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Abstract: The filling quality of earth and rock dams has a direct impact on the safety, stability, and service life of engineering
structures. How to control the filling quality of earth and rock dams is a key and difficult problem in the construction of large-scale
water conservancy projects. The quality control of traditional earth and rock dam filling mainly relies on manual on-site inspection and
the experience judgment of technical personnel. There is a strong subjectivity in manual operation and extremely low detection
efficiency, which fails to fully and accurately reflect the quality status of the filling. Digital technology, with its advantages of
informatization and intelligence, has broken the traditional quality control mode. The article explores in depth the design of a quality
control system for earth and rock dam filling based on digital construction technology, and applies it in practical engineering
construction cases to verify the practicality and feasibility of the system, providing reference for the quality control of large-scale earth
and rock dam filling.

Keywords: digital construction; earth rock dam; filling quality; control system; monitoring and sensing

515

AR HOE R R DO S Gt L
TE R AZ ORI Z B FRRMIAKH S Bt 7K
PR AC A5 AR o 7R FRIE O P BlAE S K AR 4 A
H A G B R W T A IUEAR N S, R
PRI ik Ra g th . TR KI 2 4istr. Bigtkiea &
BRI, HIRAMFREA G, BS5IKER LR
A8 R DU [ A VR o A ) — R A 4 1
“CHJEAIN A, ER I E BRI, I HE
Dy SE N NFRAFARZE RIFE , AR RE S I AL T3 R AR 5
B IEFERAERE N TR RE. WM . KB 58T
PHOAR PRI A Jee , 78 A U SRt T 3o 7 o o 2 P 3

36

AT T HOARBEATE B, REWs SO T4 f e R4k,
I HRE S 1 T SRR DU I 45 (7« AR N A U R
FREEFEIR R, AT DU RO s AR i, S0 it AR,
FE— RERESE b AR TRE A 22 2 XU o

1 BFUBEARZE

AR 55 T A A R AR R P 22 5 )
FL, R EER A A 2 S S M0 5 0 SR A (A% o 52
o it T DR A TR IS S . S KA R R AR, X
SE YA RENS SEIN SRR T o0t S 4, 1l o2l (5
AR Bt A i 25 20 P o, ATTTHT B S8 N TREE 1
Z IR, HIESCOEHEREN AL, S5 BIgL.
I 7E B A AF 4 77 T, GNSS & A AR o) T B 4%

Copyright © 2026 by authors and Viser Technology Pte. Ltd.



AKHLRHE - 2026 459% 45430
Hydroelectric Science & Technology.2026, 9(4)

6* VISER

PR 1 5 7 5 LIS R BB o it T 7 FE R JE 1 6 b e e &
g f5  fHRESER IR B TE R, a4 E TR L
THSH, R IR VT A7 SRR | R o 4 S5 O 4
T Z4Rbs, ARG RIRIE. o RS T8, FE, BA
BILATE DB A A fi 2 IR SR SEL AR 0 6 5 BT R, O DA
AL T BB R T AR LTI A, 73R
Wk =4k 05 = 5 AR5, 48 MR R = R, i
HPR AR SHOT 5RO HE AT XS EL, F B B R
it AR 22 o AN sk T 6 M s, SRl W S R DL
FERCRE N E, PR R B0 70 A 43 AR R0 W 0 4 a3 47V P
FEH o AT A B LB, SHHFOCESHOT
FRGETT Iy AT, FHRME AU R R, AR
RE TR E5R 20 A Jt 4%t B2 (iS4 , e SRR B T =
MIBHASVEAN o AEBEEERE I, N TR RERARE— DA &%
BREAIKT o B AE BALAS 5% ) B0 h A o e AR A
A BE H BRI 7 O Ok TIUE, 36 AT AR B 1
BREIE I LS4 WAL, B BB EOR R F i A
BUHSR = AR AR, BB i | i L e 5 5
R R B A T N, SEER Ak R R RRAL A A .
N G R AR SN A S AR L% UE R, I R
HREEEREE 5%,

2 ETHFUHIEAN L AIVERREIEH
R REFZOESRIZ T

2.1 REEFIERE R

2.1.1 RS EARbR

HRHE A YUER A% AR, T B A
M ESERCR Shae e, EEEHRI TS

(1) ECHaR: BARIERHABURL AL A 3550 R AL
MR REEE, WA RHESR, MR A BT R
PERE, 8 G H ISR K B0 /N 5 350 SR AS A2 1 )

(2) FKEFRAR: ORI & 7K S 500 e SRR 1)
FAER R, FiEhIEm M /K EVEE N CGRE s &K
B|E2%), EKED S SEIATRE. Bk, SKED
IR HE U S, R M LR 5 5

(3) EiETabr: BRI & I m s IR EURHY
SREESBIEVE, TR S e AN AR dE CEE
AT 5%~10%, HARFRIE ORISR E ).

(4) PEfabr: SRR IRE B, T2 B SR bR 5
FFEBITER, AR SRR AR Al .

2.1.2 B T 248

HWH T 2R AR E Y IES R B ISR
e, T B bR S

(1) UL &2 T B R M iz s Bk
Pl GEE Ny 20~50cm, HARHRYEBE T 5% fe S R}
KA E), JFEEE RS SBEEAR S, BREE/N
Mt T 2802

(2) BRIES%: QFEIRIEERE . RS, B
Fraks, BRSO Rl AR 2~4kmih, R T 3 B0 4 1
KI5 R Sehr ki e GEH A 4~8 3D, B R 75 8
T “OeRRIEE. JetgiEth. JedfaH” RN,

(3) FH& AR JBREEmHEETUE,. WK
AEEE, WRERZARGSE 77, B IR N B ke iR, kit
PRELFE O BIRE . WK VRIE B A

2.1.3 JESERERR

JE S5 B BT HUAT SR S e, af:

(1) S FRIA B TH 2R Gl 95%~98%),
JEEREA R 2 SEHVATTIE . 1251

(2)FLBR A BB 52 5 AL R 2 J5 A7 & BT 2K,
FLBR Ao 2 PR IR (M SR B S PTis vk, 8% 3 I 1E
20%~30%.

1 T AYUERREETERERLER

Vel AL FEhlbRE (B3%) oAb W
SBCIE b AT TR, RO RM=5, MRAN1~3 | BotRE G e s ds
SRl KR R KE+2% K AMEIERR . B E KEME A
o PR <5%~10% CIEBEIRELAED o A Ve i E X
THE & B EsR GRE =1.6g/cm®) WAL T A
SRR 20~50cm (Fei it ER %) TN Botif. EEekas
HHTE WIESH TEE 2~4km/h, IEE4~8 i, TSR GNSS FEfr. BRIE &AL S
D BRI =50m, KIRIEE A ER SRk RS
SRS 95%~98% CIEIABLAL %) JESEE R . TS
SR B FLpx 20%~30% WAL FLIR I E A
THE FrE iR WAL T A
DLRE = FrEr v AU VFE G <<50cm) PR EABLGI
WA TE KPR FFE T R VHE Gl <30cm) ARl GNSS &1L
DR HE S <0.5cm/d PR SEREERIER S

Copyright © 2026 by authors and Viser Technology Pte. Ltd.

37



@f' VISER

KHLURHE - 2026 459% 545
Hydroelectric Science & Technology.2026, 9(4)

(3) THEE: ELENTEREFREIEIRE, 2
B RS R E B e bR, 5 ELEEIMR.
2.1.4 URAF A5 b

IUARARTY F S WSS B 5 AR R e PR R AR, £045 2

(1) JibEE: SARSHFLRE A SIS 5E R R
AR HIE BT SRV L Y, B BN ST S B
RIT

(2) KPR : HURRI AL T4 & it 25K,
B 1 BT SRS A

(3) ViR, PUFFERT RIS EEE N, #
DR AR, U ISR S A7 A i, 5 R R Bt T
S8 M FREREGTE R RILER, WK 1R,

2.2 HF s A R

By A M IR D AR A% el B R o 2 . BR AR L 2L
ETH L T I Ry 8P Y VA )5 A 4 8 SHIE B T TR B
HRARM AREHE” FN, R E, HRTZ, K
SRR UAAR TR M N B 45 DU R . iR LA B 2k
NE NTHEBINE, BRI MRIR br 5 2 5 A8 ik
eI, B A s b N TR BRER B
EALTEDR, RARYGE, REEN VIR bk 7 Bl . 12
B T, Jo 2 A s 2 S AT [ 5 I e 2 23 JR H
AFREAR, In# e Ltk fLfmmTEdRE R 2R
10 9% o B AR 5 7 A i 2 b B AR B A7 ik B
BT DA TR A . Bl TAL PR RIS e A4, bnifE
s B fERA A RS+ A&7, 1 RAFAE
HFRERG; BB ag K, RIS, o %
o HrR A “SEREGE T M+ IR L2 AR 70 7, T e Sk
giit. MRt 8% REIRR .

2.3 BEEMESIERIFRIRT

U B B e U AL O AK AR , TV BRE 70 A =2

—IRIE (D SREUE (BORREED. =R
(HRFSED, ARG TR MAF A B . 545
P (R TV BRARLIL S AR 2 TS o 8 e TIUE R HLAR 5 70 BT &5
Sy 0 G DB 5 PR R 1R 0 B R O T . S S

TS b S, A E B R AR R, B AR B R A B
B BMTNERE S, B 2 Moy RHE, ARELRIES
ANTRLN B o 3 ST TV SRk B AL, B DR B R AL B
P e AR I T2 5 93 B 4 SR Tt T 24, £ERHE
FT SO T 1% & PR, it TS50 % 5 Seit 56 E 5
HIBCR, AT bR R

2.4 REBWSITFNERZIT

N T SEI AU AR R A, S E
BSR4 NIB W S PN AN TR R
B PR B O R B o b R A R AR R AL, X A
TARME. AR, W& BRI T 2mreReE, I
HALG - ME B WgmAY, L W Rg 7 RS HESCHK.
AL % T 25 R G0, LARGRE S SR SCRE 2 4k 1)
PUgRE R . Ao, BB TR EERAR. &S
WA, TR 2 A e VPN ERECR ) “ I R+ 25
WYETAN I, BRI RS 0 RbniE, LA
WA VPSRBT SRTE AL, A
FREAR A AN ek 1E TR %k KRR 7
A, ANEW, OV TR, R R A AT SR
R SHE

3 ETHFUWHIEAN L AIVERREEH
AR NA

3.1 L iR

36 BB R KRR £ TR Hp 1 o B0 E A A s
NG, ZAAWUO R L, TR 128.5m,
KN 45m, IIGKE 890m, TG 58 F 10m, AN
MEEZ) 180 i m?, MR EZON L, TH R SE
FEAMET 98%, A& /KEEHIE 18%~22%.

3.2 KANAEHE

455 LRESEPR S R T %, FE OB
Wik: — MR EERERE R, PHIEE S KE
18%~22%. e EE<<8%. IEH/EMF 30~40cm. HiEEH
% 2~3km/h, AL 6~8 . JESZRE =>98%. AT
[ <<45cm. PTREHE % <0.5cm/d Z3HIFRUE.

F2 BREBIEFIETFMEEHER

T by —HIE (—RRRED T CRKEERD ST (E KRR
JE S 95%~96% (%l 98%) 94%~~95% <94%
KE AR KR 1%~ £2% AR KR £2%~ £3% AR FKE£>3%
W ERE Wit B +5cm~+10cm Wit B E+10cm~+15cm Wit B +>15cm
3= Wit R EFE AT 70%~80% Wit FoFE AT 80% ~90% Beit fo VHE A7>90%
PSS 0.3cm/d~0.5cm/d 0.5cm/d~0.8cm/d >0.8cm/d
FUe WA E+1%~+2% Bt E+2%~+3% BIHE+>3%

38

Copyright © 2026 by authors and Viser Technology Pte. Ltd.




AKHLRHE - 2026 459% 45430
Hydroelectric Science & Technology.2026, 9(4)

6* VISER

TRMERACEIBRR R, R X BRI
ey SHIUX SIS o P A ¥ 2 M I B %, i Sy
bl =RIEREAR B IR R, R A7 A% S &
s e OB TRACHE K 2 HEE 73 A o DU 3 S RE T 44
R PRBCEIR KL SKBEETE R, 2 RIEHEIETT
BB R . TR R EIEHIT MR R, @
— it SEOUERIE WS el R R

3.3 ARSI

AR RN T A TR R, AR
PULGVE 3 R, SEBUHSUR ERSHELL . B REfL. &R
. JEILIE B R R AR AT DA R M IR
PERRG L, $ETH I TRCR, B > e Lt Ab 2], AT
B A R R R R I R AR . AN, BT B AR AR R
7 FH (A o BB A, W] BRI LR . SR,
SRR ATATSER, WA N T RS A TR

4 £

AR S G Tt BORAE A IR SR o 4 )
IR FEITRIE T, s 7 MR- M- T -2 -1
W R R AR, WSEHURHE, BRE. AREWE
1, AR RAE G ISR R, RTHEIERR GRS, I
A bR, R IR E R S Ak, AFISR
TRHRMSH . KK, MEETHARMAB RSN, ¥
J5t A S T T 20 AR R R B A S T SR T B
KGR, 7K TR AT 452 i Jo B B O I8 S 1 it

[ 3R]

(LR, % % &, & A FH FBGI KL ETHR K

Copyright © 2026 by authors and Viser Technology Pte. Ltd.

B R G MR R E kT # AN A R & 7 ,2023,45(11):
121-122.

[2170 % A B8 F e T3 AN KA R i T o 09 5L A
[3]. 1 )1 A& 3,2018(5):120-120.
BIETEESFUHEIEEZARELE A IRFHNA
52 [J]. T A2 5 # 1%,2025,39(4):976-980.

[4k 5k, & &, E8 R4, " & ETHEXBRIEAN L
B IREEEREH LN KA K E,2021,47(6):
70-74.

[BIREH#,EH FMHEZFRFESANIERE KEAL
WA AL R B I A A [J]. 8 AL S AR B B
(¥ ) ,2024,22(1):148-157.

[6]7k F 2 . ACF # T & + 4 Ml T 3% A #35 F 5 52 [3]. 5+
# % 1,2025,23(20):166-168.

[71% 2 3% B A 1Z B AR X AT 15 B AL AR AR KT & 22 o
B9 52 F] [J]. 9 [ 7k 45,2023,11(11):146-149.

Bl1FZF A XE Dm&FHZERAEKETTEREHR
T & ¥ i R A 5T (0] A v B,2021,42(3):384-391.
[917% €l B . £ & IR E 5 L & & " E & 4 47 [J]. 7%
H,,2021(7):126-127.

[10147 >, 32 T, 4, s 2 o = K, BRI 1. £ K
REERIFEEREERAGHARE N AN AN X
#,,2019,45(7):80-84.

EHEEN: Brk (1999—), H¥U T8 ET¥EHTH
TEEIEEY, RRTHERKEAKETIRERALE,
By T,

39



