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As a natural polymer material, bamboo is regarded as a super material with lightweight but
excellent mechanical properties. With the increasing application of bamboo in structures,
high-strength composite materials, bridges, musical instruments, and damping materials,
the study of Poisson’s ratio is of great significance to the structural design and stability of
these materials. In this work, Poisson’s ratio of bamboo for different ages, growth heights,
and bamboo wall radial positions were determined by electrical measurement. The
relationships between intrinsic factors (density, chemical composition, crystallinity, and
microfibril angle) and Poisson’s ratio were also analyzed. The results showed that
Poisson’s ratio of bamboo for different ages and locations ranged from 0.180 to
0.334, decreased with the increasing bamboo age, growth height, and the radial
position from the outer layer to the inner layer. While the peak values of Poisson’s ratio
were obtained at bamboo of 2 years old, lower growth height, and near the outer layer of
the bamboo. Furthermore, the Poisson’s ratio had a positive correlation with the increasing
density, cellulose content, and MFA, but a negative correlation with lignin content. There is
no direct relationship between the crystallinity and Poisson’s ratio, but it affects the axial
and transverse deformation of bamboo, which can be used as an indirect index to judge
Poisson’s ratio.
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INTRODUCTION

Bamboo is a fast-growing grass plant and can reach maturity in just three to seven years, surpassing
the maturity rate of a typical tree for the wood industry (Liu et al., 2016; Zhang et al., 2019). Featuring
the fastest growing speed, the shortest cutting period, and largest biomass in the plant kingdom,
bamboo has been traditionally used as material for buildings, furniture, and daily necessaries (Lin
et al., 2021). At the same time, under the background of a new round of scientific and technological
revolution and industrial revolution, bamboo, as a lightweight and high-strength material, has its
own green and environmental protection characteristics in line with the path of energy conservation
and emission reduction, low-carbon, and environmental protection industry development. In
addition, bamboo has better specific strength and toughness than metal materials, which can
meet the special needs of materials in construction, transportation, and other fields (Sharma et al.,
2015). Therefore, in recent years, there are more and more studies on bamboo. A large number of
scientific research achievements have emerged in the study of bamboo properties and their
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influencing mechanisms, which includes the deformation
behavior of bamboo and its composite materials (Li et al.,
2013; Lee et al., 2014).

The deformation of bamboo material is inevitable in the
process of application. In order to better apply bamboo, the
deformation behavior of bamboo needs to be studied in-depth
and its deep-seated deformation mechanism needs to be
explored. The elastic deformation of the material is usually
characterized by four parameters: Poisson’s ratio (]) and
Young’s modulus (E, also known as tensile modulus), shear
modulus (G), and bulk modulus (K). Poisson’s ratio, as one of
the essential properties of material elastic behavior, is used to
characterize the transverse strain behavior caused by the Poisson
effect, which is defined as the negative of the ratio of passive to
active strain (Greaves et al., 2011; Yang et al., 2020),

νij � −εj
εi

(i, j � L, T, R) (1)

where i is the longitudinal active strain direction, j is the
transverse passive strain direction, εi denotes axial strain, and
εj denotes transverse strain. Since bamboo is an orthogonal
anisotropic material with three orthogonal anisotropic axes:
longitudinal (L), radial (R), and tangential (T), this leads to
differences in the mechanical properties of bamboo in
different sections, and therefore three mutually independent
Poisson’s ratios exist (Wang et al., 2017). However, due to the
thin-walled hollow structural properties of bamboo, most of the
studies on the deformation behavior of bamboo have been
focused on the LT surface, and the Poisson’s ratio of bamboo
has been mainly investigated by measuring the νLT, which means
the remaining two Poisson’s ratios have been less studied (Garcia
et al., 2012).

Many scholars have experimentally investigated the νLT of
bamboo using different testing methods, such as electrical and
optical methods (Zhou et al., 2012; Mentrasti et al., 2021; Yang
and Yang, 2021). The results show that the average value of νLT of
bamboo is 0.28, and this value varies in a certain range depending
on the differences between the specimens (Zhou et al., 2012). In
recent years, some scholars have proposed new test methods for
the elastic modulus and Poisson’s ratio of bamboo cross-section
and carried out measurement and analysis on them, which
provide new data support for the study of the elastic constants
of bamboo (Garcia et al., 2012; Molari and Garcia, 2021).

In addition, with the rapid development of composite materials,
there have been successive studies on bamboo composites, such as
the mechanical properties and Poisson’s ratio of recombinant
bamboo, laminated bamboo lumber, and radial graded bamboo
(Li et al., 2015; Wang et al., 2021). The experimental results showed
that bamboo could be prepared into large-size composites by means
of adhesive gluing, which not only overcomes the thinness of the
bamboo wall but also preserves or enhances the mechanical
properties of the bamboo. However, in Poisson’s ratio test, the
values did not change significantly as a result.

The studies on Poisson’s ratio influencing factors were mainly
focused on wood. It was found that the Poisson ratio of wood is
influenced by moisture content (Mizutani and Ando, 2014), pore
structure (Morooka et al., 1979), fiber angle (Yadama and

Wolcott, 2006), and microfibril angle (MFA) (Qing and
Mishnaevsky, 2010; Ando et al., 2018), and that there is a lack
of clear relationship between wood density (Bodig and Goodman,
1973; Farruggia and Perré, 2000) and wood strength. Although
we consider both wood and bamboo as biomass materials, there is
less research on bamboo to verify the correlation between
Poisson’s ratio and these factors.

Furthermore, Poisson’s ratio is one of the essential parameters
for the design and safety stability of bamboo load-bearing
structural materials, bamboo structures, and bamboo
reinforced composite structures. However, in today’s era of
high demand, fine development, and even graded utilization of
bamboo, more and more people pay attention to the performance
changes of bamboo because of its special structural characteristics
and good physical and mechanical properties. Poisson’s ratio is
often used as a constant with a value of about 0.3 in the field of
bamboo material applications, which is not quite reasonable (Yin
et al., 2013; Trujillo and López, 2016; Chen et al., 2019).

Therefore, for a comprehensive understanding of the variation
of Poisson’s ratio, this paper adopts the electrical measurement
method to study the variation of Poisson’s ratio of bamboo for
different ages, growth heights, and radial positions of the bamboo
wall. In order to explore the structure-activity relationship
between material internal factors and bamboo Poisson’s ratio,
the characteristics of bamboo density, chemical component
content, crystallinity, and microfiber angle and their
relationship with Poisson’s ratio are also investigated. These
works have great significance to expand the application field
of bamboo and improve the structural stability and safety design
of high-strength lightweight bamboo materials and bamboo
structures.

EXPERIMENTAL

Preparation of Experimental Materials and
Test Pieces
Moso bamboo (phyllostachys heterocycle) of 2, 4, and 6 years old
with a diameter at breast height (DBH) of 10–12 cm was cut from
the same bamboo forest in Hangzhou city, Zhejiang province in
China. One internode length of bamboo culm was taken from 1.5,
3.5, and 5.5 m above the ground, which is marked as the lower,
middle, and upper of bamboo culm respectively. After air-drying
to 12%moisture content, and removing the outer and inner layer,
the bamboo culm was divided into three equal parts: outer layer
adjacent, middle layer, and inner layer adjacent along the radial
direction of the bamboo wall, which were processed into the size
of 100 (length) × 10 (width) ×2 (thickness) mm3 for Poisson’s
ratio test grouped by the age, growth height and bamboo wall
position. After Poisson’s ratio test, the samples were grounded
into powder and screened using 40 and 60 mesh sieves, and
packed into sealed bags for other tests.

Characterization Methods
Measurement of Poisson’s Ratio
The Poisson’s ratio of bamboo wasmeasured by the Electrometric
method. Figure 1 shows the process for the preparation of
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bamboo for Poisson’s ratio test. Two BX120-5aa strain gauges
perpendicular to each other are pasted on the surface of the
specimen, which are respectively connected to two DH3818 static
resistance strain gauges by the quarter bridging method, and the
transverse deformation and axial deformation of bamboo are
recorded at the same time. The test piece was fixed on a CMT5205
(200kN) universal material testing machine, load added, and the
test piece stretched at a displacement rate of 2.5 mm/min, and the
value of the resistance strain gauge recorded in real-time until the
test piece is significantly damaged, at which time the test is
suspended. Poisson’s ratio of bamboo is the absolute value of
the ratio of transverse strain to axial strain.

Density
In order to explore the relationship between Poisson’s ratio and
density, the density (ρ) of each bamboo sample for Poisson’s ratio
testing was measured according to the National Standard of GB/T
15780-1995. The samples, at a moisture content of 12%, were
weighed and their volume was determined by measuring the
dimensions with a digital caliper. The density was then computed.

Chemical Composition Analysis
The chemical composition of bamboo plays an important role in
the Poisson’s ratio of bamboo. So the contents of Klason lignin,
holocellulose, and alpha-cellulose in holocellulose of bamboo at
different ages, growth heights and bamboo wall positions were
determined according toVan Soestmethod (Van Soest et al., 1991).
The hemicellulose content was calculated by subtracting cellulose
content from holocellulose content. The amounts were expressed
as a percentage of the initial oven-dry weight. The composition
experiments for each sample were performed in duplicate.

Determination of Cellulose Crystallinity (CrI)
The crystallinity of bamboo samples was determined by X-ray
diffraction using Cu K radiation (1.5405 Å, nickel filter) on XRD-
6000 manufactured by Shimadzu company in Japan. The samples

were scanned from 2θ of 5–60° with a step size of 0.05°. The
determination time was 2° per minute. The crystallinity index
(CrI) was determined using the equation:

CrI � I002 − Iam
I002

× 100% (2)

Where I002 is the intensity of the diffraction from the 002 plane at
2θ = 22°, and Iam is the intensity of the background scatter at
diffraction intensities at 2θ = 18°.

MFA
Samples were cut to dimensions of 5 × 5mm (width by length) with
a thickness of 2 mm, using sharpened blades. Radial profiles of MFA
were estimated from the standard deviation of the 002 azimuthal
diffraction pattern, using a Rigaku Ultima IV diffractometer with a
copper tube operating at 40 kV and 30mA. X-ray diffraction spectra
were acquired at room temperature over the 2 h range of 90–270 at
0.36 intervals with a measurement speed of 36 per minute. Three
spectra were obtained for each replicate sample. In the analysis of its
(002) surface diffractogram, the MFA of bamboo was measured by
theCave 0.6Tmethod using aGaussian curve fittingmethod, and the
results were averaged (Cave, 1997).

RESULTS AND DISCUSSION

The Poisson’s Ratio of Bamboo
Poisson’s ratio changes with bamboo age, growth height, and
bamboo wall position as shown in Figure 2. As shown in Figures
2A–C, the Poisson’s ratio of bamboo decreases gradually from
near bamboo outer layer to near bamboo inner layer in different
bamboo wall positions, regardless of the different bamboo ages
and growth heights. With the increase of bamboo age, the
decreasing ratio of Poisson’s ratio increased. For example,
Poisson’s ratio in the middle part of 2-year-old bamboo from
outer layer adjacent to inner layer adjacent reduced from 0.324 to

FIGURE 1 | The schematic illustration of the process for the preparation of bamboo for Poisson’s ratio test.

Frontiers in Materials | www.frontiersin.org May 2022 | Volume 9 | Article 8967563

Lu et al. Poisson’s Ratio of Bamboo

https://www.frontiersin.org/journals/materials
www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles


0.257, and the reduction ratio was 20.5%. While in the same part
of 4-year-old bamboo and 6-year-old bamboo, the Poisson’s ratio
decreased by 24.0 and 34.2% respectively. The Poisson’s ratio
decreases from the lower part to the upper part in the bamboo
growth height direction, regardless of the different bamboo ages
and bamboo wall position. Due to the combined effect of bamboo
wall radial position and age, the decrease fluctuates within a
certain range from 12.2 to 14.1%. Figure 2D indicates that the
Poisson’s ratio of bamboo lower sections for different ages
decreases with the increase of bamboo age. For example, near
the bamboo outer layer the Poisson’s ratio is 0.334 for 2-year-old
bamboo, and 0.310 for 6-year-old bamboo, the decrease
fluctuation is 7.3%.

Finally, to be clear, Poisson’s ratios of bamboo vary from
bamboo age, growth height, and bamboo wall position. At the
root of 2-year-old bamboo adjacent to the outer layer, it had the
largest value of 0.334, while at the root of 6-year-old bamboo
adjacent to the inner layer it had the smallest value at 0.180. In
practical application, the material with a lower Poisson’s ratio had
the lower passive strain when the same deformation occurs along
the force direction, which is beneficial to the stability of building
structures. Therefore, the choice of 6-year-old bamboo is more
conducive to the stability of bamboo in use and improves the
overall mechanical properties of the building.

Relationship Between Density and
Poisson’s Ratio
It is well known that many of the mechanical properties (Young’s
modulus, the modulus of rupture, and the maximum strength in

shearing and in compression) of wood and bamboo increase with
density within a certain limit (Niklas and Spatz, 2010). There is a lot
of research on the relationship between density and the properties of
materials. However, there are few studies on the effect of density on
Poisson’s ratio. In order to figure it out, a scatter plot of bamboo
density and Poisson’s ratio is shown in Figure 3.

From the distribution of the data in the graph, it can be seen
that the Poisson’s ratio of bamboo was positively correlated with
density, which shows that the Poisson’s ratio of bamboo increases
with its density in the radial position. According to the results of
Pearson correlation analysis, there was a moderately strong
correlation between density and Poisson’s ratio (R = 0.550,
p = 0.001 < 0.01). This indicates that with the increase of
density, the resistance of bamboo to transverse passive
deformation becomes stronger after the same axial active
deformation occurs.

As we know, the density of bamboo is affected by some factors
such as growth height and radial position of the bamboo wall.
Taking the radial density of bamboo and its change to analyze the
relationship between density and Poisson’s ratio, it was found that
the density of bamboo dropped from 0.945 g/cm3 to 0.540 g/cm3

from the outer layer to the inner layer, with the corresponding
Poisson’s ratio decreasing from 0.334 to 0.180. This may be due to
the fact that bamboo is essentially a composite material consisting
of vascular bundles and matrix material, and the density depends
on the increase in the number of fibers and vascular bundles in the
same volume. As visible in Figure 4, the number of fibers and
vascular bundle of bamboo varies substantially in the radial
direction of bamboo wall and growth height. However, the
number changes significantly more in the radial direction than

FIGURE 2 | Bamboo Poisson’s ratio variation graphs: (A) 2-year-old bamboo; (B) 4-year-old bamboo; (C) 6-year-old bamboo; (D) Lower of bamboo.
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that in growth height, which also leads to a high correlation
between the density and radial position of the bamboo. Along
the growth height, the density of bamboo increased from the lower
to the upper section, but the increase value was only 0.03 g/cm3,
which meant the effect of density on Poisson’s ratio was not
significant in the growth height direction.

Furthermore, when an external force is applied to the bamboo,
the vascular bundle as a skeleton is deformed passively in a
transverse direction due to the resistance to the external force,
while the matrix material, which acts as a lateral link, is deformed
to a lesser extent. Therefore, the transverse passive deformation of
the vascular bundles is greater near the bamboo outer layer than
near the bamboo inner layer, resulting in a larger Poisson’s ratio
in the bamboo. The results of other literature found that the
higher the density, the more the material itself tends to be
incompressible, and the Poisson’s ratio for this type of
material tends to be 0.5 (Greaves et al., 2011), which is
consistent with the conclusion that the Poisson’s ratio
increases with higher density in this experiment.

Bamboo density and Poisson’s ratio in the regularity of the
radial variation give us inspiration that bamboo can be split
hierarchically into bamboo slivers, and that the bamboo’s outer
layer is a good choice for developing bamboo composite materials
with high strength and stability.

Relationship Between Chemical
Composition and Poisson’s Ratio
Bamboo is a complex biomass material with the properties of
both composite and porous materials. Its main chemical
components are cellulose, hemicellulose and lignin, which
together form the cell wall of bamboo through different
bonding methods, and their content and Structural
morphology distribution play an important role in the
mechanical properties of bamboo. The chemical composition
of the bamboo changes with bamboo age, growth height, and
bamboo wall position as shown in Figure 5. As can be seen from
the graph, the hemicellulose content increases with bamboo age,
decreases with the growth height of bamboo, and gradually
increases along the radial direction of the bamboo wall from
outer layer to inner layer; cellulose content decreases with
bamboo age, increases with the growth height of bamboo,
and gradually decreases along the radial direction of the
bamboo wall from outer layer to inner layer; lignin content
decreases with increasing bamboo age, increases with the
growth height of bamboo, and gradually increases along the
radial direction of the bamboo wall from outer layer to
inner layer.

Table 1 shows the correlation analysis relationship between
bamboo chemical content and Poisson’s ratio. The results of the
bivariate Pearson test indicated that cellulose content was
positively and strongly correlated with Poisson’s ratio values
(R = 0.911, p = 0.004 < 0.01); lignin content was negatively
and strongly correlated with Poisson’s ratio values (R = −0.867,
p = 0.012 < 0.05). In contrast, the relationship between
hemicellulose content and Poisson’s ratio values was not
significant.

In conclusion, the Poisson’s ratio of bamboo increases along
with the increase of cellulose content and decreases with the
increase of lignin content. This may be due to the fact that

FIGURE 3 | Scatter plot and fitted curve of density and Poisson’s ratio of
bamboo.

FIGURE 4 | Photograph of bamboo: from left to right the bamboo increases in height, from top to bottom in the radial direction from outside to inside.
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cellulose plays a skeletal role in the cell wall, which is related to the
axial deformation of bamboo. Lignin fills the structural space
composed of cellulose and hemicellulose, which is related to the
transverse deformation of bamboo. As the cellulose content
increases, the axial deformation of the bamboo decreases
under the same external forces, which leads to an increase in
the Poisson’s ratio; as the lignin increases, the lateral deformation
of the bamboo decreases under the same external forces, which
leads to a decrease in the Poisson’s ratio of the bamboo.

Relationship Between Crystallinity and
Poisson’s Ratio
Crystallinity is the percentage of crystalline area constituted by
cellulose in the whole bamboo cellulose. The amount of
crystalline area in cellulose has a great influence on the
physical and mechanical properties of bamboo, such as elastic
modulus and dimensional stability. The Poisson’s ratio is
essentially the negative of the ratio of transverse passive
deformation to axial active deformation, which has great
significance to material deformation and structural stability. In
order to understand the relationship between the crystallinity and
Poisson’s ratio, we measured the regularity of bamboo’s
transverse deformation and longitudinal deformation varied
with the change of crystallinity under the same stress
condition, and then analyzed the regularity of bamboo’s
Poisson’s ratio with the change of crystallinity according to
the representation of Poisson’s ratio.

Figure 6 shows the relationship between bamboo Poisson’s
ratio and crystallinity, Figure 7 shows the relationship between
bamboo axial strain and transverse strain. As shown in Figure 6,
the crystallinity of bamboo decreases with the increase of age,
increases with the increase of growth height, and decreases from

the outer layer to the inner layer along the bamboo wall radial
direction. Compared to the crystallinity and axial active strain, we
found that when the crystallinity of the bamboo increases, the
axial active strain of the bamboo decreases, which indicated that
the crystallinity of the bamboo was negatively correlated with the
axial active deformation. It is attributed to the cellulose molecular
chains in the crystalline region of the bamboo being aligned
neatly and close to the axial direction, resulting in the elastic
modulus and dimensional stability of fiber increasing with the
increase of crystallinity (Wang et al., 2014). When subjected to
tensile external forces, the cellulose molecular chains are aligned
parallel to each other in the direction of the external forces and
are preferentially oriented, and the intermolecular interaction
forces are greatly enhanced, thus making the bamboo more
resistant to deformation.

According to Figures 7A,C, it can be known that the
transverse passive strain of the bamboo varies less per unit
stress, which makes the Poisson’s ratio of the bamboo
dependent on the axial active strain and is negatively related
to each other. However, this conclusion is not observed in
Figure 7B due to the fact that both the axial active
deformation and transverse passive deformation of the
bamboo change significantly with the increase in growth
height. Compared to the deformation of the middle section of
bamboo growth height with the lower section, the transverse
passive deformation and axial active deformation were reduced
by 17.2 and 15.0% respectively. What is more, comparing the
deformation of the upper section of bamboo growth height with
the lower section, the transverse passive deformation and axial
active deformation was reduced by 27.4 and 22.1% respectively. It
is obvious that the reduction degree of transverse deformation is
always greater than that of axial deformation, which leads to the
decrease of Poisson’s ratio as the height of the bamboo increases.

FIGURE 5 | Changes of cellulose, hemicellulose, and lignin contents in bamboo at different ages and locations: (A) Bamboo age; (B) Height; (C) Radial position.

TABLE 1 | Correlation analysis among chemical composition.

Correlation Mean Value
(M)

Standard deviation
(SD)

Hemicellulose Cellulose Lignin Poisson’s Ratio

Hemicellulose 20.242 1.869 1 −0.066 −0.630 0.213
Cellulose 48.480 5.009 — 1 −0.691 0.911b

Lignin 19.708 2.301 — — 1 −0.867a

Poisson’s ratio 0.279 0.054 — — — 1

ameans the significant level of 5%.
bmeans the significant level of 1%.
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Although there is no direct relationship between the crystallinity
and Poisson’s ratio, according to the previous analysis, the
longitudinal deformation rate decreased with the increase of
crystallinity, while the transverse deformation decreasing rate is
larger than the longitudinal deformation rate. Therefore,
according to the Poisson’s ratio characterization formula, the
Poisson’s ratio increases with the increase of crystallinity.

Relationship Between MFA and Poisson’s
Ratio
TheMFA is the angle between the direction of micro-fibrils in the
secondary cell wall (S2 layer) and the main axis of the cell, which
can be understood as the angle between the helical coiling of
cellulose chains in the cell wall and the fiber axis. It is a major
structural variable that describes the fine structure of the cell wall
in bamboo, and the value of MFA is closely related to the
mechanical properties of bamboo. Figure 8 shows the
relationship between MFA and Poisson’s ratio of bamboo.

As visible in Figure 8, The Poisson’s ratio is increasing with
increasing MFA of bamboo and is positively correlated with
MFA. In another way, the relationship indicates that as the
MFA of the bamboo increases, the resistance of bamboo to
transverse passive deformation becomes stronger after the
same axial active deformation occurs. Also, through regression
analysis, Poisson’s ratio has a good linear relationship with MFA,
and the following equation was deduced:

Y � 0.056X − 0.226, R2 � 0.810 (3)
A similar pattern can be found in Ando’s paper (Ando et al.,

2018). Ando modeled the regular variation wood’s Poisson’s ratio
with MFA by computer and concluded that Poisson’s ratio varies

FIGURE 6 | Relationship between bamboo Poisson’s ratio and crystallinity: (A) Bamboo age; (B) Height; (C) Radial position.

FIGURE 7 | Relationship between bamboo deformation: (A) Bamboo age; (B) Height; (C) Radial position.

FIGURE 8 | Scatter plot and fitted curve of MFA and Poisson’s ratio of
bamboo.
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with MFA in a parabolic trend. This parabolic trend is that
Poisson’s ratio had a positive correlation with MFA at MFA <25°
and a negative correlation with MFA at MFA > 25°. However, a
monotonically increasing relationship between Poisson’s ratio
and MFA for bamboo was concluded in this study. This is due to
the different MFA between bamboo and wood. According to the
earlier report, the MFA of bamboo is less than 20° (Yu et al.,
2013). The experimentally measured MFA of bamboo ranged
from 7.5° to 10.5° and the mean value was calculated to be 9°,
which is consistent with the curve rule of the first half of the
parabola obtained by Ando.

CONCLUSION

This work has shown that the Poisson’s ratio of the studied
bamboo for different ages, growth heights, and bamboo wall
radial directions ranged from 0.180 to 0.334, and decreased with
increasing bamboo age, growth height, and the radial direction
from the outer layer to the inner layer. While the peaks values of
Poisson’s ratio were obtained from bamboo of 2 years old, lower
growth height, and near bamboo outer layer. The Poisson’s ratio
had a positive correlation with the increasing density, cellulose
content, and MFA, but a negative correlation with lignin content.
There is no direct relationship between the crystallinity and
Poisson’s ratio, but it affects the axial and transverse
deformation of bamboo, which can be used as an indirect
index to judge Poisson’s ratio. Although the work in this
paper has a certain degree of complement and perfection to
the bamboo elasticity theory, especially Poisson’s ratio, however,
as a natural polymer material, bamboo is a kind of porous

anisotropic material with a complex structure. The Poisson’s
ratio is also highly variable, which cannot be fully explained
by a few single factors. According to the definition of Poisson’s
ratio, the effect of the interaction of the factors affecting the
longitudinal and transverse deformation of bamboo and the
compound effect of its porous structure on Poisson’s ratio
need further clarification.
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