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A B S T R A C T

The capillary absorption test is one of the most frequently performed material characterization tests. It provides
the capillary absorption coefficient and the capillary moisture content, both are important material properties.
Currently, full consensus concerning the experimental protocol and data processing of the capillary absorption
test has not been reached yet. This paper studies the potential impact factors during the test and compares
different methods for processing the raw data. Measurements on calcium silicate, ceramic brick, sintered glass
and autoclaved aerated concrete are carried out, and published literature results are reviewed. The impact of
sample size, sealing method, initial moisture content, temperature and personnel have been thoroughly ana-
lyzed, and proper recommendations are provided accordingly. Moreover, a new data processing model with a
solid physical background for calculating the capillary absorption coefficient and the capillary moisture content
has been proposed. It shows obvious advantages over other published models and is applicable for both ideal and
irregular capillary absorption patterns.

1. Introduction

Moisture is a crucial issue for the built environment. Moisture-re-
lated processes affect not only buildings' energy efficiency and service
life [1–3] but also their indoor climate and air quality [4–6]. To have a
correct understanding and a decent control of moisture-related pro-
cesses, researchers and engineers all around the world have established
numerous Heat-Air-Moisture (HAM) transfer models and developed
many numerical tools for different applications [7–9].

Whatever the theoretical model or the numerical tool is, the hygric
properties of porous building materials are indispensable input in-
formation. Currently, such properties are commonly determined
through experiments [10–12], among which the capillary absorption
test (also called the capillary uptake test, the free water uptake test,
etc.) is one of the most frequently performed. It determines the capillary
absorption coefficient (Acap, kg·m−2s−0.5) and the capillary moisture
content (wcap, kg·m−3). With additional non-destructive techniques
(such as X-ray or NMR) for monitoring moisture content profiles within
the sample, the moisture diffusivity (and permeability) can also be
derived [13,14]. Alternatively, the sorptivity S (m·s−0.5) can equally be
derived from the capillary absorption test. As is shown in Eq. (1), Acap

and S are related to each other via the water density (ρw, kg·m−3).
Consequently, in this study we focus on Acap but the analysis and

findings are similarly applicable to S.

= ⋅A S ρcap w (1)

Unfortunately, despite the availability of many international and
regional standards prescribing the procedures of the capillary absorp-
tion test [15–19], no broad consensus concerning the experimental
protocol has been reached among different researchers, as the impact of
many factors remains unclear. In general, these impact factors can be
classified into three categories: the material sample factors, the en-
vironmental factors, and the operational factors. An example of a ma-
terial sample factor is the sample size. The ISO 15148 [20] standard
requires a minimal bottom surface area of 50 cm2 for each sample,
whereas multiple researchers often use much smaller samples, with
bottom surface areas ranging from 10 to 30 cm2 [11,21–25]. It is not
known if such small samples are sufficient or whether only larger
samples can provide reliable experimental results. In addition, other
examples representing environmental and operational factors include
the recent controversy over the temperature's impact on Acap

[21,23,25,26] as well as different opinions on whether self-adhesive
films can be used for sealing the lateral sides of samples [11,25,27].

Besides potential impact factors for the experiment, an even more
crucial aspect of the capillary absorption test also calls for a critical
assessment – the data processing method. Different researchers often
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use diverse methodologies to process their raw data to Acap and wcap,
and their final results are subsequently not always directly comparable,
especially when the capillary absorption process is not entirely regular.
A recent example is the two papers [23,25] – both published in this
journal in 2016 – focusing on the impact of temperature on the capillary
absorption test, wherein opposing opinions on this issue are brought
forward. However, differences in the data processing methods can
partially explain their different arguments: the authors of [25] adopted
the one-tangent method (Section 4.2.1) whereas [23] employed the
two-tangent method (Section 4.2.3). One more illustrative case in point
is that the one-tangent method was used to calculate Acap of a specific
aerated concrete in Ref. [12], leading to 0.036 kgm−2s−0.5, while with
our data processing method proposed in this paper 0.043 kgm−2s−0.5 is
obtained, roughly 20% higher.

This paper aims at providing in-depth analysis of the above-men-
tioned issues from a scientific researcher's perspective. For impact
factors, we limit our discussion scope to some less studied and more
controversial ones, namely sample size, sealing method, initial moisture
content, temperature and personnel. When it comes to different data
processing methods, we review the mainstream options for both regular
and irregular capillary absorption patterns, and make a profound ana-
lysis of their respective pros and cons. A novel model with a solid
physical background is finally proposed and validated.

2. Materials and methods

In this section, we will first introduce the material information and
sample preparation for our measurements. Then the experimental setup
and measurement procedure will be explained. It should be noted that
our experimental protocol is based on our earlier experience [11,25],
primarily derived from the ISO 15148 [20] and the ASTM C1585 [28]
standards. However, in our measurements some factors – such as the
sample size and the initial moisture content – are not in full agreement
with these standards, and we will discuss their impact specifically in
Section 3.

2.1. Material information and sample preparation

To avoid disturbances by material evolution and (directional) het-
erogeneities, four homogeneous and stable materials – calcium silicate
(CS), ceramic brick (CB), sintered glass (SG) and autoclaved aerated
concrete (AAC) – are chosen as target materials. Their bulk density
(ρbulk, kg·m−3) and open porosity (ϕ) are obtained from the vacuum
saturation test [29], while the vapor diffusion resistance factor (μ) and
the equilibrium moisture content at RH 84.7% (u84.7%, kg·kg−1) are
measured from the cup test [30] and the static gravimetric test [31],
respectively. Mercury intrusion porosimetry (MIP) provides informa-
tion on the pore structures, and the median pore-throat radius (r50, m) –
which corresponds to the 50% mercury saturation – is presented [32].
The capillary absorption test is performed for determining Acap and
wcap, with in-depth analysis in the rest of this paper. The average values
from multiple samples of these properties are summarized in Table 1. In
general, CS is strong in both hygroscopicity and capillarity, CB and SG

are weak in hygroscopicity but strong in capillarity, and AAC is strong
in hygroscopicity but weak in capillarity. Specifically for the research
targets of this paper, Acap varies from 10−2–100 kgm−2s−0.5 while wcap

ranges from 200 to 800 kgm−3. Due to these variations, these four
materials can represent a broad spectrum of porous building materials
with widely different hygric characteristics. It should be noted that SG
is not a building material. However, because of its relatively large
pores, gravity plays a noticeable impact on its capillary absorption
process, showing a very typical irregular pattern. For this reason, we
include it in this study.

Raw materials are cut into cubic samples with different bottom
surface areas (A, m2) and heights (H, m). For each material and each
size, 2–5 duplicate samples are selected. These samples are first mea-
sured by calipers reading 0.01mm for precise size determination and
then sealed at the lateral and top sides by either plastic films or epoxy.
At the top surface, small holes are left for allowing air to escape.
Moreover, when plastic sealing films are used, the bottom centimeter of
the lateral sides is left uncovered, so that the film does not touch the
water, which may disturb the measurement.

2.2. Experimental setup and measurement procedure

The capillary absorption test can be performed either automatically
or manually, both producing similar results [27]. In this study, we
prefer the manual method for its simplicity in experimental setup and
capability of multi-sample measurements.

The basic setup for our manual capillary absorption test is illu-
strated in Fig. 1. During the capillary absorption process, samples stand
on sample holders made of stainless steel with a negligible contact
surface area. The sample holders are submerged 2–5mm below the
water level in a water container. In this study, deionized (not de-aired)
water (with an electrical conductivity smaller than 20 μS cm−1) is used
and the water level is maintained by regular re-filling.

Before starting the capillary absorption process, all sealed samples
are dried at 70 °C in a ventilated oven supplied with dry air for dry mass
determination. Their dry mass without sealing is also determined be-
forehand, but only for bulk density calculation, not for capillary ab-
sorption data analysis. For mass determination within 1 kg, a balance
reading 0.001 g is used, and heavier samples are weighed on another
balance reading 0.01 g.

After cooling down to room temperature in a desiccator with de-
siccant (CaCl2), oven-dried samples are put on the sample holders to
start the capillary absorption. The moment the first sample touches
water, the timer is started. From time to time samples are taken out of
water, and the free water attached to the bottom is gently removed with
a moist cloth. Then the samples are weighed and put back. We keep 20 s
as the constant time for the “taking out – water removing – sample
weighing – putting back” process. The (cumulative) time that the
samples are not in contact with water is corrected for during the data
processing (i.e. 20 s are deduced for the total absorption time for the
2nd measurement, 40 s for the 3rd, 60 s for the 4th …).

Since temperature is a potential impact factor for the capillary ab-
sorption test, the water used in the test is also conditioned to room

Table 1
Fundamental properties of target materials (21–23 °C).

Material ρbulk (kg·m−3) ϕ (%) μa u84.7%b (kg·kg−1, %) r50 (m) Acap (kg·m−2s−0.5)c wcap (kg·m−3)

CS 271 89.1 2.0 2.9 3.2× 10−7 1.01 756
CB 1818 32.6 11.6 < 0.05d 4.1× 10−6 0.61 210
SG 1414 36.5 5.8 < 0.05d 2.4× 10−5 3.75 272
AAC 462 81.4 7.4 3.1 -d 0.046 312

a Determined from dry cup test (RH 11.3%–53.5%).
b Adsorption from dry state.
c Re-calculated for 20 °C with Eq. (3).
d Cannot be determined accurately.
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