Journal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)
Vol. 39, No. 2: 317-325/ April, 2019 ISSN 2287-934X (Online)
DOL: https://doi.org/10.12652/Ksce.2019.39.2.0317 www.kscejournal.or.kr

Geotechnical Engineering X| gtz ot

HFAE 0188 AM AI0I=0 2E20k= 215 )t

A ¥ R kk AKX
LA HOAT - wa

Kim, Jeongsoo*, Jeong, Yeon-Ju**, Park, Min-Su***

Estimation on External Forces Applied to Suction Caisson Using
Seepage Analysis

ABSTRACT

A suction caisson has been widely used for anchor and foundation of offshore structures due to its broad application, simple installation,
and rapid construction. In design of suction caisson foundation, the bearing capacity and the stability of soil are mainly dealt with and
analysis methods for them are presented in design codes related to the foundation. On the other hand, the method for structural safety
analysis of the suction caisson is not generalized, in particular for load modeling of the caisson under suction. Consequently, there are
difficulties in design of the caisson cross section. For this reason, this study analyzed the magnitude and distribution of pore water
pressure on inner and outer surface of the caisson using theoretical and numerical seepage analyse, and an approach to reasonably
estimate the load applied to the structural analysis of the caisson was presented. Furthermore, effects of penetration depth, anisotropy
of permeability, and suction pressure on the pore water pressure were analyzed.
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Inner sleeve

u= —p,+ 7,z (for water section) )
u= —py+ 72 + Vi (z—1) (for soil section)  (2)

Outer sleeve

u= 1,7 (for water section) 3)
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Fig. 1. One-Dimensional Seepage Model of Suction Caisson for Water Pressure Calculation

Table 1. Water Head Calculation

Point Total head Pressure head Height head Ref.
A —Po/ % —Po/ % 0
— 2o/ — o/, +2 —z i, = hb;hl
C 7p0/'yw+im(z*ll) *po/’Yw-i-z-ﬁ-im(z*ll) —z
D iuut(Z_ZZ) Z+Zout( —1,) —z
E 0 z —z Ty = h2l_2 il
F 0 0 0

U= 7,2 + Yuiou (z—1,) (for soil section) 4

¢
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b EEslA

9J3ll, ABAQUSS] coupled pore fluid diffusion and stress
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A3kt o] @i 7t Ad W ke Ml st 17
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Fig. 2. Schematic Diagram of Axisymmetric Seepage Model for Boundary Conditions

(a) Finite Element Model

hy=-15m (u=-150kPa)
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i
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77T

(b) Flow Net

Fig. 3. Finite Element Model and Flow Net (Penetration Depth: 10 m)
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Fig. 4. Total Water Pressure Axisymmetric Seepage Model for Boundary Conditions

Table 2. Comparison Total Water Pressure on Inner and Outer Sleeves. A: 1D Solution without Seepage, B: 1D Solution with Seepage, C:

Axisymmetric Seepage Model

Position (m)

5.0 -10.0 129 -13.6 -143 -15.0

A -100.0 -50.0 21.0 -14.0 7.0 0.0
Inner sleeve B -100.0 6.0 67.5 82.3 97.2 112.0
Total water pressure C -100.0 35 53.5 68.6 84.7 1063
(Pa) A 100.0 150.0 179.0 186.0 193.0 200.0
Outersleeve | B 100.0 131.0 149.0 1533 157.7 162.0
C 100.0 140.9 161.8 166.0 169.4 167.8
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Fig. 5. Conventional Load Distribution on the Surface of Suction Caisson
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Fig. 6. Proposed Load Distribution on the Surface of Suction Caisson
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Fig. 8. Comparison with Water Pressure Profiles: Change in Horizontal Permeability
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