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Determination of structural reinforcement schemes for upper lock head of a ship lift made of RCC and normal
concrete//MA Yacen, WANG Jiwei, LENG Fei ( College of Civil and Transportation Engineering, Hohai University,
Nanjing 210098 , China)

Abstract: It is necessary to control crack width and crack length for the upper lock head of a ship lift, which is generally
a dock-type structure made of roller compacted concrete (RCC) and normal concrete. Based on the comparison of the
nonlinear finite element calculation results of reinforced concrete with different structural reinforcement schemes, a
calculation principle was proposed. According to this principle, concrete standard strength is used to control crack width
and crack length in the bottom slab and to determine the minimum thickness of normal concrete of the bottom slab. The
crack length, determined by average strength of concrete, is used to determine the scope of reinforcement. The minimum
thickness and the structural reinforcement scheme of normal concrete bottom slab were suggested. The influence of applying
ways of water pressure on the crack surface on cracks was analyzed. The results showed that when the water pressure on the
crack surface was full water head, the cracks expanded until it exceeded the reinforcement scope, which caused structural
failure. When the water pressure was seepage pressure and it was applied in a triangular distribution, the cracks was
steady; both crack width and crack length obtained in the scenario with full water head are larger than that in the scenario
with seepage pressure.

Key words: reinforced concrete; the upper lock head structure; ship lift; reinforcement schemes; crack width; crack

depth; finite element analysis

1 IEHLR

SETHARAIL 17 A P K 3B B T B3 i ]
HHSE DR, 22K R A TR i — >
B o 12 I 2 R RS R BRI ) A A
WAL, Hoh 425. 0 m LA MR IR BE + S0k &
JII, L ERAURE B oA AR R U B R AR TR EE 4
F o I 45 A B 80.0 m, ELTE 42.0 m, Wl

117. 7 m, LR 95 12. 0 m, P 000 VR 8 + 301 3300U5E 9%
15. 0 m; W2, H S TR BE RS EEEL 10. 0 m,
e s,

IR Y IE R B KA A 458. 0 m , BEHIE KA
461. 3 m, KeAZHE KA K 463. 1 m, b il & B0 A 53
(X A5 R AR L A7 , & o BR LT I AR AT R IR BE
SEK  FEIBATIA AV T 2 (H I SR A T E R TR OK
Al BB B 24 4% 1 DL BOUM R 488 1 I e, EE B R

VEZ A DA (1988—) , 55 I mg ra BHA, W F 5T 24k, 2 SRR EE + 5/ 19T . E-mail ; mayacen88@ 126. com

KA K A ,2014,34(3)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn + 65 -



—L i — 24677
%4625
2450.0
12.0
C25 C25 ©435.0
DSI? ﬁ*@(CéO)
i 2425.0
O' =1 5
S| g NBBIKS RIS
oy Aiigk RRUinES
RCC(R150)
P £392.0
%
RCC(R200) 3692
WRHE T T = Ak
23500
\ 21.0 | 21.0 |

| | |
B1 EWESHINETEE (B :m)

B RUOR Ak A DG B TR E ARG 1
TC 7577 I il A A PR A 28k Ty SR Al 3 0 20 i 4 4
TERETLR , FEEAT K TR BE + 25 31y, b
TR AR 24 4% T8 B BRAE AT B 0. 25 mm , {H A HY - ] 15
JRAR SEBR I TS — B H 0. 20 mm

H T 0 TR 458 1 358 245 1o B ) K Ak /D | 4 i
TRTHI RAR TR A TR EE L, 0 HL AT SR R 3h 88 Y
D5 vk T, i T R L A TR AR 2
I, T A B AR R R TR TR e - 0 = R N e
AVREE L 0YE R R B Pt TR H AR, (HR
JRIREE LR 0 208 = 0 5 i T, pris e 2, 4
SARE AR BB IR BE + 2 kA B T, UL b 6 B
M L AT T B AN AN 2 B ) 24 4% 5 B, 340 2 S /)
SRR

I A S IS IR AN 2 B
(RS | 2 W 7 R 125 153040 A5 FH 4t 3t P 3 2
BAFLRY | XIS HY I ZLAE T SR AR (H 5 845
AT OC, T SRV A A I R R S AR )
Ko —AUFECAT 7 B DO Tl A 3T 1 S
T,k B A B A A RN A TR AR T
JEIE R ZR A & — RIS i i . W
T HET M JC AT TR AEAT ZRTREE 24540 2485 T8 B K
FER AT AR SR FH AN i TR - AR LA FR T 7 i
KRR 9 24 4% 55 B R B, XD A 7 kAT

256
FoE e,

2 ITEER

A b T 1 s o B AR IR AT 42 T 1A AR ] T
S UL 1, TR A S F AT R A A TR 1
i ALt B JCFE P HohaiRCFE-P, Hodr R 5k 1
KH 4 ~8 5 ST RIS B TT S0l N AR AR A A
A Kupfer 55 3 HEN] | Fr R LA AR R A AR 1)
iR FH A B oo R B A S TR B - =2 [ A R 2
TR R AU 590 Houde Bh45 T R A0 ikl
T ARk I 9 A5 TG S I AR TR - T A L K
SR A Bhah 0 B s e S o 4 W A O
ZA15% H Houde 245185 32X

SRV N R N T, T2 R 1 A TR AR R )
43 2 JeBes, AR P e A, F TR R AR A A
GeSLH YN 101 3Z T3 B 7 , 4 AR IR B B B AR
TR S Bt 1 LT A TR U -, (S T B AR, T
BT 3Rt T A, A P AR AR 1y il
WIEET, HA AEEM  BAR 2 5l 5,6 A
ORI K TR AR, 3543 10 4 2 B8 it fin 17 2%, Hep
51 ~9 Ao HEIMUEKE, 5 1 27Kk 0 20 m,
W2 ~6 AR 1.0m, 55 7 ~ 9 K kR
A3 0.5m.0. 5m F10. 3m, 55 10 4L 2TEH5 9 1
E S TR =g E2 11D A

hy WA 24 4% o3 A i TR A5 L4890 T B R T
UGB R ARV —A BT A AR AR A, 1 T
T HH BSR4 DX IR 40 2 A, H AR i 7K 1l 4 T
& RSE/NF 100 mm , AR 7R RS HR [ 45, Hadal 43 22 052
AHIT,

3 BEEAE
3.1 HEIR

ARSCHE 3 B AR D) T T R R 3R Bk
JITH AR R A Ol T A PR SR PR 77
EEARAAS Y FTHE T, 8 1 VR A A AR A A
A, BT T S MIA T RGR D) PR T ~N
PR RARE 2V B s K — 28 &
SR I 7K S TRIFE 34K 200 mm, 5 R LA 5 2200 5

*1 LAEREESHE

Wi RRKIREE L
ES X A AR 1 7] F BC A JEERE 1 AR
1A 18 B/ mm?
I 7 7 36@100mm 35625
I 7 44 36@100mm+3 4 36@200mm 35625
m 7 74 36@200mm 35625
44 36@200mm+2 fE  36@400mm

V7 +1#F  36@500mm 35625
v s ¢ HE 36@200mm+2 Hf  36@400mm 38580

+2fF  32@500mm

- 66 - KA K A ,2014,34(3)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



DX 2 A A5 A VRS R JEE B 1) AT AN TR

AT /K TIRSE 45 M R M R A
PR T EA T 2R3 2 4 1l 360 B3 B A4 ek 3R R bR A, T
5 )R LA B AT A RSO, PR S Xt ik
5 FECH i SHAMEE S T IR T 1 ~ T
5, iX A} Houde Z45 ¥ # 2 20 b 0 0 B e 8 B2
HUPRAE(RL . R T b [ 7 255 ) S s 4 48 T IR A
X 2 FCAR Oy S AR MBI BE T B A TR,
T 6 T4 7, 3% i} Houde Zh45 M #0 Rp
Ao 0 P 5 B A RT3 1

C25 TREE R OPrhn A obt o B bR i (i 2
Mk 1.78 MPa F1 16.70 MPa, ¥] 14 3 14 15 & >
28 GPa XT b C15 JREE L F1 R150 iR EE 1 28d #%
o1 B 0 5i (AR PEAR 1 i B, R150 B TR é
AT C15 A5 TR EE 1 U, FlC4T i A O
YU SR EEARENE 23 3] M 1. 27 MPa F1 10. 00 MPa, 4]

AR R N 22 GPa, B C25 TREE LR T R BN

0. 16, A] #5 C25 JREE 1 Jh U Bi H FN O B 1 53k i
IE 51K 2. 42 MPa F1 22. 67 MPa,

FEVETELR VA IR SR B it i an /& 1 Bt
TNIRBIE R T, T LRI AR R R A il KA
3.2 HESER

T2/ TR TR TSR, Fhagk
h F B B SR N IR KBRS E, K2 R
VBRIV AR B b (B T A5 3 ) 24 4
o)A, M2 FIE 2 v LUE H, STR & 150 R
PREfERT . QIE# FRKMVAER T, i T2 K ER
IN STRVBC A 7 Z %) 4 45 A . Qe
KOIVER ,AF B EE S L —F 2R
(L) WK 2(a) ; BIBBEIEIIN (EREE 1
FIRAERT BRI E 1 FrR 9B & R 1, B8 1% R )
AN T A AT HU B — AR R AR AR
JEXERIFZ AH/NTBEE T K, WK 2(b) .,
QWITHAKNAER T , AZ BB BE LI, FET ~
VKM 8 6.1m6.0m.5.7m.2.2m 2. 5m,

F M 5% B K98 B 43 24 0.14 mm 0. 14 mm
0.14mm 0. 11 mm 0. 11 mm, % [&BiEE S5, B
AN ENREREMTE MK, TR T ~ ViysE
K54 16.4m 15.9m 15.0m 7. 0m 6. 1 m, F 1
S i R TEE 43 4 0. 20 mm 0. 19 mm 0. 19 mm |
0.15mm 0. 14 mm, @HENFFH LV ALK
AL B B /N H Ay 5 WIE AR TR

v435.0

24881

W AN TR AR

A

(a) KH% EBIFEIL T

v425.0

v435.0

W AN TR AR

v425.0

(b) BIBBIE LTy
WK TEH ARV REERER
HEBAMRESf (BAL:m)

RN ATV RREE R R A AE T
Rt OIEH FEAROGAERT , AR IV %V EARITF
2, QUK AAERT , A% B3 R 1 7 %2
VI % V s K AR R, 2% 8 33E s 1 5 73 5k
2.1m 2. 2m,

3.3 HEERHSH

a. SRR RTINS T IS AR JRE S T 1) A

0 1 B0 7977 A ) LR R, SR R B

B 2

®2 LHBERBRETEER

O E’;{{f o EW# KA B BB+ B B IE )
THOFE T OWE g FES/mn AW /mn SEKm S AT mn SEK/m I mm RS
1 I 10 FRfEE 0.2 0.05 <0.05 6.1 0. 14 0.20 16. 4 0.20 0.79
2 I 10 A 0.2 0.05 <0.05 6.0 0.14 0.17 15.9 0.19 0.72
3 m 10 ArdEfH 0.3 0.05 <0.05 5.7 0.14 0.15 15.0 0.19 0.57
4 N 10 AtRME(E 0.3 0.05 <0.05 2.2 0.11 0. 06 7.0 0.15 0.21
5 \ 10 #rfEfE 0.3 0.05 <0.05 2.5 0.11 0.06 6.1 0.14 0.15
6 I 10 PEHE KRR KR I 0.5 0.08 0.05 2.1 0.10 0.07
7 \ 10 SE¥E RIFR RIFR KIH 0.5 0.08 0.05 2.2 0.10 0.07
8 IV 8  FRMEME 0.3 0.05 <0.05 2.2 0.11 0. 06 7.3 0.17 0.25
9 \% 8  CPMMEH AR RIFR RIFH 0.5 0.08 0.05 2.1 0.10 0.07

KA K A ,2014,34(3)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 67 -



b. FE MR} 5E E b o (A5 B i) S Ak K R A 9
BB R FHOEPIE AR 1 25 5L 102 B br i (i 5
H 95% PRUFZ 2 bRt (B3 A5 1) 245 K 3 R 58 132 /)N
T2 PR G T R B 0 T REPEAR /DN 5 1T A4 L5
SEIE T SEBR R B HoT M AT ) 2L A R A
B BE T S B B ) A K B R R, i
TR EENE &, 2R B A ki B b v (a4 7 2
AT B IR AR R R A v (L1 3 0 S AR K R Sk
TE AR TRBE AR S5/ NEE RS, AN &R M

c. 2 BEH RABEREEITHR TRV
OECE2 SN N N e o N = S = T S
IR Ry 58 VAR A U AR R B 7 v A ) PRl e
K, T LA A 4 BB A A A K VI P, R TRI s
BH) SRR HETHR R AR KA+ B 5 R
IVERT N RV REKER MK TRV, XH A
FEVER RNV EIGH 1 HE 36@ 500 mm 25y
2HE 32@500 mm , B —HERK AL OO T IFR
O PR, T B i A e AN A T DA o7 b A B A B
BN, B RV A K E O o R IVIEK
e, RN TFHEV .,

M TP T AT, /N B 1 A T
A A DU A T T 1) AT ) 3 PR R A (P A
TRBE 1 SRR 2430 Bl X A AS VR T, B TR 3
Pl PN P ik 20> | 485 4 2 o 8 A K I T 34
PR, TR S AR 4L G W A5, TR
FHAA AT IREE + A BR T A7 R e 4 ) 0 S5 L A 7 8
TERRRT SR FH « LA A e} it B s o PT 45 24 48 < B A1
T E PEAT IS MR S A 4 o), 0 A A TR R e/
JEERE AR - 24 8 JUr 15 28 4 < 18 1 o 9 17 A1
B T JE ) B SR < LA L 5 A o (L
Froue s fl e a oA, RISz E RN, 5%
IV R J S A< R B R, A AN 23 51 28 AR i
AREE L, T LA AR A A S PR S A K S R
IEHEBATH A A REAAE 3 T B VAT,

FERITEK AL +38 35 T IER T 7 2 IV ##4 kL
PRE(E T AT B MK B 7. 0 m, 5 JE TR 1
AN Z e 2 MU SR EE LIRS E R 8 m,
R T JEE BE /N 2 m

TR EE T IRARE FE W/ 2 m J5, 2544 B 4R
53 DA BT AR A, BRI R e 355 T 8 IV 42038 19 A TR
HIEEEHE TR TR 2, WAL 8 AT
B9, XFELTH 8 A TH 4 T 9 AT 6 A5
ZEIL IR 2 m ST E LS R AR/

4 BEKERMARXNNRERKESEEW
A1

WAL T 58, 5 oK T BB 2398 B B 244511,
JE A4 ) T e Ui R B TR 2 S % T /K
FEEIVERT . &1 _E 7K R it fin 3 T L B ] B (.
H AT JC IR A 2536, 28 5RO A #e fE 2
HERAEHTT , YR EE 5 EE R T 0. 02 mm B 2% THI/K Hs
FA bR Ak KAR, [F I A8 H 8 K oA 5
S T A HLRE R AT O, (HIE AT 45 HH 5 e B 1 LA
4598,

FESE BRI 4% 1 K R B AR R R TR
PEHIAR R 340, an 4Kk koA = MIE A fidiiz
S5 AW o | TN N E D B = =R N LW I A S
V') g oK S A=A B o0 A >R 53 4 4 5 5 A
J& , LIS AN [R) 4% 1 7K H it Jin o =200 24 4% K B A
FERISZM, ULER 3 Fh ) T8 10 AT 11,

BT K R FH 42K Sk R = A I 4 A i, K 43
A e B SR B AR ], [R5 IR AR TR K T 5 54 4%
Z AR VE R, Bt ina 1 /K R A1 i, 4 44 kst
TR IAE BT i 4 11 b B i 4 T K R 7, B R
“EfaE Mk,

23 4 T RN ER KA + 48 10K R AR
FHR B A 448 v B RIS B2 4Rk i B2 381 5% A
{8, R T3 F FEE K 4698 35 1 1 o0 A B 1T 5345
RHHE K T 0L 4 g5 R Wy FR3, NEK3 HH.

a. 00 10 &% 1 /K e 4 47K Sk, 78 /if— K
THEAS B Y 32 R 4% 25 K30 B it 4 7K koK e, 34
SN SE FERRAA KRGS, 56 3 U B 2
R TIR 13, 5m, A ARSI INAE 7K R, 485 5T
FRAHbTF I T 2%, RIZSEETT R ANIRS, ORI, 24
T 7K He R 27K Sk A A I SRA0K e K, g Sy B v ™
AR HUK AR T AR A K e i, 244%

®3 BEKEEATLAERBRRETELER

i B Bk H2k %3 %
Tt FE kg i - ” — " —

: m AR BK/m  REAET/mm AL/ mm HK/m RN /mm  AFFET/mm  4K/m RIS/ mm  HHEEYE/ mm
10 10 KK 5.1 0.14 0.11 0.16 0.23 13.5 0.25 0.44
1110 =M 2.2 0.11 0.06

4 10 BBEBKEASH 1.0 0.15 0.21

FE D58 1 R FR B KA, TR BE -+ T RS 55 1 A £ 248 T B INAE TR R ; “ 55 2 17 R/RTESS 1 YOl b 7E3T 0 = 244k 1w it
INSETK I, LA 2EHE, @80 11 AT 4 55 2 YORISH 3 Wit S-S RICEAE , RO 1E4S 1 YO mAE K R )5 2485 D ARUE N HEHEITEE 2 RAIEH

3 WA,

- 68 - KA K A ,2014,34(3)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



KEETL IR 2.2 m, 8 AXAT 9 A B it o 4 1T 7K
JEJ5 249N R AR AN B4 2 o, S s s i —
AT T R L I A TR K Sk | At
I RLBETT AN BRI SL . TR, 07 7™ A% 2 B R
F ) 9 1A 4% Bk Ak T - R B Ak Sk A A
IKHE

b. T80 11 Z& KRR = AL oA, 5 1 Kt
TNAE T /K HG | S48E K B M e AR | R 45 LR
FE o VLA I AR R Sy v Bl 5
I A A AT Y L B R AT RERRE

c. 004 S5THK FRARE 5 T n , 4555 g
At 447K i Bl 7 S 45 4 3 1) 338 Ok /N 448 3
JEfeEA ., R TBBEE N AMAKERT T 11
OEEATiTY) RS i TR - s 1 W W SIS
L 1N < b 24 T

5 & &

=A

a. T I A ) SR B P S T R K
(B 1 55 1 A5 TR BE I R THITPL B W) B 2544, m]
SR JH AR AF 5 FE Ao v (L P 479 SR8 4 4 B2 A0 08 JEE A7
JERACRAE T, B 72 AR A TR BE L e/ NEJE | LI
kR JSE - 32 (LT Aok SR A R E 9 A VS R 1Y
TR R AT A IROC R 4B P il 30 5 . R A% s
W, m] A BT S BT EOR AR AR R S TR EE L /N R
AP 758, BRI R 1t TR R, S e 5% 5 J&
BRI B B SRR BE 5 B T

b. J7 GV IEIZA5H B Gl RO 7 58, 7E
P A A TR R AR L AT HE )25 B8/ N2 m,

c. BEIHK AR5 25 5 7 n B 45 A 2R 4 K
TITERER T = fIL A g4 R . Hag ik ek
7KK AT AR, 7 2R3 1 R 5 B0 97 A1 e
W R4 2 AW TR, ISR A8, DR MR T A% 4 KL
VIR il R 2 4% Wi S b O 2 A i | H B 4K
KA K

SR

[ 1] ZU R TREIREE - 58 M IR B L 5 W4R [ )], 40K
] ,2008,27 (1) :54-57. (QIN Minghui. The similarities
and differences explore between roller compacted concrete
and normal concrete [ J]. Hongshui River,2008,27 (1) :
54-57. (in Chinese) )

[ 2] flF. BRI EE L am BERFPE OB SE [ T ] KT R LA,
2006,25(1) :85-89. (SHI Yan. Research on strength of
roller compacted concrete [ J ]. Journal of Hydroelectric
Engineering,2006,25(1) :85-89. (in Chinese) )

[ 3] SL191—2008 7K T-iR¥%E + &5 HRIGE S].

[ 4 ] DL/T 5057—22009 7K T.iR#E +Z5Fi% i HHa S].

KA KB AR 2014,34(3)  Tel 025 - 83786335

[ 5] WA HBHR, AR, WAL b I e 25 4 d 55
FEWFE[I]. ARKIT,2001,32(11) :8-10. (WANG
Jiwei, NIU Xingiang, YANG Benxin. The study on
structural reinforcement schemes of the upper lock head of
Three Gorges ship lift[ J]. Yangtze River,2001,32(11) .
8-10. (in Chinese) )

[ 6] faf2 TEREAR 78 7K. RARBRUARAT FR IR BE L AR 2b Y i
M1, AKFIK BB 8, 2013,33 (1) :58-61. (HE
Xue, WANG Jiwei, LENG Fei. Reinforcement of massive
non-member concrete bearing plate [ J ]. Advances in
Science and Technology of Water Resources, 2013, 33
(1) :58-61. (in Chinese) )

[ 7 ] BAIEE. m AR BE L4540 2 [ M. st v B KR
JKHLH A, 1996.

[ 8 ] TEFEA, sRMESC, MOFT R, 5 R4 1 R 9 415 50T
BERATTE S R[], T/ J1°%,2005,25 (1) :95-102.
(WANG Jiwei, ZHANG Xiongwen, LIN Xinzhi. Research
and applications of a plane embedded combined element
model considering bond and slip [ J].
Mechanics,2005,25(1) :95-102. (in Chinese) )

[ 91 ESEA, sk SC. K THATIREE - 25 A BTt
JEUUI T3 KK L B4 00 R, 2005, 25 (5) - 44-47.
(WANG Jiwei, ZHANG Xiongwen. Calculation principle

for finite element design of hydraulic reinforced concrete

Engineering

structures [ J ]. Advances in Science and Technology of
Water Resources,2005,25(5) :44-47. (in Chinese) )

[10] Z=55A), FWLL, T OF . i 7K Sk A AR B+ 280K
ARG [)]. R4 4 T AR, 2010,
42 (4):13-17. (LI Zongli, WANG Yahong, WANG
Zhengzhong. Process analysis of water infusion in rock
mass or concrete fracture under constant water head[ J].
Journal of Sichuan University: Engineering Science
Edition,2010,42(4) :13-17. (in Chinese) )

[11] 258 AR 3 HAREE IR A IR EE LK I 5
B SHST[T]. & 1 J1%%,2008,29(8) :2121-2125.
(LI Zongli, REN Qingwen. Analysis and discussion on
rock and concrete material hydraulic fracturing under
natural power [ J ]. Rock and Soil Mechanics, 2008, 29
(8):2121-2125. (in Chinese) )

(ke F99:2013 -06 - 19 il . B 6 )

E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn - 69 -



