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Research on penetration depth calculation of anchors dropped into sand and
gravel backfill layers for submarine pipelines
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Abstract: [Objective] Damages caused by dropping ship anchors have become a major factor contributing to third-party damages to
submarine pipelines, indirectly affecting the operational safety of underwater structures. Therefore, determination of the penetration depth of
dropped anchors into backfill layers using calculation models developed for anchor penetration into various backfill layers is of great
significance. [Methods] The influence of backfilling with coarse sand and gravel on penetration depths, focusing on Hall anchors as a case
study, was studied using finite element analysis, experimental verification, and empirical formula methods. First, the DNV empirical
formulas and numerical simulation methods were applied to calculate the penetration depths of Hall anchors with varying masses into coarse
sand and gravel backfill layers. Next, a series of down-scaled physical model experiments for anchor dropping were conducted under the
same conditions as those used for analyses with the DNV empirical formulas and numerical simulations based on a full-scale model. The
results from the physical model experiments, numerical simulations, and calculations based on the DNV empirical formula were compared
and analyzed. [Results] Under coarse sand conditions, the penetration depth results generated by the three methods were in good agreement.
In gravel conditions, the results from numerical simulations and physical model experiments were also in good agreement; however, there
was a 45% deviation between the DNV empirical formula and physical model experimental results. Since the DNV empirical formula is

primarily based on circular tube dropping experiments, an empirical formula for equivalent front-end contact areas of anchors penetrating
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into gravel backfill layers was proposed. This formula, incorporating a modified front area factor, can more accurately predict the penetration

depth of Hall anchors in gravel, with its calculation results closely aligning to those obtained from physical model experiments. Additionally,

regression equations for maximum penetration depths of Hall anchors with different masses in coarse sand and gravel backfill layers were

developed through fitting, based on the above calculation results. [Conclusion] The research results provide a basis for the design and safety

assessment of protection structures for submarine pipelines. (8 Figures, 4 Tables, 22 References)

Key words: Hall anchor, penetration depth, gravel, impact velocity
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Table 1 Correspondence between 5 modeled anchors and full-
scale anchors
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Fig. 1 Meshing of anchor-seabed-pipeline finite element model
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Table 3 Penetration depths of Hall anchors based on numerical simulations, DNV empirical formula calculations, and physical
model experiments under 24 experimental conditions
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H3 biEk Ml 30 7.920 4 0.364 8 03180 0.430
H4 Gtk M2 10 9.609 8 0.5500 0.5100 0.570
H5 1D M2 20 8.669 2 0.470 0 0.434 4 0.540
H6 biEkil M2 30 8.464 7 0.453 0 0.470 4 0.530
H7 biEk M3 10 9.948 6 0.614 5 0.6300 0.630
HS FHAD M3 20 8.966 1 0.525 4 0.533 4 0.590
H9 FH1D M3 30 8.808 9 05110 0.5256 0.560
HI0 el M1 10 8.834 6 0.1350 0.2832 0.300
HI1 A Ml 20 7.924 8 0.110 0 0.2358 0.290
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Fig. 2 Deviation analysis for penetration depths of Hall anchors based on numerical simulations, DNV empirical formula
calculations, and physical model experiments under 24 experimental conditions
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Fig.3 Comparison of front-end contact areas from front-end
contact area empirical formula calculations and those inferred
reversely using the DNV empirical formula and results from
physical model experiments, and numerical simulations for
anchor penetration into gravel
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Table 4 Penetration depths generated by 3 methods under
conditions of Hall anchors penetrating into gravel

TH BAHRS BHUKE/m A/ (mes
HI13 M2 10 9.563 5
H14 M2 20 8.614 6
H15 M2 30 8.507 6
S1 M2 - 6.865 7
S2 M2 - 59212
S3 M2 - 4.783 1
H16 M3 10 9.908 7
H17 M3 20 8.960 5
H18 M3 30 8.8547
S4 M3 - 6.893 8
S5 M3 - 5.965 5
S6 M3 - 4.8299
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Fig.5 Penetration depths of Hall anchor M2 into gravel at
different impact velocities based on calculations using DNV
empirical formulas, physical model experiments, and
numerical simulations
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Fig. 6 Penetration depths of Hall anchor M3 into gravel at
different impact velocities based on calculations using DNV
empirical formulas, physical model experiments, and
numerical simulations
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