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Structural design and mechanical performance of assembled navigation wall for

ship locks in mountainous rivers
YE Haipeng, LI Yonglong, WU Liguo
(Sichuan Transportation Survey and Design Institute Co., Ltd., Chengdu 610017, China)
Abstract: To address the problems of high cracking risk caused by hydration heat during construction, low
construction efficiency, and serious pollution from wet operations associated with traditional cast-in-place navigation
walls of ship locks, this paper investigates the structural design and mechanical performance of fully assembled
navigation walls for ship locks in mountainous rivers. A fully prefabricated assembly scheme using high-strength
bolts for intra-layer connections and longitudinal anchor bars for inter-layer connections is adopted. A layered
assembly method based on 4 mX2 mX2. 4 m modular standard components is established, together with design
methods for the shear mechanism of intra-layer bolts and the anti-slip mechanism of inter-layer anchor bars. A
three-dimensional nonlinear finite element model is developed to investigate the structural stress and deformation,
contact state, and performance of connectors under operation at high water level, operation at low water level,
completion condition, and check condition. Results show that the maximum slip between assemblies is 1. 07 mm,
and the maximum principal stress of bolts is 215. 30 MPa, which is below the yield strength of 300 MPa. Local
yielding occurs in anchor bar bundles, but the structural integrity is favorable. The anti-sliding stability safety
factor ranges from 1. 15 to 1. 45, satisfying the code limits. The study indicates that fully prefabricated navigation

walls possess good mechanical properties and engineering applicability in ship locks of mountainous rivers.
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Fig.7 Assembled navigation wall mesh generation and spatial morphology of contact surfaces
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Tab.1 Material and calculation parameters

A ek 142 fit WPERLE/GPa B/ (kg-m™®)  JAMSEL  BUROREE/MPa BUESRE/MPa JRIRIREE/MPa PEIEREL

TRBE AR U1 30 2 380 0. 167 2.20 23.4 - -
TREE LR 28 2 380 0.167 1.78 16.7 - -
[y 210 7 850 0.258 - - 300 -
i 210 7 850 0.258 - - 300 -
FRAELE-br i A - - - - - - 0.6
FRAELE-TRAR - - - - - - 0.6
JE A -l - - - - - - 0.4
3.2 R T SR E 2 WEIRSHHAS

Tab. 2 Calculation cases and load combinations

BWE 4 Fh T, LGS KA, BT EK TR e
i, SERTH ., KZTH, mEaiEEE, +E G MM Kfm Kfzm

HE L&D KES BED

Y

ATH A 1 EfTRIKAL 346.44 346,94 V
SOKIE BAAIES, RIS G S Ly
(B NEEHE I o =320, APNEEHES B=15°), 3 EHTH - - VOV - -
4 EATH 353.99 353.99 VOV Vv vV

*2,
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Tab.3 Safety factors against sliding stability
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Fig. 8 Characteristic points of navigation wall
displacement and contact slip
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Fig.9 Characteristic points for stress analysis of navigation walls
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MRS R A, 0 it 8 T 28 JC A 3 ik T
] 00T B35 TRAFAE S IR 4,

KL AL (LA 1) SR TK P28 9.54 mm
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(A9 i) o Pz B RSB 2], A o dis

St SR TR AR BN R SRR R
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RIS E AT

R4 EHFERGLE
Tab. 4 Displacements of characteristic points at wall top
mm

THHS Al A2 A3 A4 A5 A6 AT A8 A9

1 9.54 9.09 8.46 6.77 6.29 4.43 3.98 2.72 1.46
2 13.02 12.49 11.79 10.02 9.45 6.90 6.31 4.42 2.61
3 11.54 11.02 10.33 857 8.01 5.47 4.90 3.05 1.21
4 5.39 518 415 4.28 4.01 3.33 3.01 2.25 1.37
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TR 6, IREE LN I RE R B, mKA
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Tab.5 Maximum principal stress at characteristic points in

front and behind the wall kPa
T AR £ B R
i Bl B2 B3 B4 Bs 6

1 -1250.00 -1040.00 -25.59 120. 00 300.00 7 350.00
2 -1850.00 -1 670.00 18. 08 68.22 260. 00 35.77
3 -1 820.00 -1 620.00 1.87 330. 00 930. 00 360. 00
4

-962.06 -308.76 211.53  495.22  404.12 60. 86
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Tab. 6 Minimum principal stress at characteristic points in . . o N
front and behind the wall MPa ﬁﬁi/ﬂ( I{R‘ 4) ?ﬁ%ﬁﬂijﬁﬂi@j} 215.30 MPa
T8 KR O 51 B RO £ T8 AR 5% B 300 MPa, AbF 3tk TAERZE, UL
G Bl B2 B3 B4 BS B6 - ) ) N .
1 -8.46 -7.44 -0.81 -0.68 -0.39 -0.23 Pl 10, HAT AR T 00 (0 4) TR FLoCik
2 -10.60 -9.22 -0.68 -0.53 -0.32 -0.20 i R EE 300 MPa, £ T45 2. 3 J24RMELEN]
3 -10.60  -9.20 -0.68 -0.65 -0.23 =-0.20
stz
4 -7.57  -5.82 -0.76 -1.42 -0.51 -0.48 fle—m, WK 11,
K25 F1/MPa /INE B F/MPa
215.30 0
197.30 > -2.85 =
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107.60 ~ -17.09 ~
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Fig. 10 Bolt stress distribution under Case 4
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Fig. 11 Anchor bar stress distribution under Case 4
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Tab.7 Statistics of compressive stress at characteristic

points on the base slab kPa
T C1 c2 C3 c4 Cs
1 -237.95 -587.11 -425.90 -323.60 -396.89
2 -227.90 -696.39 -374.16 -219.71 -496.65
3 -219.23 -657.68 -339.85 -213.18 -480.89
4 -236.68 -450.23 -517.20 -286.67 -253.02

3.4.3 EHEMERE

HEAR R G (2 IR 55 2 I 7 ) 1 A) 5 1 E
REIV T SRS VAL o A - o A T A
MCEL(CHE 7 8 SRR UEAFHE AR I RAAE A7) ~E7 (55 1.2
JEBRUEPFHE i THT 7 I ) B2 Ml o B 1 e 1 LR 8,
R 00T WAL 32 17 ) 3K 1 55 K AE 215. 30 MPa,
T s B, T VeI, B A R E A AL
U R L TT AR b T ) ik T 9 B A K Xk
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Tab. 8 Statistics of contact slip between
standard components mm

THHS  El E2 E3 E4 ES E6 E7
1 0.17 0.57 0.00 0.8 0.49 0.64 0.00
2 0.16 0.57 0.00 1.07 0.77 0.97 0.0l
3 0.00 0.06 0.16 0.23 0.50 0.00 0.00
4 0.00 0.06 0.00 0.16 0.23 0.50 0.00
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Tab.9 Calculation results of anti-sliding stability analysis

TH e -H R fi Yk 1S R 5

5B WEANMN  AIMN RE exm THU
1 16. 10 5.51 0.4 1.25 1.05
2 20. 40 7.64 0.4 1. 15 1.05
3 27.90 7.73 0.4 1.45 1. 00
4 12.70 4.27 0.4 1. 30 1. 00
4 #ig

1) HRHE 2PN e SR R A + )23 (H] G 1] 4 7577 " WU
AR RN SRR R, XK R
AEARAELE 53 2B P05 G IS AR i [ S B 1 A P )
%71, BUEES Z TR, SRR
#H{UH 1. 07 mm, $8HFE0 )8R 215.3 MPa, IR
AT AR B Al A R R S T AR R 5 e R
PERE

2) R TIPS S A AU B ML Y TAR
PERE. DRSS RN, EE RGBT N gy
PP TARIRE, PR E X 2R 1.15~1.45,
I KRR 110 -696. 39 kPa, FHHSS MBI Fa
SV b A 3 K
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