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Abstract

When a polypropylene drainage geocomposite is specified for a retaining wall or a landfill drainage
blanket, the flow capacity reported on the product data sheet is often obtained under hydraulic and
confinement conditions that differ from field service. This mismatch is not a minor calibration issue
because it can shift the apparent factor of safety by more than threefold. This technical note examines
that problem using a manufacturer-supplied EN ISO 12958 dataset comprising 72 observations across
two core thicknesses (5 and 10 mm), two hydraulic gradients (0.10 and 1.0), and two seating pressures
(200 and 500 kPa), combined factorially to yield eight treatment combinations. Flow capacity and
transmissivity (6 = g/i) are reported for all treatment combinations and interpreted against the allowable-
flow frameworks of GRI GC8 and ASTM D7931. The 10 mm core at gradient 1.0 delivered about 3.9
times the flow of the same core at gradient 0.10, not the tenfold increase implied by Darcy-type
proportionality. Average transmissivity decreased consistently with increasing gradient, indicating
transition to a non-laminar in-plane flow regime at i = 1.0. The flow reduction from 200 to 500 kPa
reached 3.3-fold for the 10 mm core under the steeper gradient, large enough to invalidate specifications
anchored to low-pressure catalog data. Practical guidance is provided for retaining-wall backfill drains,
landfill drainage blankets, and pavement subdrainage layers.

1 Introduction

Geocomposite drainage panels have displaced granular drainage layers across a wide range of
geotechnical and geoenvironmental applications over the past three decades. A drainage geocomposite
only a few millimeters thick can replace hundreds of millimeters of compacted aggregate while offering
more consistent hydraulic performance, simpler installation logistics, and a smaller construction
footprint [1], [2]. Retaining walls, embankment subdrainage, landfill liner and cover systems, and
pavement edge drains routinely specify drainage geocomposites as primary or secondary drainage
elements [3]-[6].

The main challenge lies at the interface between laboratory testing and design. Every declared flow-
capacity value is tied to the test conditions under which it was obtained, including a specific hydraulic
gradient, a specific normal stress applied through standardized rigid platens, and a temperature-
corrected flow measurement taken after a prescribed seating period [7]. These dependencies are often
not stated clearly in product data sheets. As a result, a specifier comparing products tested ati=1.0 has
no direct basis for judging how those products would perform at the lower gradients typical of landfill
caps or under the higher confinement pressures encountered beneath retaining-wall backfills. Although
GRI GC8 and ASTM D7931 address long-term performance through reduction factors for creep,
installation damage, and clogging [8], those frameworks still assume that the baseline laboratory value is
relevant to the hydraulic and mechanical conditions expected in service.

Recent work has probed various aspects of this problem. Demand-capacity modeling for pavement
geocomposite drainage has highlighted the importance of gradient-matched test data [3]. Transmissivity
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under actual soil confinement rather than rigid platens has been shown to differ meaningfully from
standard-test values [5]. Performance in tunnel drain geometries [6] and numerical drainage
characterization in unsaturated fine-grained soils [9] each adds a dimension to the picture. These studies
collectively point to the fact that gradient, confinement, and core geometry interact in ways that single-
condition test data cannot capture. Yet a direct, condition-by-condition comparison that puts a specific
number on the potential misspecification error, across the gradient and pressure ranges most relevant to
drainage design, has received limited attention in concise, practice-oriented papers.

That is the gap addressed here. Using a manufacturer-supplied EN ISO 12958 dataset of 72
measurements across eight gradient-thickness-pressure combinations, this technical note reports flow
capacity and transmissivity for each condition, ranks the relative importance of the governing factors
and their interactions through factorial analysis, and translates the results into specification guidance for
representative drainage applications.

2 Product Description and Test Background

The product considered in this study is a polypropylene drainage geocomposite comprising a three-
dimensional drainage core laminated with nonwoven polypropylene geotextile filter layers on both faces.
The core provides interconnected in-plane flow channels, while the geotextile facings retain surrounding
soil particles and reduce intrusion into the drainage pathways. This configuration differs from granular
drains because the hydraulic response depends not only on the intrinsic geometry of the core but also on
how that geometry interacts with hydraulic gradient and compressive loading. To improve
generalizability and maintain product confidentiality, the commercial identity and proprietary core profile
are not disclosed.

Flow-capacity tests were conducted in compliance with EN ISO 12958 [7], which prescribes rigid platen
loading, a fixed drainage length, and temperature correction to 20°C. Flow capacity q is reported in liters
per meter width per second (L/m/s). Hydraulic transmissivity (6 = g/i) provides a gradient-normalized
measure of the material's in-plane conductance. For a strictly Darcian response, transmissivity would
remain constant with gradient; departures from that constancy indicate that inertial effects are
becoming important and that performance can no longer be scaled linearly across gradients. All tests
were performed in an ISO 9001-accredited laboratory. Equipment was calibrated before each test
campaign, and any specimen showing leakage, unstable flow readings, or incomplete saturation was
excluded from the dataset prior to analysis.

3 Experimental Design

Three factors were each tested at two levels (Table 1): core thickness (5 and 10 mm), hydraulic gradient
(0.10 and 1.0), and seating pressure (200 and 500 kPa). These levels are usually encountered in design
and are representative of typical field conditions. Gradients ranging from 0.10 to 1.0 span flow
conditions from gentle drainage slopes in landfill caps and pavement edge drains to steeper hydraulic
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gradients relevant to retaining-wall drainage systems. Seating pressures of 200—500 kPa correspond
approximately to moderate-to-high overburden levels that may develop in practical geotechnical
applications [10].

Each of the 23 = 8 treatment combinations received nine replicates, giving 72 measurements in total.
Nine replicates per cell is not excessive for EN ISO 12958 data: within-combination scatter is a real
feature of this test, and pooling it into a proper error term is essential for honest significance testing. Run
order was randomized in JMP 17 (SAS Institute, Cary, NC) to guard against time-related confounding.
The full three-factor interaction model was fitted by analysis of variance at a = 0.05. Residual diagnostics
(normal quantile plots, residual-versus-predicted plots, and Levene’s test) confirmed that the standard
assumptions were adequately satisfied.

Table 1
Test factors and levels, with representative field equivalents
Factor Low High Unit Field context
Core thickness (T) 5 10 mm  Within typical product range of 5-25 mm
Hydraulic gradient (G) 0.10 1.0 — Landfill blankets through retaining-wall drains
Seating pressure (P) 200 500 kPa  =10-25 m equivalent overburden depth

4 Flow Capacity and Transmissivity Results

Mean flow capacity and average transmissivity for each treatment combination are listed in Table 2 and
ranked in Fig. 1. The highest mean flow recorded, 3.305 L/m/s for the 10 mm core at gradient 1.0 and
200 kPa, is 66 times the lowest, 0.050 L/m/s for the 5 mm core at gradient 0.10 and 500 kPa. Both lie
within realistic laboratory and field-relevant ranges. This 66-fold span shows that a single catalog flow
value, without its corresponding test conditions, cannot serve as a defensible engineering specification.

The average transmissivity data reveal an equally important trend. For the 10 mm core at 200 kPa, 6
equals 8.51 L/m/s at gradient 0.10 but only 3.31 L/m/s at gradient 1.0 (Table 2, Fig. 2). The same
pattern, namely higher transmissivity at lower gradient, is observed for every thickness-pressure
combination in the dataset. The observed 2.6-fold reduction in transmissivity with increasing gradient
indicates that inertial effects become increasingly important at higher heads and that Darcy-type
proportionality is no longer an adequate descriptor for performance scaling under these conditions.

The actual flow ratio between gradient 1.0 and gradient 0.10 is 3.9 for the 10 mm core at 200 kPa, not
the tenfold implied by Darcy proportionality. For the 5 mm core at 500 kPa, the same ratio is 10.8, which
happens to resemble proportionality but reflects coincidence rather than laminar physics: the gradient-
specific transmissivities are not equal, as Table 2 makes clear. These observations matter directly in
practice. When a specifier uses a gradient 1.0 test value and then applies it to a gradient 0.10 field
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situation by multiplying by 0.10, the result is internally inconsistent if the two gradients span a flow-
regime transition.

Mean in-plane flow capacity and tranTsaraliess?ivit for each treatment combination
(n =9 per cell
T(mm) Gradient P (kPa) Meanq(L/m/s) ©=gq/i(L/m/s) Rank
10 1.0 200 3.305 3.31 1
10 1.0 500 1.002 1.00 2
5 1.0 200 0.998 1.00 3
10 0.10 200 0.851 8.51 4
5 1.0 500 0.541 0.54 5
10 0.10 500 0.289 2.89 6
5 0.10 200 0.211 2.11 7
5 0.10 500 0.050 0.50 8

5 Engineering Interpretation

5.1 Factor rankings and what they mean for product
selection

Table 3 and Fig. 4 summarize where the variance in measured flow capacity resides. Gradient and
thickness are the significant main effects, whereas seating pressure is not significant as an isolated
main effect. This should not be interpreted to mean that confinement is unimportant; rather, its influence
depends strongly on the specific thickness-gradient combination under consideration.

The dominant term in the model is the thickness-gradient interaction (F = 42.70, p < 0.001), which
exceeds the F-ratios for gradient alone (18.98) and thickness alone (12.55). The hydraulic advantage
associated with the thicker core is therefore not constant across test conditions. At gradient 1.0, the 10
mm core outperforms the 5 mm core by roughly 2.5 times in pooled flow (Fig. 3), whereas that
advantage narrows at gradient 0.10. This result necessitates a shift in specification logic: drainage
geocomposites should be ranked using condition-specific performance data rather than isolated catalog
constants.
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Table 3
Effect test results from the 23 factorial ANOVA (a =0.05)

Model term Sum of F- p- Engineering interpretation
squares ratio value
T x G (dominant 6.259 4270 < Thickness benefit is gradient-dependent;
interaction) 0.001
the two factors must be evaluated jointly
Gradient (G) 2.782 18.98 < Primary driver of flow magnitude;
0.001
also determines flow regime
TxGxP 2.354 16.06  0.0002 Pressure sensitivity is highest where
gradient and thickness favour high flow
Thickness (T) 1.840 12.55 0.0007 Significant individually; magnitude of
benefit depends on gradient level
GxP 0.360 2.46 0.122 Not significant
TxP 0.196 1.34 0.252 Not significant
Seating pressure 0.118 0.80 0.374 Not significant as main effect; enters
P through the three-way interaction

5.2 Confinement: not a main effect, but not a minor one

Seating pressure reduced flow in every single treatment cell. What prevented it from reaching
significance as a main effect was the sheer variability of the reduction across conditions. For the 10 mm
core at gradient 1.0, the step from 200 to 500 kPa cuts mean flow from 3.305 to 1.002 L/m/s, a 3.3-fold
suppression. The same step on the 5 mm core at gradient 1.0 gives only a 1.8-fold reduction. That
disparity is captured by the significant three-way interaction (F = 16.06, p = 0.0002; Fig. 5). The
engineering interpretation indicates that pressure sensitivity is highest precisely where flow capacity is
highest, i.e., for the product variant that a designer would most likely select.

Consider a retaining wall backfill drain behind a 15 m wall. Confinement at mid-height readily reaches
300-500 kPa. If the specification was built on a 200 kPa test value, the available capacity at depth could
be roughly one-third of what the design assumed. That is not a factor of safety issue; it is a specification
error, and the present data gives it a concrete number. The practical design rule simply suggests
matching the test pressure to the expected field confinement or applying an explicitly derived correction
factor. Relying on a long-term creep reduction factor does not solve this problem, because the creep
factor is intended to account for time-dependent deformation under sustained load, not for the initial
flow reduction that occurs when the drain is loaded to a pressure above its test pressure.

5.3 Guidance for three application types

Table 4 shows the findings in a format directly usable for specification practice. For each of the three
application types, the table identifies the typical field gradient and confinement, recommends the most
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representative test condition from the present dataset, and notes the main risk of using a mismatched
test value. One point deserves emphasis across all three scenarios: the allowable-flow expression in GRI
GC8 [8] applies creep, installation-damage, and clogging reduction factors to a measured flow value to
arrive at an allowable design flow. All of those factors assume the starting test value is representative of
field service conditions. If the gradient or pressure in the test differed substantially from those in the
field, then the reduction factors correct only for durability, not for the hydraulic mismatch. The mismatch
must be resolved first, at the specification stage, before GRI GC8 is applied.

Table 4
Specification guidance for three drainage geocomposite application types
Application Typical Typical Besttest Primary risk of mismatch
field confinement match
gradient
Retaining wall 0.5-1.0 200-500 kPa G=1.0, 3.3x flow overestimate at depth if
backfill drain P =500 200 kPa test value is used for a high-
kPa confinement application (10 mm
core)
Landfill 0.05-0.10  100-300 kPa G=0.10, Linear scaling from G = 1.0 test data
drainage P =200 overestimates field flow by up to 2.6x
blanket kPa due to non-Darcian flow regime at
high gradient
Pavement 0.05-0.30  50-200 kPa G=0.10, Product ranking by thickness can
subdrainage P =200 reverse at shallow gradient; steep-
kPa gradient catalogue comparison may
not reflect field performance

5.4 Scope and limitations

The dataset covers one product family tested at two discrete levels per factor, and the results should be
interpreted within that experimental window. Two-level factorial designs are well suited for identifying
dominant effects and interactions, but they do not resolve curvature or threshold behavior beyond the
tested ranges. A second limitation arises from the use of rigid platens in EN ISO 12958 testing. Although
this boundary condition improves repeatability, it simplifies field confinement. In practice, particularly in
fine-grained soils, geotextile intrusion into the drainage core void space may further attenuate in-plane
flow, especially under higher seating pressures. The reported values should therefore be interpreted as
threshold hydraulic-performance indicators under standardized laboratory confinement rather than
absolute field capacities.

6 Conclusions

The results demonstrate that the in-plane hydraulic performance of a polypropylene drainage
geocomposite is strongly condition-dependent and cannot be represented adequately by a single catalog
value. Across the eight treatment combinations, mean flow capacity varied from 0.050 to 3.305 L/m/s,
corresponding to a 66-fold range under gradients and seating pressures that are all relevant to
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engineering design. As shown in Figs. 1 and 5 and summarized in Table 2, this spread is large enough to
alter product ranking and design confidence if laboratory conditions are not aligned with the intended
field application.

A second conclusion concerns the coupled influence of thickness and hydraulic gradient. The factorial
analysis identified the thickness-gradient interaction as the dominant model term, exceeding either main
effect alone (Table 3 and Fig. 4). Figure 3 shows that the hydraulic advantage of the 10 mm product is
much more pronounced at the steeper gradient than at the lower gradient. This means thickness should
not be treated as a standalone proxy for drainage performance. Instead, product comparison and
specification should be based on condition-specific hydraulic response under the gradients expected in
service.

The transmissivity results further indicate that performance scaling is non-linear across the tested
hydraulic conditions. For the 10 mm product at 200 kPa, average transmissivity decreased from 8.51
L/m/s at a gradient of 0.10 to 3.31 L/m/s at a gradient of 1.0. Similar reductions were observed for the
other factor combinations (Fig. 2), indicating departure from simple Darcy-type proportionality at the
higher gradient. In practical terms, a design based on gradient conversion from an unmatched catalog
value can misrepresent both available discharge capacity and the degree of safety built into the drainage
system.

Finally, the results clarify how confinement should be treated in design. Although seating pressure was
not significant as an isolated main effect, its influence became substantial under combinations that also
favored high flow, particularly for the thicker product at the steeper gradient (Fig. 5). The reduction from
3.305to 1.002 L/m/s between 200 and 500 kPa for the 10 mm product shows that baseline test
conditions must be matched first to the anticipated field gradient and confinement. Only after that
alignment should long-term reduction factors such as those in GRI GC8 be applied. For retaining walls,
landfill drainage layers, pavement subdrainage, and related geotechnical systems, the central design
implication is straightforward: specify drainage geocomposites using hydraulically and mechanically
relevant test conditions rather than detached single-point catalog declarations.
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Figures

Fig. 1 In-Plane Flow Capacity by Treatment Combination (ranked)
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Figure 1

Mean in-plane flow capacity ranked across the eight treatment combinations. The 66-fold span from the
highest to lowest condition demonstrates that a single catalog flow value is insufficient for design without
its accompanying test conditions.
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Fig. 5 Transmissivity vs Seating Pressure by Thickness and Gradient
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Figure 2

Transmissivity (6 = q/i) as a function of seating pressure. 8 is higher at gradient 0.10 than at 1.0 for every
thickness and pressure level, indicating departure from linear gradient scaling under the steeper hydraulic
condition.
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Fig. 2 Thickness x Gradient Interaction
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Figure 3

Thickness-gradient interaction plot. Non-parallel profiles confirm that the hydraulic advantage of the 10 mm
core narrows substantially at gradient 0.710 and cannot be inferred reliably from steep-gradient test data
alone.
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T x G interaction
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Figure 4

F-ratio

F-ratios for all model terms. The TxG interaction is larger than either main effect, confirming that thickness
and gradient must be evaluated together rather than independently.
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Fig. 3 Three-Way Interaction: Flow Capacity by Thickness, Gradient, and Pressure
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Figure 5

Mean flow capacity for 5 mm and 10 mm cores across all gradient-pressure combinations. The 10 mm core
at gradient 1.0 shows the largest absolute drop between 200 and 500 kPa (3.305 to 1.002 L/m/s, a 3.3x
reduction), while the 5 mm core at gradient 1.0 is less pressure-sensitive.
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