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Abstract

During the summer season, it is very hot and humid in Korea. So the humidity is an im-
portant factor regarding the environmental control function of building envelops. The pur-

pose of this research is to measure and analyze the characteristics of such environmental
factors as relative humidity, dry bulb temperature and air velocity varies both in the clay
and cement envelop structures using granite dome models during the summer time. The in-
terior relative humidity of the clay model is constant regardless of exterior humidity al-
though a little range of varation is shown in comparison to the cement model.

Nomenclature
r*  : Determination coefficient
RH : Relative humidity [%]
T : Time [h]

Ta : Dry bulb temperature [T]
v : Air velocity [my/s)
Wt Weight of vaporized water [g]

* Department of Construction System Engi-
neering, Keimyung University, Taegu,
704-701. korea

1. Introduction

Summer climate conditions in Korea feature
high temperature and humidity with frequent
typhoon and rainfall. Therefore, one should look
out for moisture in designing building enve-
lope during the summer season. The moisture
transfer in building envelopes is very compli-
cated as is heat transfer,

Studies on moisture transfer in porous struc-
tures have been conducted m the field of fiber
and construction engineering. However stud-
les are insufficient on moisture absorbing, e-
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mitting, and transfering in the wall structure
under the real environmental conditions, which
fluctuates widely bath in temperature and hu-
midity."’

This experiment is to measure and analyze
the characteristics of variation in indoor envi-
ronment factors (relative humidity, dry bulb
temperature, air velocity, etc) in different en-
velop structures (clay+granite, cement+graynite)
under the natural atmospheric conditions dur-
ing the summer.

2. The Scope and Method of Study

2.1 Experiment Model

For the expenment, stone model domes were
constructed with granite and equipped with
evaporating dishes inside the model dome.
Variations in relative humidity, dry bulb tem-
perature, air velocity, and weight of evapo-
rated water was measured and analyzed in
each structure in the underground laboratory
under natural atmospheric conditions during

2)
the summer season.

Fig. ! Dome Model.

The models used in this experiment con-
sist of average 9.5cm thick granite covering
with either clay or cement. One of the en-
velop materials is 3-4cm thick clay and the
other is 3-4cm thick cement. The inside of
the models is cylindrical in shape and the cut-
side is 40cm in diameter and 48cm high.

For simulating the ventilation effect, 14 holes
were bored, each hole is lcm in diameter. An
evaporating dish was equipped inside each
model.

Cracks on the clay structure caused during
the drying process required several times of
clay plastering. Then, the structure was dried
for about a month under the atmospheric corn—
ditions. On the other hand, cement structure
did not show any crack after the model con-
struction, it took two months to cure and dry
the cement structure.

After confirming that the clay and cement
are sufficiently dried by observing and touch-
ing the surface of models, main experiment
was conducted {See Fig. 1, 2).

2.2 Experiment Method

/
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Fig. 2 Dimensions of a Dome Model (Unit :

mm),
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Fig. 3 Dome Models and Measuring Instru-
ments.
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Fig. 5 Distribution of Relative Humidity.

The experiment was conducted in the
underground environment laboratory, Environ-
mental factors of dry bulb temperature, rela-
tive humidity, and air velocity were measured.
Moisture evaporated under the natural con-
ditions inside the models. During the experi-
ment, only participants were given access to
the laboratory because of maintaining the en-
vironmental condition.

The varying environmental factors inside
and outside the structures were measured with
Multi-channel Anemomaster (Kanomax), and
the measurement was connected with a per-
sonal computer to be stored and analyzed by
§-6242 software,

The experiment period was from August 8
to August 13, 1999 {6 days).

I ——
‘—day(%)
e cerrent (%
...... S S ‘L""M o
i |- |
R I
LT ll
o -1
I ™ - .
Fild \_,—-.r"\ Pt YN -—’\\"I \ ll
e 1 ’r\b’;
b
& A
coocooOoCROO0OCOODROOQOCR G
| CcE8880G6O6C00000D500EC6C0
o ODNmOSONBDENDo ONDO BN
TTeET ST R8T I8y
Lo Tt
| bdhbododdod it inadinmmn

Fig. 4 Comparison of Relative Humidity be-
tween the Clay and Cement Model.
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Fig. 6 Comparison of Dry Bulb Tetperature
between the Clay and Cement Model.

3. Results and Discussion

3.1 The Distribution of Relative Hu-
midity and Air Velocity

Fig.4 shows the change in relative humidity
during the measurement. Interior and exterior
relative humidity of clay and cement struc-
tures was measured.

The relative humidity was 69.0-86.4% (av-
erage 74.196) outside the model, 81.2-88.0%¢
{average 86.8%) inside the clay structure, and
80.2-94.9% (average 92.2%) inside the cement
structure. It reveals that the relative humidity
of the cement structure is average 5.4 % higher
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than that of the clay structure. Apparently
that is because clay is superior to cement in
the capacity for retaining water {(See Fig, 9).

The interior relative humidity of both clay
and cement structures was average 12.7-18.1
% higher than exterior relative hurnidity. It is
due to the average moisture content of the
materials and the moisture vaporized from the
evaporating dish.

In terms of relative humidity, when there is
any change in exterior humidity, the same pat—
tern, even though the range is smaller, is ob-
served in the clay structure and consistent
high humidity in the cement structure,
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Fig. 7 Distribution of Dry Bulb Temperature.
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Fig. 9 Correlation between the Ambient and
Indoor Tempera ture of the Cement
Model,

In conclusion, the clay structure has some
channels for ventilation while the cement struc-
ture holds the moisture in the material.

The air velocity in the underground labora-
tory was average 0.0lm/s with rare and small
change presumably because of the character—
istics of the air in the basement. It is esti-
mated that evaporation of surface water due
to air current is consistent.

3.2 The Distribution of Dry Bulb Tem-
perature Condition

Fig. 6 demonstrates the change in dry bulb
temperature during the measurement period.
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Fig. 8 Correlation between the Ambient and
Indoor Temperat ure of the Clay Model.
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Fig. 10 Weight of Vaporized Water.
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The graph exhibits the change in interior and
exterior dry bulb temperature of clay and ce-
ment structures.

The distribution of dry bulb temperature
during the measurement period was as fol-
lows: the temperature was 27.8-30.1C (average
294°C} inside the underground environment
laboratory, 28.2-30.2C (average 29.8C) inside
the clay structure, and 295-306T (average
30.27T) inside the cement structure, indicating
mutually similar temperature.

The range of temperature change is 1-2T
in the laboratory with little difference between
day and night. It is expected that evaporation
doesn’t increase with change in temperature
condition.”

3.3 The Evaporating Amount and Cor-
relation Rate between Interior and
Exterior Temperattre

Fig. 8 and Fig. 9 illustrate the correlation
rate of dry hulb temperature between inside
and outside the clay and cement structures.
The correlation rate of dry bulb temperature
was r’ =064 between the interior and exterior
clay model, and r?=0.68 between the interior
and exterior cement model” The correlation
rate was high in both the clay and cement
model. Thermal conductivity of each material
doesn’t seem to make much difference in the
correlation rate.

Thermal conductivity of cement concrete is
average l4kcal/mh* and that of clay is av-
erage 0.6kcal/mhC. Clay has greater thermal
resistance than cement. This feature can cre-
ate time lag effect when the envelop of the
model structure is thick and effect change in
temperature depending on envelops (clay and
cement).

In this experiment, however, the structures

have thin finishing material of 3-5cm thick
envelops. Therefore the thermal conductivity
had little effect on change in interior and ex-
terior dry bulb temperature (See Fig. 5).

The net weight of vaporized water was 13.1
g in the clay structure and 70g in the ce-
ment structures. In the clay structure 0.7 g
more water has evaporated. It is because clay
has more moisture content than cement, and
because of ventilation through hair cracks of
clay and voids of gravel (See Fig. 10).

4, Conclusion

In this study the variation in environmental
factors (relative humidity, dry bulb tempera-
ture, air velocity, the amount of vaporized wa-
ter) of different envelop structures (clay+gran-
ite, cement+granite) was measured and ana-
Ivzed under the natural atmospheric condition
during the summer time.

The swmmarized conclusion of the study is
as follows,

(1) The relative humidity of the cement
structure is average 54 26 higher than that of
the clay structure. The amount of vaporized
water was larger inside the clay structure
than inside the cement structure by 6.1g.

(2) The distribution of dry bulb tempera-
ture during the measurement period was 27.8
-306 C. The air velocity was 0.0l m/s and
was constant throughout the measurement pe-
riod.

The correlation rate of dry bulb tempera-
ture between inside and outside the structures
was about r® =06. The envelop material did-
n't make much difference in temperature be-
cause the finishing material was only 3-4cm
thick.

(3} The clay structure has some channels
for ventilation while the cement structure con-
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