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Analysis methodology of standard for foundation pit excavation limits in
ship lock chamber expansion
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Abstract: In view of the issue of lacking clear standards for the foundation pit excavation limits of ship lock
chamber expansions and the safety of existing ship locks being affected by adjacent expansion construction, an
analysis method for finite soil on the basis of rupture surface characteristics is proposed to quantitatively define
the critical control parameters for foundation pit excavation. Through generalized centrifuge physical model tests,
the deformation mechanisms of the soil behind the wall and the distribution rules of earth pressure under different
width-depth ratios are systematically analyzed. The critical width-depth ratio between semi-infinite and finite soil
conditions is identified as k=0. 75. When k=<0. 75, the earth pressure distribution deviates significantly from the
classical Coulomb theory. The active earth pressure coefficient decreases by 18% —35%, and the inclination angle
of the slip surface increases until constrained by the fixed boundary. This method is applied to an actual
second-line ship lock project. The schemes with 90 and 100 m centerline spacings (corresponding to width-depth
ratios of 0. 367 and 0. 852, respectively ) are compared, and validated by nonlinear finite element simulation and
field monitoring. The results show that under the 90 m scheme, tensile stress appeares at the base of the existing
ship lock wall, whereas under the 100 m scheme, all base stresses are compressive, with displacement reduced by
21.4%. The proposed analysis method and excavation limits control standard can provide a theoretical basis for
revising relevant specifications and serve as a reference for similar projects.
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Fig.1 Experimental scheme designs( unit;:mm)
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Fig. 2 Soil deformation from test
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Fig. 3 Distribution of active soil pressure and its

coefficient in soils under varying conditions
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Fig. 4 Excavation section of chamber wall for primary ship lock( unit; m)
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Tab.3 Parameters of every soil layer
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Fig.5 Displacement results in numerical simulation

of 90 m scheme
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Fig. 6 Stress analysis nephogram of 90 m scheme
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Fig. 8 Stress analysis nephogram of 100 m scheme
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Tab.4 Excavation progress schedule for foundation pit
of typical section

B8] FHZE R /m AR
2016-11-05 55.10 THZR G
2016-12-03 49.10 -
2016-12-13 46. 10 -
2016-12-29 44.10 -
2017-02-28 42.10 -
2017-03-27 41.10 -
2017-04-11 40. 10 B aliin M
2017-05-05 34.10 TP T e e
2017-05-27 31.10 -
2017-06-11 27.10 IR BN FE B R

SC12 WM AL T — LR il i I, A A% Rt
Ree I3 Et A DL IR 9, mﬁ%%ﬁﬁﬁﬁigffm
AR i S UK AR T ik i, — 2 [l 455 T4 % il
SEYUF R AR ﬁ 2825 A 1] ST A g R 34107

200 " . .-
—o— (R B - EDIRER

e
=3

fE R BT mm
b=
=

-10.0

9 SC12 M LB FATBE Bt 5 7o
Fig. 9 Time-history distribution of displacement and
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