 5 . SVR il a3 % bk 4L
VBN WS 2 A ), OF TN e- AN OB K PR AL,

I TN ARAE Ltk A HoxH S H (& . ANN
HH A2 B 2 R 2 R G R A R S
BAE T REUISR, B A& AT B 2 A2 IR &k R B e
71 o XGBoost DL P 5G4 g B2 2] £, 18 0 UL 5 5%
22,51 ALT/L2 W4l i A, SRR AT 3T 5,
K v Hoa e pEsh . KNN 2 —Fl dE 28015 2 )
Sk 3 T R AR )R K A i 3 A Y 2 (.
VE g $50I , Jirt B2 7 FAAH 5 32 Mt P 52 0, CatBoost &
TR AR THRESE AR A 3h e Rak 3 O B AR R
FH X R 25 ¥4 By 1k 3 #8145 o RE % F Bagging £ i
FEWE XTI R B B R AR IS IR AT 0 2R 2 D SR,
B (B E Ry i 1, AT R0 R A e 0L 45 KU |, 42 T
U AR A M

S PEAG AN R AL 2% 27 2 B8 [ 12 AL BE T 8 58 B
Bt He 81 2 1 L Ag ) A3 S N R A A AR
80 %6 1A H4iE FH T A A3 25 , 20 %6 (4 B s FH T 1 i ol
Ko N PR UE Y 2545 5 0 mT T 5P RR B X EL A
SV TE B ) A ok B b R E BEAILRD T 2 T AR
(R DI 5 B 6 25 AL 2% 2 S RS R E AT 0 25, IR #E 48— 1
I AR ol HL T 1 BE R AT R R PEA
2.2 EEIERR

BEI 6 A TFA 48 b X 455 280 o i o 0E A7 4 1 BT A,
LR g REC(RY) ¥ iR 22 (RMSE) |, F- 3
4 XF 1% 25 (MAE) , M6 4 5% 5% 2% (RAE) , 1] U5 A X
B 1R 22 (RSR) LA K U7 % i B (VAF) . Hrp  R*,
RMSE Fl MAE J& ] 1 b H1 09 B2 il F o 48 45 , 76 9F
BRI By LA RS % . RAE il RSR & JC i 44
(R b o bR 25 98 b, 32 B T SR AR T 15 22 AH X T
SR 00 250 A S5 1 R R DR/ H A 7 /N 2 A AR
PR OE . VAF W RLE 43 He B 2 e A5 A X6 0L



% XX #

KA, F R THEF I 6B TR G H%

56 Ah 49 RO Al AR A B TR AR A 5

T ECHRE T 22 0 i R AR R IO R v 100 A R T Ak
Wb bR F8 AR DAS R 4E B2 5o 48 78, S v Al AR
MRS R EERME T ZHENMA . SEERD
AR = (8) ~X (13) iR .

> (i — y,iw)z
277 1 < yzie.vz - yn».u)

1 . ,
RMSE—’/HETI(MNy,imz>2 (9)

R'=1— (8)

1 , (
LS o)

RSR= (12)
1, O
/ﬂ 21.7 l< Neest — y/m/>2
VAle—m X100 (13)
Var(y)

T 2 s Ry 20 590 9 DR 2 ) 56 L 0 46 28 000
{EL, 31 17 PR S Y 6 2 4L
2 A R R Al B S B ER Y, i S B

MAE = 127:1\ Vi = Vi (10) - " " ‘
n 1) 25 A, n] B2 4 R A B O RE T .
RA . izl Yoo~ s 1y MR UR RO 1 8 5 Ui SR B N
Do i = T R EEM SR G IR B 2 5T
SCEE LA 1k LA . 28 DDt O Ak 1 210 G 45 B
i o 2 AR AL AS ] A R O R 2 Hn R 3
Fi s o
x3 BHNHRFIFEBRNERBSE
Table 3 Optimal hyperparameters for each machine learning model
L] 2% 2
f{; mz; ! B O R A
fid SVR  IENAL B C:94. 047 20; 3 4Ji s BUHE 58 e:1. 690 18X 1075 42 1] FEAZ PR AL S 4L :0. 090 1295 4% bR AL HY . vbf; BEHLF - 42
ANN  JRGHZ A 2 TR A7 5 WO BRI A s relus (AL SRR Iblgs s L2 IE AL R A o 12. 921 415 Jie Rk AR K AL : 20005 KL Ff
F:42
XGBoost K2 2 #4i0i: T:148 s i KW IR B 025 °F 2T 3 9:0. 098 858 ; FEA TSR AE L] : 0. 708 86 3 FRAE TSR AF HL 9] (R4 ) «
0.737 77; L1 IENAL R 8 @:7. 779 19; L1 IE AL R H A:11. 814 61; BEHLFH 7242
el SVR  IENALZ %0 C:97. 482 00; i 41 Bk BUHE 55 e:3. 226 36X 1073 4% i) 3 A% bR AU 28 :0. 195 56 5 4% s B T < b BEHLFD 12 42

ANN B2 Bl 2 T B0t 2155 30 B8 - tanh s AL B0V < 1bfgs ; L2 TE W4k R a:14. 465 665 Fz K%k AR UKL : 2000 B LR - 42
XGBoost  FE%: 3] 285U T:98; Bt KRR EE d,,:2: % > 3 :0. 095 773 FEA TR BE LB - 0. 680 03 5 FRAE 7R A A7) (AFRRAR ) -
0.754 70; L1 IE WAL Z # :9. 999 71; L1 1E W4k & % 2:10. 529 30, BEHLF 750 . 42

2.3 EEIMEEEXTLE

AN TR A R AR A 3 Fh R AR AL A% 22 ST AR (1Y)
AR RN R (B o A AR 3 B A s . AR ]
L, S TR BIL g 2 20 S R0 T U {10 ) R 04 L 1 722 1 il
DUKS FE A7 AE 10 35 25 5 o 4% ML A 2 > B 78U Xof 06 {1 i
77 ¥ 3R B A v 0 OO A B FROSUBOE REAS A T
+20% R EL LI, Hod SVR AT ANN 75 I 2k 4 fn
M AR ) RPH K F 0. 91, J& B0 H 0 55 A% 100 44
fig. 1M XGBoost MARTEYIZR4E 1Y R*IAF] T 0. 95,
EMREE F i RMUA 0. 88, 3 W HAF7E — & T BE 1Y
PG X FIE(E N AE T 5, SVR AT ANN [a] #
RIS, IR AR E R R T 0,92, 4
bz T, XGBoost 7EYI R4 119 R4 0. 92, 1y 78]
WA b0y RATY SR AH R BAR, Ay 0. 87, [ A ¢ BE 4
b A0L B 00 ), YT A B A X R 2

Ry E 25 X AN [R) B 2% 27 20 078 S50 1 B Y
255 5 IR T 45 AILAE 2% 2 BRI A W 1V g R 0
1B A8 P AS B 4 1 i 4 iR 25 A AR L . X T

W AE IS 71 5 L SVR ANN Fl XGBoost #5 8 7£ Y 43
A7 BE (25%~75% ) 16 Bl N9 26 % i 22 43 il 4 vh T
[-0.86, 0.96].[-1.52, 1.46]F1[-1.79, 1.29], % 2%
PIE 43 9 R -0.12.-0. 18 F1-0. 30, A L SVR F& &l
(4 15 2 1 203 [l 45 40 0 1R 25 Y (A 1 35/ T HoAl
1R eSO i Rl IR A T = I L B A SR |
N Y 2 X R 25 43 i B T [-1.66X 107, 1.05X
10%], [-2.17X10*, 1.97X10"] 1 [-3.02Xx 10",
2.79X10"], 15 22 B 1H 43 B 4 -9. 30X 107, -9. 51 X
107 A1 1. 00X 107, AT BL SVR AR AU () 15 2 I 3 75 Fl
75 8K 5 25K A ML A 2 ) BRI ANN A A 5
A /N 4 X R 25 A

3 Ao ke ) ] AT 4 T VA A B LT 6 TS AR LAY
T P e o PR R R R R I P AR R SR B
o i 6(a) . (b) Fr7R , 76 WA N g I 25 4 R
£, SVR B AU 2% 48 A i 28 35 e 3 3m o R
A B T M B T XGBoost B 78 I 2k 42 1 4% 45
b i 26 AR F SVR, {H H 0 38 42 1Y) 4% F8 b 4 28 0]



+ K5 x% 14

10—
o g
RIS T
60F . s20.0% Y
— £0.0% g
2500 - £100% L & LT
[ i
=3 2
§40 ,’/’*A
= .
@30 /// A /”
o/,A/./t,/
200 K 4 R2=0.958 |
2 TR R?=0.940
|z ) ) ) ‘
10 20 30 40 50 60 70
RIHH (MPa)
(a) SVR

Y54 R?=0.939 1
MREE R?=0.917

10 7. ; 5 i
10 20 30 40 5 60 70
RHE (MPa)
(b) ANN
70 ———r——— e
o %% F 5P
| A TR
0 . 120.0% P A
— 0.0% 5 e
~50F . ol
5 £100% 7. i
@40 2 .:
= A 4
ﬁso_ e
20+ WLk R>=0.950 4
4 IMiR4E R?=0.880
10 // L
10

30 40 50 60 70
RIE (MPa)

(¢) XGBoost
3 BUSEFIEEIEEMN NSRS
Fig. 3 Comparison of peak stress prediction results across

different machine learning models

A B s 3 U EG X 0 N A T P i A
225 ME 6(c)  (d) FaR , 78 W {H 0 A5 I 5 4 A st
b, SVR % 16 b5 i S ATY R e 2 3 v o0 L L R W
SO U 1 1 A AT AR LA o A 1) T R B . ANN 4%
FEARIE L AR T SVR, 1] XGBoost # I 1) 4% 35 45 14
2 0] 5 3 i 725 s, 2 W H X A 1 A 1 9 1
hokAe 2% o Ry ilk— 2B PEAR A AL RS G M 5 72 fh g

K A T 28 B UE T AR AR A DR A 4 AR 1
B, 85 RNFKAPR . LG RE, SVR X T W N
73 U A o7 A% 357 3¢ 3 H S A 1 99000 1 B RS S
XA R A A SO S TR T /INFEAR I SV R A 45 1
DRI 5 /N TR 7 e /NP I 535 22 19 [ i = s

FROF E ) % XX %
12— .
o I
Lol 4 Wts 2 ;
O - 420.0% . 26e.
— +0.0% S e
S 0.8F --- £10.0% Ry £
= pall P
x ) /‘r’,ﬁ
= 0.6 ;) -
= L3 27
= o i ®
= LI /3
o4 N %
02} o %58 R2=0.945
R4 R>=0.938
02 04 06 08 10 12
R (x102)
(a) SVR
12 ; ;
o %k
Lol 4 WM >
P --- £20.0% : s
— +0.0% 7 e ol
S08F --- £10.0% 5 S
= .-
- Sye®
g 0.6 ‘ Z
= ° e . ®
® 04 y ’
02t YIZR4E R2=0.941
p M R™=0.920
02 04 06 08 10 12
WIE (x102)
(b) ANN
1.2 : :
o Ilg4
Lol & Ttk
Pl --- £200% P
— £0.0% Y o T
08 - £10.0%
£ Vi L
0.6 o 0B 7
= wad
= P 7
0.4+ A
[ ] /,‘
02t % g4 R=0.916
Ma4E R*=0.866

02 04 06 08 1.0 12
R (x102)

(¢) XGBoost
B4 BHLAEE SR E X I B R 2 T 45 SR A bt
Fig.4 Comparison of peak strain prediction results

across different machine learning models
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Table 5 Prediction model for peak characteristic parameters of circular-section corroded stirrup-confined concrete
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Fig. 9 Comparison of various formulas/ML models with

the examples in Reference [14]
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