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Technique of yard structure-foundation integrated stiffness enhancement for
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Abstract: In heavy-duty storage yard projects located in soft soil regions, differential settlement frequently
causes instability in yard foundation and rail facilities, while conventional plastic geogrid reinforcement demonstrates
limited effectiveness. Focusing on the phase I container terminal renovation project in Luojing port area of Shanghai
Port, we propose a technique of container yard structure-foundation integrated stiffness enhancement using steel
geogrid-reinforced gravel cushion to improve integral rigidity of structure-foundation and reduce differential settlement.
We systematically investigate its optimized design through FLAC3D numerical simulations and discuss the influence
mechanisms of cushion material properties and steel geogrid layering configuration on differential settlement control. The
results show that although increasing the elastic modulus of cushion materials reduces total settlement slightly, its
effectiveness in mitigating differential settlement remains constrained. Conversely, additional steel geogrid layers
significantly decrease differential settlement, achieving a 31%—45. 4% reduction with two-layer installation. However, the
improvement rate diminishes with further layer additions. Considering economic viability and project benefit, the solution
of combining dual-layer steel geogrids with 80 MPa elastic modulus graded crushed stone is recommended. The solution
reduces differential settlement between strip foundations and rail tracks by 15%-29. 02%, simultaneously forming a rigid

stiffened layer that enhances overall foundation stiffness and suppresses lateral deformation.
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Tab.1 Soil layer thickness and physical-mechanical parameters

+Z JZJE/m B8 J1/kPa PIEEBESf(°) S/ (KN-m™) JEZii At /MPa
@®,, i+ 1.4 3 32.0 18.8 11.45
®,,; Bk + 4.2 5 30.5 17.6 8. 83
(O iy a3 0.6 7 28.5 18.3 7.18
@, Wk + 1.9 5 31.0 18.8 9.48
QU TR T F - Jemb Bk + 3.6 12 16.5 17.7 3.06
@R TE + 7.3 12 11.5 16.8 2.13
®, &+ 4.3 16 12.5 17.6 2.91
®, BrmE+ 8.2 4 32.5 18.3 4.49
(N J5- e 3 i 10. 1 15 21.5 18.3 5.41
®, BrmE+ 6.8 18 18.5 18.3 4.49
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Fig. 1 Layout of automated double cantilever rail-mounted crane wheel system (unit: mm)
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Fig.2 Finite element numerical model of

storage yard central area
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Tab.2 Structural material parameters of storage yard

45 ENHE/(KN-m™)  FPEBE/GPa AL
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RHE R AR 24 25.5 0.2
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Fig. 4 Four-layer steel wire geogrid layout form
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Tab.3 Cushion material parameters

HUZPPRRIZE  BRIERE/MPa JHRAL  BERJI/MPa NEEEEA/(°)

FAA 50 0.25 0 40
RBCHEA 1 80 0.25 0 40
RBCHEA 2 110 0.25 0 40
THHE 140 0.25 0 40
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Tab.4 Reduction percentage of differential settlement with steel geogrid-reinforced cushion materials
25 S TR RE I 1%
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Tab.5 Percentage reduction of differential settlement in various storage yard zones with different geogrid layers

g} 2 5 UURERE IR %
B R (UERE:! LK e 1 &2 K3 44 &I
1 2% A0 16. 30 14. 39 28. 40 31.36 28.71 27.79 16. 94
2 Rl 31.88 31.44 44. 80 45. 40 43.39 41.26 31.71
3 )2 A 36.23 34.09 45.50 48.05 44.54 43.59 33.15
4 ZHEH 37.68 35. 61 47.97 48.99 45.58 44.09 33.87
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