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EFFECTS OF INNER MOISTURE OF COVERCRETE ON
SURFACE WATER ABSORPTION TEST AND AIR PERMEABILITY TEST
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ABSTRACT

Effects of moisture content in many kinds of moisture profiles of concrete on Surface Water
Absorption Test (SWAT) and on double chamber air permeability test were investigated. Moisture
content was measured by two surface moisture meters, and electric resistance was measured by
embedded sensors at several depths. It was found in some cases that water absorption resistance pgoo
and air permeability coefficient kT showed smaller values though the surface moisture content was
small enough, which might have been due to inner high moisture content.
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1. INTRODUCTION

The durability of concrete structures is always
one of the biggest concerns in the worldwide
construction, in which surface permeability causes the
structural degradation of concrete. Surface absorption is
influenced by some factors. Moisture content is one of
them [1]. The moisture content change in covercrete
caused by wetting and drying processes has a
considerable effect on water absorption and air
permeability.

Many methods for non-destructive measurement
of covercrete surface absorption have been proposed
recently. Surface Water Absorption Test (SWAT) device

developed by the authors [2], [3] is used in this research.

A double chamber air permeability test proposed by
Torrent, et al. is also used in this research [5]. It is
known that moisture content in covercrete affects
surface water absorption results by SWAT and air
permeability result by double chamber air permeability
method [6]. Therefore, the moisture content of
covercrete has to be confirmed before conducting
SWAT and air permeability tests. It has been found out
that CMEX-II and HI-520-2 can be used to evaluate
appropriate  moisture content of covercrete before
conducting SWAT and air permeability test [6].
However, the patterns of moisture distribution inside
concrete in the past research [6] are limited. Studies
related to the influences of moisture content on surface
permeability considering real outside environments are
so much limited.

The objective of this present study is to deeply
investigate the effects of inner moisture content of
covercrete on water absorption and air permeability
with various kinds of moisture distribution.

In this paper, to obtain many kinds of moisture
profiles in covercrete, specimens are subjected to many
kinds of ambient R.H. conditions before conducting

SWAT and double chamber air permeability test.
Electrical sensors are embedded at several depths in
covercrete in some of the specimens, and electric
resistance related to moisture content is measured
during wetting and drying.

Before conducting SWAT and air permeability
measurement, moisture content of covercrete is
measured by two kinds of moisture meters. The effects
of inner moisture content of covercrete on SWAT and
air permeability test will be clarified, and the
effectiveness of those moisture meters to evaluate
whether covercrete is appropriately dry or not will be
investigated.

2. MEASURING DEVICES

2.1 SWAT

SWAT is a fully non-destructive test developed
by Hayashi and HOSODA [2], [3]. It consists of a water
cup with a graduated tube, as shown in Fig.1. From the
measured absorption data, pgg, defined as the rate of
water absorption at 10 minutes (600 seconds) after the
start of measurement, is calculated in (ml/m%s). The
authors have proposed two threshold values for
evaluating covercrete quality as shown [2], [3].The
amount of absorbed water in one to 10 minutes can also
be an index to evaluate the resistance against water
absorption [7].
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Fig.1 SWAT device
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2.2 Double chamber air permeability tester

Double chamber air permeability tester is used to
measure air permeability in this research, and KT,
coefficient of air permeability is obtained. The criterion
for evaluating covercrete quality has been proposed [4].

It has also been proposed that air permeability
results can be adopted when the surface moisture
content measured by CMEX-II device is 5.5% or less

[5].

2.3 Moisture meters

Two kinds of moisture meters, namely CMEX-II
and HI-520-2 are used to measure the moisture content
of concrete at the surface of the specimens.

CMEX-II detects and evaluates the moisture
conditions in concrete by measuring the electrical
impedance. A low frequency electronic signal is
transmitted into the material under test device. The
strength of this signal varies in proportion to the
amount of moisture present in the material. The
CMEX-II determines the strength of the current and
converts this to a moisture content value for concrete

HI-520-2 is a handy high-frequency capacitive
moisture tester with an integrated main unit and sensor
section. When concrete contains water, the conductivity
will increase. This makes it possible to determine the
moisture content by determining the relationship
between moisuture content and conductivity. The value
obtained in this way is displayed as the measured
moisture content.

3. EXPERIMENTAL PROCEDURES

3.1 Materials and mix proportion

Ordinary Portland cement was used to make 18
rectangular specimens in total. The only one mix
proportion shown in Table 1 was used. The maximum
coarse aggregate size was 20mm. Air content of
concrete was set as 4+0.5%. The structural dimensions
of the specimen are shown in Fig.2.

3.2 Sensors to measure electric resistance

Electric sensors are used to evaluate electric
resistance related to moisture content of concrete in
depth direction from the surface. The change in electric
resistance (count value) between the coupled embedded
electrode bars is measured by HI-800. Each sensor was
made with two steel bars of SUS 304, M4. The distance
between the two bars is 10mm. For each specimen, 5
sensors in total are arranged at the depth of 5mm,
10mm, 20mm, 30mm, and 50mm as shown in Fig.2(c).
HI-800 will give us “count values” as output, however,
the relationship between the count values and the
electric resistances have been reported in a past
research [8].

2" 300mm |

Fig.2 a) Shape of specimen, b) Measurement
locations, c) Arrangement of sensors

3.3 Curing conditions

Curing conditions of specimens in this research
are explained here. All the specimens were placed in
the curing room. In the curing room, the temperature
was set at (20+1)°C and the R.H. was set at (60%2)%.
After the placing, 3 kinds of initial curing conditions
explained below were applied.
(1) Formwork was removed at one day after placing.
After that, the specimens were exposed in the curing
room mentioned above.
(2) Formwork was removed at 7 days after placing.
After that, the specimens were exposed in the curing
room.
(3) Formwork was removed at one day after placing.
After that, the specimens were cured in water of
(20£1)°C for 6 days until the age of concrete became 7
days. Then, the specimens were exposed in the curing
room.

Six numbers of same specimens were made for
these 3 kinds of initial curing conditions explained
above. In total, 18 specimens were made.

3.4 Environmental conditions for producing
different moisture profiles
The 18 specimens were divided into two series.

In Series 1, after finishing 3 kinds of initial curing, 9
specimens were kept in the curing room for around 60
days. After that, 9 specimens were divided into 3
different R.H. environments, namely 60+2%, 80+2%
and 99.9% for 1 or 2 days. The temperature in those 3
rooms was (20+1)°C. Finally, 9 different moisture
profiles could be obtained. The experimental
procedures are summarized in Table 2. Actually, the
results of this Series 1 for W/C 50% concrete were
included in the past research [6].

Table 1 Mix proportion of concretes

Max.

Unit content(kg/m?)

aggregate [Slump| Air | W/C sla
(mm) | (cm) | (%) | (%) | (%) w C

Fine Coarse Admixture
aggregate | aggregate TAd 2AE

20 12 | 45] 50 47 160 320

841 685 3.2 0.64

Ad: Water reducing admixture, AE: Air entraining agent
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Table 2 The experimental procedures of Series 1

. Number of specimens in high
. . . . Duration to keep Measurement
Initial curing conditions after placing in the curing room R.H.
60+2% | 80+2% | 99.9% Measuring
3 specimens-sealed 1 day 1 1 1 SWAT and air
3 specimens-sealed 7 day 60 days in curing 1 1 1 permeability
3specimens-sealed 1 day, 6 days in water room 1 1 1 afte(; ai/so r2
Table 3 The experimental procedures of Series 2
Duration to . Number of specimens in
Initial curing conditions after placing keep in the ':(')%ZEOT] high R.H. Measurement
curing room 60+2% | 80+2% | 99.9% | Measuring
3 specimens-sealed 1 day 7 days in 1 1 1 SWAT an_d_air
3 specimens-sealed 7 day 90 days in 99.9% 1 1 1 permeability
. . curing room ' after 3,7 and
3specimens-sealed 1 day, 6 days in water R.H. room 1 1 1 14 days

In Series 2, after finishing 3 kinds of initial
curing, 9 specimens were kept in the curing room for
around 90 days. After that, all the 9 specimens were
moved into high R.H environmental conditions
(temperature (20+1)°C, R.H 99.9%) for seven days.
After that, they were moved back to the curing room. 3
kinds of waiting time before conducting SWAT and air
permeability test were provided, that is 3, 7, and 14
days. Finally, 9 different moisture profiles could be
obtained. The experimental procedures are summarized
in Table 3.

3.5 Water absorption and air permeability test

SWAT and air permeability test were conducted
for all the specimens after achieving many kinds of
moisture profiles. SWAT and air permeability
measurements were conducted basically at 4 points on
both sides of the specimens as shown in Fig.2b.

Moisture content was measured at the surface of
each measuring point before conducting SWAT and air
permeability test. Moisture content was measured by
two moisture testers, CMEX-II and HI-520-2.

After measuring the moisture content, air
permeability test was conducted. SWAT was conducted
at the same measurement points at least 20 minutes
after air permeability test. It was reported that 20
minutes were sufficient for inner pressure of concrete to
come back to the original state for conducting air
permeability test again at the same location [9].

4. RESULTS AND DISCUSSIONS

4.1 Case 1: (Initial curing : Sealed for 1 day)

In Fig.3(a), (d), Series 1 results (blue color)
show that pey Seems apparently smaller when the
moisture content measured by CMEX-II is higher than
around 6.0% and also when the moisture content
measured by HI-520-2 is higher than around 5.0%. In
the same figures, Series 2 results (red color) seem to
show relatively small pgoo compared to Series 1 results
for the same moisture content.

Fig.3(b), (e) show the results of pgyy measured at
the locations where electric sensors are embedded.
These results are included also in Fig.3(a), (d).

In, Fig.3(b), (e), peco is apparently small in two
points though the moisture content is not so high. The
moisture contents measured by CMEX-II in those two
points are smaller than 5.5%. The authors guess that the
reason for this is high moisture content of concrete at
some depth which cannot be detected by the two
moisture meters used in this research.

Fig.3(g) shows the change of count values
measured by HI-800 at the depth of 5mm from the
surface. The count values increased due to wetting in
high R.H. rooms, and after that decreased due to drying
in the curing room. The measurement of SWAT was
conducted in each condition with the last count value
recorded in Fig.3(g). At the timing of SWAT
measurement, two specimens in Series 2, 99.9%-3D
and 99.9%-7D still showed higher count values
meaning higher moisture content at that depth.
CMEX-Il and HI-520-2 could not detect this high
moisture content at the depth of 5mm.

In Fig.3(c), (f), air permeability results also
exhibit that some results of Series 2 are showing
relatively smaller kT for same moisture contents
measured by CMEX-1I and HI-520-2. This may also be
caused by high moisture content inside concrete which
could not be detected by these two moisture meters.

Fig.3(h) shows the relationship between count
values and pgoo results. It is apparent that the specimens
with count values lower than 300 showed larger pego.

4.2 Case 2: (Initial curing: Sealed for 7 days)

Fig.4 shows the measurement results for the
specimens with seven days sealing condition. In general,
same kind of trends observed in Fig.3 were seen in
Fig.4. However, due to better initial curing condition,
variations in both horizontal and vertical axes in figures
(a) to (f) were smaller. In Fig.4(a), Series 2 results are
showing smaller pgoy for the same moisture content,
though the moisture content measured by CMEX-II
was smaller than 5.5%. In the same way, in Fig.4(c),
Series 2 results are showing smaller kT for the same
moisture content, though the moisture content
measured by CMEX-II was smaller than 5.5%. These
must have been caused by high moisture content inside
which could not be detected by CMEX-II.
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Fig.5 Measurement results for the specimens with 1 day sealing and 6 days in water

In Fig.4(d) and (f), same kind of effects of
inner high moisture content can be seen for Series 2
results.

When we look at Fig. 4(b) and (e) whose reults
were obtained at embedded sensor locations, it seems
that 2 data among 6 are showing relatively larger peoo.
Those 2 are “R.H.-60%” in Series 1 and
“R.H.-99.9%-14D” in Series 2. Looking at Fig.4(g),
the count values of 4 specimens other than those 2
explained above were higher, which meant higher
moisture content at 5mm depth.

Fig.4(h) shows the relationship between count
values and pego. The variation in pgy Was not so large,
however the specimens with count values lower than
300 showed relatively larger pego.

4.3 Case 3: (Initial curing: Sealed for 1 day and 6
days in water)

Fig.5 shows the measurement results for
specimens with 1 day sealing and 6 days in water
condition. Same kind of tendency can be observed as in
Fig.3 and Fig.4, however, in Fig.5 the difference
between Series 1 and Series 2 seemed more ambiguous
than in other 2 cases. This is because the moisture
contents at 5mm depth in all the 6 specimens were
relatively high (Fig.5 (h)) due to the best initial curing
condition. In Fig.5 (a), (d), some results of Series 2 are
showing relatively small pggo for the same moisture
content.

In Fig.5(c), (f), air permeability results were not

affected by moisture content when the moisture content
measured by two moisture meters were smaller than
some values (CMEX-11:6.5%, HI-520-2:5.5%).

Fig.5(h) shows the relationship between count
values and pgge results. All the specimens showed
relatively higher count values compared to Fig.3(h)
and Fig.4(h), and the effects of count values on pggo
were not clearly seen in this figure.

4.4 Effects of moisture content at 5mm and 10mm
depth.

In this research, in from 4.1 to 4.3, the count
values at 5mm were used for investigating the effect of
inner moisture content. We are still not sure whether the
count values at 5mm or at deeper locations are
meaningful.

In the past research [10], count values measured
at 5mm were effective to evaluate the extent of drying
for RC slab specimens subjected to long term wetting.
Komatsu et al. pointed out that HI-100, another surface
moisture meter was effective to detect the dryness at
5mm depth.

In Fig.6, count values at 5mm and 10mm during
wetting and drying for Case 1 are shown. Count values
at 10mm were relatively higher than those at 5mm.
Count values at 10mm were also affected by wetting
and drying, however they did not return to the original
level even after drying for 14 days.

Fig.7 shows the relationship between count
values and pggo, It is found that the count values at 5mm
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are much more sensitive in the wetting and drying
condition in this research, and the specimens with
count values lower than around 200 showed apparently
larger peoo-

The authors will continue to investigate the
effect of moisture content and appropriate usage of
surface moisture meters.
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Fig.7 Relationship between pgoo and count values

5. CONCLUSIONS

In this research, effects of moisture content in
many kinds of moisture profiles of concrete on Surface
Water Absorption Test (SWAT) and on double chamber
air permeability test were investigated. Moisture
content was measured by two surface moisture meters
(CMEX-II and HI-520-2), and electric resistance was
measured by embedded sensors at several 5-30mm
depths. The following conclusions were experimentally
obtained.

(1) Specimens subjected to long wetting (Series 2)
tended to show lower pgoo and kT for the same
moisture content measured by two surface
moisture meters. The reason may be higher
moisture content inside which could not be
detected by those surface moisture meters.

(2) The effects of moisture content mentioned in
conclusion (1) were clearly observed when
initial curing condition of concrete was not good
(Case 1: Sealed for 1 day). The effects became
ambiguous when the initial curing condition was
the best (Case 3: Selaed for 1 day and 6 days in
water).

(3) Count values related to electric resistance of
concrete at 5mm depth may be useful to evaluate
whether covercrete is sufficiently dry or not for
SWAT and air permeability measurements.

REFERENCES

[1]  Neville, A. M.,”Properties of Concrete,” 4" ed.,
Prentice Hall, 2008, pp. 482-536.

[2] Hayashi, K. and HOSODA, A.,”Development of
Surface Water Absorption Test Applicable to
Actual Concrete Structures,” Proceedings of the
JCI, Vol. 33, No. 1, 2011, pp. 1769-1774 (in
Japanese).

[3] Hayashi, K. and HOSODA, A.,”Fundamental
Study on Evaluation Method of Covercrete
Quality of Concrete Structures by Surface Water
Absorption Test,” Journal of JSCE, Ser. E2
(Materials and Concrete Structures), Vol. 69,
No.1, 2013, pp. 82-97 (in Japanese).

[4] British Standard, BS 1881, part 5,”Methods of
testing hardened concrete for other than strength,”
1971,

[5] Torrent, R. and Jacobs, F.,”Swiss Standard SIA
262:2003, A Step Towards Performance-Based
Specification for Durability,” Proceedings of the
International RILEM TC-211-PAEFinal
conference on Concrete in Aggressive Aqueous
Environments-Performance, Testing and
Modeling, 2009, pp. 532-539.

[6] Toan, N.V., HOSODA, A., Komatsu, S., and
IKAWA, N.”Effect of Moisture Content on
Surface Water Absorption Test and Air
Permeability Test,” Proceedings of the JCI, Vol.
40, No.1, pp 1725-1730, 2018.

[71 Ikawa, M., Tamaoka, Y. and Hosoda,
A..”Fundamental study on evaluation criteria of
surface quality of concrete structure by surface
water absorption test,” Concrete Engineering
paper, Vol. 29, pp.101-109, 2018. (in Japanese).

[8] Hayashi, K., AKMAL, U., and HOSODA, A.,”
Analysis of Moisture Transfer in Surface Water
Absorption Test of Concrete Using Embedded
Sensor,” Proceedings of the JCI, Vol.35, No.1,
2013, pp. 1789-1794 (in Japanese).

[91 Yamasaki, S.,”A Study on Repeated
Measurement and Testing of Testing Machine
Permeability Test,” Concrete engineering lecture
paper, Vol.39, No.1, 2017 (in Japanese).

[10] Komatsu, S., Tajima,T., and Hosoda,
A., ”Proposal of Quality Evaluation Method for
Upper Surface of Concrete Slab with Surface
Water Absorption Test,” Concrete Research and
Technology, Vol.29, pp.33-40, 2018.

-1924 -



