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Numerical study on influence of soil disturbance close to seawall foot on
stability of seawall
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Abstract: Deep cement mixing method (DCM) is a common method dealing with soft foundation. It improves the
mechanical properties of soft soil to meet engineering requirements. However, the construction process of DCM will cause
disturbance to the structural soft soil. Therefore, when the cement-soil cementation is in the initial stage of soft foundation
treatment, the strength of treated soil is lower than that of undisturbed soil. Hence, this article is based on the seawall filling
and soft foundation treatment close to the seawall foot during the construction of an underground tunnel in a reclamation
area. First, a series of 3-D numerical analyses were carried out. The simplified model and the model considering the solid
cement piles were compared without considering the construction uncertainty to evaluate the rationality of the simplified
model. The calculation results indicate that the safety factor of the seawall decreases with the increase of disturbance.
According to the code, the disturbance degree should be controlled to less than 60%. In addition, in response to the case in
this article, the stability analysis result of the simplified model is close to the model considers the solid cement piles. The
maximum error of the safety factor calculated by the two models with different disturbances is less than 2%. On this basis,
in view of the subsidence or the excessive lateral displacement of the seawall in engineering practice, two typical

reinforced cross-sections are chosen to back analyse the parameters of the soil in the foundation treatment range under
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the seawall. It is verified that the stability of the seawall meets the requirements after applying the overload at the seawall

foot according to the real condition. The influence of foundation treatment close to the foot of the seawall on the seawall

stability of these two reinforced cross-sections is also considered. The calculation results demonstrate that for cross-sections

with significant overload applied at the outer foot of the seawall, the potential failure modes with different disturbances

slide inwardly. However, while the volume of the stones at the outer foot is small and the sandbag at the inner foot has a

larger suppression effect, the potential failure mode of the seawall changes from sliding outwardly to sliding inwardly as

the disturbance increases. In the construction process, attention should be paid to controlling the construction velocity and

deducing soil disturbance during the foundation treatment close to the foot of the seawall.

Key words: offshore structural soft soil; cement pile; area replacement ratio; construction disturbance; seawall stability;

strength reduction method
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Fig. 1 Diagram of area replacement ratio calculation
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Fig.2 General layout of the project and typical cross-section of tunnel
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Fig.3 Schematic diagram of layout of cement piles under

seawall and the chosen width of model
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Fig.4 3-D finite element model considering cement piles
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Table 1 Parameters of soil and cement pile (M-C model)

T RAREE WRIEE  WHAILRREL  SRMERLE Rt FE WEEEA BERH
Yunsat/(KN/m?) ysat/(kKN/m?) €init E/(kKN/m?) v c/kPa o/(°) k/(cm/s)

b/ 16.20 16.30 1.72 3.32x10°  0.42 13.8 19.3 1.4x107
BRI L 19.30 19.76 0.91 22.44x10°  0.30 24.0 12.6 9.0x10°
XML A 18.40 19.55 0.74 23.56x10°  0.30 27.4 12.6 1.0x10*
SRR 15.00 20.00 0.80 14.86x10°  0.35 4.0 28.0 0.25
oA 17.00 20.00 0.80 40.00x10>  0.30 0.0 40.0 0.50
IRV HEE 18.00 19.50 0.50 30.00x10° 030 100.0 20.0 0.00
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Table 2 Parameters of reinforced soil under seawall in

simplified model
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RN RS
E/kPa c/kPa o/(°)
o ]34 e 1 11.22x103 39.32 19.51
o] 8% 24.58%103 46.50 14.79
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Table 3  Strength parameters of soil with variance disturbance

e WL/ PLahirie EURZIE B B IR

T w R ok NEE )RR okPa BB o) BRI okPa AR o)
2-1 99 0.138 0.201 0.240 0.128 0.040 0.305

2-2 95 0.690 1.003 1.200 0.640 0.200 1.523

2-3 90 1.380 2.006 2.400 1.280 0.400 3.044

2-4 85 2.070 3.007 3.600 1.920 0.600 4.560

2-5 80 2.760 4.006 4.800 2.560 0.800 6.070

2-6 75 3.450 5.003 6.000 3.198 1.000 7.572

2-7 70 4.140 5.997 7.200 3.836 1.200 9.063

2-8 60 5.520 7.974 9.600 5.109 1.600 12.007
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Fig. 5 Calculation results of seawall fill phase with the
simplified model
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Fig. 6 Calculation results of seawall fill phase with the model

considering cement piles
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Table 4 Calculation results of seawall-fill phase in 2 models
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Table 5 Geometry properties of typical cross-sections

bR E/m R E/m R RTEE/m B REE/m e S R /m RS EMAR T AR /m

L]
K7+050 m -2.0 8.8 2.0~-8.7
K7+760 m —0.6 6.2 —0.6~-7.7

-8.7~-14.1
=1.7~-13.7

-14.1~-30.0 1.5

-13.7~-30.0 1.0/2.5 (i)
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Table 6 Calculation results of seawall-fill phase in 2 models

THEWIE WEAEE E/kPa BRI o/kPa RAERK
K7+050 m 7.854x103 27.52 1.434
K7+760 m 4.488x103 15.73 1.436
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Fig. 9 Failure mode of two typical cross-sections after

applying bagged sands at the foot of the seawall
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Fig. 10 Stability analysis results of two typical cross-sections
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