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Structural Encapsulation vs Soil Optimisation

Technical Clarification for GRP Pipeline Applications

This note is provided following technical discussions with partnersp regarding the relative roles of liquid
soil systems and structural polyurethane (PU/PIR) foam in GRP pipeline applications. The objective is to
clarify mechanical function, interface behaviour, deformation behaviour, elastic properties, and logistics
considerations from an engineering perspective.

Liquid soil systems (including flowable soil-reconditioning systems and cement-stabilised CLSM-type
systems) and structural polyurethane encapsulation address fundamentally different mechanical
functions within a buried pipeline system. Liquid soil optimises trench backfill behaviour. Structural
PU/PIR foam engineers the load-transfer interface directly around the pipe.

1 Engineering Function Comparison

Engineering Function Liquid Soil Systems Structural PU/PIR
Encapsulation

Settlement control v v (indirect)
Soil reuse / circular handling v v

. e - . Engineered (bonded elastic
Point load diffusion Limited (confinement-based) & Ia(yer)
Impact energy absorption Limited, strain-restricted Engineered, elastic response

. _— . Bonded compression and
Shear resistance at bends Friction and confinement shepar
; . External structures typicall Integrated distributed
Thrust force integration % Hety ypicaly & .
required restraint

Decoupling from geotechnical variability No Yes
Elastic deformation behaviour Primarily strain-limited Elastic (recoverable)

2 Interface Behaviour - Contact vs Bonded System

Liquid soil systems do not chemically adhere to GRP surfaces. After placement and reconsolidation, load
transfer occurs through contact pressure, friction, and confinement. The interface behaves as soil bearing
against a cylinder rather than as a bonded structural composite.

Structural PU/PIR encapsulation expands during application and conforms to the GRP surface, creating
intimate contact and measurable adhesion. The resulting interface behaves as a bonded composite layer
capable of transferring compression and shear in a controlled manner.

3 Deformation Behaviour

Liquid soil systems may reconsolidate into either soil-like or cement-stabilised masses depending on
formulation. In both cases, deformation behaviour is governed by frictional interaction and confinement
rather than elastic bonded response. Permanent structural change may occur under cracking or slip.
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PU/PIR encapsulation exhibits elastic deformation within its design range. Under transient loads, minor
settlement, or thermal expansion, deformation is largely recoverable, allowing redistribution of stresses
without permanent loss of interface integrity.

GRP pipelines are inherently designed to allow controlled deflection; compatibility of surrounding
material behaviour is therefore structurally relevant.

4 Elastic Properties

Liquid soil systems exhibit stiffness values dependent on formulation. Cement-stabilised variants may
exhibit substantially higher nominal modulus values than soil-reconditioned variants; however, load
transfer in both cases remains governed by confinement and friction rather than bonded elastic response.

Structural encapsulation-grade PU/PIR foams are typically modelled at approximately 5 MPa (PU) and 12
MPa (PIR) in structural analysis, representing controlled compressive stiffness selected for strain
compatibility and load redistribution.

Although liquid soil may exhibit higher nominal modulus values, structural performance in the
HydroFoamer context is governed by deformation mode and strain capacity rather than stiffness
magnitude alone.

5 Installation and Logistics
Liquid soil placement is governed by batching, pumping, and reconsolidation behaviour. Installation rate
depends on material production, placement control, and curing or settlement characteristics.

PU/PIR encapsulation is governed by spray cycle time and reaction kinetics. Handling stiffness is achieved
within minutes, supporting rapid sequential segment installation.

6 Carbon Considerations
Liquid soil systems may rely on hydraulic binders depending on formulation. Embodied carbon is
therefore directly linked to binder quantity and installed volume.

PU/PIR encapsulation carries petrochemical embodied carbon but may reduce cement consumption and
associated transport depending on system configuration. Carbon performance should therefore be
evaluated at system level rather than material level.

7 Conclusion
Liquid soil systems provide trench stabilisation and settlement control through flowable placement and
reconsolidation.

Structural PU/PIR encapsulation provides engineered load management, bonded interface behaviour,
and elastic stress redistribution at the pipe boundary.

For large-diameter GRP pipelines in hydropower, water transport, and energy corridors, the two
approaches are complementary but not interchangeable. Where thrust forces, shear transfer, and
deformation compatibility govern performance, engineered PU/PIR encapsulation provides controlled
structural behaviour at the pipe interface.
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Appendix — Behavioural Failure Modes
Liquid Soil Systems vs Structural PU/PIR Encapsulation in GRP Pipelines

This appendix summarises relevant behavioural failure mechanisms in the pipe-surround interaction for
large-diameter GRP pipelines. The focus is on load transfer, shear transmission, deformation
compatibility, and long-term system behaviour.

1 Behavioural Failure Modes - Liquid Soil Systems

Liquid soil systems (including soil-reconditioned and cement-stabilised variants) transfer load through
confinement, contact pressure, and friction.

1.1 Interface Slip
As no chemical adhesion exists between liquid soil and GRP, shear transfer is governed by friction and
normal confinement. If shear demand exceeds frictional capacity, slip may occur at the pipe interface,
leading to discontinuous load redistribution and relative movement between pipe and surround.

1.2 Localised Cracking (Cement-Stabilised Variants)
Where hydraulic binders are present, tensile cracking may occur under differential settlement, bending
at discontinuities, or shear stress at bends. Cracking leads to permanent stiffness reduction, altered load
paths, and potential stress concentration at the pipe boundary.

1.3 Confinement Sensitivity
Structural behaviour depends on trench geometry and lateral restraint. Variations in excavation width,
compaction outside the flowable zone, and adjacent soil stiffness may influence global restraint
behaviour.

1.4 Long-Term Stiffness Evolution
Cement-stabilised systems may exhibit microcracking and creep under sustained load. Soil-reconditioned
systems exhibit behaviour governed by soil mechanics and consolidation. In all cases, the interface
remains friction-based.

2 Behavioural Failure Modes - Structural PU/PIR Encapsulation
Structural PU/PIR encapsulation forms a bonded interface with the pipe and acts as a continuous elastic
layer.

2.1 Elastic Compression
Under load, deformation occurs primarily through recoverable compressive strain within the foam body,
allowing continuous load redistribution.

2.2 Shear Transfer Through Bonded Interface
Shear is transferred through adhesion and bulk shear deformation within the foam layer. Failure would
require exceeding interface bond strength or foam shear capacity, both governed within defined design
limits.
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2.3 Time-Dependent Viscoelastic Response
PU/PIR materials exhibit viscoelastic behaviour. In structural modelling, long-term behaviour is
represented conservatively and sensitivity studies are performed to ensure global displacement remains
acceptable under reduced stiffness assumptions. Failure progression is gradual and strain-based rather
than crack-initiated.

3 System-Level Distinction
Liquid soil behavioural progression:

confinement — frictional transfer — slip or cracking — permanent stiffness change
PU/PIR encapsulation response (within design range):

compression — redistribution — recoverable deformation — stable bonded interface

4 Governing Consideration for Flexible GRP
GRP pipelines are designed to accommodate controlled deflection. Compatibility between pipe flexibility
and surrounding material behaviour is structurally relevant. Bonded elastic interface behaviour differs
fundamentally from friction-based confinement behaviour.
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