TR TREEE 4 TSR AP 5 R A5

X1
EIOSZES BT, b BN 430345
DOI: 10.61369/VDE.2026070019

i E 1 BRIZNFZEATEE. ZR. KFSEMSE, KEREEFRENE, TRANEEHRZSTEENREREAR,
AT JGI/T 456-2019 038, RAMBERE, BERE. MERERE, LIMARGENRNTIESERBR,
HRRA: OFHE—RASEEEENAER, SAIMHFEG TLMBRGRNIRER 12%-18%, KIEEHRLRE
B EREIRFIZRER 15%, BREZRERIIFNRGERLREEEEH, ESTERMFZRTIER, RESEAS
EREEN. Al BaERRHIR. SHM KiEERS) BM £ AHENEMRLEEZ, ARARRLENTRENBEES
IRENKERBSE,

X @ 8 : IAIE; BRELEN; TREN; F0RE; SRARS; S2EN

Research on the Application and Development of Non-destructive Testing
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Abstract : Concrete structures are widely used in infrastructure such as housing construction, transportation, and
water conservancy. However, after long—term service, they frequently suffer from various defects,
making non—destructive testing a critical technology for structural safety assessment. Based on the
JGJ/T 456-2019 standard, this paper systematically reviews the testing mechanisms and applicable
boundaries of the rebound method, ultrasonic method, ground—penetrating radar method, and infrared
thermal imaging method. The study reveals that each of the four single techniques has inherent
application blind spots. Under conventional field conditions, the error rate of infrared thermal imaging
testing can reach 12%—18%. Without correcting for carbonation depth, the misjudgment rate of the
rebound method exceeds 15%. The ultrasonic method faces challenges in quantifying defects due
to the heterogeneous nature of concrete. By analyzing industry pain points through engineering case
studies, this paper proposes optimization paths such as multi—-technology hierarchical fusion testing,
Al-based intelligent waveform interpretation, and SHM database-linked BIM full-cycle monitoring.
These approaches provide references for enhancing the accuracy and standardization of non—
destructive testing for concrete structures.

Keywords : civil engineering; concrete structures; non-destructive testing; structural defects; multi-
technology fusion; smart monitoring

515

TR BT 55 = B SR AR EL SR 600122 ok, AR IREE 90 TS, KRR LHRS IR S A h B A, e % 7]
BHZ o BN PRI A ANy R TR, (BB . MG, BXEASEER A s AR, Teses]
FOR (NDT) AIEAG AR RGP ERE , RO BN 5 BT S H A . AT, BT PRI T A7
FAES—HORIARA . N LHIRZEAT . ZHARBA MR AR AR A HTRE g S BIsE i, ST, ARG
PO TN BRI ST A, WIS AR, HEBh Tei N B E LA IR el . YGRS

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 049



FERENEFE | SKILLS TRAINING

—. IARTEERERT RN E AR R KA
o

(—) E#ERNRR T R ERERTE

[ S AR o R TR R B 5 B s S RS O RE DG M i
R, (RIS B T Ao e VRt T R TR B 5, IR
TR R BET DMEIE, 2565 il 2R 45 SR 5 1B R e (e . TRE
bR, [AISRE R RS JRRIE SR RSN 2 AR TR
18, ZERIEESE . RAMGEE, & TR RS
A A, HR PR MEAE T AR S )= 20-30mm Y5 1)
R, TCERBIPEBREEG, BB 2 REmE . IGRE. &
BRRAASFENET ., IRl B 2 Roea 320 s
PR, Pl IS HRAAARA I, AR E R, AT
WOREREE

(=) EBEEREA

R ARSI [ VR e S S R A U, LR | A S B
PR PSR, BRI REGE I . IR AR AL,
TE LR BT AR o A T 2043 STE P | LR IR AR
TN B S IE R, AR GE 70, TR B e 1L
TS, SRRME R E A AR, & TR &
R MIT SRR LS, (PRSP I
BUSWALLAR, SBE )T 52RO E R AR, WITH B
00, HURE, SRR, B PRI A SR
fE0.5~1.2m 55 1240, SAINEHEAL T {fd .

(=) MEREETREMEA

Mo TR A (GPR) I R Gt e AR A I, EAS [ A L B
JoR SRR A RO BEOR 2 R AR S 5 R B T G . TR
o AR B R A U ROE R R, AT R R N
PE RYPREE. NS B SR B A . AR
PRASAE T PR R R PR, B RVE R, HEHME
7, AT s B A O TR MG B, S IR MR
A R R e S, R T A B H AT SE K Sk G 4
AR, ORI R R R S TR HR PR LR T AR R
Bifguk, WA R G RE RS TR S . R UR I i
JE, BRI MANREE R HERE AR .

(MO ) £T5hRRR IR TIEAR

LT A HORAZ I I R A TR L SR TR B 3 o A = P, LA IR
W DX 430 5 5 e DX A e 5 R M S S B P TR i, B S
WA EL A, BIRSIRE Y. EESRMAET, SR
AT S A R B I /N R DAL, L U R R b B 2
FARAAKAS H AR BRI 22, Sl KR, BRI 28 SR P S
T, A LA BB RS AT RS B T ISR RS T
FEAR A R 2 A R B A )Y TR A 2 )R T B K2 AR
A0 S TR ARG ) 015 37 55, R A s A A% 75 6 45 e 75 U i
JRER A AT 5% ARl R AU A s ORI B LA
I R AT AR 34

—. SR ARTRE RS NEAR N R [

SEETTSCIY R TCAA N B A S TR B i 8451 A R S i
ZRARTT A, BB E AR TR R RS TO I I LR, AR
WA NRAZFEFR, RERG ., LG PIA e R A E I
S, RIIFPAS B AR e, HARFTT

(—) BN ARBRERE, SERUERERTE

] A /NSRS I RTUAY B 47 AR 22 R ) S — TE A5 52
A, B BOREA . [5G L R G L 00 T, TodiR
PR E BRI U E AR, ERURAEL, E RS
s HUPCRIARGRIG I, (EXELURBIANGERAE s MR T
TRERILE, FToHk e T, SR 5 SRS
DA, PR &G TE ., AT GREEEZ TR HOARMAR )
BRI A I R R s UR IR B A LA B FIEE,
(A THIEER, AR NRSHRSIRRL, SRS R
BTSN AL 40%, FELEE BT

(Z) BNAREWKESERS, ARREHLINE

TeAG IR Ak ag B S AR AR, PR A B
s BUREIESEROO IR m AU A AT e, LTk
BEEASI R, BRI A R B R 2 S5
BRI, PRSI U R R s TR
TR G A e BRI, R AU S BG4,
TeE A G BT HA T . IR R PREE R T R
EIE. JCHE A RIEA . 5 FR A Ao sy, A8
PRI 118 12%, EE AN VT B A R .

(=) SreeBFHREER, RELESIEENEN

URTTCAAE I 15 2 (5 B T ISR A R AR T, B e
—, HURAEOR AT S B SR, SECR AR S ROR
e BB AR, TR, JoHEN S t, XELL
TEE B A SRR SRR, o R ETNR A A o 170lxd
RN IR AA RIS (SHM ) Blifs, Gi— riE A
FESURIT A AT Ea s . BIM BUBUATEIC G, (UE=4E
AHLETR, IR 5 SHM Ul FEBeE), 78 BIM M
FERREER RO VB S RS D LR, SRR
R A i VR RB AR L

(M) ETRERMRE, HRnSEIBEERRAT

DA HATCAAS I (U T 0 . T Jess LR
RGBT A, eIl s R MR, A7 B R L 2R
e KW . BRE R AR LT ) B SRR L
T, L. RER S ZAMNAES A 2 BN RS T
o WREITI KRNI IS P R, Sma R KIERa T
T ERIARRENE S, R N EESELIMARIG TSR R
Wi, BRATALS D HXT RS T L g ar, Bom T~
TCAPRSRS K i T W 20% DAL, R TS X

(H) SALBENRARENRERUIIEL

PO SRR 8 22 2 T S 3 [ A 4 2 R S 15
8% ~ 15%, ZRAGESE, RIEEIE N B RFT4; R

050 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



A AR ER B IRZE 6% ~ 10%, THRIETNAZE . SKFER
R AR MR EISE N B 521 22 5% ~ 8%, H%E
JEEZ. BUKKABRET I LN G 5 & 25 505 TR iR 2214
12% ~ 18%, EEZOCH, RIENIRZRIT. 25 L, HUEILR
FERA, LUANAUG IR IR HERS MR, [R5 5 A 7 P v A5
ARZFE, SRR R AR AR, R 2 5
ARG ER

=, IRIEEBRENEARKRERES

(—) SREEVVUZADPEME, BE—KLESED
*&

AN ARSI B S P — B, (PR B, TSR
ERFRETT AR BARRRE N IR ES BRI, R
Bl N BN E S DR AR ST AT s SRBL A N 217 5%
WA EIFLE TR LR TR DR G T, Rt
B, DAL I8 AL B ARG, DU S P A i e R
SIEfREE, VARSI R R, i WU s T
LEEIIAE, A2 R EANE R — SRR E X, 2T
PP AR SR A T S SRR

(Z) 5 ANIEEEZE, SSTENEIEaEERN

AT BB ML Hlass ) 8 N TR RES%, BT
DR REAR MY, 1 AR A T B R R O T A
Wy AN S, BN TR A, R YA R
22 U, RS AT SE KR UGB BE B . 75 2 S B,
H b S i b RO 8 B ST SR HRSE. PSSO, SRR
BRI BOE R TR, SR A EHR R AR R fiE 23 7 203
oA SRR F S, PRSI R TR, 3T R
AR .

243t

(=) WEMBRMSHFEE, K BMEBEEEmERE
nEa

e B Bf S PRI BE S5 G, SR I Bl SEiny T 28
el $5 8 25 B SHM 55 44 {5 M 00 B30 20 A ot 0 o o D0 880, 1
KB BIM A S5 SRR O = e mT A AL B A . £ BIM IR o 0
PREESS R T E . ROT B, A 02 ok s e 4L
i, BERATERE TERELEE, TN A SR S S MR AR IR A%
Zg i, MATECT AR R SIS AR S5 5 B SRR SEi [ 28, 58
BRI T A AR I . H AR 0 YRS R R E A &
A T A

(M) AERiETRERENGE, HRERANARR

FIRACR L HE « IRESFRR CRREAE, U E s
Bk B R ESEEERE, WP B T A 7 S AL
PURRRE T PR 1K . @R G NI G5, 18 S
T TR AR SRR, AN AR . WRREIE . R
TSR R LRGSR o

[

WIS Rk MR IATE . ZLANABGIL R Py s U
RFEITMAAME, B—Ir @A, ok RS IRt
T F R AN R T L ATC U A7 A AR S
AR NLHIBRZEATE , MR RA S . Wi Lotis
A REF I, AR =B REBORMARN, (KIE ATH
WAHRZE, i SHM 5 BIM BEh-F&, B At
RERES AR B RB U T I SRS ERIE . R HESLR A3
MR, AU S AT W B A S BT
ARG =TT RS, Bl s - YRR Yuat
BRIT

(1] 3 . SR AR EREE LA FA I PN PSS ). 4 TR L 2023, 45(S1): 215-218.

(2] sitsh , Ffl . HAs L MRS TSR FE SR (0. TR | 2025, 42(5): 112-120.

[31 557 , ZeAF | ET BRI AR GE A S IIE SR BB BIATSE ] JETHAR | 2025, 54(2): 136-140.
(41 XU . ETReERA S BIM Sl a IR e S RRAT L (], ARZCHREE , 2024, 41(11): 89-95.
5] B , i RBEH L2 G B R C B sesl i ). AR TR | 2024, 57(3): 102-110.

[6]Zhang L, Wang Y. Research on quantitative detection method of concrete cracks based on active infrared thermal imaging[J]. NDT & E International, 2024, 136: 102897.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 051



	土木工程混凝土结构无损检测技术应用与发展研究

