Use of the variable energy

A DCP Panda for landslide risk
Ii%"zﬁi assessment and slope

Landslide Risk & Geo-Education ana Iy S is

27 APRIL - 3 MAY 2026
Millennium Hotel Queenstown, New Zealand

Robin Power, Dr David Lacey, Miguel Benz-
Navarrete & Scott Williams



LANDSLIDES

Landslides triggered by:

* Heavy rainfall
Earthquakes

*  Weak or saturated solils

High risk to: Roads,

railways, pipelines, utilities

& property

Key need: Rapid

understanding of near-

surface ground Ii%llzlisi

conditions e
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LIMITATIONS OF CONVENTIONAL METHODS

- Boreholes, SPT, laboratory testing:

= Some insight but slow

= High mobilisation time

= Not suitable for immediate post-failure conditions
- Difficult to get access in unstable terrain
*  Provide discrete (not continuous) data
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PANDA VEDP SYSTEM

Lightweight portable dynamic cone
penetrometer (~20 kg)

Measures continuous penetration resistance
(qd)

Variable hammer energy system:

= Soft soils — low energy

= Dense soils — higher energy

Can test:

= Vertical or at right angles to the slope
Real-time digital data acquisition (. LaHGE
+ GPS logging 2026
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PANDA VEDP SYSTEM

Dialogue
Terminal (DT)

General measurement principle of the Panda, components, and penetrogram
curve log of qd as a function of depth (z) obtained during a characterization test

Anvil with strain

Aquisition Unit

Cone resistance Qd is calculated using the

Dutch Formula as follows:

Dynamic cone resistance, qd (Mpa)
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KEY TECHNICAL PRINCIPLES

* Measures tip resistance (not shaft friction)
« QOver-sized cone reduces rod friction
effects
* Friction can be measured and corrected for
* Provides high-resolution penetrograms (qd
vs depth)
- Enables identification of:
= Weak layers

= Slip surfaces
= Material transitions %%ﬂzlisi
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GEOTECHNICAL INTERPRETATION

» Correlations with key soil parameters:
= Undrained shear strength (su)
= Friction angle (¢’)
= Relative density (Dr)
= Void ratio (e)
» Relationship with CPT:
= qd < qc strong correlation
- Enables transformation of field data into design inputs
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LANDSLIDE RISK LIFECYCLE APPLICATIONS

Phase ____________|Objective | PANDA Contribution

Screening & Mapping

Emergency Response

Design Investigation

Construction Support

Long-Term Monitoring

|dentify potentially unstable
zones in broad reconnaissance

Determine safe access, assess
residual strength

Characterise soil parameters for
modelling

Verify compaction or drainage
efficiency

Assess progressive changes or
softening

Rapid profiling of near-surface
stiffness variability

Triage - quick tests guiding road
closures or machinery movement
Quantitative E and c inputs for
limit-equilibrium or FEM
Compare pre- and post-works Qd
profiles

Repeat testing for trend analysis
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KEY ADVANTAGES

+ Lightweight (=20 kg total) - transportable by foot or rope
descent.

«  Safe deployment

» Continuous profiling (high resolution)

* Material Variability

« Testing at angles

* Real-time-data — supports rapid decision making

» Correlation capability
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PRACTICAL CORRELATIONS AND SLOPE STABILITY

Souhaitable
Sounding points
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Weight (W)

S =c2’ + o2’ tan ¢2\

S=c’+0o’'tan ¢2°

S
The Mohr—Coulomb failure criterion relates the shear strength of a * Coe
soil to the normal stress acting on the potential failure plane : . e, "
Tf = ¢ + oy tan(@) N

. D
-

Schema for main principle of slope stability - The resistance to sliding and the overall
Stability of a slope are primarily governed by the Mohr—Coulomb failure criterion, which

depends on soil cohesion, the vertical stress (and therefore the soil density), and the @ I.aﬂlii
friction angle. These parameters can be expressed in terms of either effective or total _ _2026
stresses (elaborated with Al Gemini). e
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CASE STUDIES (GLOBAL APPLICATIONS)

Stability Assessment of Natural Slopes at Risk of Failure - Japan

Rainfall-induced failures common in weathered granite

slopes

Panda VEDP used for landslide hazard assessment
Based on gd measurements + correlations (friction angle,
cohesion, void ratio)

|dentifies response patterns for slope behaviour

Widely applied and validated over 10+ years
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CASE STUDIES (GLOBAL APPLICATIONS)

Penetration Resistance, q; (MPa)
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Stability Assessment of Natural Slopes at Risk of Failure assessment by means of @ l,aﬂﬁi
geotechnical test and its analysis (Athapaththu et al., 2007, 2015, 2016; Hanaoka et 2026
al., 2011; Tsuchida et al., 2011, 2015) Landslide Risk & Geo-Education
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CASE STUDIES (GLOBAL APPLICATIONS)

Site Characterisation and Mapping of Extents of Landslide
Footprint — Australia

Slope failure after extreme rainfall; slip plane unknown
Panda VEDP used for rapid site investigation (13 tests, 2
days)

|dentified solil layers + weak slip zones

Enabled geological model and design verification
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CASE STUDIES (GLOBAL APPLICATIONS)

Cone Tip Resistance, q, (MPa)
100 150 200

Inferrred Failure Plane
(also lowest gs)

COLLUVIAL SOIL
(Silty CLAY)

COLLUVIAL SOIL
(Sandy CLAY)

RESIDUAL SOIL
(Extremely Low
Strength BASALT)

BASALT

Annotated Panda DCPT profile as interpreted for

Naughton’s Gap Road site.

27 APRIL - 3 MAY 2026
Millennium Hotel Queenstown, New Zealand




CASE STUDIES (GLOBAL APPLICATIONS)

Design Inputs for Landslide Detailed Remedial Designs - UK

Landslide in weathered mantle, risk to site users
Panda VEDP mapped mantle thickness + rockhead
Found mantle thins downslope

Result: enabled fast, cost-effective design
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CASE STUDIES (GLOBAL APPLICATIONS)

Section of visible rock beneath
recent mantle failure

Visible mantle
profile on slope
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CASE STUDIES (GLOBAL APPLICATIONS)

Transect 6-A Transect 6-B

e m— m— Transect 6 - Panda Probe
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CONCLUSIONS

- Panda VEDP is an effective rapid geotechnical investigation tool

* Enables fast, quantitative slope assessment in crisis conditions

* |dentifies slip surfaces, weak zones, and supports geological
modelling

* Improves accuracy of slope stability analysis

* Reduces investigation time and cost

* Supports safer, faster decision-making in emergency operations

* Enhances safety and infrastructure resilience

- Applicable through the entire landslide lifecycle Laskk
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QUESTIONS?

-"E| ROBIN POWER

. _1. Chief Executive I, aﬂﬁi

DA robin.power@insitutek.com

2026
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