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Intelligent detection construction technology for visible cracks in bridge concrete using
machine vision and Al algorithms

Yang Jinpeng

Wenshan Prefecture Road & Bridge Co., Ltd., China Yunnan Wenshan Prefecture 663000

Abstract: During the construction and later maintenance phases of bridge engineering, concrete components like piers,
box girders, and cap beams are very prone to visible cracks caused by temperature stress, load effects, and wet-dry
cycles. Traditional manual inspections rely on scaffolding or aerial work platforms to check for cracks, which comes
with high operational risks, low detection efficiency, a high chance of missing tiny cracks, and subjective measurement
results, making it hard to meet the needs of large-scale, routine modern bridge inspections. By combining machine
vision imaging technology with deep learning Al algorithms, a smart detection system for visible concrete cracks can
be set up. High-definition imaging equipment collects surface images of the concrete, and YOLOvS and UNet neural
networks are used for crack identification, contour segmentation, and quantification of crack length and width. This
enables non-contact, automated inspections during construction quality acceptance and operational crack monitoring.
This article discusses the technical research background, principles, overall construction workflow, Al model
optimization, key points of on-site implementation, quality control, project benefits, as well as existing problems and
optimization directions, providing a reference for intelligent concrete crack detection in bridges.

Keywords: Bridge engineering; Visible concrete cracks; Machine vision; Al deep learning; Intelligent detection; Construction

technology
05| RN N, T EINE R s i 2e 4
BEE R E RS AW e 38, KRN R DR TG BR e T FRN AR F B 25 A A T HM

NERSRIIRSE . IBEE PRI GEIUE TR EL, RS AR, REEERERE . 2uh0CE SN, e ELES A
AR FRIPAREIGL . BEIRZYRN /T AR 22 52 . NGRS SRR R, BV EANL. &8
5 A BRI A REE s 1IABETG, FHshiE. TN e R GRS, FlEE LER) Al BEERhRR]
PRI AR . MIZKI20h, REMEERE — 22 INREISEE L PUEATE | IRIGUERES . WEZEEILMSEL, EEREA
o WUNSUEIMAARELIAFELT, KR, RETInE TAG LSy B RIS, R TR GeE L
FEERANWHBREZE, 25 RWEHTEM. RELFE, E BrEgEgaii . R TR, EIIE s, TRAMESE



MR ZBEHATR 8% 3

ISSN: 2661-3697(Print); 2661-3700(Online)

NI AN, ELfEEEARR ., B RITH &
WHETR . T, ARSCPRBIES IS & Al BIENR
SRR NEER T T2, MU, U
R, SRTHGIREEE, HRIZE TSR (e Tk,
1 HLEEHL5E -Al REF BTN AREARRIE

ML — AL B REREI ARSI AP . HL2S
MBEEIG R B . AL BREESE ST, BEEROR
PEAEGRRE — EURTIEE —AD B0 E — 2
SEZEOHR — e EIRER .
1.1 HLES 5L AR R R

PLESRE L S TE TALARIL . #DE#RE . EANEE .
FaE SZAME MREPRAR AR, SO BFRFE R . B R
ARG RE LRI TGO, GBI FEk
KA RSO, R SC B A TR IR
T TR . BASE . KT, TR %IRRT |
5t AETHE, 2RISR T, Rl
MBERECHBLE RTINEE A8 LED #MEAT | fiREesk, HIS5E
JeROt. B, PEEERREMESE—, HAIE
ERBR s R FUAEIGREN . RIS A EE
AN AR . TE AN s [EE AU T
BRI A, TE AN F T 4 M AT sk
(G
1.2 Al REFIHERFE

AL B EDUE R M4 CNN 254, EZRHA
YOLO-v8 HIRKNIE: 5 U-Net 15 o E E A A
Mo YOLO-v8 Bkt 5t thidiE (B ok & Fy N ELEE X I,
DXKist . KR . BRESEI%EE, BIR TP U-Nee [N
LG RIS, AEHEEETRERRT, REGUENES
AAbR; B REER R RERSE, HEhiT R SER
PNEINE N BN D - SN Sl LIV 1R BN = e

BT EE R R AT RS, B LTk
RFDERR . ARRZEETERL . AR SRR LSRR,
ANTHAREZEEX I, X YOLO-v8, U-Net fAIITIE
B SUIE, SIAERIVUEIAURHIERRIGE ), $2TT0)
0.1-0.3mm 4HFHCGEERIRBIRET), PRI VIZR5ER
JE MR AT DB R . R ARSI, TEHE
TR SERE BT, AR KRG G Sk
55dn, SCOUELZRIIAGN . RIS HHEE R
1.3 GERIFEBRBERE

Ml R AR R AL, BB RIS
YRR RS, BAAFTARERZIE . KBS PR R E SR

BRGNS, B R SR R T T
HXF RNV S e miE . Sk Ehsem R E
PR, Rk AL BRI DL Al R SPRTE R . K, 52
BB ARG o
2 Mlas e + Al BRI RS pe e B TE
TTITZR#E

BT TR A iR TIE-Vas ik
s S hRaE — R+ F G R E R T — AL &
BRI 53E S E - BUE LM B AR EE R
HERS ST SRR
2.1 WMIBTHA & TI1E

(1) GoRHISc S . W B2 HE TIRIAR . TR+ Heiiid
K. TR E S, B AT NE R, BRI . 4E
b2 N N = ) e | e U PP e s U
M e L BRSO T B I Nl R B 4B B
(2) FEHEERE . IR ANL. Tl EEHEeL. s
REAT . ZBIZE. FREN. PR, KR 12
APEIZRSE R B, AL RS A SRS, (IE7 ]
DUSZeisE. (3) UBNEIE . TR B IR A:,
BETFIEE ., K. KERS; EHEGIN R R,
FREL, YD FRS BRI AT
2.2 IS M BEIREE A

ERFERRATT R R ERRE . KRR RE R
R T SR, FAERRE T A AT,
P88 Sk T B RE B TS . AR SR E IR
BERGR, £RGEHE - 2ARMB AR LA
B, B O IR (R B Sk B e + R T B PR
LSRR SER RN EERRE , THMAERE A RO R R
%, BE— M AESE . Ef— i, AR E R
T, FHIEGSZE R A
23 BEIRVWEGRERT

FEIRTSER Ay X B BRI R . [ Tl AENL
SIERERT, A = B0 B TR T KTRGER
Wath R o S AN SEREHE, 6 F
T B AR R L T, ARATTESR IR AR 15%—20% &
B, BGiEIRA. BREFEEZAN . BTSN E
DX, TR RTTERMELT, TERBAS, (RIERIGSRERT,
A TR bl M . ARG, B AR
S s R ATE NS, BRI ARE.
2.4 BG4 IEIATS

JRAGHTHE R A ENE A . BRSNS ROEBEAS, B



MR ZBEHAGE 8% 3

ISSN: 2661-3697(Print); 2661-3700(Online)

B A AL RRAOIE S . (ELORIRE I EIGRE T
SOF: JREEACANIR . TR . XTLR R . DS
b, SIS, SHIEE R, IRCRAESRRHIE, 2
FHIGSE AL BRI MR
25 Al EXiRA. KB ESHITE

FFsah iR > G REIGR S YOLO—v8+U—Net ZH4r Al
AL, B—2 YOLO-v8 PuftiRBll e AT 544E X I8, Wikl
. Vit BRIEISERI 5% B U-Net SLIRFER
GrEl, AEEEETEEENGREET; B RERT IR E
BAY, ERETERERE . RARE. FHEE.
e, FPICREEEEMCEAIE . HHERE, T
RVEHRIRME 0.2mm (I FEEE, BUMbRCE SER.
2.6 EKINME., BxHFUEE

Al 25 AN FrE 2B dE, FUaEOIE . 25
T EIH T, AR IR S, PR A E
A, MERST . WESH; BeTdE LEsmEs,
AR 1 MR R TR SRR,
FkeE GRS P R EL, Al BSR4 R 5T R .
i, AWrRELRES, DURHEREL. Fi
EPAEIRIE TN, TERL R - b - b E - B
W AR
SAIEFEEAMUMEIERESR

M TBUAIR RS 2, BARNRBIHAR ., B+ FE
R/ . (REAE SN, [RAAZEA YOLO—v8 1Rl
BB AT IS HBLRAS  IRAGIRIR,  RIEEE i
BT RACEDR, ERIE T Thl. $—, &
YOLO-v8 £ [N CBAM JHZ i, st 4H
FRBELRARFE PRI, AR LI55. VIR
fiF, PRIRIVZIEEIE R, F 7, EH WioU Hidksmkiitit
R, AR NBIEERE AR /D | IR AR Y
(AR, 42 0.1~0.3mm EEERBINERS; 8=, % U-Net
MEHATREACERTY, B/ SR, EARBERN,
(HEHAENE BT . i AN, LB T4k
WHZEL, $EINASERE]; 60U, I x BErRaEsdEE,
MABRR . . MEEEE AR TR FOSER, 5
BUTREES], BRI RFERAE FIiZILEE . AL)G
RIS BRI AT LR E] 90% DL L, B MIEIR Z 28
HIAE £0.03mm DA, BEIAT CARHRRRARG T
PR ) RASEEEK .
4 IIFHE T RE1E HlHE i

(1) FGREREEE: Sk ISR AR

10

BEE, MEHEAEEE; DRSS RN
KT, SERETEER . ROUIEN, — B EGEERIREAR
REFERN, EEFIE, RAOREGREIESA AL EER
o (2) PREREERS: tREfN gl ENGRE Fm, R
e, MRl EANWHARIEC MR ZE®E, & 20m 2
MELEFhRE —, BRI . (3) BEERE
gt AL EEIRBISERIE, TIEASbRICH 54k
HATHIR E R, T ALRAIN DS REE S TR RT
0.2mm FILEFVERIAE, FH AN T 3EE T i RO TR,
RS ESL A 5, (4) PREEES: RRKRSE LT
AWUTE, B 1RSSR G AER ;MR e+ 3R TH
KR, ST ARSI, R Gt Bl TIRE
FEIT RN T .
5 TN AME S
5.1 &5z

BN T SN TSI TR eSS, A
TRA ., WM GE 2 FmEn, — SRR A TR E A 3-5
Ko RGO + AL EEEGIRA, FoAPL—KRRTA]5E
R e b N R AR B+ GRS, B T4
EESIR TR, NIESREE T AR AR A IR
WEsE, R, s BEY KR E
NG, FHABBREERA, KIsgyBaiiesto
BHE
5.2 RE¥

g N TR E TEd ek TR, FESS
EAVE . BAMIRG . HLESISTIREETE AL, HIEHINL S AR E
PR, TR AN ERBIE T R E, Pl =R
LU, RN ETHE AR
5.3 HAR% =

R N TIEEE S, (URFEAURERICT; BifE
FrE A FTITE EAR LB T B, SERL RIS IR,
Al HES L 2 HASE AR UG O, AT S A Rt
SEULMEH G 4B R AR A AT TR, SRR TR
T ERMUETACE, BEEEBNE R,
6 MER ARG @S RKMN T @
6.1 HRIFEFEER

B, MR RAEWIEE | JSE R, LS
TR e, AL B RREEking; B,
UmaRt . MK E G AR E %, BEFRBIREE R
Bs SE=, URTEEAL AL BRS TARANC L 22 2955 1B ik
IHEEDERGRE; EH, TTANER R AN



REZBHAGE 84 3H

ISSN: 2661-3697(Print); 2661-3700(Online)

INEAZS[A] VTR, MR REFES X
6.2 FEMH AR

H—, &R, B THLEE AR LA
ML, #EAFER PRSI NI TR SR, SRANE AN IE
X5 HT, BEAIMITHER, EERAN RN TR
%R, RIERERNEGET) ;. H=, Fd w38 tiuEse,
BRI AT B, SRR AR REE ) B
P, ¥ ALKRSS BIM RIS, U8R A E R
FARTENFR BIM 182 |, SCORE =4l b, 3
— RS REYEA R
7 &g

MLES IS & AT SRS S B I R e - 2=
SUE R M THOR, B TSN TR, ik
FEEE BRI A S AR ARG R 5, IREETLIE G Y
YOLO-v8+U-Net A TEREELHBhRAIZSEE . FEZEE
JURIZEL, WIS SEREr IR S —AT ZREIH — 2uE
VRS — T — FAPRSR” B TR %R0k
THA, BEREzs el e X, R MASEE it T 154 AN T
K, AT HRRELGEE LR BOREE - UM R % T
B S I E 4 BR R S ek . BEE AN RE .
WUES R ARFEELE R T, EETETHLES A . BIM £
G, WA HE— P 7E, EENAR. Bl

RTREPERFEINTZIN A, HEshR TERPAEL
FAE. BRIk R,
S22 3k :

(1] 8RR, BETHY, EEMSE. LT BN iR
e+ S R ST DR 5 TR EE D). VHREAS IR,
2025, 60(03): 582—594.

2] B, 20NE, HEES EFRERNETH
YOLO v8s (RS LR RAER M L], 25 iMis i TR
2, 2024, 24(06): 135—147.

(3] BRI, WIRIE, RIS, T BN AR
SR ARSEEIRBI ). PHREAS AR, 2026, 61
(2): 529—540.

[4] ThAe NRHEATE RS 2. JTG/T H21-2020 24
EEMR ARG PEE FRAE(S]. dbnt: ARz B
BGIRAF], 2020

(5] S, %, BT U-Net A EERRRE+ 1
PR G R EIAR]]. P EARSR, 2023, 36(08):
210—221.

TEZR: BEEIS (1990.05.01) , B, HE, =/HF
BRI, AR, TUNEFFERHEAE, T (TR
Ui , EET, W5 EESHEE TR,

5

11



	机器视觉+AI算法的桥梁混凝土表观裂缝智能检测施工技术

