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Innovation and development of earth pressure theories for sheet-pile structures

CAI Zheng-yin
(Geotechnical Engineering Department, Nanjing Hydraulic Research Institute, Nanjing 210024, China)
Abstract: The main loads on a sheet-pile wharf are the earth pressures acting on its front wall. On one hand, they are induced
by the imbalance of earth pressures at both sides of the front wall owing to excavation of harbor basin; on the other hand, the
surface loads of the wharf acting on the foundation soils further increase the landward earth pressures of the front wall. For the
sharply increasing earth pressures on the front wall induced by the excavation depth of harbor basin which is required by
deep-water sheet-pile wharves, the “barrier” and “unloading” measures are the effective ways to reduce the earth pressures on
the front wall. The presence of barrier piles and relief platform leads to more complex forces acting on the sheet-pile structures,
and the key scientific and technical problem concerned is the interaction between the soils and the structures. With regard to the
earth pressure problems during the development of novel structures such as barrier and separated unloading sheet-pile wharves,

a series of researches are performed to lay the theoretical foundation for the
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development of the novel structure of deep-water sheet-pile wharf, including influences of soil density and grain size on earth

pressures at rest, silo effects and barrier effects of earth pressures on barrier sheet-pile structures, and unloading effects of earth

pressures of separated unloading sheet-pile structures.
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Fig. 1 Innovative structure of sheet-pile wharves
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Fig. 13 Layout of double-wall model and sensors (after Cai et
al.™)
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Table 1 Earth pressures between walls at different wall pile

spacings (after Cai et al.**)

B REAURERE R ZRERE Hh3E + S-S5 s
%5 FEE/mm FEE/m  %¥/(grem’) HREK
1 40.0 3.0 1.46 0.41
# 533 4.0 1.47 0.36
3 66.7 5.0 1.47 0.34
4 80.0 6.0 1.49 0.31
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Fig. 15 Sectional view of berth No. 32 of barrier sheet-pile

structures in Jingtang Port
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Table 2 Basic physical and mechanical parameters of soil layers

+E +Z JELRE RIRESE HKE
' B /m Y/(kN-m*) W%
® 4 9.7 18.0/19.0 —
@-1 Bt 22 19.3 24.2
®-2 R 6.6 17.6 43.1
®-3 Wt 1.1 19.1 31.2
® 4 10.5 19.7 21.9
@ Bt 2.8 19.7 25.0
® 4 3.4 19.7 17.4
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Table 3 Parameters for Duncan-Chang model

ZH c/kPa o/(°) K n
it 31.37 30.18 55.59 0.861
W 40.37 22.68 39.26 0.618
) 0 30.97 476 0.886
ZH Ry K m Ky
it 0.640 26.18 0.722 100.0
W 0.522 11.12 1.112 58.9
4ib 0.931 100.10 0.787 856.8
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Fig. 16 Influences of distance between wall piles on stress of front

wall of barrier pile wharf structure (after Cai et al.')
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Table 4 Physical and mechanical properties of fine sand in

Jingtang Port
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YENmM?)  w% e

=R R4 R
c/kPa ¢/(° ) EJ/MPa

ray
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Table 5 NHRI model parameters of fine sand in Jingtang Port
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Fig. 20 Earth pressures on front wall (after Cai et al.l™))
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Fig. 24 Calculation of vertical stress for soil layers with relief

platform
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Table 8 Parameters of earth pressure
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