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Bearing Capacity Evaluation of Hybrid Suction Bucket Foundations
on Clay Under Horizontal Loads Using a Centrifuge
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Abstract

Suction buckets are feasible options for offshore foundations to support subsea structures in deep water, enabling
suction-induced installation by pumps. Recently, hybrid suction bucket foundations that combine single or multiple suction
buckets with a mat foundation have been considered. The foundations effectively increase the load capacity while reducing
construction costs. However, there is still insufficient experimental validation of hybrid suction bucket foundations
regarding their bearing capacity. Furthermore, research on the horizontal load capacity under low vertical and moment
loads is inadequate. In this study, we investigate the feasibility of using a hybrid suction bucket foundation for subsea
installations in clay. We considered two types of hybrid suction bucket foundations: a circular mat with a single suction
bucket and a square mat with multiple buckets. Centrifuge tests were performed to understand the hybrid suction bucket
foundation characteristics under horizontal loads and their corresponding bearing capacity. Particularly, we verified the
effect of the mat foundation and bucket embedment depth on the horizontal bearing mechanism and capacities. Results

confirmed that the hybrid suction bucket foundation outperforms the single suction bucket.
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Fig. 1. Single and hybrid bucket foundation types: (a) single
bucket; (b) circular mat foundation with single bucket; (c)
square mat foundation with multi buckets
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Hybrid suction bucket

Kaolin clay

(a) Schmatic diagram (b) Loading system configuration

Fig. 2. Scheme of loading system for horizontal loading
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Fig. 3. Calibration test of the miniature load cell for tension load
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Fig. 5. Dimensions of bucket models (unit: mm)
Table 1. Dimensions of suction bucket foundation models
Foundation Bucket diameter* Mat diameter®, Skirt length*, Skirt thickness*, Mat thickness*, Vg **,
type De (mm) D (mm) L (mm) t (mm) tm (mm) (kN in prototype)
1
(conventional) 74[8] 71.4[5] 7.4[8] 1[0.07] 4[0.28] 727
T-2 71.4[5] 142.8[5] 71.4[5] 1[0.07] 4[0.28] 1855
(hybrid) 71.4[5] 142.8[5] 71.4[5] 1[0.07] 4[0.28] 1855
Foundation | Bucket diameter®, | Skirt length®, | Skirt thickness*, | Mat thickness®, | Mat breadth®, CtoC*, Vg **
type Dc (mm) L (mm) t (mm) tm (mm) Bm (mm) (mm) (kN in prototype)
T-3
(hybrid group) 42.84[3] 21.42[1.5) 1[0.07] 5[0.35] 171.36[12] 85.686] 3695
T4
(hybrid group) 42.84[3] 42.84[3] 1[0.07] 5[0.35] 171.36[12] 85.68[6] 3960

* The value in the blanket] ] indicate prototype dimension in meter
** Self—weight of the foundation
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Table 2, Basic soil properties of kaolin clay

ltems Properties
Soil classification (USCS) CL
Plastic limit (PL, %) 37
Liquid limit (LL, %) 70
Plasticity index (PI, %) 33
Specific gravity (Gs) 27
Coefficient of cgnzglf;;on (C., cm?/s) 4X10° ~ 810

Table 3. Testing soil condition
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Soil conditions
Test no Container Loading rate | Pre—consolidation | Dry unit w Undrained shear
' no. (mm/s) pressure density e ()" strength
(kPa) va (KN/m’) i s, (kPa)*™*
T
conventional bucket
#1 0.99 1.71 62.4
T-2
hybrid suction bucket
— 0.1 50 11.78+0.632
roup hybrid (L/Dc = 0.5
group hybrid (L/ ) w0 1.00 168 626
T-4
group hybrid (L/De = 1.0)

Container #1

Container #2

Note: testing locations within the soil container

* Soil water contents measured after pre—consolidation

** Undrained shear strength with depth (z) evaluated by the T—bar tests
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