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A new classification for soil mixtures with
application to earthen construction
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Abstract: The particle size distribution of a soil provides much insight for geotech-
nical engineers into the potential behaviour of a natural soil and also figures highly
in earthen construction research where mixtures of subsoil are compacted and dried
to form a manufactured highly unsaturated soil. This note proposes a soil mixture
classification procedure which is aligned to the current geotechnical descriptions of
soil fractions, remains succinct and gives an indication of the difference between de-
signed and manufactured soil mixture proportions. The soil mixture classification
has four stages in which the first two define the particle fractions, in accordance with
European geotechnical standards, and the designed earthen construction mix propor-
tions. In the final two stages the actual soil proportions are determined before an error
calculation is carried out to indicate the difference between the designed and manu-
factured soil mixtures. With increasing geotechnical interest in earthen construction,
and thus the use of designed and manufactured soil mixtures, the classification pro-
vides a clear means of classifying designed and as made soil mixtures.

Introduction

The particle size distribution (PSD) of a soil is easy to obtain using sieving and sed-
imentation and, with experience, provides much insight into the potential behaviour
of the soil when saturated, unsaturated or dry. BS1377-2:1990 (BSI, 1990) section 9
provides detailed procedures to “enable a continuous particle size distribution curve
of a soil to be plotted from the size of the coarsest particles down to the clay size”.
The ‘Wet sieving method’ provides a quantitative PSD of cohesionless soil down to
63 µm whilst sedimentation using ‘the pipette method’ enables the determination
of the percentages of clay and fine, medium and coarse silt. These methods pro-
vide the detailed PSD for a soil mixture with the proportions of the mix retained
on sieves sized: 10, 6.3, 5.0, 3.35, 2.0, 1.18mm and 600, 425, 300, 212, 150, 63,
20, 6.0, 2.0µm. Plots of PSD are usually visually interpreted but also provide some
quantitative measures (such as d50,d10 etc).
Geotechnical engineers will be familiar with obtaining PSDs for natural soils but
another area in which they figure highly is in earthen construction (e.g. Rammed
Earth, cob) where walls are built with mixtures of subsoil compacted into place and
left to dry back to a highly unsaturated condition. Interest in earthen construction is
evident both in the construction industry and in research where a geotechnical ap-
proach to understanding the materials has recently developed (Jaquin et al., 2009;
Smith & Augarde, 2013). This focus on a geotechnical understanding is natural as
these materials are merely manufactured unsaturated soils. Focussing on Rammed
Earth, which is usually built using a mixture of coarse aggregate (gravel), sand and
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clay, various guidelines are available as to suitability of mixtures which use PSDs
(Houben & Guillaud, 1989; Walker et al. 2005). However, since these are manufac-
tured materials, a recipe must be supplied in order to create the mixture and it is this
specification of the mixtures which are currently described in various different and
confusing ways. Jaquin et al. (2009) describe a rammed earth mix as proportions
of aggregate:sand:clay, whilst Ciancio et al. (2013) describe each soil mixture us-
ing batch numbers and provide a single PSD plotting the results for all the batches.
Beckett et al. (2013) use a different approach, include no plot of PSD, and state
the percentage of sand and clay within a specific soil mixture, while both Hall et al.
(2010) and Smith & Augarde (2013) describe a number of soil mixtures using a three
digit naming system first described by Hall in 2004 (Hall et al., 2004) - where 613
means a mixture containing 60% sand, 10% gravel and 30% clay by mass. This nam-
ing method (from here on called Hall’s method) is currently the most widely used in
the earthen construction research community however as is evident above it has not
been universally adopted and, more importantly, is not aligned with the most up to
date soil fractions defined by the appropriate Eurocode (EN ISO 14688-1:2002 sec-
tion 4.2) and so does not fit in with geotechnical engineers particularly well. Hall’s
method also limits the proportions of the mix to increments of 10%, as three single
digits are used which sum to ten, and provides no indication of the accuracy of the
description related to the actual manufactured soil mixtures PSD.
In this note we propose a classification procedure for soil mixtures which is aligned
to the current geotechnical descriptions of soil fractions, remains succinct and gives
an indication of the difference between designed and manufactured soil mixture pro-
portions.

Outline of the classification procedure
The soil mixture classification (SMC) proposed here has four stages which classify
the soil mixture by its four geotechnical constituents and includes the difference
between the designed and manufactured proportions. The first two steps define the
particle fractions in accordance with EN ISO 14688-1:2002 and the designed earthen
construction mix proportions to a precision of 1% respectively. In the third step the
actual soil mixtures proportions are obtained using the current standardised meth-
ods in the UK for determining PSD, i.e. BS1377-2:1990. In the final step an error
calculation is carried out to indicate the difference between the designed and man-
ufactured soil mixture. Below we describe each step in detail and then provide two
examples of the proposed SMC.

SMC Step 1: Particle Classification

Geotechnical engineers classify soils into fractions defined by particle sizes in EN
ISO 14688-1:2002 section 4.2. The three broadest fractions are very coarse soil
(>63mm), coarse soil (>0.063mm to 63mm) and fine soil (<0.063mm). Typically
earthen construction materials are sieved to less than 10mm and so the very coarse
soils fraction can be ignored (Jaquin & Augarde, 2012). Both the coarse and fine
soil fractions are further divided into sub-fractions: Gravel (>2mm to 63mm), Sand
(>0.063mm to 2mm), Silt (>0.002mm to 0.063mm) and Clay (<0.002mm). The
Eurocode further subdivides these into coarse, medium and fine sub-fractions (BSI,
2002), however this level of detail is not used in the SMC to keep the description
succinct. Therefore, following the sub-fractions defined in EN ISO 14688-1:2002,
the SMC uses four particle classifications to describe soil mixtures and is given in
Table 1.
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Table 1: SMC Particle Classifications defined by particle size.

Particle Particle Particle Size Range
Classification Abbreviation (mm)

Gravel Gr 10.00 ≥ Gr > 2.00
Sand Sa 2.00 ≥ Sa > 0.063
Silt Si 0.063 ≥ Si > 0.002

Clay Cl 0.002 ≥ Cl

SMC Step 2: Mix Specification

The SMC adopts a similar but expanded version of Hall’s method. The intended
proportions by mass of the soil mixture are given by four numbers, separated by
colons, being the designed proportion of each fraction, clay, silt, sand and gravel,
in order of ascending particle size stated to the nearest 1%. For example, a mix
designed to contain 15% clay, 15% silt, 60% sand and 10% gravel is written using
the SMC as follows:

15:15:60:10

or, more generally, the designed mix proportions are indicated in the SMC

Cl:Si:Sa:Gr

where Cl, Si, Sa, Gr are the designed mix proportions, to the nearest one percent, of
clay, silt, sand and gravel respectively, where those fractions are defined in Table 1.

SMC Step 3: Measurement of the actual mix proportions

Earthen construction mixes are often manufactured using natural materials, either
on-site or in the laboratory, and this introduces variability into the soil mixture’s pro-
portions. It is therefore crucial to check the mix meets the initial design specifications
following the manufacturing process.
A detailed PSD is of particular interest when analysing the material from a geotech-
nical perspective and so it is sensible to collect a detailed PSD for each batch of
earthen construction soil mixture used. However, since the SMC states the propor-
tions of gravel, sand, silt and clay, the only values required for the SMC are those on
the boundaries between each particle class, i.e. 2mm, 63µm and 2µm.

SMC Step 4: Calculate Maximum Weighted Percentage
Error

As discussed in step three, earthen construction mixes are often produced using nat-
ural materials and so the PSD obtained for the manufactured soil mixture is not
likely to exactly match the designed fraction proportions. An error term, the maxi-
mum weighted percentage error (MWPE), is therefore included in the SMC to give
an indication of how closely the manufactured soil mixture meets the designed mix
specification.
To derive the MWPE term in the SMC four steps are required. First, the actual
proportions of each particle classification are calculated from the particle grading
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analysis and the percentage error for mix proportion is calculated using(
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where Cl, Si, Sa, Gr are the designed soil mixture percentages of clay, silt, sand
and gravel respectively and a, b, c, d are the measured manufactured soil mixture
percentages of the clay, silt, sand and gravel respectively.
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To keep the description succinct, only the largest error term is recorded in the SMC
and only the maximum error value from (2) is taken i.e.
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Finally, (3) can be simplified, by cancelling terms, to give the maximum weighted
percentage error (MWPE) as

MWPE =max{|Cl− a|, |Si− b|, |Sa− c|, |Gr− d|} (4)

In the SMC the MWPE term is recorded, to one decimal place, in square brackets
following the designed fraction proportions, producing the generic SMC as

Cl:Si:Sa:Gr[MWPE]. (5)

What is an acceptable MWPE value?
An acceptable, or unacceptable, value of error is often dependent on the context and
methods employed (Taylor, 1997) and this is also true when using the SMC. For
a researcher producing ten different rammed earth mixes under controlled labora-
tory conditions, with each batch designed to vary the amount of sand by 5%, the
maximum acceptable MWPE value is likely to be very small, approximately 0.5%.
However, for a rammed earth builder manufacturing the designed soil mixture out
of natural materials on-site a MWPE value as large as 5.0% may still be acceptable.
Therefore there is no defined maximum acceptable MWPE and the term is included
to show that the manufactured soil mixture may not match the designed fraction pro-
portions and to highlight the need for an error measurement detailing the difference
between designed and manufactured soil mixtures in earthen construction.
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Table 2: PSD of an example rammed earth mix.

Sieve Size Percentage Sieve Size Percentage Sieve Size Percentage
(mm) Passing (%) (mm) Passing (%) (mm) Passing (%)
10.000 100.00 1.180 69.52 0.150 29.90
6.360 96.07 0.600 53.98 0.063 21.20
5.000 94.64 0.425 47.61 0.020 18.83
3.350 90.15 0.300 42.02 0.006 13.93
2.000 84.90 0.212 35.83 0.002 8.36

Examples of the SMC

Example 1: A rammed earth mix was designed to contain 15% Gravel, 65% Sand,
12% Silt and 8% Clay.
The first part of the SMC can now be constructed as follows:

8:12:65:15 [MWPE].

After the manufacture of the soil mixture, the PSD shown in Table 2 was obtained
using BS1377-2.
This PSD indicates that the manufactured rammed earth soil mixture contains 15.10%
gravel, 63.70% sand, 12.84% silt and 8.36% clay. The MWPE term, from (4), can
then calculated as

MWPE = max{|8− 8.36|, |12− 12.84|, |65− 63.7|, |15− 15.1|}
=max{0.36,0.84,1.30,0.10} = 1.30.

Therefore the rammed earth soil mixture should be described using the SMC as:

8:12:65:15 [1.3].

Example 2: Where the silty-clay fraction has been combined for a given sample (as
required by Hall’s method for instance) it is still possible to adapt the SMC to provide
both the designed soil mixture proportions and the MWPE following manufacture.
However an asterisk, and accompanying note, is required to indicate the combining
of the clay & silt fractions. For example, the 613 and 514 mixes used by Smith &
Augarde (2013) and defined using Hall’s method, would be described using the SMC
as

30*:60:10[2.4] & 40*:50:10[1.6]
(*the clay & silt fractions have been combined).

Summary

Defining soil mixtures is not something commonly needed for traditional geotech-
nical engineering, however with increasing interest in earthen construction, which
involves manufacturing using soil mixtures, a clear means of classifying both de-
sign and as made mixtures is needed. As research into earthen construction becomes
more geotechnically focussed it is important for classification to be consistent with
current geotechnical standards and practice. The proposed SMC meets all these re-
quirements and is a clear and concise method for describing the designed proportion
of each soil fraction, clay, silt, sand and gravel, whilst also providing an indication
of the difference between the manufactured and design PSDs.
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