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Model tests on uplift bearing capacity of gravitational reinforced composite
suction caisson foundation
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Abstract: As the anchoring foundation of the tension leg platform (TLP), the suction caisson foundation is mainly subjected to
the vertical pullout loads. The uplift bearing capacity of caisson is only composed of the internal and external frictions and
caisson weight under the drainage condition, so the uplift bearing capacity is very small. Therefore, the gravitational reinforced
composite suction caisson foundation is proposed to solve this problem. The uplift bearing capacity of the new suction caisson
foundation and the shearing characteristics of caisson-cement soil interface are studied through the model tests, large-scale
shear tests and push out tests. The test results show that the uplift bearing capacity of the new suction caisson foundation is
much higher than that of the traditional suction caisson foundation. It increases gradually with the increase of the additional
load and reinforcement range. The interface shear strength of caisson-cement soil increases with the increase of normal stress
and cement ratio. When the rib width is wider, the area of the shear zone above the ring rib is larger and the ratio of the relative
area is larger, the shear strength of the whole interface between the caisson and cement soil is higher. Based on the uplift
bearing characteristics of new caisson by model tests and push out tests, the interface failure mode, the overall shear strength,
the bearing capacity composition and the relevant method are proposed for analyzing the uplift bearing capacity of suction
caisson foundations. It can provide a reference for the engineering design of the new suction caisson foundation under vertical

loads.
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Fig. 1 Gravitational reinforced composite suction caisson
foundation
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Table 1 Basic parameters of caisson model

No. D/mm  L/D  J[EYEE/mm fic /N
#IMC 0 0/60/120
#IMC 75 30 250 0/60/120
#3IMC 300 0/60/120
#AMC 400 0/60/120

(a) Fh (b)
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Fig. 2 Caisson model
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Table 2 Soil parameters

we!%  p/(KN'm?3)  wi/% wep/% Ir Su/kPa
40.5 16.8 46.6 28.8 17.8 7.6
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Fig. 5 Model tests on suction caisson foundation
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Fig. 6 Push out tests
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Table 3 Test parameters

awl% T /mm w/ R/mm  r/mm h/mm

8 0/5/10/15 60 300 75 230
12 0/5/10/15 60 300 75 230
16 0/5/10/15 60 400 75 230
20 0/5/10/15 60 400 75 230
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Fig. 8 Load-displacement-time curves
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Fig. 9 Load—displacement curves
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Fig. 10 Load—displacement curve
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Fig. 11 Load—displacement curves
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Fig. 12 Large-scale shear tests
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Fig. 13 Shear test results
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Fig. 14 Interface shear stress—displacement curves
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Table 5 Comparison of results

aw d T © a 7 P F? F® Diff

ext ext
0 16.6 98 0 166 186 086 096 0.12
5 166 98 0.092 24.1 27.1 125 1.40 0.12
10 16.6 98 0.161 29.6 32.6 1.53 1.69 0.10
15 16.6 98 0.258 37.6 43.6 195 226 0.16
0 345 1808 0 345 375 179 194 0.09
5 345 180.8 0.102 494 514 256 2.66 0.04
10 34.5 180.8 0.171 59.3 59.8 3.07 3.10 0.01
15 34.5 180.8 0.262 72.8 76.8 3.77 3.98 0.05
0 53 282 0 53 51 275 2.64 -0.04
5 53 282 0.105 77 & 399 420 0.05
10 53 282 0.158 89.2 982 4.62 5.09 0.10
15 53 282 0.257 111.8 131.8 5.79 6.83 0.18
0 72 402 0 72 74 373 383 0.03
5 72 402 0.1 105 111 544 575 0.06
10 72 402 0.157 123.8 133.8 6.41 6.93 0.08
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