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Key Technology and Engineering Application of LSD Sliding Mode Construction for Steep
Slope Tailwater Inclined Shaft of Pumped Storage Power Station

WANG Qiang
Sinohydro Bureau 11 Co., Ltd., Zhengzhou, He’nan, 450001, China

Abstract: In response to the construction difficulties of lining in steep inclined shafts, LSD continuous lifting sliding mode
construction technology is studied based on the 55<tailwater inclined shaft of Funing Pumped Storage Power Station in Hebei
Province. Elaborate on core processes such as system design, track installation, sliding mode assembly, concrete conveying, and
dynamic sliding correction. Engineering practice has shown that this technology significantly improves construction efficiency and

lining quality, with an excellent rate of 100%, which can provide reference for similar projects.

Keywords: large slope inclined shaft; LSD continuously increases; sliding mode construction; concrete lining

515

W& R E BT A L ) R G R BN, K & Re R
SB AT TR L K IBEAGT S o HK RGERIE T Lk, %
R HIEHIZ), KRR 2 45° ~60° BEdk H e
I, ARG AT IR TR U2 4TI BRI Bk
m SR T, A DLIE AR i Lok R AR
FAR O RN F 5 H TAE, (BRI /NTTE R
AT W B A 2 5 2 i TRE - 5 B AT e N AT 32 B
ARIAE EERT IR MR, A SCARFBIT AT T4l 7K & e Lk,
QUFTMERE K LSD CGEZRTIEHRE) RERA. @it
FAAREASZ IR R AR EEE NG T S 4 7 X
RSN, RGURI T BEI M TR P 5 R R i
B, BTENFER LR 2 m AR K.

1 TSRS ¥R

1.1 TiEHR

AL T Bk & fE L A B B 1200MW, 2223 4
5 300MW SRS ANA . BAKRGKH “—8—
MU A8, F 4 MO0 RKBEIR, FATIRIEE 24m. &%

48

FKBER E EFB. EA B (R=25m, [0 50.43° ).
RIEB (i 55° ). FE B (R=25m, [E/0A 55° ) Al
TP BRI . Hd, 1#aR KA EETOKEE N
55.706m.

REEBIFF2WTH A D, 2983 5 i A
4.6mXx6.2m (5 X H). KARMIHA C25W8 (FiLiz%ELk
W8) ANV EE L, AT RIESE 0.6m, AT HIE N R TE
Wi, P42 2.5m. Z5R94EAIFE 9m, Pk 654 BUREARIE
KA o

AR S A B A T = A DA A £ 56%),
HEEA fp5d4 LKW 2 LT HL BT, For 2 1A
FEER o K SCHI T T TR, I S AL TR KA BLUR 140~175m,
FEFZ G R T RE P A2 95K & 3MK, KR EE it TAF]

1.2 IS

RHERE KA LSD A%t L T I 2 R0 45 A«
55° fHiff T AR H H RS /s 24.3t, il AT R
GuRE ), B IR 5] RAARARAL ;e BE T VR vt L
1% 5 R ) I 2 S B0 R 1, Iz A AR s TR 2 BR

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



AKHLRHE - 2026 459% 4558
Hydroelectric Science & Technology.2026, 9(5)

@ VISER

PRA DX HE LATH B s BESRP] 3 SIS HE VR B L 6 ) T A A
E®, BUFTIEBEY ST BEIAEE T AN UK E LS
P BN, e AR MBIy 47 A PR I 18 5 o A T 2 K S
SR A BN A A A AT E N AE T G » 75 87 S 2 ff
B DA% 44 B g 22

2 BEEIAGRIT

X BiRMER, AL THELZ, RA—EB%
F=5|, ek, ATk LSD RIHER RS, REE
T BEA, LSD R 5] RGNS BN = K6
Ak

2.1 BRI

AR DL 30.3 MIENHT Ay 44, R Q345B i
PR IR 13.5m gt AR - A LR A K )

e/

/&

BR ATENE QI ERCR A “RiEER” XU #i4T
FENUGHT & FIIE 18], JEAT EN U BHREN T C 4 R
T, S PRICHE RO, RGBS 2. IUE
P& RG R RN RS RN, YR o EE
W iE: TiE (+2.5m) R LSD #2154 i e 1
o 2 (40.0mDE B Jie 4% 73 BHES SIS S Akl JR)Z (-2.4m)
LRI 579, KL LP AT 52 ) 8RB
ARG 16 P TN R AL o5m [B3F, 85 18 IR AT
LI A20mm FFHOE, 2E QF R TR E AR bR )
(GBIT 50113-2019) FRVEE R AI42mm X bk B2 2,

TR “AHIE-RE " R L], B DR AT R LARTAS B2

RIS SR R TR R L S IR ZEAME R, 1)
BT NI AR E E 2 ARSI R AT E .

8

BRSNS “":’
L R 4
Y, &5 7
g Hg)

E 1 BEREERS

O 3000

3000 @

B2 BERNEEHTREE

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

49



@f' VISER

KHLRHE - 2026 459% 555
Hydroelectric Science & Technology.2026, 9(5)

2.2 LSD FE3|R%

LSD 75| RGAENIZ L EAR, KA YDC1000
T TS, L 8 MY 1860MPa 2 Itk 45 40 4 4 1y 1 e T
BUE, #iE TR L BORE L. 21, RGAE
51773k 63.39t (% 1.5 5L R%0D, 8 AN LMW 118
F1 2000kN, %4 %0 4.83, mHBMITEER N 2.0, HHET
LG50, % ARG % 0~0.5m/min T£LLRE . [F25E

TH RN E B RE, IR R 1 R T 00T (78 22 KU

ISR R FHR A T AN 22 4 IR

2.3 WU ERS

BRVNE: BLE— S JZ-10 Y (100 EHHL,
B 5| AR NN, IR SRR R i EIE AT,

TR oK ANRHLE S MR b LS5 2 SR TR
BFE. NERAREEE (20 MR .

TREELHE RS R IR +E R A e kLR
Ay, R EFBE NGRS, 2 ©219mm
ik, AR 10m B MR AIREE L2 E S,
DLBRARTHE, B bRt . WA R et 0o BHgEEE, w]
IR 2 5 43 B R R

3 XEHITZE

3.1 SEEHERR

B R B S LR, 2R R R A ) O
LR AERTE .

120 TP AhaE CRUE T [ S35 )

[10H8EN

L BR L AR ALl

\C25ﬂ?ﬂtif’_fﬁﬁi]'ﬁs HEER 1m

90

20

[a]E0. 2m, L=1. 2m. AA0.S9m

3 MEREREEREE

HUEERA 5 E . KA 120b T74N, 2BHE (K
3T, TRRSERAR O KPS FRE ¥, PUEE 3m, B
THUb v 5 40T ) A 3 T BE T i — 3

[ 3 SR e 1. B, WHE b2
1.0m [a] FEAGFLIF 22 3% 025 WP IR A AT (L=1.2m, A% 0.9m).
HEFFAMNER G S 10 FEENEURAR S, PR LN AR A
Bk b, IFER RN IR R, TR AT - SR -iE
AR 2

KRRt SR A AR K HEAGE BORS e L. 6
P AR PO PO 2 S BRI T 0 2R A 2 < 5mm;
HUEE w22 <+3mm; Bk @22 <1mm; BUI0RE A R E <
5mm,

3.2 BREFRESIFR

T BLBRLE R NP B I 9F5E , AR50 ok B 2 ) 2
L RGO TR L R o SEAZE 2% . ARFTIG I 08 S

50

BEHAN i, JEATENU  BTATENLR . SRR S h 5%
Tz ST SR AL, IR S A WIS RS . S St
Wezede: RS MR, 16 PR TR FoR ik
SE AL GG U B3R, AT TR TE B AN L0, 16
RIFARTY R B B BB 5
RGP EB AT, M AR AN S R 45 &
K, PREBUATIEHER . RGO Ll LSD KT /710
G s RBIAL RS A T 5 PO R [ U A S B AR 4
i3 Rl SR AR 4 22 AT 0 5 U 21 i T T sh A b
SOV o2 5T R IR R E G, R IR ZE R
SEFEHIfEHem LD, i 2 BE IR i) LD A 2 1) T RE AR
BOR o IR S UMCERC . WS S5 A% B 5, A4 AR
AR B T ) R e 2 i o

3.3 IBRATRE /TR

TEAEAT TE LR R AR PUE T RRIB AT I S A

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



AKHLRHE - 2026 459% 4558
Hydroelectric Science & Technology.2026, 9(5)

@ VISER

e
=
B
50
\ . .
\ T4 L BB LA
(£RD
4 BEETREREE
L T,y Al
GINER 52
95000
ES ¢
BT
~H{ ERET R
T R
/’

AR LY

E5 BEETETEE

3.4 MERIUEH LR
RIPEAET, A TAESEHE “ T (e PR+ N TR
iz ", FAR em BRAAT RO KA 12 0 R AR A -

KRR AR 7> Brgb 4L SN2 SEAT [ 2 THCT 6

W Z AN a1 TP SEBL A (ARl 5 S5 At T

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

. A BRI R PN 2 BAE S E fdEsE, PkR
TG FEHIAE 50%LAPY, 2 G 107-2016 X A7 [X 25k
BETF (R PR, fRER S RS BRI IE KIS L
R EAL, PO S AR ZE<2mm, AN
LB . MESR A S U AR SRS A A, o R

51



@f' VISER

KHLRHE - 2026 459% 555
Hydroelectric Science & Technology.2026, 9(5)

PP LI AR &, A R PR S BB N R i

Ja SEENN TR ALRHE, W ORI 23 18] BRI 5 ThRe7e

BYE, R EAL-BEE- G = AL AR BB B AL
3.5 SBRLRFSHTEFA

BRI RE AR T, TRk T A BRI /KR EE 0.45.

PR 38%. 3 WUk 1.0%5 FL55 2% )40 4, SeBlt
WS (L 160~200mm). #J¥E 3~4h [ bRAg 55
REPE, ORBENE THE 1 BB AR o BEBUAE “ 70 B L XTRKS
gy TG, e e S TR A SIS S0 R, BRI
JF AT LR — AR, A SO B 7 ff . 132
<B0cm JEFE, FAH ©50 4l AR A BE P FB % S
ZW-10 Pt sT AR IR 25 B TR 00, TR IR+ 3R 3R 7
Rk R, RERABRES PR, ShdEAEES,
TR AR EERS HESE T 0.2~0.4MPa, Bi{RIEFE AR
GERE), R4S I R S R A T 2R A PR R S S R P A
A

TR G- IERE AR =B W
B, EIRGEI i FEL BIRAR = FE 1Y) 2/3 (£ 80em) H R JZ
TR BB (Z9RIE 3~4 /P, #E4T 2~3cm
FARER TR T 5 BN R JTIE R o 1% T TH BOdt NG 3A
PN, 4G “ 22/ JEN] . AERRE 1 /N2 A i —
W, BT 25~30mm, SFEIEE T HIE 10~
15cm/h.  H AR Bk -5 B 4E RECE 0.3~0.5MPa, 456 K]
Wik “FHeAEER, BHEUREAHE. KEnE, Bt
ZPE FABGE AT Im &b, B A A Sem/h, IR NEER
W, RS % BoR HEf i

i M. VIR, TERUASS M R 5t T
B A I ], HEpT B ) WA AR,
REOGTR RO A AR I AR Sy S, 25 R IR AL

B AE R AP LSD T T 7 sl HEA T R R .

3.6 1RUKIRE

TR R FERA NS, 7R A EPRINE
PEREES], BT, #% “f50HFE—REERTF
BB RS~ TG~ 87 WP EEAT R IR R .

4 BRESHRETHIRR

4.1 RERIEH

LSD 75| REENIZLHEA, KM YDC1000
TrI5sREh, LA 8 AR 1860MPa 2 okl 45 4N 4 £k i) i e T+
HuE, #iE TR RS BURE L. 2 E, REaaE
51 773k 63.39t (5 1.5 522 R¥0D, 8 MANS LM /) &
1 2000kN, “224x 224 4.83, wHIFIEERM 2.0, HET
8L, 1% R 5 E 4% 0~0.5m/min L4, [F25e

52

TH BB E BT RE, MR bR T ORI T 00T (78 22 KUK
BRI TS i 1A 2 4 R

El6 ARZzBEETREE

4.2 REREFHER

FEVEASIE L, o R A 2 YRR PIMA R . 1A
TR 1] A4 b A A W TR 451 4 A B, 4 6m RS J L] (s 22 5
j2em Bk 45 AL, SCIBhaS 2 . VREEL PR E
L 5 NG DRUUE BRI, 45 G 6 3HE FE
PR, hEMAIMNFIEBE, MR TEERE. S0
JRERA BRI + L TATmOK” 54 12, 28 KiF
BARIRFRA, B U A i A . AW R L
W T AZFREEKIR<60C, FEEIRE. T PBE
LI s T2 B0 A BELIT R KNS, AR Rl 4l
GESUELETE . DUAEP R, S5 5T A 5 R
AP o

5 LR E M

% LSD WU LHEARAESL T /K & RE Lk 4 2% K
REFR RIS, BT T SR LT, T L
ST SRR, MIEG B T2, TR
gR%, HSSIL T 2 TARHFATRUKAE L, i LR KiE 2
Fte REJTE, S5 = 7K, Fi) 5 R EE 3 A
ZAUN+3mm/-2mm, ST T RYE AR ZE (+10mm).
REL RGN . BF—3, JOKE . BRI, 9 RRES
JEE, 4 NI LR R FIAF] 100%. %247,
ANt LA R R A — N G T B % R R
i, LSD ARG B BT RER ML [ B 2GR N 724
PRAL T RE LR, 224 KU 13 246 AU . ST R J5 T

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



AKHLRHE - 2026 459% 4558
Hydroelectric Science & Technology.2026, 9(5)

6* VISER

BELRG BAFAE— R RN, (RIS & i T T,
VD A28 L BEARFEA S35 B I8N, A RUEAR 25 R
WHIGETETHRA, GEM8EE, MR TAET SR
PR

6 LHiR

b K B RE RS, 55° KB R /KR i zh
LR, WAF T LSD SR TH AR Se 1 5 AT
GEbk. EIEARIT, WLSHLLTRER: LSD &5 R4
REMARRICHE FEE RO TR 025 %, HES, TR, K
BrARTHIOREPE, AJRER E IR T IR, AR b
BEAHT . “BUR-BUIE-BUE 7 = A — A R 4 A
R, EHLR IR PR IR o B A I SR, RS FE
TESR LR, PRI SEELF B, WUE A m R SR
A PEER ) WA G225 N BT R Z AR
Gt BTl A R AR ORI FE BEIE 2 A b R, SEIR
UMb A 22 4 it T o B RARIERD 50° DAL
bt ST TR £ 7K 5 6 Pt 5] K B R AR B A G 1 LG
R R B . R, SUFELE, R

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

IV

AEARII I, R RIEE /NI 7K LB ] Ve
AT ITERE T8 B BAT, 0 HEZD /K 5 R il g i
FRH D B EERE L.

[B%E 3CH#k]

[115k & X, 2= 5840 Ak fE B oh K 4 3 7B R Uk 4 1
T & A[]. A1 % #.,2018,44(8):52-55.
[2Q1E# K TALSD #HBRERFEEMAE BT A
#HFF i T E R R[] 18 )1 Ak A & HL,2020,39(2):89-92.
BIXEHEXE ARE A LRE 2 EEEA I T
A L[] AR K 4 A ,2019,50(6):112-118.
[41FR R R, 30 22 B 4 A% B ook 4 R B L AT a1 B
T & #HI[J]. K 77 & w5 4%, 2017,36(4):89-96.
BInERBEE EERABERGEAREAF 4
o B AR [J]. KR 5 # 40 T 42 % 4%, 2021,19(3):145-150.
EHEEA: T® (1989—), F, Ak, AEFEA, T
B, A#, BV FTAFTREFREATIRL Y, AAE
KA A T2 THAR T,

53



