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Executive summary

Material selection for pump station chambers has long-term implications for structural 
performance, durability, maintenance, compliance, and asset risk. While polyethylene, 
concrete, and fibreglass reinforced polymer/plastic (FRP) chambers are all widely used, 
their behaviour below ground differs significantly due to fundamental material properties 
and structural mechanisms.

This paper provides a technical, evidence-based comparison of polyethylene, concrete, 
and FRP pump station chambers, with a focus on post-installation performance rather 
than fabrication convenience or short-term cost considerations. Structural response to 
soil loading, installation sensitivity, durability, repairability, and life cycle risk are examined 
using industry standards, published guidance, and observed operational behaviour.

The intent is to support informed and defensible decision-making by clearly articulating 
how each material behaves once installed and subject to real-world conditions.
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1.	Introduction – Why below-ground performance matters

Pump station chambers are installed across a wide range of operating environments, 
from relatively benign sites to highly demanding conditions. In many applications, these 
structures function in environments that are structurally challenging and can be largely 
inaccessible once commissioned.

After installation, below-ground pump station chambers are typically subjected to the 
following conditions:

•	 �Permanent soil and surcharge loads – Continuous vertical and lateral loads from 
surrounding soil, pavement structures, and surface activities act on the chamber for 
the duration of its service life.

•	 �Traffic loading (where applicable) – Chambers located in roadways, car parks, 
or service corridors may experience repeated dynamic loading from vehicular traffic, 
contributing to cyclic stresses and potential long-term fatigue effects.

•	 �Groundwater and hydrostatic pressure – Groundwater levels may fluctuate 
seasonally or over time, introducing sustained external pressure and uplift forces that 
must be resisted by the chamber structure and its joints.

•	 �Variable backfill quality – In practice, backfill materials and compaction quality can 
vary due to site constraints, weather conditions, or construction sequencing. These 
variations influence load transfer and structural performance.

•	 �Limited opportunity for inspection or repair – Once buried, direct access to the 
external surfaces of pump station chambers is extremely limited. Early-stage damage, 
gradual degradation, or installation-related defects may remain undetected until 
significant issues arise.

As pump station chambers operate below ground, remediation is complex and costly, 
often requiring excavation, dewatering, and service disruption. As a result, long-term 
material behaviour and tolerance to installation variability are critical considerations in 
material selection. For buried infrastructure, performance after installation ultimately 
determines asset risk and life cycle value.

2.	Scope and assumptions

This paper focuses on pump station chambers installed below-ground in typical 
Australian conditions. The analysis focuses on:

•	 Structural behaviour under sustained soil loading

•	 Sensitivity to installation quality

•	 Long-term durability and degradation mechanisms

•	 Maintenance and repair implications.

Hydraulic performance, pump equipment selection, and site-specific geotechnical 
design are outside the scope of this paper.
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3.	Material overview

3.1.	Polyethylene chambers

Polyethylene (PE) used in buried pump station chambers is typically linear low-density 
polyethylene (LLDPE) or medium-density polyethylene (MDPE), engineered for structural 
and environmental performance. PE materials used in chambers are compliant with 
relevant Australian standards such as AS/NZS 1546.1 and AS/NZS 4766 where 
structural stability and manufacturing quality standards are required at manufacture and 
testing stages.

Key material data

•	 Density: ~0.930-0.965 g/cm³

•	 Tensile yield strength: typically, in the range of 20-35 MPa

•	 Modulus of elasticity: ~800-1,500 MPa

•	 Elongation at break: up to ~700%, reflecting significant ductility

•	 Compressive strength: approximately 10-20 MPa, depending on formulation

These properties indicate that PE chambers can undergo large deformation without 
fracture, redistributing loads through controlled deflection and soil interaction rather than 
resisting high compressive stress. The high strain capacity and fatigue resistance are 
among the reasons PE remains ductile under sustained soil loads, unlike more brittle 
materials.

Performance factors

�PE chambers produced under ISO 9001 quality systems and certified to  
AS/NZS 1546.1 and AS/NZS 4766 have design modelling and wall thicknesses 
engineered to meet expected loadings, with tested top loads such as ≥510 kg capacity 
on top covers without external support. 

�PE’s resistance to corrosion, moisture ingress, and most soil chemicals supports its use 
in aggressive soil environments without significant degradation.

3.2.	Concrete chambers

Concrete pump chambers are usually designed and manufactured using structural 
concrete mixes with specified compressive strengths appropriate to buried infrastructure 
and live load conditions.

Key material data

•	 �Characteristic compressive strength – Normal structural concrete typically ranges 
from 35 MPa to 50 MPa at 28 days (e.g. S50 grades are regularly used in precast 
chambers). 

•	 �Compressive vs tensile behaviour – Concrete’s compressive strength is significantly 
higher than its tensile strength; tensile capacity may be roughly 10%–15% of 
compressive strength depending on mix and aggregates. 

Concrete’s high compressive capacity enables it to resist sustained soil and surcharge 
loads effectively when designed to relevant structural design standards. Predictable 
behaviour and well-understood structural response under load allow explicit wall 
thickness and reinforcement design to meet site-specific loads, including vehicular and 
hydrostatic pressures.

Performance factors

�Concrete chambers comply with relevant structural design practices commonly 
referenced in civil engineering and water authority projects and often engineered with 
reinforcing to control crack widths and improve durability under load. The freshness 
of the sewage and the amount of station ventilation will greatly affect corrosion on the 
station walls. Design should conform to AS 3735.
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3.3.	FRP chambers

Fibreglass reinforced plastic (FRP) chambers are composite materials made from glass 
fibre reinforcement embedded in a resin matrix. Mechanical performance is strongly 
dependent on fibre type, orientation, resin chemistry, and manufacturing quality.

General composite material references (not Australia-specific but widely used for 
engineering context):

•	 �Glass FRP tensile strength – Typical glass FRP composites can exhibit tensile 
strengths in the range of ~480 MPa to 1,600 MPa depending on fibre content and 
alignment. 

•	 �Elastic modulus – FRP stiffness (modulus) may vary broadly from ~35 GPa to over  
50 GPa for glass fibre systems. 

These properties illustrate FRP’s high strength-to-weight ratio compared with many 
plastics, but performance is anisotropic – meaning strength and stiffness vary with fibre 
direction and laminate architecture rather than being uniform in all directions. This makes 
it difficult to specify FRP structures and be certain of the structural integrity, which is a 
major consideration.

Industry practice

�Australian suppliers reference design compliance with drainage and structural standards 
(e.g. AS 3500 series for plumbing elements), though FRP chamber designs also depend 
on internal finite element analysis (FEA) rather than a universal FRP chamber standard. 
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Material comparison table – Structural & durability properties

Property Polyethylene (PE) Concrete (reinforced) FRP (glass/composite)

Density ~0.93–0.97 g/cm³  
(typical HDPE)

~2.3–2.4 g/cm³ (concrete) ~1.5–2.0 g/cm³ (composite, 
fibre content dependent)

Compressive strength ~10–20 MPa (structural 
HDPE, performance 
governed by soil support)

~35–50 MPa (common 
design) 1.5–2× higher 
grades possible

~200–500 MPa typical; 
lower than tensile strength 
and highly design-
dependent**

Tensile strength ~20–37 MPa (HDPE 
typical; depends on grade 
and temperature)

~3–5 MPa unreinforced*; 
concrete relies on steel 
reinforcement for tension

~300–900 MPa (GFRP 
typical); higher for CFRP 
(>1,000 MPa); anisotropic

Elastic modulus 
(stiffness)

~0.8–1.2 GPa ~20–40 GPa (concrete) FRP stiffness varies 
(~30–50 GPa typical), 
strongly dependent on fibre 
orientation**

Elongation at break ~500–700 % (very ductile) ~<0.1–0.3 % (brittle unless 
reinforced)

FRP 1–3 % typical 
depending on resin/fibre 
type — far lower ductility 
than PE

Corrosion/chemical 
resistance

Excellent — inherently 
corrosion and moisture 
resistant

Moderate — dependent on 
cover and mix; susceptible 
to chemical attack without 
protection

Excellent — non-corrosive 
fibres and resins resist many 
environments

Installation sensitivity Moderate — benefits from 
soil-interaction design and 
bedding quality

Moderate — concrete 
strength high, less 
dependent on minor soil 
variation

High — correct laminate 
design, joint and bedding 
quality critical**

Service life expectation 50–75+ years (material 
stability and minimal 
corrosion)

75–100+ years with 
proper mix and corrosion 
protection, plus good 
ventilation

Variable; long life possible 
but dependent on resin type 
and laminate aging

Repair complexity Moderate — PE welding/
thermal fusion required

Well understood techniques Specialist composite repair 
and validation required

Typical standard 
references

AS/NZS 1546.1 and  
AS 4766 compliance 
(chamber structural 
performance)

AS 3735 design,  
AS 1510 Cl 2 finish, and 
reinforcement standards  
AS 1302 & AS 1304

ACI/other composite guides 
for FRP integration; local 
adoption varies**

* While the tensile strength values shown for concrete reflect unreinforced behaviour (~2–5 MPa), structural 
pump stations are designed using reinforced concrete, where steel carries tensile loads and provides high 
structural capacity. However, the concrete itself still cracks at low strain, meaning long-term performance 
depends on crack control, reinforcement detailing, and environmental protection.

** FRP systems provide high tensile capacity and corrosion resistance but are highly design-dependent, with 
performance sensitive to laminate quality, fibre orientation, and manufacturing consistency. Their anisotropic 
and relatively brittle behaviour can make them less tolerant to installation damage and point loading. In 
addition, long-term properties may reduce under sustained load and environmental exposure, requiring 
conservative design factors and careful material selection for buried applications.

Note:

•	 �PE chambers depend on soil–structure interaction rather than material stiffness alone; 
the surrounding soil forms part of the load-bearing system. 

•	 �Concrete’s compressive strength of ~35–50 MPa is typical in chamber applications; 
higher strengths are used in heavy load areas. 

•	 �FRP materials provide high tensile capacity and corrosion resistance but require 
careful laminate design; long-term performance depends on resin durability and 
environmental exposure, with strength reduction possible over time.
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4.	Structural behaviour below ground

4.1.	Load response 

Polyethylene chambers

•	 �Rely on controlled deflection and soil interaction. PE’s ductility and high elongation 
(~700%) allow redistribution of stresses into surrounding soil, decreasing stress 
concentrations. 

•	 �Sustained loading performance must consider long-term creep behaviour (material 
dependent) which is accounted for in engineering design models.

Concrete chambers

•	 �Designed to withstand soil surcharge, vehicular loads, and hydrostatic pressure 
through compressive strength (e.g. concrete grades >35 MPa). 

•	 �Concrete’s stiffness leads to limited deformation and high load-bearing capacity, with 
structural reinforcement reducing crack risks under load.

FRP chambers

•	 �FRP’s load capacity is strongly influenced by laminate design; tensile properties can 
exceed typical structural concrete in specific fibre directions (~480–1,600 MPa). 

•	 �Below-ground load performance is less predictable if laminate stacking or resin 
hydration isn’t uniformly controlled, and localised overloading may lead to delamination 
or cracking.

5.	Durability and long-term performance 

�Polyethylene

•	 �High chemical resistance, near-zero moisture absorption, and resilience to many soil 
conditions make PE chambers suitable for aggressive underground environments; they 
are not prone to corrosion like metals. 

�Concrete

•	 �Durability influenced by mix design, water/cement ratio, aggregates, and curing; sulfate 
and chemical attack mitigation is achievable through cement mix specification and use 
of HDPE liners and coatings. For example, the use of sulphide resistant concrete and 
calcareous aggregate have been shown to greatly improve station life in stale sewage 
high hydrogen sulphide environments.

�FRP

•	 �Composite durability depends on resin aging, moisture diffusion, and fibre-matrix 
bond integrity. Variability in manufacturing can lead to performance differences across 
products.

6.	Maintenance, repair and asset risk

Polyethylene

•	 �Field welding and fusion repair can match parent material strength when performed 
correctly, though specialist techniques and QA are required.

Concrete

•	 �Well-defined repair protocols exist (patching, crack injection), and structural 
assessment methods correlate to compressive test results. 

FRP

•	 �Repair typically requires composite materials and post-cure verification; ensuring 
restored tensile and bond strength in situ is technically involved.
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7.	Comparative risk considerations

Material risk assessment for below-ground pump station chambers extends beyond 
initial capital cost and specification compliance. Key risk drivers include:

•	 �Sensitivity to installation variability, including bedding uniformity, backfill quality, and 
handling damage

•	 �Predictability of long-term structural behaviour, particularly under sustained soil 
loading and groundwater exposure

•	 Ease of inspection and repair, given limited access following installation

•	 �Consequence of failure, including remediation complexity, service disruption, and 
safety risk.

Materials that tolerate construction variability and exhibit well-understood, predictable 
degradation mechanisms may present lower long-term asset risk in buried applications.

In practice, these risk considerations are often reflected in material selection trends 
across the industry. Industry adoption of polyethylene, concrete, and FRP pump station 
chambers varies across asset classes, project scale, and delivery context. Concrete 
chambers remain widely used in large-scale municipal infrastructure and high-load 
applications, reflecting established design frameworks, familiarity within engineering 
practice, and compatibility with heavy surcharge and traffic loading conditions. 
Polyethylene systems are commonly applied in smaller-scale or distributed networks, 
including residential and light commercial developments, where prefabrication, handling, 
and installation efficiency can influence selection. FRP chambers occupy a more 
specialised position, often applied in environments where corrosion resistance and 
weight reduction are prioritised, though uptake can depend on confidence in laminate 
design, manufacturing consistency, and long-term performance data. These patterns of 
use are not fixed, and material selection may vary between jurisdictions, asset owners, 
and project delivery models, reflecting differing risk tolerances, standards, and historical 
preferences.

8.	Conclusion

Polyethylene, concrete, and FRP pump station chambers can all perform successfully 
when correctly designed and installed. However, each material exhibits distinct structural 
behaviours and risk profiles below ground.

An understanding of how materials respond to sustained loading, installation variability, 
environmental exposure, and limited access is essential for informed material selection. 
For buried infrastructure, long-term asset performance is determined primarily by post-
installation behaviour rather than assumptions made at specification stage. 

Observed industry usage suggests that material selection is frequently aligned with 
project scale, loading conditions, and organisational familiarity, rather than a single 
dominant material across all applications. Concrete tends to be more prevalent in 
larger or more heavily loaded installations where structural rigidity and established 
design approaches are prioritised, while polyethylene is more commonly adopted in 
smaller or decentralised systems where flexibility and installation considerations may 
be advantageous. FRP systems continue to be applied in specific contexts, particularly 
where corrosion resistance is a primary concern, though their adoption may be more 
dependent on project-specific design assurance. These trends reflect prevailing practice 
rather than prescriptive guidance and reinforce the importance of aligning material 
behaviour with the intended operating conditions and risk profile of the asset.
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