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Abstract

As a crucial component of China's water conservancy infrastructure system,
aqueducts play a pivotal role in the scientific allocation of water resources and
agricultural irrigation. However, with the increase in service life, existing
aqueducts generally exhibit phenomena such as material aging and structural
performance degradation. Traditional health diagnosis methods for aqueducts,
which mainly rely on manual inspections, have many drawbacks, including low
efficiency, high implementation difficulty, and poor safety. These shortcomings
have led to a significant increase in the operation and maintenance costs of
aqueducts and a remarkable rise in potential safety hazards. Advanced
technologies such as UAV (Unmanned aerial vehicle) oblique photography,
Interferometric Synthetic Aperture Radar (InSAR), and machine vision can
achieve tasks such as reverse modeling, deformation early warning, offset
identification, and damage detection of aqueducts through contactless means.
With the advantages of high efficiency, convenience, and safety, they provide a
powerful supplement to traditional diagnosis methods. Therefore, this paper
proposes an aqueduct health diagnosis and condition assessment method that
integrates space-air-ground technologies. By innovatively integrating multi-
source data from space, air, and ground and leveraging digital and intelligent
technical means, it effectively addresses the defects of traditional health
evaluation methods, such as low efficiency, high cost, high risk, and poor data
integrity, and realizes a low-cost, lightweight, and sustainable health status
evaluation of aqueduct structures. The main research contents of this paper are
as follows:

(1) Research on the reverse modeling of aqueducts was carried out based
on the UAV oblique photography technology optimized by the "seven-view +
wrapping" flight path. Aiming at the common problems of model voids and
offsets in reverse modeling under complex backgrounds, an image acquisition
strategy of "seven views + wrapping flight path" was proposed. The geometric
error of the constructed model was controlled within 0.5%, and the modeling
accuracy was significantly improved. To solve the problem of data processing,
a component-level semantic segmentation method that integrates interval
density gradient and grayscale information was proposed. This method

v
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effectively addressed issues such as large model data volume and high
computational costs and provided a streamlined point cloud model for
subsequent research.

(2) Research on the offset identification of aqueduct structures was
conducted based on the feature point cloud extraction technology that fuses
curvature and interval density information. By means of the Principal
Component Analysis (PCA) algorithm and the interval density gradient
algorithm, feature boundary point clouds and feature surface point clouds were
accurately extracted, and contactless offset identification of the aqueduct body
and piers was carried out. Aiming at the common problem of boundary shrinkage
during the identification of boundary point clouds, a boundary identification
optimization method based on bidirectional correction of adjacent edges was
proposed, and the accuracy of the extracted boundary reached the millimeter
level. The measurement results and work costs of the proposed method were
compared with those of the manual measurement method to verify its accuracy
and efficiency.

(3) Research on the automatic identification of surface damage to aqueduct
structures was carried out based on the deep learning technology that integrates
YOLOvS8 and the multi-strategy random augmentation algorithm. A damage
identification model was trained based on the YOLOvVS architecture. Aiming at
problems such as insufficient generalization ability of the model, an adaptive
random augmentation algorithm based on multi-strategy integration was
proposed. By diversifying and randomly augmenting the original dataset to
enrich it, the identification accuracy of the trained model reached 86.55%,
which was an increase of about 28.7 percentage points compared with the initial
model. On this basis, a damage identification visualized platform was developed,
providing an efficient digital technical means for the damage detection of
aqueducts.

(4) By integrating intelligent monitoring data from space-air-ground
integration and using the AHP-fuzzy comprehensive evaluation method, a
comprehensive evaluation of the health status of aqueducts was realized.
According to relevant literature materials and industry standards and
specifications, a hierarchical evaluation system was established, and the
Analytic Hierarchy Process (AHP) was used to scientifically determine the

weight distribution of each indicator. On this basis, it innovatively integrates

\%
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space-air-ground integrated monitoring data, realizes long-term deformation
monitoring and early warning of aqueducts based on InSAR technology, and
provides efficient solutions for structural health diagnosis by means of oblique
photography, reverse modeling, point cloud extraction, deep learning and other
technologies. Finally, based on the fuzzy evaluation method, the health status
grade of the aqueduct was determined to be Grade III, which was consistent
with the results in existing materials, proving the scientificity and effectiveness

of the proposed method.

Key words: Space-Air-Ground integrated technology; Reverse modeling;

Offset identification; Deep learning; Fuzzy comprehensive evaluation
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W JE K RS FE I B il S, AT S LoD4 AR 3G B AL, 5 —H
REr@ MM, ZTEERERE FEEERA.

2020 4, Arbal'01JE T J6 N MRS 2 BRI 1 TR it T 00 20 54 2k BE e
B @k B A Rk S HESE, R TE ANLI R B, R b s = YRR
A, 5 XTI B ESEEEA (BIM) #E47ELXF, SBT3k B A Sz s Wil
5,

2020 4, Pepel' 7N XA A HEM AT T 2 ML BRE, Widissh kB 4
MWEEME T Z2RERERN =48 =88, J& T IFC (Industry Foundation

4



Al 22 L 3

Classes) A i X ) 4 45 749 (1) M B 2 0t A7 ds e AL e 3L, 4k T R A A FR 76 38 1) 25
P RS TR 8 )15 0 FOB R, SEI T o6 1% M B4 BEIR A VP A .

2020 4, BEW!IFR T M2 REASEREL, ZERBS X 84K
FkSE e 8o mng, DL EEM 7 RO ZERR T R BT AT I A kAR R
B, R T ARG = MAMINE SRR EIE N R 22 BRI, SR 7 M AR R LA R R

2021 4, Qin FFEMILE G T AHUBRL 2 BOR S LT RR RS2 BV, 2 T
ET RNz BIM 2 EEITE, @A A o BEE 32 IS Rk 2 4
R B A B LA RRAE, SO T AT R 1 T4 i 22 BIM BEAYHGEE, NMF i
Tt T 22 5 ot B AL T ERS BB T AR R T R

2021 2, RBBUOVE X B IR A AW KRG E R R R R, SR T —F
SR IE H S Nk BRI B . 1 BRI I AT o Bk R R AR R s A T, JR AT
¢ KA AR A T 7 38 B BRI 7 58, BEAE DR IE = 4E 5 = K B I AT 32 N SE I S AR U .

2021 4, B g ERGE R T E T 25 N3 A #H (Empirical Wavelet
Transform, EWT) [JEKZAREREHELL . %7 7AEB I MiE Littlewood-Paley H
TN/ B R R, RS HE AR BTG AU IR B AR TP ) 2 A R S R R AR, IR R T
e /NP AR BRI E A, SEIL T R ORAT I A ML RS AR PR

2023 4, ZFHEERMRIE T ANUBARHE R BR 5 Bl I 2 i A £dl, Seal 1
1 L 5T A 855 FR) 00 AR O P A7, I DA D R R S B B B X SR B T
ey N XASHENEE T/ES T 7 R SRR

2023 4, Xiong SR T — M B d] RUEAT 51 RS ICP Bk, B
oy ZEARBI 7, 1= MM BE B0 40 7, 8 e = SR I FE NI . 1% 07
EE SN HEARR > BT RS H T AERIRIRE S A, R IR B RS ICP
SR SR M IR S04 S AR 4, AR T T 300 ) R A b T v I RS R RS S

2023 4, K EHFEPESACT SRR TR R E SR, A5G
WO R =R S BoHE, DARG 2 ISR R R B EH A A s, Rk
TR R S M R m R AR R R, PR A TSR I R AR RS TR S e
£

g ERTA, KA T o AHUBURHE 5 1) 19 1R) A5 15 R 5 S fik A U 1 AR A A
Hom R Ak AR A S5 B L%, M 52 TR A A DU 0 4 45 21 )92 B
o % TS5 MR G Rk BB AU, Rz s R N T8 A TR e
R EA RIS i PLe AU RN 52 BRSOy el J8 0 & 2RI i 42 A
tae KPR B9 > o NALEHE ZE A, 320 1 A0 A0 B4 SR B R, 9 v 3 1) R B ARG JE
15 5 JF e it — 20 R N 5T



HE TR AR M I A S5 A R R RS VA T

1.2.2 RniEX 7 EMRIIRK

B T 0 A B 5 A ) R R S B RO B B e, T U U SRR
KEG N, HARAEESE AT RS S S8 — D3, X¥5 G 8 m s
I3 T 5 AL B Sk BRI TH AR S (R A o R B R o B RAE N R
2 B A0 3 T G BEIA T, BB NI AR A o B STt R ARy R E AR, TR E R
Kot AR R E, A JE SR I AR T A I B R B TR ) AR A A v Ak RS HE ) A S
(251, [ A= B Sex —H AR CIF R T RV

2007 4, Schnabell?815: T FEHLRAE— S (RANSAC) M7 EHAT B &M
arEl. BE REUREIR Cink k. BIFESE) X = I S/NE G 3T B LR
FERL, Z T IR E L KIS, X T A o B E R R, BEE
BRI R, ZI7 LA EH

2013 4, WalshP7TIHEH T —F X 338 K 7% (RegionGrowing, RG) K it
TR E. ZEERTFENTIEREM 75, AR 7 R 5T f o it
FHRT—H A ERRAD R H BRI T MR S = G L #, HAFLE
BTSRRI IR .

2015 4, Golparvar-Fard?81%} RG FiE#EAT 7040, d8 IS 2 RO R AR A DU
RS RMMEREE A2, REETMFAEENETESXEAEKLNEE S
B, ZTERAMNE R A s R BEROPRER L, EarE i,
R R T R R4, AEAEXIAAEL SRR .

2018 4, Dong POV T AL &1 = i ) 52 e Ay UL R R 7 i il R AE X 5 = ik
TR, HZINEN BEE R E R S, mREE SRS A BT, &
o] o3 EIORE B, AR R A U 22 3 a2 R TR R R R R

2019 4F, Pan SEUMEH T —Mlk TR G WIFERNE X871k, %
S ER R A B @B R, KRR S AR DL
AT R AR AR AT 2, TSR B TR MR R R B B4 2k

2021 4, Qin FEWIMEME M A BE R — I L =% E R RAE, @i
WSS XAIEEE, LTRSS ESrIE. EER L, 45HS#H
SN, ML T R A S ST 2 = A B . X TR B A
F B BE, 20735 F I T B AR, BENE R AR T R A I ) S AR
P

2019 4F, Narazaki EPRIH 45 BEH B @08 LRI L, XH R4
BEAT HER A . ZER IR T L 99%, BEAEE LR TR R R,
FZEEFERNGHES N THEBRETEEGERINGEIESE, TEERK, M
FH AR 25 1

2020 4£, Saovana BN R EHEEIA L T E B, % kit iTH
6
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Al 22 L 3

&, Bohigs TNSE A AR FE S OIS BE, ISR CNIN JR B 52 ) A m]
HT B3R EEFH HRX S, SCHl Mg BEASERE R A& R,

2022 4, FEREREDIEXN G2 B EAL SR A, L Transformer 4515
BN FEAE, B 5 N A EHRET (Point Conv) HiER LG, 358 W 4%
MPANE R R AR J), R m R =18 U B R, JF R = A HL 8 = Bl 4
X B B H 7 95 I RO AT T SR

2023 F, JEWPPUABRESRXBAEK S FER M7 k. EKERK
RIA GBS R, WE7ETERLUGME RN XigAERKSEIEL. ZEE
M B A5 AR H Ar X80l 2 B dh 7, R RS 1 SR 1 1 B S I AR KR R
BT Bl TS RO

SR, T IREE S SR R T B AR R, H BT = T YR
P HOBURE RN TSR, JF B2 EBOR, & EWH BRI R Nk
Ao MEETEE., AR XIBAEKEITERNIE LB 7 EBON TR, (HESERE
AT AR B A%, F B — 00 4% G o0 B 07 5 AT RS 5 = 0 B 8 7 B4 72 R FE G
MFARETRG . ML ER . SEERE X E TE, TEGREATRE, 26%
J& 22 P DR 2 ok e 5 3 I 1R S FI T T
1.2.3 HFMuBNEHRIMWK

WA gt AL 0 & vk DOKHEDC. ubA & 8 F, FENFET, ZHERER
PRI R o 2 T A8 70 A 22 Sl 1 B A A B T 2 07 vk R A SR I BF A R . i 7
DA AR 5 5 B0 39098 55 07 V2 @ L B i kg B = 4R T Dy B, DA R B A R R R
Mz, HSREHES RN WIEREE, NSl g m e, B
A 2R T S AR I & 7 v A AR B B A Le o . R BT FE B i B R AR A
SRR EER, BN ERESRET R8N ERARRIT T &
FIHIT 5T .

2020 4, KwiatkowskilPHILLyk 22 B BRI AR R, 56 N A BOLHEH#
(TLS) HiEFA8 M E R, Ra NN KSR ASRE . il =48 il = Hils
58T 5B o i 48 B R A% 45 Al SO & A AT 6T bR B R, O IR G TR AR M R R
Ak AR, BERT TR KR 7 6

2021 %, Guol* 144 LiDAR 56 ANLIT 545 52 M & BRI 1 K5 B2 4K 45
R 2% TV 1) v K 2 M, DA 2 L R O & ZE IS IAE 0.5% LN, BfEG N TR
AR R 3 5 5 e e BRI, R 7 B RN G R A AR T HE DUKS 2 AL 1Y
)RR, KRB VAR T B, T SR R I T %

2021 4, B XDPONE H S EOR B CE Y TR S S s A, (H )
Alpha-shapes B yEXT H B H & Rt AT IR 5], FF@Id Pratt k00 4584 7= A 1



HE TR AR M I A S5 A R R RS VA T

PR TEAR, SEILT MR EE AR T A I, RS R B =K.

2022 4, GravesU 7V i AHHL G JE B 2 B MF 2 HEAT T ORT S P9 B Y 1) v Ak
ST, R B A2 T R S BRSO (RS DL E , IR T M3C2 AR
A BB S AR . A IRE, I VERRZEL 1. 3mm L, FAIE
B 1 9% 7 VEAE M G 45 A 60 7% I & o ) el AT M .

2022 4F, FENDBSRET =4O HMEARE Y TEBIL RN =468, i
KIS = BIRm ) A Ao B 5 U S & 50k, Sl TR RN M SR m R . P TR
XL TA) i A% (0 R AR 0, R Rk B R 4.

2022 5, XulPMHE 7 — Bl e T o N HURL o2 1) e 2 4 B v Aok W 7 7% . R
Z A AR BSR4 S 4R A, O A R ST HE SR B AR R
7 BT B B B A ] R R T HOR ST MR S 4 M I RS AR
5 S At b S IR B 22 LA 26 B ) v k. HE A &

2023 4F, FEIEBRUOSE T Z4EMOL R R L M 2 A B B =4 R SR
Hod i s PR . PR LR B SR S A bR R, SEEL T A K il M
SRS I, i R B A S R TR T4 T AR R T %R

gE LRI, X TR MRS KBS S, 45 AL 1 Ae 08 I I (g R
Wik, WHREM P TERMBNERGEEZ .. D=4 a3y 5, @
ERFAE S s SR IS M T BRI M I m A . BT RNER RS 24t E AR
BEMRA . HEATEEAREER G BN D, RSO LR = 4E 5 s A
REEA, A VERESMREE, A —BIE S T U A B A R RS R T
DA R A S5 N T30 5 1 v DR R A 2850 26 1)

1.2.4 5 4niR 72 #F 52 B AR

R S5 oK R o IR ZE R T . RS A R R 2R,
GG WELBE . WSS B T E, SR T T E
JB o BRI, K A3 U R 5 A O R S A A 4 R D B A A L B R L, AR,
BE&E C AN AR S EHE AR AR, BT EGEE0R0 AR R S0
P05 R A I B H S B R DL R IR AL, T
BE . FET g, BT XEAEKNEEMNHAREN Z, REFHEBSX —H
REiE IR T RERANNTEA

2014 4, Lit20DR SR Skt M 37 251 R4, ZnE R KRR
PG R B B % AR Jl IR Ab B 5 V20 i B B2 5%, e AR s s RS 2 9 sk b a2
AT IS AL, AH I 2 5 30 288 5% 5 0 1Y) 58 B AR )

2016 4F, LiulBMEH 7 —F 2D BG4 Y 3D Y E @456 R4 T
Tk, e 2D B SRIR4E S, FHiEd 3D Ed e Mg 3D E,

8



Al 22 L 3

DA S L 24 5000 25 1R RS T AR AR 58 AL

2016 4, Amhaz**\ % TR EXT LA E . M RAESEM, BET
— PP A HT R B A Bk, A TR I g B G R 24 . S DL MR AR
AT R N E, AR 7 EER 06 B LA UART T TH R RRAE AR 8K THE
X % T R GE AT e AL, IR R E] 83%.

2016 4, Shil*> &t —Fhogr B 248 1 0 77 vk, @l fla A 4y @ iE R iE (ICF)
3 o RAFE SREMLAE AR (RSF) 2y BHLH], ME T @A ERIN 245 .
ghah, BRI HEMATX g SES, NTFERUEULMINIE RIFER
B, RS BEE B 95% .

2016 4, Talab ZEUCMEH T —Fidh & K (Ostu) 52 R LI 2L 4%
R 5 9% . %5l K EH . Sobel JEUL RSN 4D, WE R EG
RO IR X IR, BJEA Otsu ik 2 FRMe s A 3= R EE, (HZ 7158
[ 5 % S B2

2018 4F, TRV N X kB E N E Rt RS E T S8 e R
B Aar RS FE IR — R/, $2 1 2 H Sl 2 M AL BHME R £ T =, A ik
Pl T o G R S A BB . JF HOE I T AR SR, IE B 6 T R O 2 4%
(U RS P AL B 84%, IOUE T AT IR 7 VLM AT SE A

2019 4, Yu SEUBIE T ILA ZLGE M 7 R B IR B IR (A&l &) (1)
W) B, B H R R AT 3 0 B R A A B A I B PR o 38 W T - v B R R 0 SR
K 248%, e A AT BB AE . %7 iE %5 5 B K E % 78K
ARIFRI, FEEWMNKEEER 95%.

RUE H a3 F R R R AR TR T 205, HIERE RS bR
NG EZ . BT HS R, . BREEREBRAIEER, SHHEEZ
thEE AR . fERBIBEFY A IR0 TAEF, JeREAHENYE A EAETIE
K, TR A 3 T B AR 45 05 A U 7 92 A8 S IBURS 2 5 300 T3 THI I I 80K IR e, HE LA
SR TR R

B A VR BE 2 )RR AN & R, DLIR FE 2% ) 9 Bl i 247 R 0l B R B 2 o
SE A B 2R I A0 3 R oG B B RIE AR T ). AR 22 2R AR T I B A K i & R
AR R AN BIE 0L b, R 4 B3 1) R R AE A N IR B 2 SIS AT ISR, AT
SEHLRAG BB B R, 3 P R A N B R s B 100

2017 4, ChenlOMg 7 —Fp LB FE 52 ) N BE Al ) R SR H AR o 1% 7 B
AR S N E s, 456 CNN FIAN R DU (Naive Bayes) 52 AR i 2 48 4 I 1Y
AEFYE A B, IR S IR IO UE 7 AE R AR AT 55 b (R A R A RE AR B

2018 4, Chal' 4 7 —FE B X - H R & M 2% (R-CNN)D 1) 45 8 ML i
RO 5 3%, B AR AN A S TR RAE N S SR M R, R RGN 4K

9



HE TR AR M I A S5 A R R RS VA T

Y5 DL RORE AEART I A, JRAE MR AE BT R T SRR SR A M AE SR, DA SR X &
FE) 453 4 R 200 1R A A 4% 5 DA

2018 4F, KimP2MEH T —Ff 5k T 08 B 2% 5] 1 oR (1 24 4% | 2100 S5 ke oy i .
ZTVE LB R & I 48 N SE R AR, i . R N £ 1 A RO B R R
FE TEBMZ M E. ETHRAEESE, FH CNN R EERE LR
SCRPARA B AT TR RRVEAL . RSTRE S HREE T 90%.

2020 4, Laul MR T — RS0 M U-Net W22 E0R R 484, 38 I 2
ResNet-34 i35 5 SCSE B /1B &, 456 F W1 2% 51 285w S it =X
GRS INSGR, SE3L T 6 T R S0 B o 38 I 0T i 5 10 1 % 2 4% 54T 30 E
WA, BT e v B R AR R IE 96% .

2020 4F, Zhang PR H T Tt YOLOV3 MR R R vk, Bl
Al AR E T B (MobileNet) 5 CBAM W& B, SZEL T M G224 4% se it
kG AR, KR PR 92% .

2020 &, RenPS G HE A #E T CrackSegNet MR IMELL, £ H ThEiE
TR LM RTINS E R, ZEMETEERMAEMNE &I, BE TH
IESE I F T M2 2 REZ S THESEZOBER, BdXMERIRIT, RESL
LT MRS B 4 R s LH 2 2 RERAE 22 2], FF PR R 2 18] 43 9 3R 1 ) i O 3 4
TR R IR, RV EIAE] 99%, S FEIREER 72%.

2022 4, FHjeh A DOV ot B T Ao ) R T AE AE AN S SO IR L B K R 7S A R AR
ST, PR T — AR T BR o B R AR T R . oy Rl B S S
V] 38 T 50 R S 0 PR o0 1), o P R AN MR, RERECRIE 4% e B, MREfR
BN, AU HER B IL 90% .

2023 4F, X BTN FCE 771 & 2EAT 2 2L 85 1 Il i (1 Fe e M 5 il 2
2 PeleeNet 5 YOLOV3 &5 & WA . % 5L @M gl & A [F & 3R AL e Bl iz 5
RORHIRTE, AR E A 0 B ER AR R G PRBUNS BT R R, HESH
MR 30%. 2, 7E AP50 1A E] 97.68% M [FI I, A il o fE 1A 30 Mit/s, 1&
M TARE J1°F & B4 ki 1A

2023 4, InamP3HRH T 454 YOLOvS Ml UNet f) BB BV, HEET
YOLOvS #ATHr R RN M 7K, 4546 U-Net LG RN H S5 EML, @
o SEESUE B T H TR BE AR B 99%, A AR M R A8 RE VR AN SR A T AT AT B
R T7 %

2023 4, ZFEREFLIGEEEHF R T —MIRAE® RN RS, @ik asH
ML (FCND WE o %168 77 5 Ab 22 U1 37 Mk 22 8 7Y (1 Y 58 Rl & L 1) AH 25
H, UL T IR LR RGN AR . LA b, G I SR B B CR
W) FEHHEE, 2 REISGE, ZEMNEBAESRASE FRE R4, 2

10



Al 22 L 3

G ROT SRV A X R ZZ I HIAE 10% LA, i 2 TR K

2024 4, U EPVEX B AN A BRLEEE FH RS, #REET
GrabCut 57 IR EE R 7% ke bR TSI B 3hil), 8T H Ak,
A ROBERC N, BIF 58 R R P 1 % THT 2 4% 5 6 o WOt A 0 A ok 35 YAl 45 83

2024 4, EIEE B L OE I R G T TR A S IR AR U S T
PR T — BT R S 37 5 AT S I RR I RESE , IR & T T — 5 50 B (10 A ) 4 3
RBEVEAS AR 22, Jh T P2 5 ik S BB 2 48 RO iR ZE vl B I AE T% LN . 45 SRR W,
ZITIERE A ROB BR R GE N P AE R AL AR . Ju M B2 &5 4 45 3 1 R 2 B AL v Al 4
VA 1 1) A SCH

AR S, gtk T BRI 0 R0 7 k2R R R R, Kz e
M LA AR B AR N RS IR TAEMESR. Mk ™, ETIRE¥IN
P IR A DT EAERG JE MR TT A RIFERI, YOLO. Transformer 554541 C
FE S HUH0 VA 01 S AT 22 N . R, X R 4 BE AR AR KRR B AR T
Bl S P R AL, 8 B0 B AR a8 B 35 SR TR A [ R RS S iz Ak e
BRI, ol i R A T Bk BUE & HoA B da g, JFFE e R ol b #% dt w1tk e
WU O R R, A A E— B IR AR TT

1.3 EEGEHERERASITENARIINR

25 ) fit IR ZS VPO 4R Dy B e 45 4 g JEAR B0 19 A% 00 F- B, 388 3 X 52 Wi 45 A 4 BR
PR 2% T O B 45 s BE AT A TN -5 0 A R S UL 45 ) MR R S ROV E o X T TR RE S S B AR
25 1) B AR i R A A S HL R R B, T D9 5 R R R ) da 4 IR AR 3R E EAK
o ST A 25 R g BOIR S PP U AR BRI AR S, B CUEAY 2 v
Y ORI (P 2 A e R ) TSR KR A R R AR AR AT N T ke
D, I A A I 25 R A H A BOIR S . AR, AR AR BRI R AE
LML ARG, BTy R LLER & 25 R A TR AR 2 Ta) RO IBC AR, 10 il DA 7 1) 7
BARE. LK, BRp Mk, BEWIEEE P05 55 U5 VA 8 i i N A BOIR S VR
HOp AL, Rens il B o A 4 A g BEIRES, AR R AR R SR & VRO R B A
ZEME . BSRWREAIN T, ENIBZEZEIT T — RIRN BT

2015 4, PR S5O RHE B 22 10 25 M g A DA R T AR A B O RS IR, M3 T AEAR
TR e MF R Ak VR AG TR AR A & o a0 a2 P SOt ) = B TR IR 23 M ik oK B A R A
BUEE, i BRSO o] $h PR R A 52 i Ak 55 4.

2018 4, FKRICHNSEICTYIL @ AL 7N RO 28 & PR LR, JRAE BT 2
BRE AT 7SR BOE Y, e ARSI TR A R SR S O, DR SR R B T
TESRAL VA R R 51, AEW] T TR U7 R A A AT M

2019 4, BUEZFASEIOOTER X Ak AR ABCOIR A B9 K Y AN A5 R - A A A, M

11



HE TR AR M I A S5 A R R RS VA T

T DA [R) (R 3R Oy ik AR &, [) A S o A R I L AP 5 ARREN 1k 1 DR AR A A 3 DR A
B, I HESEM R RIGIRE, #BEERRRES SR, DLk S22
AR A 5 K B IR AR ASOR) AT 5E B 0 T

2020 4F, pUEEEOTIE 0T O B AN T TR EE LA A A, B — IR B AR,
) S AT 3 FH T VR A 5 A JEG AR 85 A %) B SR B L ASTRY T SE FE ALY, IR R
BB ALK (PNET) SFx R TR AT 7 RSB A] 58 52 70

e THAM 235 AN T B AE AR A B 2 UL SR S, A 50 S B RS
BT 2 MR TT

2020 4, Cheng %5182 H = 3R X 2 BT VR 7B 7 okt . ot )
W75 ] LA TH 2% 2 B AL & BT R I AN H e M, DA & 5210 (R 3R 2 [A] A
T AR 23 BRI, 2 1T e IR H R ASOR VR  J R A AE H BE O

2021 4, H 3 %00 i ok #F 09 w7 B M 4k 55 9% (Particle Swarm
Optimization, IPSO) AL F BB, DUER & VF 0 48 A5 11 W] 5 1% A0 2% WL
UESE T 1% 07 VR AE VRS 22 4 VR PR oh i A

2021 4, B H U TR LS, i FH AR T AR HObR BE 2 R TR R
BRI EAACE, RS EdETRAOEAAN TR A SR U ERLS S,
DL 6 = WACE I DAL, AT 008 7 F AW 2, 32T 7 BOIR S 28 & VRO
(10 2 W

2023 4, JAMHRUTICREEE IR IR TR R AT, DL 1-9 AR EEEE AN H AR TR 4K
bR FE L T R i e EMALE, [F iz H 5 AL7%E (Entropy Weight Method,
EWM) SR 2 WA E o Gl I 03X 9 A 7 ik i AT 45 G R T RCE, G5k T 4R AR
L iff ST 1R 2 M1

2025 A, 5 R U2 VERO0F G A R A A A XS PR AN T, SR T AT
JZ IR 5 BT -H BUVE B 22 B VRN iR . T VRl B AR SR AR R R,
ER A IiE S EGE (EWM) &G K EZ SR E, NimidE— 2R 710
12 W 5 R 2 1

gi LTk, BOMIZEE PR RS R RS PP RS R, EE ARG
fRRERE LA PRI T RBNH, O 2N AR, MRS RN
e AR S TR TAE A o SR, ZE DA BV Al (i BRSO vE o R b, 3k SR
P A% g8 i Aar I 05 U0 PR R R & TR AR JeOT o b, AP AERCRAR. A= . ZIRK
&R IR .

1.4 KXEEHRASB

ARSI T e 3t T E X B AR R e H —— (T2 InSAR &
NS BT 6 R ) K S R S A MRS VAl D 9k ) 98 R AR AROR T R TR

12



Al 22 L 3

H—— (T “R-2-7 — AR 45 M B 00 ke I SORS RS a7 )~ 1
FI 8 HARB A —— (R T R4 — A A 0 2 il 60 e 45 ) 22 4 I 0 B R
FOY SFEEEIHE TSN, R R AR TR A 1 AU BOIRAES SRa VR . iR
THBERE 25 K i RS VAL R0, BRAR PP A A, BT FEIR AT e 2k T B AHLEAR
() 2= 3 R A S I A R T IR S IR DR A DT IR A . Al “ R
S BRI B, ST - EIE T A A S e RS W iR R
AR REAL . BEAAEOR SR N TR AF A ARRCR . mscAs s m U5 i, B
S AE i RORS I ZR & VR . B ZEWFFE AN FELR

(N e

! mmren J

‘ Wl l, e

° #:T AHP-FCER IR BOIR S 45 A VE ‘

— T - L

HIEEMEUOFN AR | B R

Bl12HRAS

(1) HET “LW+aFE” SILmmaE B RE, SCHLERE S0 & R0 m g
B, ERTIAMRTRLEAR, S6EMEWEELE G, 8 —Fsotmk
NHUFAR R BT, I 91 AR T Ze AR 42 R SEIAT & I SENF A B, 42 & 5
BOREE . 100 n) A RS B R A . [ G s T T — Al F TR A R R
BT, P XAV R . KIEE R e, K& m B8, a2k
BT 5 3 (ARG 17 448 1 1) 2509

(2) fhE Sm i 25 X 0% EREE S, JF e U A 45 0 = A 2 i 7% R 0l o
o & F 8 (Principal components analysis, PCA) 5k DL M % B 6
FEREL, N B KRR B R = 5 AR R AE T A = dEAT SR A, I ok 00 & RRAE
Rt MR & LA B m A2 IR 0L . AR B il b, Sk — B SR TR AR B
IR, BT Al A F iR s — MR S ik, JFEd s
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HE TR AR M I A S5 A R R RS VA T

1 5 = 1K 56 5 B A 1K 56 96 0 B i

(3) AlA Z KB 55 YOLOVS IRES I HOR, I J i Al 22 1 45
i BRI . L ABLRER G T, Za BB FIAMEENL > REE, #
BRSBTS . it — 03T YOLOvS BRIz AR D S IRGINE R, 46
T iy AR PR BERFALL B2 H b 2 T 2 SN R S 10 O I R AL S o ) s M Hhe
EHATZRERY R 5T, ERCEERE E I ZRadE T R 2% w0 R ) B IR
AR AL, JF R ARl Al A &l SR AESE . B A 3R AR
G, SR ARG AT 55 1 R AT

(4) HeT R ZUREE, ST IR S5 A RRES R B LR GF
o &5 AH 5C SCHR MEVE 15 TS 45 M R i, F S — 0 Y T VB 110 £ B VP A 1 A AR
F, JRfEMLEEAL BRI B R BTk CAHP) A RO E 1 R & VR FiR AR AL .
a2 VR EE, 458 InSAR ARJEWUE . Wm @R A2 IR0 5 5% IR S A
HIRIE TR, M — B A R AKX, P 8 R R A A &, JF R T AR
WAV 5T FEPEAE A AR S Zr 5 VR A, D9 M iz 4k 5 8 B4R ERE A K
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Al 22 L 3

F2E ETERANMRRS RER EREZEREMR

2.1 3|
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KK F. B, B EARS M E AR OREE R T R S W IX 28 38 b 2 T8 1) 58 &

(721,

B, VA RERORES B AITEFM R R B, EDESRZE. P,
Wzt W AVENE R IR B bR, HBEO A& RN Z, JFK X i
WZEF X F o BAR I EE S KR N E ML, M2 fl M3, 8RR, e miE
Mz EHEME AR S NHER, RERZEAR TIFNERINRE, &
TR E B KRN N1 N2, N3, @BidS% (FfzLEn S0 (T
/ CHES22-2018) (0215 (/K T V& & + 2 50 9 8 b A 900 A0 F £l 80 R B2 )
(DL/T5251—2010) 3, g2z %1 H Anifi € &5 M B 7 22 4. HE 2R R AN
YU 24, T AVETR AR A TR B LT R WAL Eh R TR LR . N
DA SR 5 o m Ak, & VEAR AR A O FE S w4 . RS IR e ) DA SR R iR 4%
AU Efabs, ELEMSEE EREM R R, EILE 5.3,

B2 HEEIERASE SN

ENE =2 i AdE s

|
i I ;

5.3 BEREERRSEMITMNER

5.3.2 HEEEZERNE

RAs 5.3.1 W A B R Y R VR R R, BT R IR T IER & 2 HR AR
BUEAE BEAT . B, OE S M RSN L K, FERS TR TR R
W, HESEREH bR B JOR, Gk & B SO0 b T E
B, EIE VB RS IR A E L E A . RN ES TR 5.4~% 5.7 .
Ba, LS EREERE, Wk 5.8 .

HHH

HERE

H> it i S

i 3 310 i S5
3 20 \n o

iR
ik
+
E
E

i et o
A

& 5.4 ENEIERFI BN ERE K

& bR 7 A i A M i M BLE
Ak 1 2 3 0.54
i A A 1/2 1 2 0.30
&R 1/3 1/2 1 0.16
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Al 22 L 3

RE55REUMNREHEIFFBTNEE MG

fabw PUE &4 AR e 22 fii & BE
PR %4 1 1/3 1 0.20
i ) w4 3 1 3 0.60
FESR AR 1 1/3 1 0.20
% 5.6 1& M MEXT R Z 185 bR I WAL E R BE
&b 1 £ i 7% ViR BORTN: WA TR s BE
T 5 i # 1 3 3 0.53
i U TN 1/3 1 2 0.28
G N 1/3 1/2 1 0.19

R 5.7 WA MEX R E 45 #5 H1 B A 36 B
fRbR REEITR REEEEUE IRBELIRE R RELLEE  TRPRIERE BUE

TR TR 1 3 12 1 2 2 0.20
TR 13 1 13 13 12 12 0.07
TERE TR 2 3 1 2 2 2 0.29
A 1 3 12 1 2 2 0.20
TREE AL 12 2 12 12 1 1 0.12
(S 12 2 12 12 1 1 0.12

I 2 45 bR R X &)= F AR &S
iR %A 0.20

74k 0.54 AN e 0.60
i 22 {7 0.20

TR &I 0.20

VR 4 e 0.07

TR Ut - RS 0.29

WA 030 A 455 45 e 0.20
TR EE TR 0.12

R4 = R 0.12

T {7 0.53

& 0.16 PR R e 0.28
R 0.19

FESLIERY b, 3T 5.2.2 4 HF B oA SR bR BUE T B4 AT SR
CEM R AR NE 5.9, ATLLE h, 2R B S R BT 0.1,
B i 3 B R
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HE TR AR M I A S5 A R R RS VA T

K59 —HHERBERK

WEEME R A, —8tEfesrcr — Sk tkEcer  EEEET SR %
HEN 2 3.009 0.005 0.008 &
7 a 3.000 0.000 0.000 &
i A 6.095 0.019 0.015 &
& A 3.105 0.053 0.091 =
5.3.3 IEMERHE
F5.10 WREEBIFRERX >
PO WEE RN S S S3 S4
B 2 4 gﬁﬁgﬁ HoE 2 4 1 Eﬁf%ggﬁﬁ LR At 2,
flf2) e B4 NSO ) O\ I R E 1 2
PN AT JE G Ry 2 4
s 20 4 SEMIRERE  ARERE 1T GER A RE 1R AR Y AN S AR N
$ HEBWELR  REHL4E P A SE G5 w4
palzl N
fﬁfﬁ?jﬁ <0.2 0.2~0.5 0.5~1.0 =>1.0
Ul 24 44 ik E o . . -
R R A %%éjﬂ ﬁ@gff VR 2 4 B 1 24 4
1 g b gk, VR E SR, JEEEL
WE LB EATEE REERT ERFE R R, BRI, BE A
B RS 25 AN T 952 B 4% 1 %, AN
R R E
(K %/K >1.00 0.99~0.95 0.94~0.85 <0.85
)
WA KESH M, N N
WEIRA R RIEIRE (H WA A7 1R 5 b, FF I 5T 2 4
X555 4 ot I, KK R, N 205 V8 Bk 4 ik Tk B iR VI %
B it H R %, BEHmKLNT  BEHEKT 10%
10% L WAE
KK T Tt K AE I B o . . o . 4
BEEBL BPEERE PR W*Eﬁ%ﬁﬁg W*ﬁﬁgﬁﬁg
—p 1/2-3/4 2 |d] Al Al
Gfiﬂ%iF%€% >1.00 0.99~0.95 0.94~0.85 <0.85
/L
Sii ]
ji%??:% <0.2 0.2~0.5 0.5~1.0 >1.0
I I R e
71 (0 +/0 >1.00 0.99~0.95 0.94~0.90 <0.90
)
R ¥ 2 AN & 2 2 ‘ R RE AL W N
wrpe  WEEEE g mmy ERELL T S
- - K TR 5 i iR S e i it i A 7 =
e HoAl 7 2 e

He R, KoRoRLMPUERE; Ko RaR B HURMRE; PoRoRSLN R R R P oo Bt
RYPBREIE s n o R LMWMBE; n RN RFMBE; QKRBT RE; Qo RmnRiFdiiE: ya

RRHER L MBURME sy »Rom HESE S0V BURHE



Al 22 L 3

B VR (R R S IEM AR e JS . W R EN R ERAR R SR, (FT )54
FIRAR VR TAE . S IR S5 R 7 bn Al S A IE PO & sek oS e, Bk &l
SrFRUHEMNER 5.10 A7 .

WHE CUERE 22 &M S M) (T/CHES22-2018) (021, n] F2z i A 31 A5 1R vl %
PR (i RORAS V€, Bb AN, &2 R & LR 5.11 Fios.

*5.11 BEREBRATITEERE

W \ . . ‘
; o — % =% I 2%
Y LY Y N At AN I gi\’/—‘\libk‘ E 4\#
BT, SIS TR A A ;g%gggg
Pl B H A a W WiFESR, Emotkee o

A LA A2 BT
bRifE, 2R

" b
BormR, Eopieis seckuaisbn, G JHEY SRR L e
e MASERRE. EM BBOMEBESBHR e s, TATE @
o UMBARELEM . SRR O VT R
HPEAET, WA RE, REMREIE L L e L SR
KREBRE. REZLBERE. e H e T

5.3.4 ETF PS-InSAR I AHEETHKIAME

HRIALETE XTSI E (InSAR) HARIE THE DM “ WEEseih .
B 5.4 o, 24O R RO Om I AN SR IR, T EIZ G T ARR
AL 3% AR, Bk AW E — B, el ARG S B . X R AL 25 R S8
6V AE R X3 BB B ELHRYE . NI AE B AR B — &R B BRI AH T8 1) 2% 4L
ot AT B T ERE . X P B R IR R T PN B 2 MR A 25 57, T IX
MERSEA@EE R EPIEFREKERIEL R, B4k R0 L AR
(5.9) FFpEL8,

27 2r
¢:7(dM2N_dM1N):7Ar (5.9)

A, AR, d, &M 5 N RG2S, d, & M S
5 N R Z 1A HBE

M, U
Pi \
M, T

54 RMETF LB REE
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HE TR AR M I A S5 A R R RS VA T

O ALAR R A R GUE I B AR L, 1 2R TR S B ik e I e i 1A
HUMAS 5, AR B H AR AU R AIE o 326 28 00 00 K 4 DL 2 33008 4 B 08 X A7 ik
f£ SAR 2B, [FIREE T M H AR SR R 0 A L BL R g R B LA SR
I AH AL Rk 2R

e &G

SARBAKENIRER ERASIER HuERB ShotE ’

1 [ | y
’ ERAEEEH a ;= 1v2 [ S PS FiEER ‘ z"‘éﬁ?ﬁff&iﬁﬁ‘

e Soutl Coer
P -
A E = i "
L, " f
’\A
! 1

5.5 PS-InSAR ,MET%

KABUR AR T E (PS-InSAR) MFLARZOAE T X [F — Wl X 35 1) 2
A SAR FZAZR P HI HEAT IS ZSAH TR0 M, 18 Gt 63 1 A e A BRLA B e R
S B 7K A B4R (Persistent Scatterers). Ji& T IX S840 3% H Fx & 1) T 85 AH A7
R, BV RSB, SCI R 2R FIEL(E 55 KA AEIR RN
5 8 (HRFARFAE LK 5.5), PS-InSAR HFARAEZ RGN T/EH, ML D-
InSAR 2[R/, 3R HUH AR T2 W W B4 A5 B2t 8 sy . DAL, AR 5T R A PS-InSAR
TR R A A T R )P AR T s I e TUE

[® 5.6 Sentinel-1 AL B 2 1&
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a) S4B R SR

)
W mm 2
L . e
sl [ Pl 1k
LA w0,
¥ s VIR e
< Y [ S of
® AT . 1 NJ L
il { L 1k
LY ) \
" - " 2+
"ﬂ =
T £ 3fF
F £
R < 4t
' S
o Sr
== S
. o R
_,"-_,"..—.. . \ * \ -7
J..! -"\/_\ .(\_/ _-/ \V-\ - 8k
. L 2 ~=F I S
£ L E- \/ o7 9k
B ‘hr"_i s 1 g\( ; v \ /\ - n
i \ 4
: =1 h [y -10
. \/-"\.-/ ! \
= "'-’\
. -
0 i W
P G S e b NC S NN

b) EEETHE
B 5.7 TR BEIES IR

AWFF A Sentinel-1 FFEL L EAE 2021 48 11 A 5 HE 20244 1 H 18 H ¥
FSRECH 63 MEEAZR, X HFELBEMBEAT 7Y RRRRN . &7 EAZ RSN
RS A I BR A1), RP 7E 0% 95 R AR Bl TR B BB HE AT I 5, N 3R AR R 11 AR TR T 4R
7 — MR ERF B SR P EREWE 5.6 fin.

b S, $REUAL T B F iR BUN R B R S, TR . H %,
P PS AT AL Z iR E, T AR o B TR AR S S R R AR A 1 RS
X R E BN SAR FIE T HIAE TA/E, SEMERIE. BHERIES ¥
H, WMWK ZiE T EE. BE, @i AW i iE B A sh S g R, i+
P XSG RIAT A 205, AR SR E R AR WSS R £
i, A LM BOEEE A W B3 T S5, DIRBUERFE R . XM ITE
AAAT PR 3 25 (R AE, 8 T] DL (5 e bk, AT B 68 3R 19 3 A2 U R 1Y) 1 A% B[]
P, VPGSR Re E YR e e . o T B AR UM R S T R TR AR R R i 5.7
FlT 7R o

MG o mT LLRE 52 B, ARV AE B DA E B R R AR ARk 1
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HE TR AR M I A S5 A R R RS VA T

AT R R ES, XU R U EREERA T RE ) TR,
ol R E A AR, 0T T A S RO UG, KRR IR R A SO U E AR, UK
#i PS-InSAR A KNG i B AL H A T7 KL TE Sl # A7 4 — € BRI R 1% . {H InSAR
FARAEK AR W B &R RS R BERS, R ZEARNH TR
AR TE TINS5 B W B A AR A A s AR TR B AN B JE AR I R
fil R UEALH, IR R E - S em, SREIEM R RRA, RIEE
FGE R 2 4, SR AT SRS A ) VR AN 2 R
5.3.5 A

T Sof R A s B JE IRPE AN AR R R B QB AR bR, AR AH OC R XS % TR A 1
G N A S SRON VA AT VR AN B B A I, L FE VR E LR R A I . R B R
RE AW . FE @Sk A, e SRR B E E TR SR 3. T A S
NHER, XA B AT /i, A5 3.4 95 ook 56 w5 1 1 IR RF — B,
Fl %8 51-54 =% B A ARV B HE B 1 B3 i il A
5.3.5.1 M AR &5 ThAG

A0 R AR A RS MR DB AR AR AE ) GB/T50344-20190°015 (IR &
A B AR B R BSE ) JGI/T152-20190101,

TR E L N AN A S A BT bR R R B A S T R, R RE S AR -
TR T ST Y B h R R, PR AR E MR . AIH R B R BALE,
R ZT101 99 55 5 td SN 5 VR 4k 2% T P A B 52, R 40 X 7305 45 b = A8 1) |l A6
FORBRE R/, I A 2 5 5 T B DR FE B . AW UAE 51-52 BB — LIk
X3 GUX—), 52-53 5 53-54 Byl B —MEBKXE GIX =, WX =),
FL =N 0 DX 0 A s L, Rl g R anER 5012, R 5130 K 5.14 iR

[ 5.8 4R A 45 1 AR I 5T 72
MR & 45 5, KHE GB/T50344-2019 25045 F& M F2 AR bR ) 0I%F 4K
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Al 22 L 3

75 B IR B FE AT H A . EIX — . WMX =, WX =25 ET 35. 40, 30 4
W, P HAIE 4 B N-76. -246. -250, MELEHR LXK 5.12. £ 5.13 k%
5.14,

F5.12 MX—Em R

HL Az K

A & Bk K N 2% R

(mV)

-200~0 35 100% BR8N, 298 5%
-350~-200 0 0% BIAE R 2N 172, H—EME =4
-500~-350 0 0% B R AR TR RN 95%

F 5.13 MEX 4 &E R

BOACE s sl ol 25

(mV)

-200~0 10 25% B RN, 29N 5%
-350~-200 30 75% BIMRE R 2 1/2, A — MR YT
-500~-350 0 0% W RS TR N 95%

F 5.14 X =# N &5

BOACE s s o 25

(mV)

-200~0 35 38% M RN, AN 5%
-350~-200 58 62 % IR R 2 1/2, H— MRS
-500~-350 0 0% W R AR TR N 95%

5.3.5.2 BE LT InERE SN

SR F [0 382 6o VR i - 470 e 5 S 3R AT AR I o SR 4 A 00 T A2 XU AR T A K
TR 2 oy e, B A ARER M BB T 5 0 A0 TR A AT A D

Hordr, 51, 52, 53, 54 SHZE P EEANFFSLE R 10 AN X #EAT R I, 0 e b
RO PRS2 A0 T 43 A I 5 NI, AHEZE AT AN B2 R HESIINIX ;s 51-52,
52-53. 53-54 SREE RIS Gk EC 10 AN X ARSI, 43 R A6 P00 R B 1 P )
Ay A 5 AN, A EEy R o ai 10 MK, 51500 T 34
SERI P R ue AL, I X e 16 AN AR .

T ok VR 5 A A% N X 5 P e A I AE . bR UE S, T S e R
HARE 7 vk S 0 IRl 5y 46 I VR 6t 1 T s o FE B R BLFE ) (JGJ/T23-2011)
(102155 7.03 4,

FAEYE R HE AL S5 M IR BT R B 20045 400# 7R 4t L hr 5 (IKHE IHFRE GBJ
10-89) ik, WIBIAT CGREE LM EIFHIEY (GB 50010-2010) O3y 58
FEERAATHE, 208 C18 5 C38 IR EE 1.
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R5.16 ERBRRLMEBERMER

- ] — ﬁ;}%;ﬁ{% REEL PR (MPa)
A ot X % i3 . i
BEs (mmy  TEME RRMEZE BAMA MM
5 1#% Kl HE 2R 18 10 6.00 31.60 2.00 28.30 28.30
S2# % Kl HE B2 18 10 6.00 37.50 4.24 28.50 30.50
53# % Kl HE 2R 18 10 5.00 26.30 2.38 21.90 22.40
S4H#E Kl HE 52 18 10 5.00 24.90 1.93 22.40 21.70
51-52#F fif
38 10 4.00 40.10 3.82 36.40 33.80
T B -7
51-52#7% il
38 10 6.00 45.60 6.22 31.50 35.40
& B - bl
52-53#F fill
38 10 4.00 45.50 2.13 41.30 42.00
F B -7
52-53# fl
38 10 6.00 53.00 3.70 47.20 46.90
18 & - bl
53-54#F fill
38 10 6.00 44.60 4.79 37.80 36.70
F B -1
53-544 fl
38 10 6.00 41.90 3.60 33.60 36.00
18 & -kl
51-52#F filt
o 18 10 3.50 36.30 2.33 31.60 32.50
PR - EE
51-52#7% kit
" 18 10 4.00 44.20 5.50 34.90 35.20
-
52-53#F fill
o 18 10 3.50 27.30 2.38 24.40 23.40
PR - EE
52-53# fl
. 18 10 3.00 44.60 2.73 40.80 40.10
- e
53-54#)F flt
o 18 10 3.50 30.10 2.97 25.50 25.20
PR - T
53-544#I 18 10 3.00 42.40 4.33 34.70 35.30

R e
MBI E S, BELEEHEEENR 515, NERBTUESE, &
U 45 SR R R BT R, AR, MRAE (UK TR L 454 B TE) (SL191-
2008)107 1R, K TR IE T BB A KT C25, ORI 4 IX 0 0 VR B
FE B FE AR 3 A2 AT R
5.3.5.3 BRLRER
TR EE LA A2 T P88 COi@ i FLER Y # 5 7K e KA 724 Ca(OH)2 & A= Al
RORE, AR RO A, BN E S BOR B R M. R BR AL 1 IR
+B2HYE, Mk e TR pH {2 FRAK, AT R e TR A A P A AN
RYIRE . Bk, BALEREAE NRIERE L4 MBI E RS e br, HAE
IR R M e VT A B R L0104,
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B 5.9 BiLi& T2

AT TR Iy B AR 7 70035 3 AT U R A0 R P I . T VR s [R] BRE  E 5E
YEJG, 1E 51-54 SHEZE . 1E 51-54 B G EALM . 51-54 B9 4w bl 5 5l &%
HE—ANIIX, =i 16 MERARKEMWIX, T IR G iR E
& TAE.

#*5.16 BERERRLIRURERNER

akes AL IR PEAE I AE Cmm) I BRACRE (mm)
51#UE R 2R >6.00, >6.00, >6.00 >6.00
524 18 HE 4R >6.00, 5.50, 5.50 >6.00
53#IE 18 HE 4R 5.50, 5.00, 5.00 5.00
S48 HE 4R 5.00, 4.00, 5.50 5.00

51-52#U A8 5 - 55 Ml 4.00, 3.00, 5.50 4.00
51-52#U 1818 & - bl 3.50, >6.00, >6.00 >6.00
52-53#UF A 5 - rE M 4.00, 3.50, 4.50 4.00
52-53#UE A8 & - Akl 5.50, >6.00, >6.00 >6.00
53-54#UE TR 5 - rE M 5.00, >6.00, >6.00 >6.00
53-54#UE A8 & - A6l >6.00, >6.00, >6.00 >6.00
S51-52#0 4= -5 Ml 3.00, 3.50, 3.50 3.50
S51-52#0 A= - bl 4.00, 5.00, 3.50 4.00
52-53#IE FE 4 K- ] 3.50, 3.50, 3.50 3.50
52-53#E FE R - b 3.00, 3.50, 3.00 3.00
53-54#IE FE k- ] 3.25, 4.00, 3.25 3.50
53-54#IE R - b 2.00, 3.50, 3.50 3.00

M4 IR g vk A WU VR gt L bt e o B R ORMLAE ) (JGJ/T23-2011)H02%E 4.3.2
M, s RFEREMAE 0.25mm, T8 = UK IEAE N B & I BRA TR
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HE TR AR M I A S5 A R R RS VA T

B, BAREFHETREHZE 0.50mm, KNERWNE 5.16. WTLLEH, MK
R EELRFFAE 10mm 2 N, PUBRAGIERE R 47, W 2 TG 2K,
5.3.5.4 RIFEEEKEN

W AORY 2 R ORISR B WA G s /N EEEE, K E
LRE 75 RE SE M AT AR A ] R B K SR, SRR R RE S b RS R L PR ER AR Tl %
OB B 55 2 R 2 52

Ry ZEEREE NS AE, KRG DA AR AFEZERmW. JE
MRI E g e B B, e MRy 2 EER S/ T
B 57 5 TR L IRORG 4 0 R R AR, W A M I A, WON IR 2 R

FE Y 2 T 4 42 5 4 T Ak 1) B B R

B 5.10 BB LR EREERN TR

AW TR 25 FORE 2 1 T ARG W 7 9 R O 6 U A AR B 2 R R A DU T A,
AW 5 AR 35 T e R SN TR, 3 Ik A BT IR Sk FR R 3 2 R AR B P AR R o
A, HEE W BLAR SRR B B DR R B A I A SR A RIS 4 R R
2o NBRORAT IR B, PRI S AE 22 5 A MO T R 1R iR E VA L, s A& HUE RSP 3
EAE X AR 2 R AR A

AR MAE 51-54 S HERE L 4 AW XA, 43 50467 T HEZEJbml . HEZE me
M HEALAR . FHEAE TR, AT o HE AL AU T s 51-54 855 Bl S Al 4 AN
X, 43 k5 b s B v . ARk AR . RO/ AR ue . R OK AR
vig, A INEE RANER 5.17 Fios s

MR CRE 450 TR T RERWiE) (GB50204-2015) 031, Zhaf&
P12 JE FE A VR 22 B3 2 R 5018 ER,  [A) A H E DA R B R

D KA ERT 90%H, FlEftix &

2) KA HEFANT 90%(H KT 80%, HHMEUE FIIGL, PRI & R
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KT 90%, NHES

3) ARE S m Z AR BT L1/4 RYEESE

z5.17T WAHRIFEEERNER

WIHHRTTE o mr s ommr Ak

Fowmmts BRWER (mm) g BARE RORER etk

= Cam) (mm) (mm) (%)
SI#JEREHESE 42, 32, 47, 46,
e 38, 44, 40, 41
SI#UEREHELE 43, 40, 49, 46,
Ml 46, 45, 43, 41

! SI#JEMEHESE 49, 44, 45, 39, 40 >3 32 4%
R AN 41, 40, 38, 42
SI#UEREHELE 42, 48, 45, 46,
Fa 47, 46, 52, 53
So#UEREHESE 49, 50, 44, 47,
Je 43, 52, 47, 44

So#UERE SRS 44, 52, 54, 55, 40 36 32 78%
5 Ml 51, 56, 48, 44
So#ERE RS 45, 36, 35, 39,
RN 37, 42, 42, 40
So#EREHESE 35, 39, 42, 45,
Fa 43, 32, 37, 41
S3IHYTREFELE 44, 42, 45, 48,
Je 46, 51, 52, 49
SIHYEFEHESE 41, 44, 44, 46,
e 45, 45, 49, 41,

3 S3mm i 38, 37, 37, 35, 40 33 33 4%
R AN 41, 43, 46, 50
S3#PEREAESE 52, 49, 50, 53,
il 47, 46, 47, 41
S3IHPEREFELE 46, 47, 45, 44,
Je 41, 41, 44, 44
S3#PEREFELE 50, 49, 48, 46,
A 50, 48, 47, 38

Y S3ummHEA 40, 37, 38, 36, 40 33 36 94%
R AN 41, 39, 41, 42
S3#PEREAELE 42, 48, 41, 46,
iRl 45, 55, 55, 47
51-52 /8 5 37, 34, 29, 29,
J6 ) 7K i 26, 25, 22, 21
51-52 f& & 29, 28, 28, 30,
A6 A0 75 v 37, 35, 28, 24

5 30 42 21 94%
51-52 1 & 30, 30, 27, 28,
T I 2R i 33, 33, 26, 33
51-52 f % 30, 29, 30, 42,
A 75 v 27, 36, 34, 31
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B R — AL I IR S e BRSPS T 7T

(B:3R)

52-53 f# &
JE M 4R s

52-53 i &
A6 75 v
52-53 i &
A 2R g
52-53 f# &
A 75 g
53-54 1t &
JEAM ZR v
53-54 1t &
JeA0 75 i
53-54 f# &
A 2R i

53-54 f# 5
A ] 7 s

36, 31, 33, 33,
33, 35, 30, 31

31, 32, 35, 32,
32, 33, 35, 32

30, 35, 32, 28,
30, 34, 31, 33

24, 37, 36, 33,
30, 27, 29, 34

25, 26, 27, 28,
28, 29, 25, 23

31, 33, 35, 35,
28, 27, 29, 33

27, 26, 25, 24,
21, 25, 31, 24

25, 31, 29, 32,
31, 26, 27, 31

30 37 24

30 35 21

100%

97%

R PS5, 7 DMK FAE 6 MERKRRIER 90% L £, PFENGH, IR
1A X &% AT 80%, HIE A G

REISNAHERTITEERTFRER

VARt R MZE (mm)
7k +10, -7
i +8, -5

5.3.5.5

L= SURN: R Rl

AR B Bk O s, R S BRK L=1967.5m, &ilIE2.0ms,
KRR 2.6m/s, fGH% 1.5m. B UEHER ARG, Bl LiFKE b
=0.78m, V#E V .=0.99m/s. K L/h1>15, B AR & i i 4% 8 3 510 A Rt
B, VR (5.10) 1106,

Q=

A 0 BiEHEHITHEE (m/s);

A: FEEGAKEIHA (m?);

R: KIJ¥4E (m);

ir MHBE, i=6.685x1074;

n: KR4, B 0.015,

Zt L, LEMAE IR E 0=2.0m%/s I, #iKIE b w=1.25m; 4JET
IR E 0=2.6m3/s B, Wil /KK hy=1.55m,

N |-

2
3

1AR|
n
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RSO EESEMNEILRE

& A SR (m)

FHEE (m)

AN N AW NN =

1.533
1.532
1.530
1.519
1.527
1.534

1.529

R CGEBMSHKRERERY B E) (SL482—2011) HOSTrb 5 i = #l
E: EWIFAE TN, MEEEDOIIFE KR 1/12 5 Sem HEKE, ZRA5E
AMET 1.40m; FEIIRRE TN, 75 R UE K T 2 S0 A T 5 25 AT 10em,
IR S EAMET 1.61m. AW 51-54 B EBAE R A S k471
SR, R RN R 5019, WA ST EELAN 1.529m, KT &R
IR B S/ R R, I N T 0 KU B A B b o B R, N R R

Ko
5.3.5.6 fET &=

HAEPEREREE S )W, 1M BB E KR . ZWKIRL 1.5-3m, 1 iE %
135m, JAiBETEZ) 80m, /KL 55m, /KR TTIT 4k S 1 i 5 7A 3 TR

RS R, oA

5 2 B R

AR, Toi BIEAR AR, JE R A T

X029 HFHABME 57 SREBRIETTEE, ABMUEGEHFEMESANT
SN EE . R (ABBLRITHE) TG
D20-2017) U155 6.6.2 Kk ME, FRABAEN=HAH, HBiHEmMANT
4.5m, WERHZEAEFSE 20.32m, FE4 23~25m, T R FE SR R AT RLTE

5 Om’ /\E%’Im’{j( }_‘_‘Q/j 60m’

R

WA CEMSHKERERD B EMIE) (SL482—2011) 1061 52 3 &K

S, 2 R I8 BRI s T AR U I

ITHRRME: NTHIES S =2.2m, &

/MR HLIETE =2.7m, Zzﬁﬁi—ﬁiu;>3 2m, HLBEHZEIEIE =3.5m, HAKF
T =4.0m;  FETA A e, 2 XU R AR R AL KA e RN T 1.0m (FR
WAL /0.5m CERIED, HECPE M B S T Som KA, U HESE M o i
AN 2/3 HEm A, H T ORUE HE T 2

AT FITEE K .
5.3.6 MHEERREE

BRR, AW TR AL S R

35 55 A3 R A (A2 R

bR =1.0m. 25 b, JEAE S 2

SR AEE, SRS IR, O BER AR
353005 A ) 5 U A BIE T R B T AR Ml . AR 5
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KN oy A HEXRT B TUHE bR (1) 22 RS AT VRS, FEXS 3 e A 10 SRR T R Ve L
k.

X 6 BE Al 2 F8 A B VAN AR HE AT LA A 2R e AR E A E AR E . 6 TR
SO AR M 5 VEARHE VP AL B0 4B bR, T ACHE I AE A R A A R L B E IR OC PR A T
DA G R 5 28 56 R VP Al X 8 48 bR o6 PR A bR v 9 IE R . X TR E =
PR AEPEAL I FE AR, UK 48 B0U0E 2 B 45 SR R0 22 5 S A B BB, JE R B geih BR
ke KRR . &4Bn &P TES K 5.10.

RAE GRE L450 TREE TREREHE) V), M&nirimzZA 10mm,
HFEEEARVFMZEN H/30000420mm, & EWZE RV HE+30mm. 4565 3 ®53K
BAHEZE., e mEEE, 44K 5.10 FiFEmll, e me. M5 mig
PR BT, Wk 5.20. F 5.21 iR

RS20 EHRERBEREEHE
S I A 22 1B TV 22 1

GERIERAL AR ( P2 B
mm) (mm)
- fhg 10.1 10.0
S150 Wi K- 7 + S4
T 7] f 72 17.7 +30.0 3
- fhg 62.2 10.0
o5y N THE s s (0.00, 0.00, 0.50,
3 [1] i 75 17.9 +30.0 53 0.50)
- fhg 53.4 +£10.0
$3.54 i B 7Kt 7% 4
T 7] f 72 19.0 +30.0 3
. RPRBLEMMESE 3 EHE
RH21 HIEMBREERTE
TS -
R R **ﬁ‘“ﬁ%@ fo i G 22 8 g IR
mm) (mm)
y i ¥ 23.445 +20.710 S4
S51#4E%E
x i % 21.510 +20.710 S4
y il 5 9.402 +£20.710 2
S52#HE4E (0.00,
X il fiv e 30.576 +20.710 S4 0.25,
y Hl e % -19.024 +£20.710 53 0.12,
53#HAE4E 0.63)
x il ff % 46.403 +£20.710 4
y il 5 27.575 +£20.710 S4
54#4E%E
x il % 5.487 +20.710 $2

He R BRI EHE 3 mME

Foh, REEITR . IRBE SR FRIEEL, WEE T 4 =0 TR 0 A O
R LR A . IR B, RIVRIEE . BAERLRRE ). e A
TRFRHIR B,  5.3.5 WA TR e, RELE. §0
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LMK IEISRIREL, AT A SR VPl SR BT E . R 5.20~3K 5.23 1, 705l
S T B A . HESRBURL . ORI RIS R TR Wt i B2 1 SRR L U SO R Ve
R

RS2 RIPEEEREEHTE

gifEAr R ERITEE (mm) AHBER (%) FH $Jm
S1#HESE 40 94 S1

S2#HEZE 40 78 53

53#4E 4 40 94 s1

S4#HE S 40 94 51 ((L86’(fzgg’ 0.14,
51-52 18 & 30 94 s

52-53 18 & 30 100 s

53-54 1l & 30 97 s

Ueah, oo T HAR SR AR, LS AR TR . B R W A IR L A O A T B R K
TRAERG LA 0N, RIBEANWMT:

(1) MG Rae . W 5.3.5 WO AMSE B, Fra S0 8w 2 076 5
BOMES S ERESR, HeABRK, EHILEEXIIKMERS TS ER.
ST H YRR AN AR O R R A, B SR R K E L,
FBEEZE AN (0.50, 0.50, 0.00, 0.00).

(2) FEN&EZ: R 5.3.5 WG R, FEEHEE T GG LI
PP B, ERg B, Bk B A mER, MM T REEEA
(1.00, 0.00, 0.00, 0.00).

(3) REELIFR: WEE 4 EHFARR, o EEITRRER N TR
SRR, BRI RNERYEE, HPMomBAU R A0 A AE A T
G, MM MBREMGHI TRCEN 2 KIERRE, MEEEFER (0.00,
0.30, 0.60, 0.10),

(4) REELEE: WIEE 4 EHFFORE, W08 BT e TR & st ek I,
BT R B B A7 AE ™ VR B L VR . WA NN R IR, EE R B AR B
G R FIVEI R, (HRZHIE N B BEF S EEENEL, BWRBENYEN
(0.00, 0.00, 0.50, 0.50).

(5) WM. B 5.3.5 WIS R AT 5, & X 317 76 8 5 25 vl 1
B, For I X — & WA AL KT B R T -200m VY, X T X =R 4 ) A
B ALK SPAE (-350mV, -200mV) X [H], O 5 85 v SR 8 AT B 2 v (0.00,
0.33, 0.67, 0.00).

(6) JRE LI dr: B 5.3.5 WK I &5 B rT k0, &35 460 I s ¥ 17 1E
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HE TR AR M I A S5 A R R RS VA T

WAL %, (ERRALEE RN, WARFEE 10mm LA, BALIERE /DN TR EEE—
Fo, R RGP R, BEAWEMIEE SR, MREREEME N (1.00,
0.00, 0.00, 0.00).

(7)) PiELE: KIFECHERMMEFENMEBELENEZSE R, TEXMH
N R CAVIE, AR E, LRI KT LR, FIE
WIEBEA G KAMBERN . W TENELSIFENAR, RBEFHEN (1.00,
0.00, 0.00, 0.00).

(8) §%4a: WEECAHmMIRE PR R, AFRXTHT, N
BRI REL (0.42~0.87) FIBEEALR RE (0.59~0.88) H/MFHIVERME 1.0,
TIF I &5 0 5 B 5 I 9 2 e R SR e s AR R B B R A AR AR AR (0.18)
MR ARAAL (0.13) HMKT 0.2 BIARVFBIME, 50Uk 25 0 78 0 7 o O KR v T
TERAS . Bboh, SRR 2 AW 2 BT IV ZER . 28 b, #1428 E
E£A (0.00, 0.30, 0.70, 0.00).

T 2 7 U Al & U0 RZ AR bR SR B FE A T 3K 5.24.

RT3 RETBEEREEMRTE
MR w0 [ - 0= el e 21953

45 1 FB AL Conm) Connn) R )8
S51#HE4E 28.3 18.0 s1
52444 30.5 18.0 s1
53#4F 4 22.4 18.0 s1
S54#HE4E 21.7 18.0 S1
51-52 18 5w ] 33.8 38.0 53
51-52 18 & b 35.4 38.0 53
52-53 1t 5w ] 42.0 38.0 s1
52-53 F 4L 46.9 38.0 51 (0.74,
53-54 f £ % ] 36.7 38.0 52 0'1%f08'>13’
53-54 1 & b 36.0 38.0 52
51-52 1 F= 32.5 18.0 s1
51-52 A= b 35.2 18.0 s1
52-53 P EE 23.4 18.0 s1
52-53 A= b 40.1 18.0 s
53-54 - E 25.2 18.0 s1
53-542 2 Ae 35.3 18.0 s1
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#*5.24 RERTIERREE

#HE ) 2 Fi A X R = AR k)&
LR %4 (1.00, 0.00, 0.00, 0.00)
ek VAR ES (0.00, 0.30, 0.70, 0.00)
HeZe i &t (0.00, 0.25, 0.12, 0.63)
TR 4 T (0.00, 0.30, 0.60, 0.10)
MER I 7S (0.00, 0.00, 0.50, 0.50)
" ER i (0.74, 0.13, 0.13, 0.00)
W 755 5 Tt (0.00, 0.33, 0.67, 0.00)
TR EE LA (1.00, 0.00, 0.00, 0.00)
TRy = 5 (0.86, 0.00, 0.14, 0.00)
T {7 (0.00, 0.00, 0.50, 0.50)
i PR e (0.50, 0.50, 0.00, 0.00)
R (1.00, 0.00, 0.00, 0.00)

5.3.7 EERBRERRESEESFN

EMSTHEFERAE. oS EORE LSS ERENSEEG, WX #F
Y R F) i IR 0 AT A T VR A . B AN 2 R S5 AR I SRR T 4
VF U R BER AS A T G, AT S I U AR BEIR S . 8 b SRR B
M 5.25.

x525 EREBSENRNERREEILR

AN E4Err HUENRE XN REEF NRENRE )8

E/IW S-S 0.20 (1.00, 0.00, 0.00, 0.00)

Z et 0.54 i 7] 2 4 0.60 (0.00, 0.30, 0.70, 0.00)
HE 42 1 Y 0.20 (0.00, 0.25, 0.12, 0.63)

TR E TR 0.20 (0.00, 0.30, 0.60, 0.10)

R TN 0.07 (0.00, 0.00, 0.50, 0.50)

i i 0.30 TR 4 L 5 T 0.29 (0.74, 0.13, 0.13, 0.00)
B 7155 45 0.20 (0.00, 0.33, 0.67, 0.00)

TR Ak 0.12 (1.00, 0.00, 0.00, 0.00)

A )2 5 B 0.12 (0.86, 0.00, 0.14, 0.00)

T 5 i 7 0.53 (0.00, 0.00, 0.50, 0.50)

&M 0.16 PR RE 0.28 (0.50, 0.50, 0.00, 0.00)
AR 0.19 (1.00, 0.00, 0.00, 0.00)

0 (5.11) v 5 e W Z BRI OC R BE Al

A =B W, (5.11)

i, Bo X RRTRARBLE [ &, W Xt Gz 36 bR 5 s BE AR 1% .
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EERWMFE 5.26 Froax

#*5.26 ENERMARARERITE

iy X RIZARPE A & Ba X RIZARIR SRR EEAELE W HENJEAERA ¢ R T A,

B8 1.00 0.00 0.00 0.00
ey B, =(0.20 0.60 0.20) W, =
p

0.00 0.30 0.70 0.00 A =(0.200 0.230 0.444 0.126)
0.00 0.25 0.12 0.63

0.00 0.30 0.60 0.10
0.00 0.00 0.50 0.50
0.74 0.13 0.13 0.00
0.00 0.33 0.67 0.00
1.00 0.00 0.00 0.00
0.86 0.00 0.14 0.00

)
/A B,=(0.20 0.07 0.29 0.20 0.12 0.12) W,= A, =(0.438 0.164 0.343 0.055)
3

b} 0.00 0.00 0.50 0.50
5 B, =(0.53 0.28 0.19) W, =| 0.50 0.50 0.00 0.00 A, =(0.330 0.140 0.265 0.265)
3

1.00 0.00 0.00 0.00

MR TH 5 BT 45 v ) J2 B0 5% R An, B AT 75 31 o U 2 8 00 o &R 4 B
AL66],

0.438 0.164 0.343 0.055
0.330 0.140 0.265 0.265

B VEE U = BSOS FE 4 S5 HE N R B 17 B R AR, BV R] A5 2R £ BEIR
A P AR 100,

0.200 0.230 0.444 0.126
A= (5.12)

0.200 0.230 0.444 0.126
Q=R-A=(0.540.30 0.16)-| 0.438 0.164 0.343 0.055 |=(0.292 0.196 0.3850.127) (5.13)
0.330 0.140 0.265 0.265
TR, JEREAE BOIRAS VR 45 R Q=(0.292 0.196 0.385 0.127), LA K
J& FEN R M HEAT H €, BRI E T IR AIBE ATy 38.5%, #CHE A M BER &
NI, SRERS O B TR RS A, UEW] T AT 3R PPAN U5 ik T SR
ZAFO A R AU 7R O AR, FnsRis e E, e,
ZeprR N s, A RSB W AT

5.4 ARE/NZ

ARENE 7T AHP-BUM VO ) SRS {8 BERS PP 4 7 ik o AR AH 5% ST B
BES AT AT S br e, Mz st & H R A AP = R4 R, WRHL 12 TN
Rl 25 R A HORS A B2 R ) R B bR . SR)5, I8 AHP iEME JE RS E Ik
AR R, RN, EEEE RS- EEE, SEiEHABENE R, 2A %
RHE S UL LT IR T Ry AR (A2 R 5405 e ) A U S I TR, X AR
TR T RE RIS BT, BETTSEEL T AR bR SRR FE IR AR E, &K
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FERCHI VR 5 AR T IR AR BORS ES, R TR RS O e oo R e R
WAV E S W4T T X, 303 7 AT 3R 7% 1 al 47 1%

(1) AHFUARE DUAT WA 22 A VA AH OCFR vHE At 0 52 o J62 A9 485 ) i B IR 38
5 TCEETERS, W T RGN EMIFRARME, JEIE2H AHP L& 1T % i
FaAR AN BV, #E T SRR BCE AL, SEIL TR E fe AR R
Ok 7 VR M R BRSPS S A

(2) AUH R & R-2 - — R B s, IR B BT A B R e D SE I T Al
e HEZEWIRL . JREE LT, JREE LR S B BRI mAUS W, A A
MR 7 A& Gl BRI W T R AE RS K Z IR 2 A & 550 2 Bk, R 45 M e
W TAESRAL T V) Se A IR 7 & .

(3) AEMLZEEIFMAE Y, FEREMBRREAET %, —%. =M
DU 25 ) mT BEME 2> BN 29.2% 19.6% 38.5%A1 12.7%. K ¥E KB B KR N,
FARVERER AR NG R, X—ERE5CARRPIPESERmE—%, EHT
Fid 7L mT SEVE . 4 RONE SR Mis 48 7R 324t T e 51, SAE G sk iR
TR AR, SNREEMN R EBITREAFEER X,
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ZitERE

MR D 3] B Atk K A i P S0 B 2 RS O3, AR K SRR A AE AR T kA
HEAEM, X TR BIR AT A . NI K BT URAE B DL R AR b Bk KA A
)l B AT R o AR, Bl G ARSI Ta] 55 S, K 2 B0 A 5 4 T i o
PR ORI 7™ IR B, kR b Rl R P AR A 1 A A AT B R AR BL A
Sy 5 e 5 ) L 3K AN IR R 7™ B S R N A R e s R I RO O A B
RS HEERXEF AN KR, Rl eHEEZE RN 8. Kk, Xt
PGS A RORS &N TR AR, AR 2 2i0E181T,
SR IR K IR A BN L et XIUR T BT M S B 2R A . AT, B A A A
il BRECIR & VA T ZE U e A 55 07 (AT, AP AE SR XE S e RN A2
SRR, B 4E A KIEEE T, Nt ARSI T RS R -A-H—AR
0 B Al 0 IR 5 A A A A R PR A TV . B I BT R Rl R 2 U
AU B R BOR T BOH AT k. . Z @Rz TIE, A
e 2 B AR PG {2 RN S ZR 5 VRO B AT, A7 B O IR s 4 TR 1Y) O Jie ot ik 2 22 )
B

AN SCAL R PERE LR, YR AR O SCHR b RUVE A i 1 A (i BROIR S 25 5 RO 36
&R, HEHTANMARIER . InSAR BRI . FRIE iR, IRES 2%
FeHEROR,  SEPUN PR A WUE L wAE AR 545 e TN A 5% B A A RS 15 12 K
R, a7 E R MR B RHE B, RSO RN S L& Vi, 12
I TR R

(1) PR T 2k o NHUBTR 8 52 F5OR 1 RS 10 [ AT 7t o il 17— 2k
T BRI WMGCRERN, MR 7RI R T I A A L
SR ETINNEITE 22 T | o i P <A N S A B2 W St R G U RS L 3
TR AR R AL SN T P BB HEAT X LG, R 1 I £ 77 92 0 Htfs o8 M 1 STk
JFiE A S S B e, P @A A LT IR Z N T 0.5%, UEW] T TR U5 9k 1 HE A
PESTAT P 5 ot XU e B T R R AT B A PR, ORI T o i
ESFEN R BEAT PR FE, ATAE R 7 i = £ B AR AR A AT 38 T A R o & . B
R)E S BT BRRA s S I M e, SR T Rl & IX 8] 3 R S K
FEAT BB R R A 238 oy BTk, AR o 7B R AR B K. TR R
e S ERL, DN JE SR AR A TR a0 R B s A

(2) JFRe 7 5 TR AE fi 2= SR B A I8 1 45 4 e 2 IR0 T 72 . A B PCA &
5 DX # FEBE SR, SEBLR AR B i s SRR T 2 RS AE SR B, 3 i X
VR By 5 HE AR AT AR R i O A2 R ) o R SR R BT R e A 7E K34 Sl
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g8, PR T AR T A R AE IE B SR B AL T iR, 25 VR R R AR X
[ WA 4 ) R R HE T WS i SR, T A A T AR ARG B . 8 I TR ) A2 6] B R
K, WAMAERZEREM 83%LL E, MEBINZ K, =HERIFAETZEMN
RO BT AT IR R R 50 7 V5 R U m e 45 R 5 s E X B, A & KPR A
KR ZRFFAE 0.2°0L N, 1 B 3 (0] i # 15 HE 220 ) B 46 B2 38 PR FE7E 0.05° AW,
HoA 15 25 5 B A i S U A 00 IR F% 5 1), BRE T BT AR T VE M HE R M S AT AT M .
W TAE AN b, fEARSCATIRTIE T, IR RBUZ R E R AR N, [FR 4 %
T W AWIE KA A BB AR, BRI TR RS R0 B AR AR, TR KR B
I AR A RN, AR 7 B KR B B R 1 22 4 KU

(3) R 7T IRE S MIERE SRS B3R 5. L YOLOvS
B, ZRE R TS WRBO R R . ST REEEEFESNES
B, AR AR RS REZIRAE R, $RH T R ET 2RI ELA I &
JSLBE LG TR . i Bk O N 5 A s SR AT 2 R BE L AR R AR, SR
ERZ SR, BUAE, T 7RI 2 45 0 1 fE 05 G R0 B I v R ) S5 4
KB, BRI EIER 86.55%, FIAWIUGHE AL T2 28.7 AN H 40 i,
AR A B RIE R 74.74%, RE I RE BB RRGRERKT 2%, A
SEHL TR S A SR AR5 1 B S AR I S e A . Dk — D B A A AR B
FERERE, JET PySide6 HEZLTF K T — 3K R v AL & 1% & LIl 24
R4 47 PR I ABE TR D A, s P R DU s O AT R A AT 5%

(4) JFJe T Rl & R-25 - — Ak Bois 1 0 R e B R S 22 & VPRI i L . KO
SCRR BRI RAT L MR YE, AF RN et @A A=A 0GR R, &
BT 12 MREIERWE T EMEERRSHEN ERFNER, HaEdE R
TR E S TR AR R e . E BRI b, Al A G MR R A2 IR R A A XU K
ZIRZ . A E S 2 e, A0 FT PR LS OR A — Rk B A, R InSAR
AR ST R AT K BT S T, g S T ANUURHR R . RRAE A PR EL
TR FE 5 2] S5 U U R DA R I i I s 5 A gERk, SEI T B Rg . AR
WA VREE IR VRS R SO R AR W RS W, K, R TBO T
Wikt e T REEMEFEEIONNIY, SCHERMITES R —8, EW 7k
PN RISV . S RONIERE R R 4 TRt TR FE 51, ) IR R E A
Mzt BiTEAEER L.

FRUE A SC T G Al o f fd R R T RS, S & s FHE AML. InSAR.,
MRS BAR AT JORFE S AT EOR, W TR B R B R R A 4 b A
MKz, FFl HAE E# A SR IE I 7 TR TR S, REM ARG T
—E MR, ENEES TR, KRN LLT 4t —» 5wk

(1) BT EMERNFRK, HRXRITERATSE, AAERELES
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A e g b I RE B OB T I ST R I T S A AR . SRR RIE
B P MR B R, A SRR SO A IR, B 53k
T3 M AbFE 5E B FR AR R R B, SRETH IR A R R AR S R AR

(2) AHETEIT R ) i BEIR 25 25 & VP A S LAY 8 38 I J53 3 435 b e Ik 88 K e
W& ARKELEA InSAR BIMEA . EAHREMEL . Rk & = R,
BE 20§ v A SR AR b B AR I kR K 78 i v B, DAAE AT BRI 8] A 56 ) 2 1 B A
DTAE, AT 58 A S PR A BOR S SR A VRN TR B AR . R .

(3) W 5T A V50 3 T 45 005 B 3l PR 090 A AL A A /N 453 405 34 B R e T A
£ oklE, SBEZIRHEGEIFRMNIRBOVEE . 5 52 B PR R 1 1505 % 4
Z R WRE R ONSEBLE R G RAER R B 3hiRA), RORATBCR il —
P IR e SR A s B AL AL RE 7y R B R SR, 5 NTE R JIHL I B
B2 T 5F JRg 8 5 AL 14 9 S T

94



Al 22 L 3

[1]
[2]
[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

2% 3 Ek

Jss g, B b S, RSB A R U R A A BT SR R AE T T SRR (], KA K
W R 3, 2017, 37(5): 1-8

PHEEE. S50 2 R I I R (M. db st @& 20A AL, 2021: 303
Meneghini C, Parente C. Advantages of Multi GNSS Constellation: GDOP
Analysis for GPS GLONASS and Galileo Combinations[J]. International
Journal of Engineering and Technology Innovation, 2017, 7(1): 1-10
X, SRV, KAUAE. T SR R T B T AL AR B S S = G A
[J]. FIGF K2 HARBIZ AR, 2018, 46(4): 550-556, 564

AT, S, MK SEEE. BURHE R AR 04 = 4E AR EOR[T]. BIKAE R,
2020, 35(6): 44-48

Perry BJ, Guo Y L, Atadero R, et al. Streamlined bridge inspection system
utilizing unmanned aerial vehicles (UAVs) and machine learning[J].
Measurement, 2020, 164: 108048

Tk, FNE, RESE. BN S = 4 AR AR KR BIM R ) B[], D&
ik, 2018, 3: 126-129

Longuet-Higgins H C. A computer algorithm for reconstructing a scene
from two projections[J]. Nature, 1981, 293(5828): 133-135

Khaloo A, Lattanzi D, Cunningham K, et al. Unmanned aerial vehicle
inspection of the Placer River Trail Bridge through image-based 3D
modelling. Structure and Infrastructure Engineering, 2018, 14(1): 124-
136

Kim I H, Jeon H, Baek S C, et al. Application of Crack Identification
Techniques for an Aging Concrete Bridge Inspection Using an Unmanned
Aerial Vehicle. Sensors, 2018, 18(6): 1881

Pan Y, Dong Y Q, Wang D L, et al. Three-Dimensional Reconstruction of
Structural Surface Model of Heritage Bridges Using UAV-Based
Photogrammetric Point Clouds. Remote Sensing, 2019, 11(10): 1204
Chen S Y, Laefer D F, Mangina E, et al. UAV Bridge Inspection through
Evaluated 3D Reconstructions. Journal of Bridge Engineering, 2019,
24(4): 05019001

Wen X D, Xie H, Liu H, et al. Accurate Reconstruction of the LoD3
Building Model by Integrating Multi-Source Point Clouds and Oblique

95



B R — AL I IR S e BRSPS T 7T

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Remote Sensing Imagery[J]. ISPRS International Journal of Geo-
Information, 2019, 8(3): 135

far i fE. Jo NHLWURE 5552 I & A2 LA = 4E B b B B (7], I 2 I,
2020, 10: 106-109

F R, AE R, FOuASE. 2 U A o B RS @Y R A ).
Z:i4k, 2020, 8: 28-32, 38

Arba, Danilo. Using Unmanned Aerial Vehicles for Automated BIM-based
Construction Progress & Reporting[J]. PM World Journal, 2020, 9(8): 1-
15

Pepe M, Costantino D, Restuccia Garofalo A. An efficient pipeline to
obtain 3D model for HBIM and structural analysis purposes from 3D point
clouds[J]. Applied Sciences, 2020, 10(4): 1235

EET, W, Wms. 2R KA KA SRR RG] Wy
%, 2020, 49(6): 757-766

Qin G C, Zhou Y, Hu K X, et al. Automated reconstruction of parametric
BIM for bridge based on terrestrial laser scanning data[J]. Advances in
Civil Engineering, 2021, 1: 8899323

FARBL, FEEAR, TSR, AR E & M) = 4E R IR BCEEA D] AN R T
HALARYSE, 2021, 42(1): 191-195

g, AR, BUEE. T ANUCRY BIE —4E 256 /N A 4 B W AT T 0],
2B Z 2021, 46(1): 108-113

FH, MEZ, BEAHE. BT RAIUEUR G =48 B EOR B R B LA g
AT A PR [I]. M S R, 2023, 59(6): 1271-1281

Xiong L, Wu LY, Cut W T, et al. Robust Non-rigid Registration Based on
Affine ICP Algorithm and Part-Based Method[J]. Neural Processing
Letters, 2018, 48(3): 1305-1321

5k R, IVREE, ELE. TANE =40 AR RS By = 48 E ],
R HAR 5 TR, 2023, 23(6): 2274-2281

Liu B L, Wang X. A review of segmentation technology based on 3D point
cloud[J]. International Journal of Advanced Network Monitoring and
Controls, 2021, 6(1): 35-40

Schnabel R, Wahl R, Klein R. Efficient RANSAC for point - cloud shape
detection[J]. Computer Graphics Forum, 2007, 26(2): 214-226

Walsh S B, Borello D J, Guldur B, et al. Data processing of point clouds
for object detection for structural engineering applications[J]. Computer-

96



Al 22 L 3

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Aided Civil and Infrastructure Engineering, 2013, 28(7): 495-508
Dimitrov A, Golparvar-Fard M. Segmentation of building point cloud
models including detailed architectural/structural features and MEP
systems[J]. Automation in Construction, 2015, 51: 32-45
Dong Z, Yang B S, Hu P B, et al. An efficient global energy optimization
approach for robust 3D plane segmentation of point clouds[J]. ISPRS
Journal of Photogrammetry & Remote Sensing, 2018, 137(3): 112-133
Narazaki Y, Hoskere V, Hoang T A, et al. Vision-based automated bridge
component recognition with high-level scene consistency[J]. Computer-
Aided Civil and Infrastructure Engineering, 2020, 35(5): 465-482
Saovana N, Yabuki N, Fukuda T. Development of an unwanted-feature
removal system for Structure from Motion of repetitive infrastructure
piers using deep learning[J]. Advanced Engineering Informatics, 2020, 46:
101169
ER G, ATEETE. TR L S G RR 4 KIHLELIDAR & = 72 K [T]. ¥
N5 H TR, 2022, 59(10): 456-465
JRERT, BEHAE, Mg e, Alba BRI S XEE K A w0 HIEVET]. D
RGN R SE, 2023, 44(4): 805-811
Kwiatkowski J, Anigacz W, Beben D. A case study on the noncontact
inventory of the oldest European cast-iron bridge using terrestrial laser
scanning and photogrammetric techniques[J]. Remote Sensing, 2020,
12(17): 2745
Guo M, Sun M X, Pan D, et al. High-precision detection method for large
and complex steel structures based on global registration algorithm and
automatic point cloud generation[J]. Measurement, 2021, 172: 108765
B SC. FE T = 4ESEOE I BOR 1 45 e TN R AT ST (D], R AT AR KA,
2021, 20-23
Graves W, Aminfar K, Lattanzi D. Full-Scale Highway Bridge
Deformation Tracking via Photogrammetry and Remote Sensing[J].
Remote Sensing, 2022, 14(12): 2767

, WU, EZE T A A YR SRR SRR AR (D], TN 2 i R,
2022, 4: 167-171
Xu Y, Zhang J. UAV-based bridge geometric shape measurement using
automatic bridge component detection and distributed multi-view

reconstruction[J]. Automation in Construction, 2022, 140: 104376

97



B R — AL I IR S e BRSPS T 7T

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

TR, HARY], RN, BT =80t R s A MR=4HHN 5%
TR E[T]. R K2 (EAREFR), 2023, 53(5): 756-764

KGR, AE A, S AR S A AR R AR o BHRE U I J R Ik S T
B[], LR TSk, 2021, 54: 79-98

Li G, He S H, Ju Y F, et al. Kail Long-distance precision inspection
method for bridge cracks with image processing[J]. Automation in
Construction, 2014, 41: 83-95

Liu Y F, Cho S, Spencer B F, et al. Concrete Crack Assessment Using
Digital Image Processing and 3D Scene Reconstruction[J]. Journal of
Computing in Civil Engineering, 2016, 30(1): 1-19

Amhaz R, Chambon S, Idier J, et al. Automatic crack detection on two-
dimensional pavement images: an algorithm based on minimal path
selection[J]. IEEE Transactions on Intelligent Transportation Systems,
2016, 17(10): 2718-2729

Shi Y, Cui L M, Qi Z Q, et al. Automatic Road Crack Detection Using
Random Structured Forests[J]. IEEE Transactions on Intelligent
Transportation Systems, 2016, 17(12): 3434-3445

Talab A M A, Huang Z C, Xi F, et al. Detection crack in image using Otsu
method and multiple filtering in image processing techniques[J]. Journal
for Light and Electronoptic, 2016, 127(3): 1030-1033

EREZR, KJIom, SZMESE. BT R A ER SO U SR B TE SR R AL v A I
AR[T]. BRIEZ4R, 2018, 40(2): 82-90

Yu L, Tian Y G, Wu W, et al. A Dark Target Detection Method Based on
the Adjacency Effect: A Case Study on Crack Detection[J]. Sensors, 2019,
19(12): 2829

Zhang A, Wang K C P, Li B X, et al. Automated Pixel-Level Pavement
Crack Detection on 3D Asphalt Surfaces Using a Deep-Learning
Network[J]. Computer-Aided Civil and Infrastructure Engineering, 2017,
32(10): 805-819

Chen F C, Jahanshahi M R. NB-CNN: Deep learning-based crack detection
using convolutional neural network and Naive Bayes data fusion[J]. IEEE
Transactions on Industrial Electronics, 2017, 65(5): 4392-4400

Cha Y J, Choi W, Suh G, et al. Autonomous Structural Visual Inspection
Using Region - Based Deep Learning for Detecting Multiple Damage
Types[J]. Computer-Aided Civil and Infrastructure Engineering, 2018, 33:

98



Al 22 L 3

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]
[63]

[64]

[65]

[66]

[67]

731-747

Kim B, Cho S. Automated Vision-Based Detection of Cracks on Concrete
Surfaces Using a Deep Learning Technique[J]. Sensors, 2018, 18: 3452
Lau S L H, Chong E K P, Yang X, et al. Automated Pavement Crack
Segmentation Using U-Net-Based Convolutional Neural Network[J].
IEEE Access, 2020, 8: 114892-114899

Zhang Y X, Huang J, Cai F H. On Bridge Surface Crack Detection Based
on an Improved YOLO v3 Algorithm[J]. IFAC-PapersOnLine, 2020, 53(2):
8205-8210

Ren Y P, Huang J S, Hong Z Y, et al. Image-based concrete crack detection
in tunnels using deep fully convolutional networks[J]. Construction &
Building Materials, 2020, 234: 117367

FE A, EEE, R, L IR BN BB IE R EE RN DT VAT]. Al IS fa
TRE2A4R, 2022, 22(2): 148-159

AR, AR, KL, %, BEAHEA I PeleeNet_yolov3 iR R4 7[T].
M R Tl K254, 2023, 55(4): 81-89

Inam H, Islam N U, Akram U, et al. Smart and Automated Infrastructure
Management: A Deep Learning Approach for Crack Detection in Bridge
Images[J]. SUSTAINABILITY, 2023, 15(3): 1866

PR, BEE, RS BT 2GR A M SR AN UL O B A R
RRGEVUNFIR[T]. ~ OB FHL, 2023, 40(2): 44-52

a7 F, XU AN AR GrabCut#f T & 42 R [J]. W 2258 ik, 2024(8):
90-95

TEIE EE, ARNI, XU B G R8E R RE IR ) 5 I iR T[], v A R
%, 2024, 37(2): 16-28

o E KR 22 2 JEAE 2 VP S0 T/CHES22-2018[S]. JE5T: 2018
JTRARESARRE R, 2 e E MR DB44/T2041-2017[S]. Jbxt:
A ] KR K H A, 2017

hdl, B0, BASE Je. TR AT 4R 2 000 BT ik B AR 450 TR e M B i A4
PEAG[T]. e 5B 2ER, 2015, 15(04): 16-20

skOCE, AR, FKkoa. JE AR BOR A B BB 28 A YR (1] K S 4R
2018, 37(06): 86-91, 116

BUEFR, wUE, 27K . A5 I TR e U R I AR ASOR T EE B2 A A [J]. KR
KELFEAR, 2019, 50(02): 128-132

BEE RN, Mg, AKE. T IR EIEERE KRG AT SEE 2] A

99



B R — AL I IR S e BRSPS T 7T

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

PRI, 2020, 42(6): 125-129

Cheng Y, Wang Z Z, Xu C D, et al. Safety Grade Evaluation of Aqueduct
Structure Based on Fuzzy Cloud Theory Analysis[J]. Tehnicki Vjesnik,
2020, 27(3): 874-882

MU, 8138, v /155, 2 TIPSO-PPRL R (M A i =5 2 = PEVE A [T]. m KL
W5 KRR (R 0), 2021, 19(5): 982-989

P HE, AR, ZEIR1E. BT O FCE M I A % & 5 VAN ], T K

e HARBLEAR, 2021, 49(2): 162-169

JEG, 84 5r, HOXAF. FE T AL G IR0 38T M 58 W] SR RO 25 & DR p
[J]. " %4 Rl 22 28], 2023, 33(201): 156-161

BERE, Mk, LB RESE. BT AHP-EWM S I AR A Al 8 KRS 50 25 &
PEO AR FLI]. e a5, 2025, 55(1): 80-87

M. FE T T N AU RE S5k 52 B (0 M 2 308 1) g A 5 AR TR I & T FE [D]. 1
K%, 2023

ARG, WAL, REESE. T IEANBUR SR A KL =4 R i 5K
TN TTIE[T). P E A B R, 2022, 35(4): 77-86

J =, XU, ME SR, 3T I AHLBURE R BOR B M 22 R oo 38t 1) Aty
EWEFLI]. W K iR (3 AR RR), 2023, 50(9): 13-23.

X, To NHLBURHR 2 I S R A S = 4 @B B R [D]. AR TR,
2016

L. B ANHLE R F R A = M & N B FE[D]. B R K, 2012
Xu Y, Zhang J. UAV-based bridge geometric shape measurement using
automatic bridge component detection and distributed multi-view
reconstruction[J]. Automation in Construction, 2022, 140: 104376
ARG, XA, XK. FE T G IR S XL PR R s B R[], AR
MM, 2024, 2: 35-39.

OB, 2K, W AN A OO BE R AT R KM )6 5 2 e I,
Z:i@ ik, 2017, 2: 87-89

Qin G C, Zhou Y, Hu K X, et al. Automated Reconstruction of Parametric
BIM for Bridge Based on Terrestrial Laser Scanning Data[J]. Advances in
Civil Engineering, 2021, 2021(1): 1-17

Yin C, Li HR, Hu Z N, et al. Application of the Terrestrial Laser Scanning
in Slope Deformation Monitoring: Taking a Highway Slope as an
Example[J]. Applied Sciences, 2020, 10(8): 2808

Orlof J, Ozimek P, Labedz P, et al. Determination of Radial Segmentation

100



Al 22 L 3

[84]

[85]

[86]

[87]

[88]
[89]

[90]

[91]

[92]

[93]

[94]
[95]

[96]

[97]

[98]

of Point Clouds Using K-D Trees with the Algorithm Rejecting
Subtrees[J]. Symmetry, 2019, 11(12): 1451

FHEK, T8, f8LsesE. ETFPCA M= JuH M HEE Pl S = Fe B RRIE R B
ERFFRLT]. S AR @I, 2023, 33(12): 1303-1312

He Y B, Hu Z Q, Wang R, et al. Features extraction of point clouds based
on Otsu's algorithm[J]. Measurement Science and Technology, 2024, 35(6):
065205

FEA, W ate, W o ik W AR 46 (0 R0 2 B 2 U /L = PR T 5 0] I
T4k, 2025, 46(2): 349-358

Wang H X, Li Y F, Dang L M, et al. Pixel-level tunnel crack segmentation
using a weakly supervised annotation approach[J]. Computers in Industry,
2021, 133: 103545

Jiao L C, Zhang F, Liu F, et al. A Survey of Deep Learning-based Object
Detection[J]. IEEE Access, 2019, 7: 128837-128868

T FE TR B S 5T B R T R AR A I BT JT 5 AT [D]. P 2 H TR, 2024
Lin T Y, Goyal P, Girshick R, et al. Focal Loss for Dense Object
Detection[J]. IEEE Transactions on Pattern Analysis & Machine
Intelligence, 2020, 42(2): 318-327

Terven J, Cordova-Esparza D M, Romero-Gonzalez J A. A Comprehensive
Review of YOLO Architectures in Computer Vision: From YOLOvI to
YOLOv8 and YOLO-NAS[J]. Machine Learning and Knowledge
Extraction, 2023, 5(4): 1680-1716

Liu S, Qi L, Qin H, et al. Path Aggregation Network for Instance
Segmentation[J]. IEEE, 2018, 8759-8768

%%, M, 7. YOLOVS-FD: YOLOVS Bk (189 A 2 T e B A i 77 3%
[J]. tFEHL LA 5 ,2024, 60(24): 211-221

FIESF, WAL ZE Rk S e M) st P EN R K H R A, 1990

R 2K BE R R . 7K VR et SR R B R U AN PR Al B R R DL/TS5251-
2010(S]. dbx{: A [E M Jg H hicd:, 2010

e N B IR AT [ A 5 AN 2 B e AL SR A A A I B R FR . GB/T50344-
2019[S]. dbxt: A B g4 Tolk H At 2020

e N R AN E KR, K LR a5 H Bt Ve : SL191-2008[S]. dbxt:
B KA K R HE RRAE, 2015

J =, faRA, 2815, 2 T InSARSAR B KBS M B2 15 B2 A2 W M T 2 [7]. W)
R 2224k (H R RH AR, 2024, 51(3): 39-50

101



B R — AL I IR S e BRSPS T 7T

[99] Ferretti A, Prati C. Nonlinear subsidence rate estimation using permanent
scatterers in differential SAR interferometry. IEEE Transactions on
Geoscience & Remote Sensing, 2000, 38(5): 2202-2212

[100] Albert P, Bennartz R, Fischer J. Remote sensing of atmospheric water
vapor from backscattered sunlight in cloudy atmospheres. Journal of
Atmospheric and Oceanic Technology, 2001, 18(6): 865-874

[101] F #& N IR L AT [ A 5 AT 2 i AL TR Bk T A AR I B R A
JGJ/T152-2019(S]. Jbut: A B g5 Tolk H Ak, 2019

[102] v A N B AN [E AT s A3 2 8 . [ 5 vk o 00 VB 6 £ 71 1 it 8 52 R LA -
JGJ/T23-2011[S]. dbxt: F B &5 Tk H ik, 2011

[103] wh A N R 3L A0 [ A 5 A3 2 4 0. TR e £ 45/ w it Ve GB50010-
2010[S]. dbxt: A [ @5 Tolk it 2015

[104] Piasta W G, Schneider U. The behaviour of concrete under Na;SO4
solution attack and sustained compression or bending[J]. Magazine of
Concrete Research, 1991, 43(157): 281-289

[105] e N R IE A0 [ A3 55 A 3k 2 4 e 9. VR ok = 45 1 R i 1 Jot = 0 AT v
GB50204-2015[S]. dbxi: F E &5 Tk H ftt, 2015

[106] 4 N REAN FE KR 6. #E 8L 5 HEK IR R @ SR i BIE: SL482-2011[S].
65T A E KA K H Y RH:, 2011

[107] A N B L A [ 22 38 32 i . A % 6 2R ¥ i Y : JTGD20-2017(S]. dbat:
N RAZIE Hihictt:, 2017

102



Al 22 L 3

B

FEUE, 3 B 3 B B N B R 20 K, R R I SCRE. U
FITT LR . PRATISC R 58, RBEARER EREFRNYE, BERER
SKTE % 4k SE KB AT .

CEPIRMOEETY, SREFRMEYA 7, BN BE AT B A 5 g, RmR
I 2% S 18] [ R K

103



