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REVIEW ON SOLAR LOADING THERMOGRAPHY IN NON-
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Abstract: As China's infrastructure enters the operation and maintenance stage from large-scale construction,
economical and effective non-destructive testing (NDT) methods are urgently needed for the identification and
diagnosis of structural defects. Solar Loading thermography (SLT) is a passive thermal imaging technique that refers
to infrared thermography conducted under outdoor conditions considering the influences of solar radiation and other
environmental effects. SLT has the characteristics of non-contact and lightweight, and has attracted widespread
attention from scholars at home and abroad. This paper analyzes and summarizes its fundamental mechanisms,
detection modes, and influencing factors. It also presents major research applications in infrastructure maintenance
domains including building facades, roads and bridges, and wind turbine blades. Furthermore, prevalent thermal
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image processing techniques and defect identification methodologies are reviewed and compared. Finally, some
directions requiring further investigation are presented to advance SLT applications in infrastructure NDT.
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Fig. 1 Solar Radiation used in SLT
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Fig.2 Heat transfer between environment and object in SLT
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Table 1 Identification and quantitative analysis parameters
X G kB i H by Wil 58EHSH SKVE Sk
BRRZE AT, AFALE R, BESH . WAL B, R

S 2 Il T [39]

df (x) / dx

JEARFFUE & X=(C, B, E, R)
JB Ak b R 51 [40]
ST 2 RS BRE C. /MM KRR B MOFE. HRER

JBiAS T AR R df (x) / dx [41]

BN it 4 , NN

PR e S AT B AR b IR ZE S ISR ZELE AT /Ty (14, 42]
Y 5 E BRI BRI

R S E R e 0T R HCE R a9 (FWHMD [45]




T %

71 =2 5

ik, AR, YRR 2
EAUES AU FSer PR AN A E SR i
o AE—E R BB A E B IEN, HA
ORBE T LI 2 (0 22 (R R BEHdE , A AE BRI R X
Sro G EINEURHIE . W IVRFIE AN it A, i
17 2 IO UM A R ACRHE SR, 2R HD
FAFSAG A S5 B 70 1) B BT I

3 HARBBGRMRASEMIEZR

3.1 MEET
MR 2 75 F) F B 0] 4 S iR R B B, #

YR ABR D APIRIE: B RENBIE TR

ARG BARER BRSNS T HE, A
WRGH 511 S5 DR 2R, (LA UL X 35 SR A
PGS G o XL “ B ARAS ILARAR 7
BEHLIESR . MR, ATEEVEA R, XL H
PR RS LA RO AN PR, 2 PRSI TAE
R R SIS TRRAR LRI — N BLNIRE 7
WE IR (AL A IR L i 22 4B P 70 BT R T RE
A 1 A7 VR MR AR A SR B P 58 T A o

P K A BEE AN F], BhS R

AT 539 HOEIK A& - HOEBER A G AT H
JIRIE S . H Gk R AR L i e B
RIS HOGRRST, FRECA BE 51 F i 1ol I S Ak
M SEBLBRIE RN, R TR SRR, o X
-7 GFRP AR 73 IR REE . D8 1 SCELEGR BE R 1Y)
HCHRST, 207k rT R 2 o Fr B2 2 H G iR
CRml HER M) . HOEHrER ARG ST RO
ik RRRAR , RIESE — I Be N 6 B 28 FDCHR LN
XS VIR BAR BE B A HF S AL 64, IR H A3
MEBFE, B IR AR AR R, 3R
FAEIRYIAE B o 125 TP B R AR B £
B, AR BREERBVAIN RAREA G, — A E
RIVR, FRFER, BHEREEREN B HOGH A
G A RS R IR T, — BBl 24 /)
I — A, E R HIRLLAMESHE R . B,
MAIIIEIN B, ARG B E v LU . A
7 P AN S N JHa R AR 1R B B BT OB TR 44 . AR
WIATTIL, B85 HCRERIELE 2, Jf
Y T A AR ARy = BlERR s 2L
e i HIVE

F2 HARBBENEX
Table 2 Testing modes in SLT

IS P T BR A Tl Bk &
CEECNES Tt
ARG T AN AP R B PR ég:h kI
%%
bk e B R A WE R BoPR  VRFR G, SR S
y H h
y 2 ol it FERE Y Iy W s
) e ﬁl\‘ i W ‘T! H‘A IL\
o TR — H AR B SR e WIEHRY, W R
& & A
& HRT L.
- FE| m N 24/\5“\\4/\3&“ = Ig!/—y SR 7
F bR A8k T N g — Rk o 5 51 A &m%@w LY F@W
3 Jih Jel 34 = N 1572 =N R Y 4
STAE R

B2 HRAZ BE 08 5 U Mo BB ) H AR 3 &
PAT R, BRI R 2 IR e B KT 748,
B P AN [F) BRI R B ()45 A, AT SR FAS [ (9
ML HGR ER I BAGCR AR — H L B A 1 FA
BEHE, BRI 2400, Wd SRR S 1)
BRI H R AR GRS BR A S D A
PR, SRR REE R 44T 40 CLEMENTE %57
Xof — AR A ST T SERE Y B (96 /NI ) H ik
BATI, SRAF T ek g X S8R H At DX 38 a2 A 1
Mk, P 5 SR S A AR R . R

JE845, GnAR AR h e H At R 3 5 0 VR A
P A I BB A, AR AT AT R HUAS B A e
&:&%[43, 50]o
KLEINROSURF 57 R B 2 RS %A GiERT, Hob
AR AN BB T B BR SR B R G
FA RIFIANE, FFIRAE T B R SAR AR #
JAR SVEAE H R RRAG ARSI R & F A, BRI T H
SRURN T afal i e A B AR BN, B TR
SRS IEXHE F A RS FE I BB . H R AR R
GAE P AME I B ML . —J5TH, AR



6 T T2

1%

TR 5 FLR H A il EB2, AR N b A 4
%, HGRBIRARBG MM SRIE, fets
BB R MIRE . i FARRAGPY, MACPY,
ZHANG DI 5 R0, 12 F H 6 B IR sIE re %
PRI B VR 10cm J34 25em [RIREE L N #5215
e F—J51H, FAEIRRAGA I v] LASRAS A R T
HINEME . MAEE S, A TR e RS
w0 AL BIAZ ] WOGR TR0, RS
BHREMFIASE S0, SRS 5 ER S UG
YT FEA TG I B AT, X80 S B R 2
MREEm, X NEHAE 3.3 TRMANIR. BT
For Iy B 1 B G B SR AR T [ (]
B AIAED et 2 = A 520
PEH T S SR . 7 SR TARA I o B2 AR 4 o
GAAL, LRI . AR 2 7 T 2R AT~ 4
PR TR . AR SR AR A A R 2 AR R X
R, FERTINRCE A FREAfG B 7 T AT P4
PR TR ER . RS R AR A A R 2 AR R %o
R, FERTINBEE AR FTEERfR B 7 TH AT P48

3 512 T EA BT LA R BB R
BT IR ESH CRENEBL. Mg, KIE
%), EDISPE & it B i & 7K 2k M 7 i it 1
1/2h. 1h. 2h S&0f [H][AIRG A2, FEH 1/2h AT 1h
(i) B 35 B 8% A RIORE DN 5 7K 38 S i o i SR A I (1] 1)
B — R SR B AR 2R, B Rm ke, HY
WHER AT B 1 BRI 25 SR, RR F ERE
160 V) o 32 47 2500 SRAE 81, MACPSE 5T 1 $ 4 %
B T SO0 VR L 7 AR A R A I PR s, 3R
RT3 R 15 K 30 R4 A RE A R =1 7Tem
A 12.7em PR 5y E 40 ksl B 71 . MACPSIHE A
3R B AN [R) (0 B0 4 A 7 TR RE RS T R IS B A DU 1)
BN [B) 5 1, 448 R BT 7 B R s

MEL ERFFRT LG B, Bhas Sl 2 A FEARER
BT PRUel, AR B, v R v 5
PRFA, (B IIA I E [A], o B0 A7 it Ao b EE 42
H TR . ESE R LRSI A R Z AR 4 X R
KA, CEARTIN R AR R FE 7 T 2R A7 P4

IS

®3 HBENRHNTSRABREMRPPBERESH

Table 3 Data collecting parameters in SLT

it R HAPRE I B B A5 BE K
y KA R 8:09~18:09 1/2h. 1h. 2h057 —
Rt 51 — ‘
TR 9:00~19:00 1/2h4) —
EBSTZ 6.7cm. 12.7 12h~18h(Var-PbpSA
e Ifm o £SO 0.5 min~15 mint8! ( pSA)
% ~
TR LR 3d~15d
W4 E 1.3em,y 2.5¢m o
oL 7:00~24:00 30minl>’! —
%
KERE RERsE . A, #h T2 AR 20 min~30min[* 14 h~63h
AR B BY/GFRP
Wikt M EB4YZ 2mm~10mm & 8:00~19:00 1/2 h~1h60! —

e h-/bEs d-R.
32 BEEmEZR

BREAREAESL, AR R ARREAE 2 2 T 5 26
W . AR R BN YT BB S 52 A #g il
2, By AR AR . R 48457 #H
FEIEAE S S 2 M R 2 Bt B s 72 . an H
PRI T SCHRRFAE BRI N 530 K 2 5 1 3 T W A
R, HEMPIAERNES RGOSR MR, %
. SHE, WAEER RS AT R, I+
X H bR SR #AE S AR RS

RS X G A A HR 2 AP 2R B TR A (144 )
PR, WERBIAME AT R SREE . M. &JE5E
PERLER 2 Fhigi o () ot , LI B 4540 22 35 B
GFRP ( CFRP & Z i1kl 53 4. CHENG 25144t

FU T 2% 11 R WAL e AR A B R R T s 5 ) NS
JEBRBATAELL M I B 520, 7 H R B TR s L 4y
JE B EL A I A A TSR, T R WA RS DA T T
520 . LOURENCOUC g job B 1 79 8 i i 0 3
T 9T 1 P ER X 45 T 25 B BROK 70 S R I SR B SR
A% HH T B SR A T S L RE g, AR A e SR
B T AT B AN L . ROCHAIZIF 5% 7 VR ik 1=
ANFZR IR EEXT H SRR G s B 52, R BRI /K 2K
EE R N 1 7 JE Bk B B S A il 1) . R N,
H I AH SRR S i (B FEATI AR AN R, R FR X
AN R Fh A4 Rk B[R] 288 B A [R) 2 B0b R 58 B A
BT, DA &S B E SR K



Tr ® 1 % 7
x4 BIFRPIFHENZIE R RS2
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Table 5 Influence of environmental factors on solar loading
thermography detection
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Table 7 Bridge deck and pavement SLT related references
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Fig.6 Some typical damages of wind blades under infrared
and visible images
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Fig.7 Low-altitude and ground-based wind turbine blade flow
field detection system[1%]
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