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Abstract: Reinforced concrete ( RC) columns are exposed to serious seismic disaster risks due to corrosion damage
of the internal rebar during the service period caused by environmental corrosion, causing the seismic performance
of RC columns to deteriorate and thus be exposed to severe seismic hazard risks. This paper reviews the existing
research on the seismic properties of corroded RC columns from four aspects: test methods, degradation law, failure
mode prediction and bearing capacity calculation. The corrosion and loading methods used in seismic tests of
corroded RC columns are elaborated. The effects of corrosion degree and main design parameters on the

deterioration of seismic performance indexes such as ductility, stiffness and energy dissipation capacity of corroded
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RC columns are statistically analyzed. Based on the seismic test dataset of 290 corroded RC columns, the accuracy
of three parametric delineation methods including shear span ratio, ductility coefficient, and shear demand ratio and
the extreme gradient boosting ( XGBoost) machine learning algorithm for failure mode recognition of corroded RC
columns is compared. The influence of the degree of corroded and main design parameters on the failure modes of
corroded RC columns is revealed by shapley additive explanations ( SHAP) method. The calculation method of
residual flexural and shear strength of corroded RC columns are summarized and the prediction effect are discussed.
The results show that there are differences in corrosion shape, corrosion rate and corrosion accuracy under different
corrosion methods. The bidirectional quasi-static loading mechanism can reflect the degradation law of seismic
performance of corroded RC columns better than unidirectional loading. With the increase of the corrosion rate of the
rebar, the ductility, stiffness and energy dissipation capacity of RC columns deteriorate significantly. The machine
learning model combined with SHAP method can effectively balance the accuracy and interpretability of the failure
mode prediction of corroded RC columns. This kind of data-driven prediction method provides a new way to solve
the performance evaluation problem of corroded RC columns. Corrosion of rebar will degrade the flexural and shear
capacity of RC columns, and the accuracy of the calculation model for the capacity of corroded RC columns
proposed at this stage still requires further improvement so as to provide a reasonable basis for assessment of
corroded components.
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Fig.1 Schematic diagram of corrosion device of RC column
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Fig.2 Corresponding relationship between actual and theoretical corrosion rate
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Fig.3 Pseudo static loading device for corroded RC column

F B ) 5L A P 0 2R s AR X 2R 5, EL Sl 28 T 00 T BT RR M RE VA R ZR 4 R i,
T REA St RC #1560 22 R RIS N4k, 40 YUAN 2618 b it RC FE43 BRI B 45kl 5 1 — i 8%
Fa il 4 Bl UL N 207 20T R IR I A, B 45 SR BE I B A Tk RC AR I PTR R RE S AL LA . SR, PR
] NI AN REAR UL S5 40 76 EL S RRAE R W 2 4 fr i . 3k R85 4T T RC AR B XU 40 7 Jin 2k
R AR B A SR R AR S GB 50011—2010¢ £ 5P AR T Y) ) B 1M B B8 A 1A 5 X6 He
BT, 25 SRR B Bl g R AR SR A A 1 22 2 TUAR BE R B ) In B0 A B A &2 o X P85l RC AR 7,
PEAT B[] IR | SR A7 A TG v B S WA A A 2 A1 ot RC BEBTRR PR RE AL R A R, Az e ) X455
it RC AT AR BIEAT T 55 400 A3 55 Db T 0 L P-4 7 ) A9 P o im0 SR Jub /s i BT A 5 ok v ) 2 a1
R I RE J1BEOTAT I Ty ) () i 2 R A

BEAT SCHR[ 41,47 ,51-52 ] iR FF S A8 1k RC A XLl 480 hn 2 aakss v, i SR FH AR I 8080 00 KR B0h + 5
FEOE ARG A . JET 0, WA RN T 308 7 i P PAG U e R 1 R A mT e A SO A T n 28k
BRI I Kt A XU L a7 M e XY B R I RC RERRER ) WR RS A, OF
X5 B g SR A T R R 2 R A T LU A, Hoh XY Jria BB 3 (b) BT X, AN Tk
R, HREERME 4(a) (b) FIR,



552 WREIAS | 25 Bt RC AEDTRR R REPTIN -5 25 (L LR DT T 250k 37

250 — 0.08 — e
= IR I 16] } =LA INERX T 1) E
AU NERY J7 18] oy B ML ALY Tl .
-z BN R R > ] o I | -
200 fmm M | B g B m AL ,
&S % P g 0.06 ! |
:::: :::: 554 K o J !
= 8 B B B & | ]
< 150f 21 o B B s s 7
%) ol 7% ¢ R
! B B A < e
R BB LR 50041 |
L AN AR AR = B ol
7N i sl B & Dl
2% /oc /»‘o RS /»'o‘ s 0. % £
= A A ol v Il
= BB A R IRz
B [ ffn) ) . Y I P i Ly

IEER
25 =

RE
RE=

=

I K i

X Y )
A #15 IR
n=15%  n=19% n=19.3% n=253

7n=0%  n=5%

(a) FE#ST (b) BB H
E4 B WEmE T RC AR N SERTHEEH
Fig.4 Bearing capacity and ultimate deformation capacity of corroded RC columns under single and bidirectional loading
4 AT, DSk RC AL ) N7 22 B BT 25 7R 48 00 i BR AR I 68 0 8 FHREIE | 2 Xm) Jin 4%, 16
(] 2 A UL 8 2 25 5 s R KN, 5 P B AR S bR X D Y O ) R 2R AR ) R
225, BTk RC AR INER T AP BE SR BUAS B 1) A8 %) J PR AT BB 2 &5 Tl RC AR 78 B T2k A Al A
VERIT, S 5 DX S i = A 0, 0 4 v S 3808 1 93 AR AR 38750 By o 8 rp R TR T 54 % A 9 1 0 A,
Gih e AR K R B S  0 T A AT AR e SR A A b R4
25 LRI SR U0 7 m 2k AE % B EL S0 b 2 e RC FE R A B A5 s B0 Ak b e vefie . i TAE G
TR TF A/ | H 87 BRS04 53 2% S LA 0 A B DA D7 ik R B 2, LT 40 6 3 o 23 R0 000 7 45 Tt
RC AFPUEMEREIR K A a7 BT 12 B, BOR 5 FF 5 1l RC AR L% R AR, DAtk — 2 58 35455
T RC Z5HPURITAN IR R

2 HE RCHMEMESUARE

AR T HM RC A EEHURMEREFR AR T B IFAN ik FE LR b e T8 iR % Lh4E
PRI 500 RC A9 EZHURMEREFR bR i, M8 78 851k RC A PTRHERE S LA
2.1 i RC HMEMS LR

A bl ) 555 A0 A AR v T R, i L AP REIR ALY FLAERE R TR P Y5 Y S EUS I RC AR b
RAEH N ASTERE IR, 850k RC AEAS [FIFAL (9 50 5 4 Tl R B A7 A 25 55, FE B0 07 I 2833 v 1 1) 02 1)
PRS2 B0 HH AN [) R 9F TR0 AT A, 5 1ol B ™ B ) — MK 3R AT 2R A, TR JGI/T 101—2015  # HiH iz 150 41
Y OV 5 T T U ST 24 o T A SiE 1 RO TR vk TR ok RCAEAETE BE 1 o — e AR B e Ay
TUPRRSEPE . LT 3507 IS0 FH 23 216 28— 0 A B B B e IR O B AT S AE P R A, Bl =4, /A
(A, A, I3RS RB— M e IRALFS W BRALES ) I T3 E D B A8 B i 2 1) S BN A AN 24 2 S5l T RC
FEARIE AR 1 R AT L

HAHT 5 i RC R AR ) I o B A8 T i ) 3 O T
U, 25 S HE T TR KU 5 VR HE A TR B e, = A /A Lo S ok
BRI E B o, = A, /A, (A A 1A, 4H 51 W (R0 Rk
TR RS IR RS ) . DFSCL AR 2 FhATE RETIIBE c
YU RTINS S0P R R A T 5
E(FLAEE A E|
AR S A SOk 20-21,23,29,37 | s RC HERYPE
SO HOHE , 45 R 5 I FE T RC R B 1 2 b B, 0
B S . B /g AR IR 2R 450, RV Tk B e ) SRR bl % /9%

R SRS M IEE R w, B LUAE R BRI, B 5 $EMZTX RC MY IE 1 R E 0 IR A
E R LR AL S DN , Bk RC MM AR XS IEVE RBCRELE T Fig.5 Effect of corrosion rate on relative
FEfadA FEREEEEA I b B 6 Tl A B 5 ol I 00 T S M R ductility coefficient of RC column



38 W oE L B 5 T B & 3 a5 E

BOFEITRE T 8.1% .10.7% .23.7% . a Z8F BRI, Y55 /N T 10% 0T (CRx B S | 38085 il ok
AYIE P R BOR T ARG i X 2 T QO 5 I AT 75 4 7377 1 A8 %) 32 He IX TR+ i 29 i g 4 v, HL i R Hh
BB Ninide Tt Tl A ) ; @IEH: RECE SO AR 8 2 RIE MY BE 1 #2571, ik FRAETE
AE 7 1038 AR M KT i R A A AR T RE FT sk, 4752 B AE M R 50 o A OO

UEAh, % R SEBR T 00l e e ok RC B AR T 8 1 7= A8 R A2, LT %62 0T T R 8
10% , & L3 511°50.10,0.15,0.20 (1 —HE85 10 RC A4, S H R 0.10 AR He R 0.15 F110.20 1
IR RE P BB e = T2 17.3% \25.6% ; SCHR[ 57 ] P TR Lok 0.10 F10.45 B9 2 24510 RC A
PR3 RS, AEAR RN ST, il e b 5 0 5 il 2 30 R R 2R T B ) AN R 53000 FR LT
UL FESERR TR X AR IRAE AR T 5 A= B T ) RC A B8 07 32 ™ A% L 4 LBl 1) i 280 000, B 14
PRt R AR T BE R 2K
2.2 il RC HMRNIES L AE

HUZAEH T, S RC HERYRIE 2 & 4 2 RER AL, S8 A e KPR 2500 & A8 RisdRsh, 284
R IR 87 W EE IR PL R A R P EIZE R K, sl 03— 2 W RE R Ak R 8K K /K, (K, AT a6 Kl
) AT R ARAESE .

R I 2 RC H 9900 16 W A/, FLAR ) 9 5 100 e
PhOTHEA 2 SECH PRI IR IE (A L AR 25, gl )
€ GBS T4 BCE L ACE Jr ik T, AR R RC - 2 AN AT
HEATUARIEAS (L BUAE . th AT ECE 7 F RC BEmonly 2 O SHARGETACH
RIIFE B S5 o 0 8K, BT LB K P TR B9 0 F ACE = 4o
Jrik BESEIRRMRK RC RN RIE A R 2, o =
T ECE J7 8k 105 i B0 RCRE P R 0 3 4 1 9 vk U
PEAT b, AT 5 AT 7 A (R 7 S O ik S R I U o %5 10 15 20 25 3
SEMIHERIRERAT ; ACE J7 1555 1l 7= 49 /05 AR JE 4% 11 45 ol AR

PR R R (AR AR 6 TR R i, B 6 RS RCAENMAIE K, MR
T G = b A KR A5 SR e gy, Ml © Influence of corrosion rate on initial
LI AT EAR 00 | DT 4 L A0 B B f i stiffness Ky of RC column
BRI AREE AN, B R S BORE T 2L, B0 B B T ™ 90 R B > RS . R
HeARAE 2 0 BR ih RCRERGWIIGRIEE . SHANG 2511 A 407 T R IRT BT He T 5k RC ) 16 W 1 72
AR, & B R LR 0.20 A AR 1l L 32 =5 21 0.40 i1 0.60 B, #7746 WL EE 4373385 i 23.3% .39.3% .,
T 1 7 6 5 L 220 2 S0 I 1 e A P P, T 5 440 PR A R

TEIE BRI R G5 RC HERIE AL MU 55 A 5 RC AR, NARATI b TR £ P 245405 R
BT (0 A 5 9 T4 15 0 AT 35 05 £ B e £ P R | SO P I 8 7 22 A
TG 00 FE TR R0 05 5 8 7045 W S A TR T 282 e S 7 3 o 2 o, 9
e X S 2 L ) 50 4% AR 1) 5 U1 0 10 4 T, 7073 T S D S8, A 7533 O3 7 A8 B o 30— A
(07, TEAIRINER AR KT b e o it PRI P P /N | S R 2, O L T F Rkt
RC HEE AR IORIE 2 % A BB A B4 5" A3H7 HO DR 2 P B T8 2 R i RC REROER I —
I, 12 40 2 A o 2l 5 Al M T 2 0 5 PRS2 1 T 4

S SR TR o PRI Xl RCHE R AL AR BOTE I | DAT 2657 e8P 7E ECE LACE
I B AR RC AERIER LA, 254 R [R5 7 v Xk 2 8000 2Bl o i
S B R TR R 3, 3 SOTC BRI T AR 0L I 1 B R [ R B O Ok RC AR
FE S AR, LI AR B A VT 2 S 80— GO AR FR 9 0 (0801, S 00 sk 1 0 524
FE B AR
2.3 il RC B h S e

T SR AP I 5 WL o RC Ak MORE VR PR O REREAE 3 , 1 ] SR 0 5 . T R A, M 1 RO RE Rl
JIR T2 R | AR EAE O LA Tkl RC SRS HOR 375 T 45 RC R A BR il X RE R FE R
FHBOR/IN= A BB UG8 e R A 2R O A 7 T 23 4 380 K T 0 30 P 5 0 PR O 28 LA A9 45 o 23 1 B



552 WREIAS | 25 Bt RC AEDTRR R REPTIN -5 25 (L LR DT T 250k 39

111755 R AR, 2S5 T A 2090 I 1P BRAE BE R BORAR RS Ml 09 50% 27, BRI 4, 4 17 45 o
o7 A LS 5 ok S A T R A RERE I S R T 2R AT A A i S B RO O X IR BE R ) IR R R RE
e BRI £, S ) BE X B 1 RC AEAERERE 1 52 W [RURE (LA DG TE Al ™ LA 1 AN [ 4 A )
S RC HEFERLRE S A/ ITFT R W, i3 TR A /)N | 31 A5 5 ek R # PRE BE BE T B B S 52 M A K

LI 255l A B 2R 80 h PEAASTRIER IR T (0% .10% .20% ) RC AFIFERERE 77, i1 8 2 i FRCR S
I} b, KN 52R 0.04,0.05,0.04, 25 AR =R FRARZS I Y b, K/ V35100 0.23.,0.16.,0.12, BEE S5 MR AYIE R 1K
PEE A ST [0l w7 AP 20 BRG], A5 b P FAERE RE ) A58 2RI IR Z )5 .

FBHEREN RC AETEA YN EAEER T AT AEHRE it R H, 12—

- S| © Eund/Eumo
B B= SE(E S i MR P M ama e, s 0 | L D el
ARG T RC AL RBERGRLRIE RS R A F 10 o o T
FUAE S RC B BB LR g v 020l gy E L@ e @ o
X BBV RAL By /o Fo Eo SH ISR R E 2 M
RC HEM RBUERE) ST IR IO R SR 7k, & | Teyl e g
ERENEEE E PR S DIETEC VT S S SR
ERE T R T T U ST S SE S|

TR T 12.8% ,16.6% 21.1%, 2%

SR AT B A 65 b AR LR Tl RCFE 45T 38 o BEAE 7 M AR SR R
REZKCP- RSN LI 260 S 5 i 7] 5 0 BIE LB by 7 Relationship between relative cumulative
RC H: BBURERR M2, 3 5 X iR 45 2k B Br SRR R 1 L energy consumption and corrosion rate
BRI, RN 10% 20% 1) RC A iR 78 i JE IR N2k 2 B
B Bt BURERE K T IR R AR AR 10T 5 0 AR T 76.3% 89.7% , i B AERE Y Lb 1]tk 35 B AIG s 7 AH [F) 455
MK 3R R 0.10 R RT3 T4 HE0.15,0.20 B4 H B ARERE /0 I FEAR T 71.4% .68.9% , ]
DA LR SE il RC AEFERE K- 2R R Bl s bt SO AR A R FE IR it DARSHUHLRR AR

3 i RC MBI T 77 %

A7 5 TR 4 B RC AT M R R RS e A0 1 S 2 DR 3R MR T 455 1ol RC A %) Hb RR B SRS X R A% S LR
SRR SR L E BRI . A THE T 3T S0 0 i R T 43 28 0 X A5 Tl RC A
A3 PR IR 28 T SRR Il RC AT R IS X b B 0 o 2 ML 2 T i o
3.1 5h RC HREIEHLE

RC FEA R B AR T 23y =26 il IR (F) (3587 09 ik s —-:mﬁ%mﬁ%
B (FS) BB HIEIR (S) . WRFT W05 ab (2 i PR 8 | SRR
MEY RC R AT A e 5 ol 1 S 2 R L el R R V, o [FIITI I
SR NI BOE A PSR TH RC AR FERIA RS 1 V"n S éﬁi%ﬁﬂf«
MRl 25 B9 BT WURER . OPABOLA' 7 KOWALSKY | Visgmannn
517 PR AT L 1 R PR 1 joo
HI 55, FH AR S i TR 1 RC AT 25 it — 55 U0 AH B4R HT R /HPERAR R N
HLEL, anlal 8 F7s, #=l S R B
Fh ST 8 T 47 5 7R 5 7 o A TR A, B 8 W -WYRE (AR

PR PR B R F V. AL G ARy v s FieS Flexumal-shear interaction failure mechanisin
Wi ks S B PE  REEIAA PFHT S R BV, B E M TS R T V0 FPEIEERFRAR S
I 7 BT UM 2R AR AR 2R B A M AT 2, WU e A 2 IR 5 S A8 Nl e A S I, B AR e 5 B D) A0 4%
LTTIRARZS , W e A 25 BT R

Bih RCAEAEAUER I 2 o AR (19 A2 TP i 25 it 2298 | BT V) AR ARG A = ., RS R
Y2 ORI IR RC ARSI WM /3 FOAFAE 25 57 | BEAE B TR (3R, 20l A T BT o5 LU 52 st ) , 5
DI e o7 U2 R 45 SRR 5 ik RC AT 2 i - B9 UIAH EL AR ISR BL A ARAT



40 W oE L B 5 T B & 3 45 H

3.2 ETSHXISBIAE TN 7 %

RGE ) RC AR TN 732 05 1 e 4 T2 — FRAESEUIT A M S BOBE T FELEA T InBTRE L (M) |
IEPE R () BIERIRR () BBTTTHOR V, SH0RE VB, RIBTST &K L (V,/V,) . KT RC
MBI PUN 73 2R SBUREIE B k1 s,

®1 BRBEBRFRASETE

Table 1  Existing classification methods of failure modes

HuFR B
SCHk J7i:
F FS S
[68] ) A=>4 2<r<d 1<2
[69] o u>6 2<u<6 n<2
[70] 1) 0<w=0.02 0.02<w=<0.3 0>0.3
[71] V.V, (V) <0 07<(V,/V,) <1 (V,/V,)>1

N T AR AR I RCHERUREE 288 H R MLHE 938 2 1 2 ¥ORU (A LS FI P, A SO
#k[18-20, 23, 27, 37, 39, 48, 57, 72-74 R WBHRLH T AR BB T 0985 1L JEHE R B0 E /N

PEEER N 9 B,

8.0 10.0

- 55 8.0
- = 6.2
ES 4. o Eor 5.1
g 401 3.8 2 43
frind 2 - 3.7
= ) 4.0F A0 35

20} 2 2.9

20 22 95
0 — — — 0 i i i
7 N 71737 NI R 37 B e N 7 NG 37N
MR MR
(a) BIESLL (b) FEPEREL

E9 FREMFER TSR R/ MEER
Fig.9 Half violin diagram of each characteristic parameter under different failure modes

AP 9(a) AN, 25 B IR i BT 5 L ARG A 4.5~ 5.5 TR BN 25 BT B SRR A 7 A <2 AbT e
KR LA BOREAS s BUUT SRR AOREAR S R 2.8, B LAl L, SR BT 5 e R AT 45 0l RC A M IR A5 X T
W53 A7 2 i e R U R A BEOR AR B R A B2, (R A T 25 5 AN B DI i SR P 152 22 B K. Il 9 (b) AT, 4% 2K
WA T BOREAR A A T 00, J T 2EVE REOTF A RE ST 85 1h RC B A w43, b Sl oA o1 X645
TR B SRS AR S 3 PR 3 25

UK L DA 3] RC AT R RS =X 2 B AT 2 3252 (R 32 T T e 8y k48 01 R T3 A A
TR R s O B OB E K, B0 iR IR B G Tl A (R SR A s e LA JRIBR M, ZHU 457 H5 1
I HUBY T R FE A T IR 7 e SR IR 3] 91.0% , (25 55 F1 5 YA IR 0 B 20 S B R AU 30.0% 2247
WAL, Mk B — SR A I B i R R MA 2570 225 25 58 T RC AL LA S BOMIEA S 241 fg
SRR T RC HEBEIABICHR A, — e BB LA e T R E S0 28 07 v 1) PR — Jmy R ] it
3.3 ETHRFINWIREXTN A E

BLES 7 2 T o e B s T4 ML AR 27 S AR & N A 22 Hh i A S50 S 5 h 45 R 2 1l i) 2 4
WS 2 2R 1 — PP RO SR s ok s . B AT, 51k RC HEHTRIR IS 10 )12 TR S Hm I X T 43 2 a5 T
BnFL A, (AL AR 2% 2] O iR O S Il RC AE R RS RS B 10000 A9 A RG& 7, AR A T iR i S 8
D 2360 5 DM 5, MLAS 2 2 5 1 T A2 5 ] i) A 2 e SR A, LA 0 g %) RS B AN AR si %

FEF WL O 0 1l RC A RIS X T AR 8 () A i e - DA 7.5 0l RC PR il B0 B0 4 | skt
P BE 2 (A1 RUBE RN, , ISR A T I i A B 5 QB B50HiE B i — a2 LA 43 S DI 2R AR Rl il 4R IR S T T
RERFOMIIN L5 , DA PP AG AR T B s @I £EA 18 I ALAS % ) o FRE AT I i )l il 28 I
TIET RO A 48 28 105 A5 i 2 e DR S 800 (O b YA 38 RS B R 3 T R A HR PR DA 43 2580 ) DT A 7 A5 78 1)
SO EFNSE L, anfEl 10 s



552 WREIAS | 25 Bt RC AEDTRR R REPTIN -5 25 (L LR DT T 250k 41

v
T
LI I B4 ST
PN
BB R Vv HUES
g BB T
\ SHAP

L T AR
E 10 WHERFSIEBTNMEMH RC HBAEXHEERE
Fig.10  Modeling flow of machine learning model predicting failure mode of corroded RC column

it R R IR TP I RC AR 22 S 25 SR | WA 1050 v S A 25 BT s BT DR A3
B W D MR, S B R A A LR 2] BUNSS A5 5 I 25 %K . NADERPOUR %7
T T A A T N R v s B R B DRSO AR A 4 L AR | AT AP R A 2 om0 {14 ) T, A, 343
Te BT SR B B SRR TV A T R VA B AR (AR AR 27 S SR I 4 SRR 4Tt

Bk RC HEBA T 7% S8 L 250 1 2 MERE S B 8 S 4 LA S BB D I8 AR S5 52 e,
— LI A S BRI IEIE TARDRE T 45 1m RC AR R BECHUIRG BE i) s A0, B 24 IRRAE 2 By Jo i 94 1k Ak
RS BRI A DG A AT AN T LR A ORI ARFIE . XU SEU X BB L (A ) A B Tk
X)) HHHEMA(X) JEL (n) AAHEE (o, £,/1) FEFTAER (p, £,/ f.) FNFHAT 54 8L 2
(s/d)T ADSROATEENE T, GEREW, X A X RIS R A4 B3R

AT MY Sk 290 AR RC HEBTAR IR AIE 0 dT T i RC IR X
FIBRHE R . HT A B RCAE BB SRR R 0 [ R 0 A IR T AL TR R T & BT L (m) (BT R L
(V/ f-bho) KEBSCH) X, X, p, fu/fos/d N py fulf n AR AT . HEBCRAEER 7:3 KI5 IF R 110 B
P HEME R BONH BT 75 5K LU 3 S0 73 J7 i S0 BE 42 T (extreme gradient boosting, XGBoost ) 51 #£47
B RCAEBIAB R, I3 T 285 SR AT A TR VA AR R AN 11 fvs e AT 20, B 5 L | S R KR
PUBTTFR L 3 FhSHC 53 7 DU BHET 353 B 60% 40% T4% 5 #% S £ $2 T+ ( XGBoost ) SR 4 1
B30 91% , i T A, L7~ D5 AT B 280 70 5 iR &, B BR il RC AL RIIRARR B4 vRE 54 4¢
KTt

HLES 7 I AR Y FROONS P2 — s AR R B I TRk A e 5, X T A2 2% TR I A7 AR A0 HC AR [) 1 7 P 37 53¢
PEHCA G WAL, SCHR[ 77,83 ] %) RC AE i IRABE = 1 #u N &5 2R 35 22 BH . XGBoost , B AL #& MK ( random forest ,
RF) &5 £ p 2 2% ) #5078 1 00 A B2 B 2P0 F S 4 1a) & ML (support vector machine, SVM) | A T it 45 % 2%
(artificial neural network, ANN)458—2&22 > F0R] | py B — 282 > ORI D) SE BB AR AR B TR L 27 T, A
7 SO TS B2 B, SR e ST AU 222 ST 2N 20 B E T I RC RERESRBR B i S Ak B8, 7
T AR A BRI BT DI R A ) T A % i PR : QD25 BT A T 25 il R0 Y DI IR 2 [, A SR pL
SEAR SRR SR, QA AN ST IR BT REMCSE AR I B SR N B 2 o] S AR

S Al
F FS S F IS S HmHE
43 14 0 N 15 42 0
; 75% F 26%
Fl@ow) 6% (©%) ¢ (17%) (48%)  (0%) ‘
= 0 4 2 . | o 15 1
0 ; = IS 94%
B ew 6w aw 2% = Slon wm am M
) e
) X
m | 5 4 5 & oo 1 8 N
Slew 6% 6% °F S e 0w gm0
H i ,
74% 18% 71% 60% oy 23% 83% 40%
i ;5

Hedi o3 HER
(a) FEFHEEHIIS (b) SETFEMRE LIS



42 o= L B 5 L & & 3 %45 &
TR 5] T
F FS SRR F FS S Al
57 0 0 55 2 0
I
Flesw o o% %% @% cw ow %
14 2 0 | B 13 0
5:5 FS| 16w @a) 0% D% 552 B\ 5oy [s%) %) 5%
o H
iy 9 0 5 0 3 1
o 36% s
510w o %) 0% 0% (%) 4w
K N
% 7% 100% 100% 74% J;i 95% 2% 100% 91%
>4
iR W2
() FETHBIaR-R k5> (d) XGBoostH%
11 BRI FEF XGBoost £ 5% il & 138 5 45 FE
Fig. 11  Confusion matrix on the test set of the parameter division method and the XGBoost algorithm

34 HEAEEESZWERSN
BLAR 7 IR T 85 ik RC AT A ARV AR 20 BE A8 R MR 488 i L TR & | (R I 2R R b g A S B

i ER 5 R 22 T T 5 R RN . BIL B ST RS2 R T TE 2k 40 H A S O 1 45 SR R £ 5 LA

B, AT S B0 2 TR f T35 BE R IR AG . JIE4E R, )

FETHZRIS B4 V0 1) Jin 4 % BE ( shapely additive explanation, p“f;‘:/;

SHAP) JPikSill T« Ar " I ARBIR B TR bk, WLIS2ES) o X

BERLS SHAP J7 ik HIZE A e R e e R gk 2% < 7

TR LA A AR AR ot 6 114 45 SR S R 10 JR T A R, T B R -

i T 24 A S B SRS R MR R, . SRR
ARICK SHAP J7ik5 3.3 W IIZREF XGBoost 118 k44 X , , ket

A SR A R F A TR b RCRERCIRBER RO 1 D e

WAHT . BITEEIL RC HE 3 MBI R SR (0T g 0 s pe semom Bt B (T E

SHAP PRI 3 81 1 W SR SO 9 i AR 5 22 B 4 )T, Fig. 12 Tmportance ranking of failure model

B 1207 . B4 xt SHAP P35 {0, 2 WA A RS A Xt i
I SRR ) B2 Ml o 2%

P 13 )R 2 T AT 1 4% il AR U X A A T DR A 522 i 8, P e Al £ 3 000 R A 4% 2
SHAP fELoM i, IEARACF S F bR U485 50 2 TE A OGS 2 U 52 SRR 56, N 7 gy 2871 DR e 0 i 114 485
SN R E /N 4 PR , A 0 4 (A U A SRR AR (R /DN . Bl B 6 i A3 5 ok A< O 15 R, RC AR &
PR IR R B S B AR ARG, T 2 25 BT AN ST YIRS =, R WIS A 45 1h A 2 320 RC AEREIRAR X
Fh 25 1) 25 B BT DR

prediction features for corroded RC columns

FHE(E FRAEAE WAL fE
/)ny‘/fc Ve lmes s eanassntme Pbgle- " ,1')\]:l/fC b IO gt AR = [)\f.\‘/fc ST 7 RSN P SR s "
m . 4 it e[t 1dli V/fC bhu B s et m B
)(l e ap sl ow —oolSuchio m PR o D o /\/‘ B maa
V/f. bh, e o S VAU - oo httemte o= V/f. bh, > g
Pyl T — s/d At pllle fit
e P L e X, B H e . fﬁ
n . n WP e o a n e
s/d --= - ¢ ep- X o A s/d Ao
A} et | ] A e ) o
o cnpe . - . wmape
-2 -1 0 1 2 -l 0 1 2 2 -1 0 1 2 3 4
SHAP{i{ SHAPfi{ SHAP{E
(a) Z5HREIR (b) THFHIR () BYYIRIR

I XRC-3 AR S RIREAR /R T AR B REACAE 3 M R A B S A DS 45

B 13 3 MEIREH SHAP fEREE R

Fig. 13 SHAP interpretation results for the three failure modes

LA, SHAP J5 vk id v] AN JRIFJZ T H 2 1 20 A A TR o AR AS T 45 SR A DR 3, A SO BOSCRIR 20 ]

PEAT g RN IA] 14 i



552 WREIAS | 25 Bt RC AEDTRR R REPTIN -5 25 (L LR DT T 250k 43

o WA B Sk R W AR XS AR 0 45 SR A0 IE 1] 520 59 1] 7 ) 5 Sk s S g s, EL Sk R 2 W]
SEMARERE . UFEES i BRI BT UIIR R (9 SHAP % Hh B0y -2.42 2,61 -2.22 , BRI 45 2R 0 25 05
IR, SR S PR SEARST , BAIE T XGBoost FEHEIFI SHAP J7 ik A 551

P T P RER
J@) FELRAR FELR AR J&x)
_4.69 —~3.69 242 -1.69 0.69 0.31 1.31 2.31 3.31 —6.69 —5.69 —4.69 -3.69 -2.69 -1.69 -0.69 031 131 2.312.61331 431 53]
P =E=emaE® TS e (a
$4d=0.53 1=0.53 m=0.04 | X=13.58 V/f.bh=0.14X,=8.72n=03p\/f/f:=0.37 H=1100 1=5.91X=13.8p/f/fi=0.20X,=8.72 V/fibh=0.14  'm=0.04" s/d=0.26
(a) ZHIBIR (b) ZHFHIR
IR
Jx) FELRAR
-4.69 369 -2.69 -2.22 -1.69 -0.69 0.31 1.31 2.31 3.31
I e ————— (o

n=0.3 pJf/fi=0.375/d=0.53X=13.58 m=0.04 ' }=5.91 'H=1100 X,=8.72 p./£,¢/f:=0.20
(e) BIUTHEIR
14 K[ 20] XRC-3 A H A IFEN SHAP Bt HREE
Fig. 14 Schematic diagram of calculation of SHAP value of sample failure mode of XRC-3 in reference [ 20]

AN

g5 BRTIR  BLaRr 2] 07 i DR A AR an IR A S N B ok RCAEAE R VR T T AR A U A i G E T
Joits S 2% BV BUEAA 5 BB BT, Pl 2 00 850k RC AP B BT ML REPEAh B AT AR g 1) 17 T Hip
S, G AT IR ADTFE LS o A S PR TR s T 471k

4 S RCHEHAZNITEF X

M4 RC AE T84 550 (1 45 T VR FHA S BUR R 1 FAIK, BUE S5 i AA e ™ B & 2 a8 . A PRIIE RC HETE
NRAAEBR P A T SEPE  MERA TR RC AR AR 28 ) J2 S5 A D 61 T A Je i B i 2 . A 19 I 90 46
W SEUEE BRI A& 2R 0 RC MR 7, I 0 AT LU 40 #r .

4.1 FIRMEEREN

AR ks B3 RC BEBLS RS AE ) i F e, A S0k 12 TR
TSR 11,84] B ST RHE IR 500 RC RERLERER —— Mo Moo
H M, SR RC HBE R M, BB RE N S
(M, /M, ) SOHFERAEX) MR GSRME 1S s, =
P12 U 5 TR I K RC R OB R B A S
AT, B 5% 10% 15% 20% W IRIFORARE 2 o
HATHET 9.7% 14.4% 18.7% 21.6% . 2

Sl RC RS AR 4 ) HEAT A 3 B0, S04 4 K o I
0 S IAT B A5 R AT 28 ST 25 1 5 B R o e -

P R A AT AR FBUU WA R | N
SRS FEBER S IR SO SOOI | s R e
B T BRI MR LT s el et ot 1C
WHE SR EAT, HIEOR L RC HEL A RAR A R T LI I8,
ST 86 ST E I, U o . U 11 32 0 T 0 L T IR T B
Ok AT T 5 RO IR 0 260 T 57 0% . 52 T 20 A AR 5 1) AR
A 8 ¢ HEFAE ™ R N T TF SR A T 1 -3 17
SHRE 1 5 0 B, A SO ML T BT SRR ) 46 BB I RC B 009
GB 50010—2010 IHE LAV R ) i AP 25 R 38 I H LA SR R BERL Jy 22 PERR T IO 15, X I
SEFTRAL A A HST P S M, ) R0 (M, ) UERT T BV, WIS 16 Bz, o oT
R, B 2K (525,09 U R LY, FLIEAS 14075 (655 (LR MU, M,/ M, 034 (005 52 3 00 510
0.96.0.16. H1HCTT IL, JEHE IE BORTHI -5k RC RO RIAR LA RAR A A
SUATIF L LS R A1 SRR i O D % A7 R R S Bt A
A ST D R U AT, REE, T 1% 4 B RS TR PR T %
B HERERB A T H50 RC HE 6K /ML TP 2% T 9 REREL25 FJy SUR BB e, B 52



44 o T B 5 T & #& 3 a5 E

1 TS ELRE & BRI S5 1 RC AEDTS R O BEALYE  HBERIH R A (1) 30(2) PR

M=, f.bx,(ho—x./2) Al (hy=al) =P(h/2-a,) +&,0, (1)

M=, fbx (hy=x/2) +f1AL (hy=a) ~P(h/2-a,) +e,07, (2)
A M A M 3R MG 32 TR 5 10 RC FERIBER BT KT 5 0, M @, o 5 T L 32 T A L 19 7
g f R L D RS b, B TR BRI S 5 e R o 20 R R /Ml 32 TR 9 2 TR DX
AR A ORI = B 5 f ) D5 TSz T A0 A R IR 5 AL R 5 o2 T B A B s B R B ) DA DR
AT BE AR L 5 . (al) AL (IR A& J1 e A AT (1K) WG I BEE s P oA ST 5,0 Ml 6,0,
BRI 2

240 -
7/%/l/ 7
R f;:\) S
E 180t o&57g 0
. Qv’/ _‘/ // 5
Z A X4 _ 7
< LA
< 120} F 3y /6016,\5‘
&
i_I‘ /?W@J/ g /q/
& ‘ed A
o 60f & ¢
y 2
7/
77
0 ¢ . . .
0 60 120 180 240

A M, /(KN - m)
B 16 M RC HERTAFNIHEESKBELR

Fig. 16  Comparison of the calculated value of flexural bearing capacity of corroded RC column with the experimental value
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