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Abstract: In this investigation, four distinct by-products of natural materials were used to compose a mix for
rammed earth construction. The mix of these materials, which have various granulometry, affords many
potential combinations, making the analysis of different combinations highly complex. The Taguchi method, a
statistical approach renowned for significantly reducing the number of ex-periments in complex systems, was
employed to address this challenge. Each of the four materials was assessed across four different levels, with
moisture content also factored in as a parameter within the statistical analysis. Two separate studies were
conducted to obtain two optimal com-binations of the materials to enhance the dry density and the Unconfined
Compressive Strength (UCS). Taguchi method demonstrated its efficacy in predicting the optimal combination
of mix-tures for enhancing both objective parameters. A natural by-product mix demonstrated its po-tential
for use as a building material. The enhancement of the dry density due to a modification of the mix’s Particle
Size Distribution (PSD) did not produce a direct improvement in the mix UCS. The factor to be prioritized
should be the mechanical strength, rather than the dry density of the sample.

Keywords: natural by-products; granulometric optimization; mechanical performance; rammed earth
construction; Taguchi method

1. Introduction

Throughout history, human beings have harnessed the innate qualities of earth as a construction
material, capitalizing on its wide availability, cost-effectiveness, versatility, low environmental
footprint, low heat transfer, and high heat storage capacities [1-3]. Figure 1 shows the traditional
earth-construction regions around the world, with the locations of the UNESCO World Heritage sites.
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Figure 1. Map of the traditional earth-construction regions around the world, with the locations of
the UNESCO world heritage sites [4].
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The most widely used earth construction method is Rammed Earth (RE) [5,6]. RE involves the
systematic compaction, using a manual or pneumatic rammer, of a soil-water mixture into layers,
typically 7.5 to 15 cm thick, within temporary formworks, resulting in walls with a thickness ranging
from 30 to 60 cm [7-10]. The traditional form of RE, known as Unstabilized Rammed Earth (URE),
employs only soil and water, with clay acting as a binder [11]. The essence of earth construction lies
in its ability to harness by compaction locally sourced soil (i.e. earth) in its natural state. Thus, RE
greatly reduces the manufacturing environmental impact compared to conventional building
materials and techniques, which use large quantities of materials with a high carbon footprint. This
study aims to develop a new material for the RE construction technique, formulated from by-
products, that provides several environmental benefits. Firstly, the use of by-products reduces the
extraction of natural aggregates. Furthermore, incorporating these residues in RE buildings enables
the reutilization of by-products that are difficult to be valorized and would otherwise end up in
landfills. Moreover, the use of local residues would reduce the environmental footprint associated
with transportation, reducing emissions of fuel consumption among others environmental impacts.

Particle Size Distribution (PSD) and a minimum quantity of clay content are key factors in soil’s
suitability for RE building [7]. Nevertheless, the lack of regulations regarding these factors has led
authors to use widespread recommendations, such as Houben et al.’s [7] proposed PSD zone based
on the granulometric distribution. This PSD zone is the most frequently considered in RE literature
[11]. Despite this, this zone should not be treated as a restrictive rule, but as guidance on soil grading,
as many soils that fail to comply with Houben et al.’s [7] requirements have been found satisfactory
in practice [12-14].

Most authors only focus on the minimum quantity of clay needed to act as a binder, leaving
aside the PSD. Nevertheless, the PSD of a soil affects the RE mechanical properties. Therefore,
studying the PSD is key to improving the RE mechanical properties. The analysis of the influence of
the PSD on the RE mechanical properties is a complex work because each PSD exhibits unique
mechanical properties. When considering a complete factorial design, the sheer number of
experiments becomes practically unfeasible. Most authors consequently define a PSD to work with,
and do not search for the PSD that achieves the highest mechanical properties [15-17]. Nonetheless,
some authors have studied the mechanical properties achieved by different PSDs from the same soil
[18,19], but without the objective of searching for the most suitable PSD. Employing a multifactorial
experimental design model enables the exploration of the combined effect of selected parameters and
their influence on the soil mechanical strength, while minimizing the number of required
experiments. Taguchi method introduced a parameter design technique using Orthogonal Arrays
(OA), offering a straightforward and effective approach to optimize parameters in complex systems
with a considerably reduced number of experiments [20]. This method has found application across
diverse industrial fields and research areas, including its adoption in concrete design [21-24].

Nowadays, there is a lack of knowledge about the application of multifactorial experimental
design models for studying PSD of soil in RE buildings. To the authors” knowledge, no work has
reported the use of the Taguchi method for RE buildings. Nevertheless, a first approach has been
tried in the use of self-consolidating earth concrete [25]. Based on this, a method that would allow the
definition of an optimized PSD to obtain the highest RE mechanical properties is required.

Thus, this study analyzes the convenience of optimizing a natural material mix PSD for earth
construction. In RE buildings, Unconfined Compressive Strength (UCS) is the main parameter for
characterizing the mechanical behavior [26], and the dry density usually is directly related to the
UCS. The Taguchi experimental design model was applied in this work to study the effect of different
PSDs in URE building to achieve the PSD that maximized the material mix dry density and (UCS).
To that end, four different recycled granulometric by-product fractions were considered as
constituents of the different material mixes, and two material mixes were obtained, with optimized
dry density and UCS.

2. Materials and Methods

2.1. Materials
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Four different natural by-products were considered for the material mix manufacturing: gravel,
sandy gravel, sand, and fines. Gravel (<12 mm) and sandy gravel (<4 mm) were calcium carbonate
by-products coming from the mining of magnesium carbonate rock for refractory material
manufacturing. Sand (<1 mm) was a foundry-recycled sand. Fines (<0.063 mm) were sludges from
the cleaning of the magnesium carbonate rock extracted for refractory material manufacturing. Figure
2 shows the PSD of each material measured by sieving. Table 1 shows the bulk density of each
material.
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Figure 2. PSD of the considered natural by-products.

Table 1. Bulk density of the considered materials.

Material Bulk Density (g/cm?)
Gravel 1.62
Sandy Gravel 1.49
Sand 1.50
Fines 0.87

2.2. Experimental Design

The primary goal of a parameter design experiment is to identify and design the settings of the
process factors that optimize a chosen quality characteristic while being minimally affected by
external, uncontrollable factors, also known as noise. When many factors must be taken into
consideration, the Taguchi method is a well-known technique to optimize the number of experiments
and identify the most influential parameters on the modeled properties. The reduction in the number
of experiments is achieved by the use of OAs. Using the Taguchi approach, the individual effects and
interactions of a specific number of factors can be studied with a considerably reduced number of
experiments, thus making the conclusions drawn from small-scale experiments valid over the entire
experimental region [20,27].

The factors selected to be investigated were the four different materials: (i) gravel, (ii) sandy
gravel, (iii) sand and (iv) fines as well as the Moisture Content (MC) used to manufacture the RE
samples. In RE buildings, UCS is the main parameter for characterizing the mechanical behavior [26].
Thus, a Taguchi study was carried out to optimize the UCS. In addition, as dry density usually is
directly related to the UCS, another Taguchi study was carried out to optimize the dry density of the
material mix. As Houben et al. [7] proposed PSD zone is frequently used as the reference in RE
buildings, a theoretical PSD curve for the mix of the studied materials located in the middle of the
proposed zone was target. This curve was fitted with 15% of gravel, 25% of sandy gravel, 30% of sand
and 30% of fines in mass. This curve was considered as the reference to define the variation of each
material’s proportion needed for the application of the Taguchi method. Table 2 shows the
parameters and their variation levels (expressed in dry mass units) considered for the Taguchi
method. The MC was expressed as percentage of the combination dry mass. The variation of the MC
was based on optimum stated by the Standard Proctor test (UNE 103500:1994), carried out on the
reference mix combination (15% of gravel, 25% of sandy gravel, 30% of sand and 30% of fines).

Table 2. Parameters and their variation levels considered for the Taguchi method.
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4
Parameters Level 1 Level 2 Level 3 Level 4
Gravel 12.0 14.0 16.0 18.0
Sandy gravel 20.0 23.3 26.6 30.0
Sand 24.0 28.0 32.0 36.0
Fine 24.0 28.0 32.0 36.0
MC 6 8 10 12

Figure 3 depicts Houben et al.’s [7] suggested PSD zone, the theoretical PSD curve used as
reference, and the PSD zone of study as defined based on the parameters variation levels shown in
Table 2.
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Figure 3. PSD zone of study.

A complete factorial design would require the execution of 1024 experiments (5 parameters, 4
levels per factor, experiments=n®levels*factos=45=1024). However, employing a L16 OA, based on the
Taguchi method illustrated in Table 3, the number of experiments decreases to 16.

Table 3. L16 standard OA.

Experiment n° Gravel Sandy Sand Fines MC
gravel
1 1 1 1 1 1
2 1 2 2 2 2
3 1 3 3 3 3
4 1 4 4 4 4
5 2 1 2 3 4
6 2 2 1 4 3
7 2 3 4 1 2
8 2 4 3 2 1
9 3 1 3 4 2
10 3 2 4 3 1
11 3 3 1 2 4
12 3 4 2 1 3
13 4 1 4 2 3
14 4 2 3 1 4
15 4 3 2 4 1
16 4 4 1 3 2

In this study, two different Taguchi studies were conducted one to optimize the mix dry density
and the other one to optimize the UCS. Nevertheless, the same samples were used to determine both
properties as dry density is a non-destructive measurement. Table 4 shows the levels of the
parameters defined by the Taguchi method expressed in dry mass units and the mass percentage of
each material.

Table 4. Composition of by-products mix of each combination.
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Combination Gravel Sandy Sand Fines MC Gravel Sandy Sand Fines MC

Gravel Gravel

(dry mass unit) % (mass percentage) %
L01 12.0 200 240 240 6 15.0 250 300 30.0 6
L02 12.0 233 28.0 28.0 8 131 255 307 307 8
L03 12.0 26.6 320 320 10 117 259 312 312 10
L04 12.0 30.0 360 36.0 12 105 263 316 316 12
L05 14.0 20.0 28.0 320 12 149 213 298 340 12
L06 14.0 233 240 36.0 10 144 239 247 370 10
L07 14.0 266 360 24.0 8 139 264 358 239 8
L08 14.0 300 320 280 6 135 288 308 269 6
L09 16.0 20.0 320 36.0 8 154 192 30.8 346 8
L10 16.0 233  36.0 320 6 149 217 336 298 6
L11 16.0 266 240 28.0 12 169 281 254 296 12
L12 16.0 30.0 28.0 240 10 16.3 306 28.6 245 10
L13 18.0 20.0 36.0 28.0 10 17.6 196 353 275 10
L14 18.0 233 320 240 12 185 239 329 247 12
L15 18.0 266 28.0 36.0 6 16,6 245 258 331 6
L16 18.0 300 240 210 8 173 288 231 308 8

The evaluation of performance characteristics involves identifying the most significant factors
and their levels. The optimization criteria are centered around computing the signal-to-noise ratio
(S/N), which represents the loss function indicating the variance between the actual experimental
outcomes and the desired ones. The analysis of the S/N ratio is based on three performance
characteristics categorized as; (i) larger-the-better, (ii) smaller-the-better, and (iii) nominal-the-better
[28]. In this study, the objective was to optimize the dry density and the UCS under the condition of
“larger-the-better” as defined by Equation (1).

1o 1
- Z ¥z ey

i=1

S/N =-10 X log

where S/N is the performance statistic, n stands for the number of repetitions for each level of a factor
and, Yi denotes the response value of the it experiment. The S/N ratio values serve as a metric of
robustness, contributing to the identification of control factors that mitigate variability in a process
by minimizing the impact of noise factors.

The prediction values for the optimized parameter are obtained by Equation (2).

f
Tope = m + ) (00 = 1) @
i=1
where nopt is the predicted value, nm is the overall mean of the parameter to be optimized, f is the
number of factors and i is the mean of the parameter to be optimized at the optimal level of each
factor i.

2.3. Samples Manufacturing

The samples were manufactured as follows: after mixing the dry materials, water was added
and mixed thoroughly to guarantee the homogeneity of the mix. The material was then compacted
in three layers with a 2.5 kg manual rammer in a 102 mm of diameter and 122 mm height mold, in
accordance with the UNE 103500:1994 Standard [29]. Three specimens were manufactured for each
combination. The dry density test was performed following UNE-EN ISO 17892-7:2019 Standard [30].
UCS samples testing was carried out after oven-drying the samples at 100°C until constant weight
(i.e. mass variation less than 0.1% for 24 hours), in accordance with the UNE-EN 13286-41:2022
Standard [31].
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To validate the experimental design, three samples were manufactured from the combinations,
obtained by the Taguchi method, that optimized the parameters to be maximized. The samples dry
density was measured and then, they were tested to obtain the UCS values to compare the predictions
made by the Taguchi method.

3. Results and Discussion

3.1. Dry Density

Table 5 shows the dry densities obtained by the corresponding combinations and specimens (S).

Table 5. Dry Density of the tested combinations.

Combination Dry Density (g/cm?)
S1 S2 S3 Mean Dev. (s)
L01 2.105 2.098 2.125 2.109 0.014
L02 2.160 2.161 2.167 2.163 0.004
L03 2.150 2.161 2.153 2.155 0.006
L04 2.054 2.070 2.069 2.064 0.009
L05 2.053 2.057 2.062 2.057 0.005
L06 2.139 2.147 2.142 2.143 0.004
L07 2.258 2.244 2.241 2.248 0.009
L08 2.160 2.168 2.151 2.160 0.009
L09 2.211 2.202 2.193 2.202 0.009
L10 2.116 2.135 2.144 2.132 0.014
L11 2.072 2.058 2.055 2.062 0.009
L12 2.176 2.157 2.164 2.166 0.010
L13 2.162 2.165 2.144 2.157 0.011
L14 2.110 2.099 2.092 2.100 0.009
L15 2.160 2.150 2.168 2.159 0.009
L16 2.215 2.201 2.206 2.207 0.007

To reach the required performances, a higher value of dry density was desirable. Therefore, the
higher-the-better S/N ratio (Equation (1)) was employed to determine the optimized combination.
Table 6 and Figure 4 show the S/N values calculated to identify the effect of the controlling factor
(dry density).

Table 6. Response for signal-to-noise ratios applied to dry density. Equation (1).

Level Gravel Sandy gravel Sand Fine MC
1 6.536 6.57 6.566 6.669 6.608
2 6.652 6.585 6.591 6.587 6.867
3 6.607 6.668 6.664 6.596 6.669
4 6.671 6.643 6.645 6.614 6.323
Delta 0.135 0.098 0.098 0.081 0.544

Influence 2 4 3 5 1
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Figure 4. Main effects for SN ratios of each factor: gravel, sandy gravel, sand, fines and MC.

The effects and values of the main factors were assessed also with Equation (1). These results are
presented in Table 7 and Figure 5.

Table 7. Mean response of dry density.

Level Gravel Sandy gravel Sand Fine MC
1 2.123 2.131 2.13 2.156 2.14
2 2.152 2.134 2.136 2.135 2.205
3 2.14 2.156 2.154 2.138 2.155
4 2.156 2.149 2.15 2.142 2.071
Delta 0.033 0.024 0.024 0.021 0.134
Influence 2 3 4 5 1
21 ‘
—_ 2.1 T
"
2 I
Fais ;. A : k T
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Figure 5. The main effects for dry density mean of each factor: gravel, sandy gravel, sand, fines and
MC.

As depicted in Figure 4 and Figure 5, the optimal values of the S/N ratio matched the optimal
value of the means. While this is not always the case, it was convenient because it indicated that it
was the most robust combination and would guarantee the highest results in increasing the dry
density. Table 6 showed that the optimal levels of the modelled factors aimed to maximize the dry
density were, in order of importance, MC Level 2, gravel Level 4, sand Level 3, sandy gravel Level 3
and fines Level 1. These levels expressed in mass unit were: 18 gravel, 32 sand, 26.6 sandy gravel, 24
fines and 8% MC of total mass. The natural by-product mix combination that maximized the dry
density expressed in mass percentage was 17.9% gravel, 26.4% sandy gravel, 31.8% sand and 23.9%
fines with 8% of MC.

MC was the parameter with the highest importance, as it is well known that dry density is highly
dependent on the MC of the material. A direct relationship between the bulk density of the different
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granulometric fractions and their influence on the dry density was observed, where the gravel had
the greatest effect. The other three parameters (sandy gravel, sand and fines) appeared to have
comparatively lower effect on the dry density of the samples, but it could not be stated that they had
no influence.

3.2. Unconfined Compressive Strength

Table 8 shows the UCS results obtained for the tested combinations.

Table 8. Unconfined Compressive Strength of the combinations tested.

Combination UCS (MPa)
S1 S2 S3 Mean Dev. (s)
LO01 0.710 0.550 0.880 0.713 0.165
L02 1.420 1.650 1.760 1.610 0.173
L03 1.170 1.280 0.900 1.117 0.196
L04 0.820 1.060 0.830 0.903 0.136
L05 1.100 0.920 0.730 0.917 0.185
L06 1.190 1.360 1.090 1.213 0.137
L07 1.320 1.080 1.100 1.167 0.133
L08 1.360 1.100 1.080 1.180 0.156
L09 1.280 1.670 1.530 1.493 0.198
L10 0.860 1.140 1.050 1.017 0.143
L11 0.720 0.530 0.750 0.667 0.119
L12 1.010 0.900 0.940 0.950 0.056
L13 1.050 1.070 1.210 1.110 0.087
L14 0.820 0.790 0.670 0.760 0.079
L15 1.230 1.150 1.470 1.283 0.167
L16 1.460 1.210 1.390 1.353 0.129

As for dry density responses, a higher value was desirable for UCS. Therefore, the higher-the-
better S/N ratio (Equation (1)) was employed. Table 9 and Figure 6 show the S/N values calculated to
identify the effect of the controlling factor (UCS). Table 10 and Figure 7 present the main factors,
effects and their values.

Table 9. Response for signal-to-noise ratios applied to UCS. Equation (1).

Level Gravel Sandy gravel Sand Fine MC
1 0.055 -0.089 -0.784 -1.284 -0.031
2 0.746 0.769 1.116 0.586 2.783
3 -0.259 0.021 0.700 0.511 0.654
4 0.736 0.577 0.247 1.466 -2.127

Delta 1.005 0.858 1.900 2.751 4.910

Influence 4 5 3 2 1
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Figure 6. Main effects of SN ratio for each factor: gravel, sandy gravel, sand, fines and MC.

Table 10. Mean response for UCS.

Level Gravel Sandy gravel Sand Fine MC
1 1.086 1.058 0.987 0.898 1.048
2 1.119 1.150 1.190 1.142 1.406
3 1.032 1.058 1.138 1.101 1.098
4 1.127 1.097 1.049 1.223 0.812
Delta 0.095 0.092 0.203 0.326 0.594
Influence 4 5 3 2 1
e !
- I
é 1.200 - / .,. 'l —8— Gravel
; .V ‘ ‘s | | ‘ —5 = Fines
1.000 é | 1 .. MC
0.800 18

Level of Parameters

Figure 7. Main effects for UCS mean of each factor: gravel, sandy gravel, sand, fines and MC.

As depicted in Figure 6 and Figure 7, and in the same way as dry density, the optimal values of
the S/N ratio matched with the optimal value of the means, proving the robustness of the results.
Table 9 showed that the optimal levels of the modelled factors aimed to maximize the UCS were, in
order of importance, MC Level 2, fines Level 4, sand Level 2, sandy gravel Level 2 and gravel Level
4. These levels expressed in mass units were: 36 fines, 28 sand, 23.3 sandy gravel, 18 gravel and 8%
MC of total mass. The natural by-product mix combination that maximizes the UCS expressed in
mass percentage was 17.1% gravel, 22.1% sandy gravel, 26.6% sand and 34.2% fines with 8% of MC.

As well as for dry density, the MC was the parameter that had the greatest impact on the
development of the UCS. It was also observed that the fines were relevant to enhance the UCS, due
to the cohesion provided to the samples.

3.3. Verification of the Results

The optimum combinations which enhanced the dry density and maximized UCS were
manufactured. For each one of both combinations, the dry density and the UCS were obtained to
verify the quality of each of the predictions made with Equation (2) by both of the Taguchi studies


https://doi.org/10.20944/preprints202410.1559.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 October 2024 d0i:10.20944/preprints202410.1559.v1

10

that were carried out. Table 11 shows the dry density and UCS measured on the samples
manufactured according to the Taguchi proposed combination that enhanced the samples’ dry
densities. The Taguchi’s method prediction values of dry density and UCS are also shown in that
table. Table 12 shows the dry density and UCS values reached by the samples manufactured
according to the Taguchi proposed combination that enhanced the samples UCS. Like in Table 11,
the Taguchi’s prediction values of dry density and UCS are also shown.

Table 11. Dry density and UCS predicted and obtained values for the combination that enhances the

dry density.
Combination DRY DENSITY (g/cm3)
S1 S2 S3 Mean Dev. (s) Predicted
2.243 2.280 2.264 2.262 0.019 2.256
Dry Density UCS (MPa)
S1 S2 S3 Mean Dev. (s) Predicted
1.31 1.50 1.38 1.40 0.10 1.26

Table 12. Dry density and UCS predicted and obtained values for the combination that enhances the

dry density.
Combination DRY DENSITY (g/cm?)
S1 S2 S3 Mean Dev. (s) Predicted
2213 2.182 2.190 2.195 0.016 2.203
ucs UCS (MPa)
S1 S2 S3 Mean Dev. (s) Predicted
1.98 1.83 1.93 1.91 0.08 1.73

The dry density was effectively predicted in both Taguchi experiments when dry density and
UCS were the optimized parameters. In Table 11, a mean for the dry density of 2.262 g/cm? was
obtained, the predicted value being 2.256 g/cm3. Furthermore, this value of 2.262 g/cm? for the dry
density was higher than those shown in Table 5, which proved that the Taguchi method was effective
in enhancing and predicting the dry density of a natural by-products mix used for RE building. Table
12 also shows that the Taguchi method correctly predicted the dry density value when the UCS was
the parameter to be optimized, with a prediction of 2.203 g/cm? for a real dry density of 2.195 g/cm?.
In this case the dry density observed and estimated values were lower than the combination which
optimized the dry density shown in Table 11.

Table 12 shows the Taguchi proposed combination which optimizes the UCS. The UCS mean
value of the manufactured samples reached 1.91 MPa, higher than the prediction, as it was expected
to achieve 1.73 MPa. A similar trend was observed in Table 11, where the samples of the combination
that enhanced dry density reached a mean UCS value of 1.40 MPa, while the predicted value was
1.26 MPa. These underestimations in the predicted value were attributed to the poor mechanical
properties obtained by some combinations shown in Table 8. Nevertheless, the deviation of the
predicted value was lower than 10% and it was considered acceptable, as the aim of the investigation
was to find a combination that optimizes the UCS. Thus, the combination that was predicted to
optimize the UCS was shown to be the combination that achieved the highest UCS value compared
to those of Table 8, confirming that the Taguchi method was effective in enhancing the UCS of a
natural by-product mix used for building.

Table 11 and Table 12 demonstrated that enhancing the dry density due to a modification of the
mix PSD did not directly improve the mix UCS, as the combination that achieved the highest dry
density was not the same as the one that achieved the highest UCS. This was related to the materials'
proportions and roles. In the case where the dry density was optimized, a higher proportion of
materials with higher bulk density was employed, as the main objective of this combination was to
enhance its dry density and the principal role of the materials was as filler. However, in the
combination that optimized the UCS, a higher proportion of fines was required. Fines not only have
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a filler effect, but they also provided cohesion to the samples. Therefore, despite not making a
prediction as accurate as for the dry density, when using Taguchi to optimize a mix for use in RE, the
factor to analyze should be the mechanical strength. It should be noted that the objective of this study
was to obtain a combination that maximized a parameter and not to characterize that combination,
so the prediction errors were considered as acceptable.

4. Conclusions

This study demonstrates the convenience of optimizing a natural by-product mix PSD for
rammed earth construction. Taguchi method proved its ability to predict the combinations which
optimized each factor. The Taguchi method was an easy method to execute and interpret, allowing
the simplification of the combinations to be tested from 1024 experiments in a full factorial design to
only 16. The optimization of the S/N ratio guaranteed the robustness of the method, as shown by the
obtained predictions. The results demonstrate that different mix combinations were required to
optimize the dry density and UCS. Authors usually work with an unique soil combination,
considering that the improvement of the dry density is directly related to an improvement on the
mechanical properties. This study demonstrated that enhancing the dry density by the modification
of the mix PSD did not result in a direct improvement in mix UCS. The mix combination that
maximized the UCS contained a higher proportion of fine particles, demonstrating the beneficial
effects of cohesion in the mix mechanical properties. Therefore, when using the Taguchi method in
RE building, the factor to be maximized should be the mechanical strength, despite the dry density
of the sample.
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