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Abstract: At present, prefabricated structure and industrial construction are the key development di-
rections in civil engineering. Precast upper cylinder and lower foundation structure with embedded cup
type connection, as a typical prefabricated structure in the field of offshore civil engineering, has funda-
mental research value. Based on rigid theory, finite element method (FEM) and elastic theory, the
mechanical characteristics of this type of connection structure are studied, and relevant theoretical cal-
culation formulas are derived. It is found that if the grouting bond is reliable and the connection be-
tween the cup and the upper cylinder is fixed, the structural deformation is small. If the grouting bond
fails, there will be friction slip between the cup and the upper cylinder, resulting in a large displace-

ment, and the displacement of the upper cylinder decreases with the increase of 4, (height of the cup).
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When hc is not less than 3.0 m, the displacement value is relatively reasonable. Compared with the

calculation formula by rigidity theory, the simplified elastic formula based on deformation pattern of

the upper cylinder and the theory of contact friction gives close result to that of FEM, and the details

are as follows: when the cup height is 2.0 m, the average error is about 10% ; when the cup height is

3.0 m and 4.0 m, the average error reduces to about 7% and 6%. The results show that the simplified

elastic formula is feasible.

Keywords: precast upper cylinder; cup foundation; connection; FEM; deformation pattern; contact
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Fig.1 Precast upper cylinder-negative pressure type founda-

tion cylinder with cup type embedded connection
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Fig.2 Precast upper cylinder(hollow pier)-plateform founda-

tion with cup type embedded connection
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Fig.3 Failure mode of connection
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Fig.5 Stress calculation diagram of structure under moment M
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Fig.6 Stress calculation diagram of structure under lateral

pressure P
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Fig.11 Principal stress of the upper cylinder
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Table 1 Summary of calculation results

BEEOERE R EWRK | PR
CUSNE TS SO Lk
h/m MPa Z&{i/ecm  fi/cm ¥ /cm

2.0  5.02 19.7 7.1/-0.22  0.46 0.31/-0.13
3.0 445 9.8 3.6/-0.17  0.23 0.31/-0.08
4.0  3.65 6.6 2.3/-0.15  0.13 0.36/-0.13
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Table 2 Deformation when upper cylinder and cup fixed
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Table 3 Contact range of upper cylinder

%= 2 fih R N X LJ/R W/t
1 X 1 0.85 0.50
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3 X3k 3(1)8k 3(2) 0.60 1.75
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Table 4 Results of contact pressure

Pl : MPa
1% fih h—=2.0m h—=3.0m h—=4.0 m
e S BPEBLGE O FEM KIBEBGE kB FEM WIPEEES @RS FEM RIMEBLS
X4k 1 7.13 8.29 9.96 5.44 6.20 5.67 4.07 4.99 3.29
[X 1u, 2 1.90 2.58 1.78 1.45 1.53 1.79 1.09 1.12 1.41
X 3 3(1)ak 3(2) 4.12 5.02 4.70 3.70 4.45 3.74 3.36 3.65 2.87
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Fig.16 Error of elasticity or rigidity theory relative to FEM
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