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1. SCOPE

1.1 This Technical Guidance Note (TGN) stipulates the recommendations on the design of
flexible debris-resisting barriers using the Energy Approach.

1.2 Any feedback on this TGN should be directed to the Chief Geotechnical
Engineer/Landslip Prevention Measures 2 of the Geotechnical Engineering Office
(GEO).

2. TECHNICAL POLICY

2.1 The technical recommendations promulgated in this TGN were agreed by GEO
Geotechnical Control Conference on 16 October 2024.
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BACKGROUND

Kwan & Cheung (2012) and GEO (2014) provide some suggestions on design
approaches for energy-rated flexible rockfall barriers for resisting landslide debris. GEO
(2019) gives recommendations on the detailing of flexible barriers including alignment,
anchor location and special considerations for barriers traversing a stream course.

A series of reviews supplemented by numerical analyses, landslide studies and back
analyses of field impacts was carried out by the GEO (Lam et al., 2021; Fugro, 2022;
Wong & Lau, 2022; Wong & Lau, 2024) to investigate the performance of proprietary
energy-rated flexible rockfall barriers subjected to landslide debris impacts close to their
rated energy capacities. The performance of these rockfall barriers subjected to adverse
impact scenarios was also studied.

Following the technical development work above involving numerical analyses,
landslide studies and back analyses of impact cases on flexible barriers, this TGN makes
recommendations on the design of flexible debris-resisting barriers using the Energy
Approach.

In this TGN, debris refers to landslide debris comprising primarily of granular soil which
may contain boulders.

TECHNICAL RECOMMENDATIONS

The maximum design debris impact energy that may be resisted by an energy-rated
rockfall barrier may be taken as the energy capacity established by full-scale rockfall (or
other single-mass) tests. The full-scale rockfall test should be carried out in accordance
with standards acceptable to the GEO (e.g. EOTA, 2013; EOTA, 2018). For the
avoidance of doubt, the energy capacity of the rockfall barrier needs not be reduced by a
scaling factor to account for the differences between rockfall and debris impacts.

The retention capacity of a flexible barrier should be checked with due regard of the
dimensions of the barrier and the topographic conditions on the ground behind the barrier
where debris would deposit.

The retention capacity of a flexible barrier should be assessed based on the deformed
dimensions (e.g. reduced barrier height after deformation) of the barrier upon debris
impact.
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In the absence of deformation characteristics from detailed structural assessments or
physical or field tests simulating debris impact, the residual height of a flexible barrier
upon debris impact may be taken as 60% of the original height of the principal net.

The debris impact energy to be resisted by a flexible barrier should be duly assessed
through debris mobility modelling with an algorithm accepted by the GEO. Different
numerical tools are available for carrying out debris mobility modelling (e.g. Hungr,
1995; Law & Ko, 2018; Wong et al., 2020; Law et al., 2022).

The rheological parameters to be used should follow those recommended in GEO TGN
No. 29 (GEO, 2011), GEO TGN No. 34 (GEO, 2012) and GEO TGN No. 38 (GEO,
2013a). Realistic topographical profiles, including the geometry of the drainage lines,
should be incorporated in the mobility analysis.

The debris impact energy to be resisted by a flexible barrier should be taken as the
cumulative free-field kinetic energy passing through a cross section at which the flexible
barrier is located (Wong & Lau, 2024). The debris impact energy should not be taken as
the total kinetic energy of the debris trail at the moment the debris front hits the flexible
barrier because the travelling speed of the remainder of the debris trail may continue to
change after the initial impact. For the avoidance of doubt, the approach for estimating
the energy transferred to a flexible barrier under the pile-up and run-up mechanisms
described by Kwan & Cheung (2012) and Sun & Law (2015) should not be used in
conjunction with paragraphs 5.1.1 and 5.1.3.

Where a flexible barrier is located on or near the crest of a man-made or natural slope,
the overall stability of the slope should be assessed and where necessary stabilisation
measures should be implemented to achieve a minimum factor of safety in accordance
with the Geotechnical Manual for Slopes (GEO, 1984) for man-made slopes or Ho &
Roberts (2016) for natural slopes. The effects of foundation load on slope stability
should also be assessed where necessary.

In addition to paragraph 5.1.5 above, for a man-made or natural slope being affected by
an increased loading due to the landslide debris retained by the barrier, the overall
stability of the slope affecting facilities under Consequence-to-Life Category 1, 2, or 3
should be assessed and where necessary stabilisation measures should be implemented
to achieve a minimum factor of safety of 1.2, 1.1 or 1.0, respectively (GEO, 2013; GEO,
2023). However, this assessment is not necessary for flexible barriers prescribed under
a holistic risk mitigation strategy (Ho & Roberts, 2016).

The energy capacity of a flexible barrier may be reduced if an impact occurs at its edge
panel instead of its central portions (Wong & Lau, 2024). The deformation of the barrier
may also be notably larger. There is a higher possibility of permanent structural damage,
especially to the edge posts, resulting in greater repair or replacement costs. A flexible
barrier should be positioned such that the most probably debris flow path does not
intersect the barrier at the edge panel. For open hillslope catchments, it is prudent to
provide suitable overlapping between adjacent barriers.
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At the edge of open hillslope catchments where a flexible barrier usually terminates, an
impact close to the energy of the full design event is usually unlikely, in the absence of
evidence to the contrary. The risk of such an impact occurring at an edge panel should
be considered when deciding whether additional measures (e.g. providing an extra panel
or other supplementary protective measures) is warranted to cater for such impact.

( Raymond W M Cheung )
Head, Geotechnical Engineering Office



