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Abstract
Moisture content is a critical factor that affects the engineering behavior of soils, especially cohesive soils. Therefore, 
the monitoring and determination of the water content is an essential task in an experimental study in the field of 
geotechnical engineering. There are different techniques and standards to measure soil water content. ASTM D2216 is a 
laboratory standard test method for the determination of water content of the soil widely used in the United States as 
well as many other places around the world. The complete drying process of a soil sample in a conventional laboratory 
oven for twenty-four hours is the core of this standard. However, the process is rather time-consuming. On the other 
hand, halogen moisture analyzers reduce the time required to determine the soil water content significantly. This study 
focuses on assessing the applicability and precision of the halogen moisture analyzers versus the conventional laboratory 
ovens to obtain the soil moisture content. For this purpose, different soil types, cohesive and granular, at different 
moisture contents were tested using both methods. The conventional measurement method of soil moisture content 
according to ASTM D2216 as the reference. The results obtained by the halogen moisture analyzer were compared with 
the results obtained by the conventional method. The results were in good agreement, and the comparison showed 
that the halogen moisture analyzer is a fast, simple, and relatively inexpensive alternative method to determine the soil 
moisture content. Consequently, a halogen moisture analyzer as an energy-efficient device can measure soil moisture 
content with a reliable and relatively automated process minimizing user errors.
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Consequently, the definition of water content and the 
standard procedure to determine the soil water content de-
pends on the type of different materials or chemicals present-
ed in the soil. For instance, ASTM D2974 presents the test 
methods for moisture, ash, and organic matter of peat and 
other organic soils. ASTM D4542 defines a treatment method 
to squeeze pore water from fine-grained soils.

 Precise drying of the soil specimen in a vented, thermo-
statically-controlled with a uniform temperature of 110°C ± 

Introduction
A conventional laboratory oven has been strongly used 

for a variety of applications in the industry. It is crucial equip-
ment for removing the moisture in many types of soils and 
other material types. Their principle of gravity convection and 
drying process allows this apparatus to be considered as an 
essential item for drying processes.

Many important engineering properties of the soil, espe-
cially cohesive soils, are a function of soil water content. Es-
timation of water content, liquid limit and plastic limit of soil 
are crucial steps to predict the engineering behavior of the 
soil. The water (or moisture) content is defined as the ratio 
of the mass of the pore water to the mass of soil Solids par-
ticles. Solid particles referred to material that is not readily 
soluble in water. ASTM D2216 presents a simple method to 
measure the soil water content by using a conventional lab-
oratory oven and has been used since long time ago and still 
is considered as essential equipment. This standard is widely 
used in practice in the United States as well as in many other 
countries around the world.
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5°C throughout the drying chamber [1] is the core of ASTM 
D2216. The drying process is slow and time-consuming. Dry-
ing time depends on several factors, including the initial wa-
ter content, soil type, the specifications of the oven, and the 
specimen size. Nevertheless, two hours is a minimum period 
to dry specimen tests [1].

International Organization of Standardization (ISO) and 
British Standard Institution (BSI) recommend somehow sim-
ilar procedures to ASTM D2216 to determine the soil water 
content by using a drying oven (ISO 17892-1:2014). Addition-
ally, there are many different direct and indirect methods to 
measure soil water content such as gravimetric method, neu-
tron scattering, tensiometer, electric resistance methods, sig-
nal processing, ground penetration radar (GPR), capacitance 
technique, and the heat-pulse method.

There are numerous direct and indirect techniques to 
measure soil water content. The standard method (gravimet-
ric method) is a basic calibration method, and it is used to 
compare different methods with one another. It is necessary 
to note that the results from different methods should be 
comparable [2]. In 1970, Reynolds mentioned that in most 
field examinations, samples of 50 to 100 g of soil are enough. 
Moreover, the drying time for larger samples of 500 g increas-
es. His study aimed to examine in detail the equipment and 
methodological problems of the gravimetric method used to 
estimate soil moisture [3].

Neutron scattering is a method that measures soil hydro-
gen content to calculate its moisture content. In this way, 
the moisture content is measured by counting the number of 
slow neutrons per unit of time [4]. Gee and Dodson, in 1981, 
used the simple microwave drying procedure with consider-
ing a standard drying time to determine soil water content. 
The result of their investigation showed that the microwave 
method is helpful and in significant agreement with the stan-
dard electric oven method [5].

The synthesis method and decomposition analysis are the 
two signal processing methods to measure soil moisture Con-
tent [6]. Nowadays, many techniques are used to determine 
the water content of the soil; however, they are expensive 
and require lots of time. A novel and well-defined idea is the 
use of the geophysical method GPR. It can catch a subsur-
face picture through pulses that can provide a modulated fre-
quency based on the moisture content [7]. The capacitance 
technique is another way to measure this soil parameter. The 
primary purpose of this method is to measure the dielectric 
constant of the soil [8]. The Heat-Pulse method can also be 
considered as an optimal and low-cost method to calculate 
the moisture content in soils. The objective of this method is 
to dissipate an applied heat pulse on the soil. It is based on 
the theory of radial heat conduction, where the temperature 
changes with the increment of the time in a circular extension 
[9]. The results were compared and correlated with the ov-
en-dry technique providing a very close prediction [10].

Over the years, the measurement of the water content 
of the soil has been done by using a conventional oven in soil 
mechanics laboratories. It has been a piece of essential equip-
ment for drying soil samples, but with some limitations such 

as long drying time and portability. The halogen moisture 
analyzer (HMA) is a novel technique to determine the water 
content for a wide range of materials. However, limited infor-
mation can be found for analyzing moisture content in soils 
by using a halogen moisture analyzer as it is a relatively new 
device in soil mechanics laboratories.

The moisture content is a critical factor that affects the 
engineering soil properties. Therefore, monitoring and ac-
curate determination of moisture content are essential. The 
Halogen moisture analyzer (HMA) is a fast determination 
technique that can be used to estimate the water content of 
the soil. It should be mentioned that the results of this quick 
method should be comparable with the drying oven meth-
od. The HMA is a new standard test in some industries, such 
as plastics, but there is not any available standard about the 
HMA method for measuring soil moisture content. ASTM is a 
reference method to estimate moisture content by the oven. 
If the results obtained by the drying oven method and the 
halogen moisture analyzer are comparable, it is possible to 
use the halogen moisture analyzer instead of the drying oven 
method.

Regarding this equipment, the Halogen moisture analyzer 
is an instrument mainly used in the pharmaceutical, plastic, 
and food industries to calculate the water content in some 
products. A practical and accurate method to estimate this 
parameter is the thermo gravimetric technique. The princi-
ple of this sophisticated machine involves a halogen radia-
tor which dries the sample while a balance is capturing and 
recording the decrease in weight. After analyzing the proce-
dure, the loss in weight that the sample experience can be un-
derstood as the moisture content of the specific sample. This 
compact equipment can perform many functions in a short 
time, allowing fast and effective data collection leading to a 
quick laboratory operation and sample understanding.

The halogen moisture analyzer is an innovative, fast, and 
highly accurate technique to determine the moisture content 
of a wide variety of materials. This investigation is the first 
study that quantitative analysis is performed to investigate 
the soil's moisture content by a halogen moisture analyzer. 
The loss on drying (LOD) is a reference method to estimate 
moisture content by using the drying oven. Reliability and 
testing of several samples at the same time are some of the 
advantages of this method. LOD needs only a drying oven and 
typically an analytical balance. However, this method is rela-
tively slow, and it takes too long to obtain moisture content. 
HMA is faster than LOD, and it usually takes 15 to 30 minutes 
to measure the moisture content. Besides, HMA is an easy 
technique, and it is well adapted for different environments.

This research wants to show the magnificent functions 
that the HMA can provide to the soil material industry and 
the opportunities this small equipment can give in terms of 
moisture content determination. This study provides sub-
stantial results on determining the water content on two dif-
ferent soil types in small amounts in a short time. The HMA 
provides a practical guide and documentation on how to dry 
samples using a continuous measurement method that un-
interruptedly calculates the mass, which provides more ac-
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a conductivity less than 1 µS/cm, and less than 50 ppb of To-
tal Organic Carbons (TOC)) provided by the chemistry depart-
ment was used [11].

Oven-dry method procedure
In this study, two different processes were carried out. 

The first approach is characterized by the uses of one soil type 
and the different amounts of water. In the second approach, 
specimens made of clay mixed with different percentage of 
sand (by dry weight of the soil) ranging from 10% to 100% 
with an increment of 10% were made and mixed thoroughly 
with 100% of distilled water (by dry weight of the soil) as-
signed to each container.

The different percentages of distilled water by dry weight 
of the soil ranging from 10% to 100% with an increment of 
10% were added to the sand and clay samples to perform the 
moisture content analysis. Ten containers were filled with 30 
g of the soil sample mixed with different percentages of dis-
tilled water. The procedure and parameters to determine the 
moisture content of the soil were based on the specifications 
of the ASTM standard D2216-19. Figure 2 shows the scheme 

curate values. As future recommendations, a complete and 
standard guide in compliance with ASTM could be developed 
to determine moisture content in soil material by using the 
halogen moisture analyzer. This technique could be includ-
ed in the ASTM standard and performed by any industry or 
individual.

Materials and Methods

Soil
For this investigation, oven-dried pure silica (Gs = 2.65) 

sand and Kaolin clay (Gs = 2.58) specimens were utilized for 
laboratory testing. Sand particles range in diameter larger 
than 0.149 mm (retained on sieve # 100), and fine particles 
range in diameter less than 0.60 mm (passing sieve # 30). The 
moisture content was determined for all specimens by using 
the oven-dry method and the halogen moisture analyzer (Fig-
ure 1).

Water
For this study, distilled water matches the type II water 

defied by ASTM D1193-91 (a resistivity more than 1 MΩ - cm, 

         

 
 
 
 (a)                                                                    (b)

Figure 1: Digital photographs of the soil samples: a) Silica sand and b) Kaolinite.

         

Figure 2: Oven-dry technique procedure. 
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dure finishes, it automatically opens the cap, and a record of 
the moisture content is displayed on the screen monitor. The 
sample's maximum weight in the halogen moisture analyzer 
is 50 g, and its weighting precision is 0.1 mg. The drying tem-
perature for the halogen moisture analyzer can be increased 
up to 160 °C. A temperature of 110 °C ± 5 °C was maintained 
for all the tests. The maximum sample mass in the moisture 
analyzer is limited to 50 g for the halogen moisture analyz-
er used in this research. For this study, the mass of the dry 
soil was limited to 30 g for sand and 20 g for clay. Due to 
the equipment limitation, only 10% to 100% of distilled water 
with 10% increment were added to samples to perform the 
test. The detailed information is stored on the moisture ana-
lyzer's internal memory and can be exported to a computer 
for further analysis.

Results and Discussion
Tests were performed using several schemes: first, the 

same soil material with different water content was devel-
oped, and second, the same water content using different 
portions of soils. Table 1 shows definition for the specimen 
names.

of the process that was developed in this study.

The drying oven used in this study was a gravity convec-
tion oven, and the average air pressure at the test location 
was about 30 inches of mercury units. The temperature sta-
bility of the oven is ± 3 °C. The temperature of the drying oven 
was maintained at 110°C ± 5°C during the complete drying 
process. Before placing the specimens in the oven, each con-
tainer was weighed before and after adding the soil sample 
and distilled water. The specimens in the oven weighed on an 
hourly basis for 24 hours. The balance used for weighting the 
samples has a precision of 0.01 gr.

Another parameter that was estimated hourly was the 
temperature of soil by using a non-contact infrared thermom-
eter to monitor the soil temperature during the drying pro-
cess. The measurements were done before hourly weighing 
to have a more accurate temperature reading by minimizing 
the exposure of the specimens to the cooler air of the lab. The 
specimens were taken out of the oven after a period of 24 h 
when no significant weight loss was observed, and the water 
content was determined according to ASTM D2216-19. The 
results were used as a reference for the results of the other 
Method (halogen moisture analyzer).

Halogen moisture analyzer
Halogen moisture analyzers have been used to determine 

the moisture content of different materials. However, to the 
best of the authors' knowledge, this is the first study that 
quantitative analysis is done to compare the moisture con-
tent of the soil obtained by a conventional method with the 
one determined by a halogen moisture analyzer.

A typical halogen moisture analyzer is equipped with a 
halogen lamp technology that heats the material to dry it 
quickly. Figure 3 shows the halogen moisture analyzer used in 
this study. It has a user-friendly interface displaying all the es-
sential information during the drying process on the screen. 
The procedure starts with adding the soil sample with a spe-
cific percentage of distilled water in a particular container and 
place it in the device. The equipment is fully automatic, and 
the opening and closing of the specimen cell take place on 
the moisture analyzer without contact. The halogen moisture 
analyzer performs by determining the initial weight of the 
sample. The internal halogen dryer heated the sample quick-
ly until causing water content to vaporize. The drying time is 
shorter than a conventional oven, and once the drying proce-

         

Figure 3: Halogen moisture analyzer.

Table 1: Specimen names definition.

Specimen names Definition

SCO # Stands for Sand specimen in the Conventional Oven. The number after SCO refers to water added to the 
specimen as a percentage of the dry sand mass

CCO # Stands for Clay specimen in the Conventional Oven. The number after CCO refers to water added to the 
specimen as a percentage of the dry clay mass

CHA # Stands for Clay specimen in the halogen moisture analyzer. The number after CHA refers to water added to 
the specimen as a percentage of the dry clay mass

SHA # Stands for Sand specimen in the halogen moisture analyzer. The number after SHA refers to water added to 
the specimen as a percentage of the dry sand mass

HMA Halogen Moisture Analyzer
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Figure 5 shows that the halogen moisture analyzer dries 
the sand specimens completely within 32 minutes to 55 min-
utes depend on the specimen moisture content. The drying 
time increases with the specimen moisture content. How-
ever, the required time to dry a sand specimen by using a 
conventional lab oven in comparison to a halogen moisture 
analyzer is significantly more. Table 2, Table 3 and Table 4 
indicate the results of two measuring methods.

The correlation coefficient indicates the closeness of fit of 
the halogen moisture analyzer values versus drying oven val-
ues. It signifies that the results obtained from the convention-
al oven and halogen moisture analyzer have a perfect positive 
relationship.

Similar tests were performed on the clay specimens to in-
vestigate the effect of soil type on drying time using both the 
conventional oven and the halogen moisture analyzer.

The primary goal of this research is to compare the per-
formance and reliability of a halogen moisture analyzer re-
sults with the results of a conventional lab oven. The results 
show that drying time and oven temperature have such a sig-
nificant effect on the soil moisture content. Figure 4 shows 
the moisture content versus time for the 10 sand specimens 
(SCO stands for Sand specimen in the Conventional Oven. The 
number after SCO refers to water added to the specimen as a 
percentage of the dry sand mass).

As it is shown in Figure 4, the soil moisture content is re-
duced with time until the specimen weight remains constant. 
The results of the experiments demonstrate that the required 
time to complete the moisture content test by using the reg-
ular oven varies. It depends on several different factors, in-
cluding oven temperature, initial water content, and type of 
soil, assuming that the temperature of the oven is constant.
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Figure 4: The moisture content of sand vs. time (conventional oven). 

         

Figure 5: Comparison between halogen moisture analyzer and regular oven.
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es with an increase in the surface area of the specimen after 
forming the shrinkage (tensile) cracks after about an hour 
(Figure 6). Figure 7 shows the drying time for the clay speci-
mens in the halogen moisture analyzer. Table 5, Table 6 and 
Table 7 indicate the results of two measuring methods.

Figure 6 shows changes in the moisture content of the 
clay specimens for different initial water contents. While the 
total drying time for the clay specimen in the conventional 
oven is almost the same as for the sand specimens, the rate of 
losing moisture seems to be slightly slower for the clay speci-
mens for the first 60 minutes, but the rate of losing moisture 
increases after an hour. The rate of losing moisture increas-

Table 2: The moisture content of sand (%) with different amount of water (conventional oven).

Start 1 hours 2 hours 3 hours 4 hours 5 hours

SCO 10 5.7 Dry Dry Dry Dry Dry

SCO 20 17.7 0.7 Dry Dry Dry Dry

SCO 30 26.0 5.3 Dry Dry Dry Dry

SCO 40 37.0 16.0 Dry Dry Dry Dry

SCO 50 47.7 28.3 11.3 Dry Dry Dry

SCO 60 58.3 35.3 15.0 Dry Dry Dry

SCO 70 68.0 46.7 26.0 7.0 Dry Dry

SCO 80 78.0 55.7 36.7 18.0 1.0 Dry

SCO 90 90.0 68.3 48.3 25.0 3.3 Dry

SCO 100 98.0 79.7 59.7 33.0 12.3 Dry

Table 3: The moisture content of sand (%) with different amount of 
water (halogen moisture analyzer).

Drying time Final moisture content (%)

SHA 10 32 minutes and 4 seconds 7.4

SHA 20 32 minutes and 56 seconds 16.2

SHA 30 43 minutes and 21 seconds 28.0

SHA 40 50 minutes and 51 seconds 39.1

SHA 50 54 minutes and 12 seconds 47.5

SHA 60 54 minutes and 51 seconds 57.9

Table 4: Results of moisture content of two measuring methods 
(Sand).

Measurement Regular oven Halogen moisture 
analyzer 

1 5.7 7.4

2 17.7 16.2

3 26.0 28.0

4 37.0 39.1

5 47.7 47.5

6 58.3 57.9

Correlation Coefficient (R2) 0.99

         

Figure 6: The moisture content of clay versus drying time (conventional oven).
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trical charges on the surface of clay particles and the polarity 
of the water molecules.

Similar results were achieved for specimens made of sand 
and clay. Figure 9 shows specimen moisture versus drying 
time for the specimens made of different percentages (by dry 
weight) of sand and clay in a conventional oven. The rate of 
losing moisture for a clay percentage of more than 60% (by 
dry weight of the soil) decreases with the drying time. Based 
on these results, drying time for the specimens containing 
60% or more clay must be five hours as a minimum to ob-
tain reliable water content. Similar results were obtained for 
a mixture of sand and clay (Figure 7) in the halogen moisture 
analyzer. The drying time rises with increasing moisture con-
tent, and the maximum drying time for the highest moisture 
content is less than an hour (Figure 10).

A comparison of the two methods (oven-dry method and 
halogen moisture analyzer method) to determine the soil's 
moisture content, along with advantages and disadvantages 
is presented in the following table. The maximum amount of 
soil the moisture analyzer is limited to specimen holder size; 
this specific equipment is limited to 50 g. therefore, for this 

The correlation coefficient is 0.98 showing the result ob-
tains from the two methods have a perfect positive relation-
ship. Also, the closeness of fit of the halogen moisture analyz-
er values versus drying oven values is proved.

Figure 8 shows the required time to dry the sand and clay 
specimens for a moisture content test by using the halogen 
moisture analyzer. As it is shown, the drying time for the clay 
specimens is about 10% more than the drying time for sand 
specimens. As expected, the drying time increases with in-
creasing moisture content, and the maximum drying time for 
the highest moisture content in this study (60%) is less than 
an hour. The characteristic of the clay minerals can explain 
the higher drying time for the clay specimens. More thermal 
energy or more heating time is required to overcome the 
forces holding the water molecules due to the negative elec-

         

Figure 7: Tensile cracks of the specimen e during the drying 
process.

Table 5: The moisture content of clay (%) with different amount of water (conventional oven).

Start 1 hour 2 hours 3 hours 4 hours 5 hours 

CCO 10 5.7 3.0 Dry Dry Dry Dry

CCO 20 17.7 10.0 1.0 Dry Dry Dry

CCO 30 26.0 12.0 3.0 Dry Dry Dry

CCO 40 37.0 18.0 10.0 1.0 Dry Dry

CCO 50 47.7 30.0 15.0 2.0 Dry Dry

CCO 60 58.3 38.0 17.0 2.0 Dry Dry

CCO 70 68.0 52.0 20.0 7.0 Dry Dry

CCO 80 78.0 58.0 30.1 12.0 1.0 Dry

CCO 90 90.0 72.0 37.0 18.0 3.0 Dry

CCO 100 98.0 79.0 39.0 18.1 4.0 Dry

Table 6: The moisture content of clay (%) with different amount of 
water (halogen moisture analyzer).

Drying time Final moisture content (%)

CHA 10 35 minutes and 30 seconds 9.8

CHA 20 37 minutes and 05 seconds 15.3

CHA 30 46 minutes and 45 seconds 26.6

CHA 40 53 minutes and 59 seconds 38.0

CHA 50 58 minutes and 13 seconds 45.9

CHA 60 58 minutes and 53 seconds 56.9

Table 7: Results of moisture content of two measuring methods 
(clay).

Measurement Regular oven Halogen moisture 
analyzer 

1 5.7 9.8

2 17.7 15.3

3 26.0 26.6

4 37.0 38.0

5 47.7 45.9

6 58.3 56.9

Correlation 
Coefficient (R2)

0.98
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Conclusions
In this study, moisture content for soil specimens of silica 

investigation, the maximum water content that was applied 
was 60 percent (Table 8).
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Figure 8: Required time to obtain soil moisture content (halogen moisture analyzer-clay specimens).
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Figure 10: Moisture content vs. time (regular oven-sand and clay).
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and relatively fast method to determine soil water content 
when the number and size of specimens are relatively small.

A drying oven can estimate several samples' moisture 
content simultaneously. It can handle many samples and larg-
er masses; however, the drying time is significantly more, and 
additional instruments, such as a precise measuring scale and 
sample containers, are required. The halogen moisture ana-
lyzer is a portable automated unit suitable for measuring soil 
water content quickly.
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moisture analyzer is an automated process that minimizes 
user errors and mistakes. Besides, a halogen moisture ana-
lyzer is energy efficient as it stops the drying process once 
no significant changes in the specimen weight are detected. 
Therefore, a halogen moisture analyzer provides a reliable 

Instrument Advantages Disadvantages

Drying oven A drying oven can estimate several samples' moisture 
content at the same time
• It can determine the water content
of large sample volumes
• It has a simple procedure to perform

The drying time is very long
(hours)
• It can evaporate other soil's substances other 
than water
• Additional equipment needed, such as precise 
measuring scale, and sample containers
• The drying oven method requires
handling and calculation; therefore, it is prone to 
error
• Not portable
• Occupies relatively a large space in the Lab

Halogen moisture analyzer • Quick measurement
• Portable
• The halogen moisture analyzer does not require any 
calculation, and
its sampling is simple; therefore, the possibility of 
errors decreases.
• The heating rate is fast; therefore, the halogen 
moisture analyzer can
quickly reach its maximum power
• The equipment is fully automated
• Needs a very small space

• It can evaporate other soil's substances other 
than water
• The maximum amount of soil the moisture 
analyzer is limited to the
specimen holder size

Table 8: Advantages and disadvantages of oven-dry method and halogen moisture analyzer method.
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