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Abstract

This paper aims to achieve the green concrete making process by using
recycled materials to lessen the negative impact on the environment. In this
paper, the wasted bricks from brick manufacturing factories are reused as fine
aggregate in the concrete making process. The brick dust is mixed into 5%, 15%,
and 25% by weight of fine aggregate. Then the results from concrete specimens
with brick powder are compared with the results of conventional concrete. The
compressive and splitting tensile strengths of concrete samples are verified at
designated curing days of 7 days, 14 days, and 28 days. After all of the strength
tests, the standard deviation is calculated to analyze the errors in the results
of concrete specimens by comparing them to conventional concrete. In this
research, the concrete specimen with 5% of brick powder is the optimum value
at compressive strength with 31.6 N/mm?” and the concrete specimen with
25% of brick powder is the optimum value at splitting tensile strength with
1.39 N/mm’. The optimum result at compressive strength is succeeded with
concrete specimen with the lowest composition of brick powder and vice versa,
concrete specimens with the highest composition of brick powder achieves the

optimum result in splitting tensile strength in this research.

Keywords: Brick Powder, Compressive Strength, Splitting Tensile Strength,

Standard De viation
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EXPERIMENTAL STUDY ON STRENGTH OF CONCRETE
WITH PARTIAL REPLACEMENT OF FINE AGGREGATE WITH BRICK WASTE Pyae Su Htike

%\é@ Introduction

During the decade, the demand to construct the infrastructures and
buildings is rising significantly with the continuous growth of the population. Rani
& Jenifer (2016) stated that the manufacturing of concrete had been increased
up to 11 billion metric tons annually and the composition of aggregates is the
highest with the percentage of 70-75% including both fine and coarse aggregates
and water comprises about 15% and the composition of cementation binder is
around 10%.

The shortage of natural resources can trigger the growth of construction
processes by consuming natural resources. Especially, sand mining for fine
aggregate has a larger impact on nature as sanding mining is dependent and
extracts from riverbeds and flood plains. Sand mining for fine aggregate can
affect the ecosystem of aquatic lives in rivers, degradation to the river system,
lessen river flows and depletion to the groundwater system, and so on. In the
place of conventional materials, using wasted materials such as rubber, glasses,
and bricks are becoming an interest to prevent the environmental impact and
to recycle the waste materials. Therefore, during the recent years, many
experimental processes and researches are undergone to develop concrete
making technology by using recycled waste materials, which is termed “green
concrete”.

The wasted brick is used as a replacement of fine aggregate since it can
be bought cheaply in local markets. The wasted brick is usually used as hardcore
or backfilling process and after doing the researches, the usage of wasted brick
can be modified as fine or coarse aggregate in the concrete making process.
According to the previous researches, using brick powder as fine aggregate
increases the strength of concrete. Therefore, the purpose of producing green
concrete can be accomplished by using brick powder as fine aggregate in
concrete and this product will be able to use in constructing infrastructure in
the future.

The aim and objective are to substitute the broken brick as fine aggregate

in the place of natural sand to preserve the ecosystem and natural resources.

2 Uil 15 aliuil 2 (nsngIew-SurAw 2563)



EXPERIMENTAL STUDY ON STRENGTH OF CONCRETE
WITH PARTIAL REPLACEMENT OF FINE AGGREGATE WITH BRICK WASTE Pyae Su Htike

This research is processed to tackle down the environmental impact and develop
a sustainable goal. In this research, the compressive strength and tensile strength
tests of concrete specimens with different percentage composition of brick
powder are carried out.

Siva, Thamilselvi, Devi, & Ashvini (2017) have done experimental
investigation of crushed spent fire brick as a replacement in fine aggregate
with a percentage of 10%, 15%, 20%, and 25%. The experimental process is
focused on the tensile strength of crushed spent fire bricks. The concrete
specimens are cured for 14 days and 28 days and three trial mixes are tested
for each type. As a result outcome, the tensile split strength with 20% of
the spent fire brick in concrete shows the optimum result with 2.89 N/mm’
and the control result is 2.9 N/mm’. Keerthinarayana & Srinivasan (2010)
evaluated the various strength of concrete with spent fire clay brick as fine
aggregate. The percentage composition of the brick powder is 0% to 30%
with an increment of 5%.

The values of compressive strength, tensile strength, and flexural strength
of concrete specimens with spent fire clay brick as fine aggregate are tested
after curing days of 7 days, 14 days, and 28 days separately. The optimum
content of spent fire clay brick in concrete specimens are 25% in compressive
and tensile strengths and 20% in flexural strength.

In this research, the waste brick powder is mixed with natural fine
aggregate by the composition percentage of 0%, 5%, 15%, and 25% in each
type of concrete specimen. For four different parameters of concrete
specimens, three trial concrete samples are tested to evaluate the average
result. The compressive and splitting tensile strengths of concrete specimens
with 0%, 5%, 15%, and 25% composition of brick powder as fine aggregate
are tested after curing days of 7 days, 14 days, and 28 days. In this paper, the
results from the tests of the concrete specimens are recorded and then
they are compared to the results of the conventional concrete. The standard
deviation is also calculated to evaluate how much the result is different

from its mean value.

Uil 15 atiuil 2 (nsngew-SuA 2563) 3



EXPERIMENTAL STUDY ON STRENGTH OF CONCRETE

WITH PARTIAL REPLACEMENT OF FINE AGGREGATE WITH BRICK WASTE

@f;@v Methodology and Procedures

Concrete Mix Design

Pyae Su Htike

The concrete mix design of the concrete specimens is referred to as ACI

211.1-91 (ACl, 1991), which is applied to calculate the weight of required materials.

The designated concrete strength used in this paper is Grade 30 or 4,350 psi

and its design slump is 125 mm. The water-cement ratio has the greater influence

on the strength of hardened concrete and it is inversely proportional to the

strength of concrete (Perrie, 2009). The chosen water-cement ratio is 0.47 and

the curing duration is set as 7 days, 14 days, and 28 days according to the
standard of ASTM C192/C192M (ASTM International, 2002). The composition of

materials in concrete processing is tabulated after the concrete mix design

process as shown in Table 1.

Table 1 Concrete mix proportion (Kg/m’) for concrete samples with various

composition percentage of brick powder

ltem Cement Water Fine Coarse
(OPQ) Aggregates Aggregates
Concrete samples -0% 350 165 770 1,200
Brick powder (BP)
Concrete samples -5% 350 165 38.5 1,200
Brick powder (BP) (Brick powder) +
731.5 (Sand)
Concrete samples -15% 350 165 115.5 1,200
Brick powder (BP) (Brick powder) +
654.5 (Sand)
Concrete samples -15% 350 165 192.5 1,200
Brick powder (BP) (Brick powder) +
577.5 (Sand)
Concrete Mix Ratio 1 0.47 2.2 3.43
Uil 15 aduil 2 (nsngrAu-Sunau 2563)
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Physical Properties of Cement

The physical properties of cement used for concrete mixing are analyzed
at the laboratory and the outcome results are acceptable when checking with
BS EN-1:2000 (BSI, 2000). As the test of physical properties of cement, consistency
percentage, penetration depth, initial setting time, soundness, 2 days and 28
days compressive strength of cement mortar prisms are tested. The outcome
result of the physical properties of cement and standard of BS EN-1:2000 (BS,

2000) are charted and compared as shown in Table 2.

Table 2 Physical properties test of cement provided by the laboratory

Physical properties of Laboratory Standard of
cement test result BS EN-2:1000
Consistency (%) 29 Penetration point between
Penetration (mm) 7 4 mm and 8 mm from

the base of mold

Initial setting time (min) 105 min > 60 min
Soundness <1 < 10 min
2 days compressive 26.57 N/mm? > 10 N/mm?

strength of cement
mortar prisms

28 days compressive 49.24 N/mm? Between 42.5 N/mm?
strength of cement and 62.5 N/mm?
mortar prisms

Customization of Particle Sizes of Brick Powder

As the wasted brick is substituted as the fine aggregate in the concrete,
the broken brick can be bought cheaply. The broken brick is manually srounded
into a fine powder. The grounded powder is dried naturally under sunlight.

Before the physical properties of brick powder is tested, the particle size
of brick powder is selected by percent passing of sieve. The particle size of brick

powder which passes sieve No.4 is used 5% by weight of brick powder and the

Uil 15 atiuil 2 (nsngew-SuA 2563) 5
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particle size of brick powder which passes sieve No.200 is removed. After
confirming the percent passing of brick powder, the sieved brick powder with
various particle sizes is mixed according to the table shown in Table 3 and the

properties of mixed brick powder are tested at the laboratory.

Table 3 Proposed percentage passing of brick powder with available sieve sizes

Sieve Percent Mixing

4.75-mm (No.4) 5%
2-mm (No.10) 45%
850-um (No.20)

425-um (No.40) 50%

250-um (No.60)
106-um (No.140)
75-pum (No.200) Remove

Physical Properties of Aggregates and Brick Powder

The physical properties of both fine and coarse aggregates influence on
the strength of hardened concrete. Therefore, the properties such as water
absorption, specific gravity, fineness modulus, bulk density and organic impurities
of the aggregates are tested and the results are tabulated shown in Tables
4-8. As an additional admixture, the physical properties of brick powder in the
replacement of fine aggregate are also tested at the laboratory. According the
results, water absorption rate of brick powder has higher percentage of water
absorption compared to the natural fine aggregate. Moreover, the percentage
of fine particle sizes, less than 0.075 mm is 28% of total grain sizes of brick

powder. The grain size analysis is tested per ASTM D421-422.

€

=
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Table 4 Physical properties of aggregates for concrete mixture

Fine Coarse Brick Standard Code

aggregate aggregate powder

(FA) (@) (BP)
Water absorption (%) 0.58 0.25 7.55 ASTM C128 (FA)/
ASTM C127 (CA)
Specific gravity 2.60 2.62 2.57 ASTM C128 (FA)/

ASTM C127 (CA)/
ASTM D854 (BP)

Bulk density (kg/m?) 1,559 1,515 1,251 ASTM C29
Organic Impurities  Color No.2 - Color No.2 ASTM C40

Table 5 Sieve analysis and fineness modulus of fine aggregate

Sieve Size Wt. of Wt. of Cumulative Cumulative ASTM C33

(mm) Individual Retained Retained Passing Minimum  Maximum
Retained (g) (%) (%) (%)

9.50 0.00 0.00 0.00 100.00 100.00 100.00
a.75 3.90 0.78 0.78 99.22 95.00 100.00
2.36 3.40 0.68 1.46 98.54 80.00 100.00
1.18 6.00 1.20 2.66 97.34 50.00 85.00
0.60 24.30 4.86 7.52 92.48 25.00 60.00
0.30 219.60 43.92 51.44 48.56 5.00 30.00
0.15 206.70 41.34 92.78 7.22 0.00 10.00
0.075 30.20 6.04 98.82 1.18
Pan 5.90 1.18 100.00 0.00
Total 500.00 100.00

Fineness 1.57

Modulus

Uil 15 atuil 2 (sngAv-Sunau 2563) 7
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Table 6 Sieve Analysis and fineness modulus of coarse aggregate

Sieve Size Wt. of Wt. of Cumulative Cumulative ASTM C33

(mm) Individual Retained Retained Passing Minimum  Maximum
Retained (g) (%) (%) (%)
37.50 100.00 100.00 100.00
25.00 161.00 3.22 3.22 96.78 95.00 100.00
19.00 209.50 4.19 7.41 92.59 - -
12.50 574.30 11.49 18.90 81.10 25.00 60.00
9.50 534.50 10.69 29.59 70.41 - -
4.75 1,774.40 35.49 65.07 34.93 0.00 10.00
2.36 1,232.70 24.65 89.73 10.27 0.00 5.00
Pan 513.60 10.27 100.00 0.00 - -
Total 5,000.00 100.00
Fineness 5.87
Modulus

Table 7 Sieve Analysis and fineness modulus of brick powder

Sieve Sieve Size Retained Retained Cumulative Cumulative Corrected P

opening (mm)  Soil Mass (g) (%) ) P (%) (%)
(um)
1.180 11.26 20.20 20.20 79.80 79.80
0.600 10.40 18.66 38.87 61.13 61.13
0.425 3.87 6.94 45.81 54.19 54.19
0.300 4.95 8.88 54.69 4531 4531
0.150 8.00 14.35 69.05 30.95 30.95
0.075 1.00 1.79 70.84 29.16 29.16

8 Uil 15 aduil 2 (nsngrAu-Sunau 2563)
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Table 8 Grain size analysis of brick powder based on ASTM D421-422

Grained Size Analysis Analysis Result

Gravel, (76.20 ~ 4.75 mm) 0.00%
Sand, (4.75 ~ 0.075 mm) 72.00%
Silt, (0.075 ~ 0.005 mm) 12.00%

Clay, (< 0.005 mm) 16.00%
Fine 28.00 mm
D60 0.5600 mm
D30 0.1350 mm

Preparation of Concrete Mixing

In this research, four types of concrete specimens with the various
components of brick powder are defined as conventional concrete (0% brick
powder) and concrete specimens with 5%, 15%, and 25% composition of brick
powder, respectively, as shown in Table 9. For each concrete specimen, three
samples are cast to calculate the average result of the strength. The compressive
strength and splitting tensile strength of the concrete specimens are tested.
For compressive strength test, cubes with standard dimensions of 150 mm x
150 mm x 150 mm mentioned in the code of BS 1881: Part 108: 1983 are used.
Referring to ASTM C192 (ASTM International, 2002) and ASTM C496/C496M
(ASTM International, 2004), cylinders with standard dimensions of 300 mm
height and 150 mm diameter are used for splitting tensile strength test. Trial
mixes for concrete specimens are processed at the laboratory and tabulated
in Table 10.
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Table 9 Four types of composition percentage of brick powder in concrete

mixing

Composition Cement Coarse Aggregate Fine Aggregate (%)
(%) (%) Brick Powder Sand

(%) (%)

1 100 100 0 100

2 100 100 5 95

3 100 100 15 85

4 100 100 25 75

Table 10 Trial mixes for concrete specimens with 0%, 5%, and 25% composition

of brick powder

Date: 14-Dec-18 ST BATCH
Mix-1 Design vol

G-30 1MW 0.034
CEMENT-OPC (SCG 100%) 350 11.90
RS 1,200 40.80

Sand + Brick Powder 770 26.18
Water Kg 165 5.61

yield 1,017

%» Compression Test
The compression and splitting tensile strength tests are performed after
their curing days of 7 days, 14 days, and 28 days respectively. The concrete
cube samples are located centered to the lower plate of the machine.
The loading is continuously applied without shock until the cracks occur and
stops when the maximum strength of the concrete cube samples is reached.
Then the compressive strength of the concrete samples is displayed on the

screen, and it is noted.
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Figure 1 Compression Test

Splitting Tensile Strength

Splitting tensile strength is tested by applying the compressive force
along the longitudinal length of the cylindrical concrete samples. This compressive
force loads tensile stress along the length of cylindrical concrete samples
and tensile stress is induced to the samples rather than the compressive
stress. This method is mostly used in measuring the shear resistance of the
structural lightweight concrete by applying tensile stress to the cylindrical
concrete sample.

Before the test is started, the additional steel plate is placed on the
compression machine to extend the length which is shorter than the cylindrical
concrete samples. Then the cylindrical concrete samples are placed on the
steel plate and aligned to the centre of the upper compression plate. The load
is applied without shock continuously within the range of 100 to 200 psi per
minute. The load is applied until the failure of the cylindrical mould occurs.

After the failure, the maximum applied load to the concrete samples and failure
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pattern is recorded. Then the splitting tensile strength for the concrete sample
is calculated by the following equation described by American Society of Testing
Materials (2004).

Figure 2 Splitting Tensile Strength Test

After the loaded force is collected the following equation is used to

drive out the tensile strength of the concrete specimens.

Tensile strength = 2P/TTLD (1)

When,
P = Maximum applied load described by the testing machine
L = Length of cylinder

D = Diameter of cylinder

€

=

12 Uil 15 aduil 2 (nsngrAu-Sunau 2563)



EXPERIMENTAL STUDY ON STRENGTH OF CONCRETE
WITH PARTIAL REPLACEMENT OF FINE AGGREGATE WITH BRICK WASTE Pyae Su Htike

&3 Results

Compression Test Results of Concrete Specimens

According the description of the Figure 3, 7 days compressive strength
of concrete samples with 15% composition of brick powder shows the highest
value out of other concrete samples with 0%, 5%, 15%, 25% and its
highest average value is 16.18 N/mm? The strength of conventional concrete is
14.34 N/mm’ and those of concrete samples with 5% and 25% composition
of brick powder are 15.06 N/mm? and 13.85 N/mm? respectively.

After curing 14 days, the compressive strength of the concrete specimens
is tested as the previous 7 days strength test. The compressive strength of
concrete samples with natural sand rises significantly and the average value of
14 days and 7 days test results of concrete samples with 0% brick powder are
34.81 N/mm?and 14.34 N/mm? respectively. Even though the strength of concrete
samples with different composition of brick powder is higher than 7 days results,
the strength gaining rate is relatively slower compared to conventional concrete
test results. The average compressive strength results of 5%, 15%, and 25%
compositions of brick powder in concrete specimens after 14 curing days are
27.89 N/mm?, 19.66 N/mm?, and 17.71 N/mm? respectively.

In 28 days compressive strength test, the compressive strength of
conventional concrete is 40.07 N/mm? which is the highest of all results. The
compressive strength of concrete with 5% composition of brick powder is the
highest out of other concrete specimens with brick powder and its result is
31.26 N/mm?’. The compressive strengths of concrete specimens with 15% and
25% are 23.37 N/mm? and 20.22 N/mm”.

As more percentage of brick powder is added into concrete specimens,
water absorption rate of concrete specimens with brick powder is higher than
that of conventional concrete. Thus, although the compressive strengths of 15%
and 25% content of brick powder in concrete samples are higher than the
previous 14 days test results, the strength gaining rate is becoming slower and
fails to reach 28 days target strength of 30 N/mm?. According to the compressive

strength results of 28 days curing concrete samples, concrete sample with 5%
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composition of brick powder is the optimum rate that should be mixed in

concrete mix design.
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Figure 3 Compressive Strength of Concrete Specimens of 7 days, 14 days,

and 28 days Curing Period with Error Bars

Splitting Tensile Strength Test Results of Concrete Specimens

Similar to the compression test of concrete samples, the splitting tensile
test of cylindrical concrete specimens is carried out after 7 curing-days. The
average value of concrete specimens with 5% composition of brick powder is
0.70 N/mm’. The lowest value is resulted in the conventional concrete and its
value is 0.44 N/mm?’. The average splitting tensile strength results of the concrete
samples with 15% and 25% composition of brick powder are 0.47 N/mm?’ and
0.65 N/mm? respectively.

Compared to the 7 days splitting tensile strength results, 14 days splitting
tensile result of conventional concrete is increased sharply up to nearly double
of 7 days splitting tensile strength results where 14 days splitting tensile strength
of conventional concrete is 0.81 N/mm?The splitting tensile strengths of concrete
samples with 15% and 25% composition of brick powder are 0.72 N/mm?’ and

0.83 N/mm’. Concrete samples with 5% content of brick powder is still the
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highest value among other concrete samples with brick powder, similarly,
the same result is found in the previous 7 days strength test where its value is
0.86 N/mm’. Unlike the previous splitting test results shown in Figure 4, the
concrete samples with 25% composition of brick powder becomes the highest
in splitting tensile strength in 28 days strength test. Its splitting tensile strength
is 1.39 N/mm? while the concrete specimens mixed with 5% and 15% of brick
powder are 0.94 N/mm?” and 1.15 N/mm? respectively. The splitting tensile
strength of conventional concrete is the lowest in 28 days strength test and its

tensile strength is 0.73 N/mm?.
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Figure 4 Splitting Tensile Strength of Concrete Specimens of 7 days,
14 days, and 28 days Curing Period with Error Bars

O :
£ Discussion

In 7 days compressive strength test of concrete specimens, the
conventional concrete is slower in compressive strength than other concrete
specimens with composition of brick powder as fine aggregate. At 14 days
compressive strength test, although the conventional concrete increases in
compressive strength up to two times of strength at 7 days strength test, the

concrete specimens with composition of brick powder are becoming slower
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and the concrete specimen with 5% of brick powder only shows significant
strength increasing with the value of 27.89 N/mm’.

At 28 days compressive strength test, the concrete specimens with 15%
and 25% composition of brick powder fail to achieve the target strength of 30
N/mm? with the results of 23.77 N/mm?’ and 20.22 N/mm? respectively. The
compressive strength of concrete specimen with 5% composition of brick powder
is 31.26 N/mm?” and it reaches to the target compressive strength of 30 N/mm?.
According to the analysis, the strength gaining rate of concrete specimens with
brick powder is becoming slower as the curing duration of concrete specimens
are longer. The water absorption rate of brick powder is relatively higher than
water absorption rate of fine aggregate. Moreover, the 28% of brick powder
which is under 0.075 mm, in the concrete samples influences water absorption
rate of concrete specimens and tends to reduce the compressive strength of
concrete specimens. Therefore, in this research, the concrete specimens with
5% of brick powder, which is the least composition of brick powder is the
optimum result compared to other concrete specimens with 15% and 25%
composition of brick powder.

In splitting tensile strength test, concrete specimens with composition
of brick powder show higher in strength increasing rate than conventional
concrete. In 7 days and 14 days splitting tensile strength tests, concrete specimens
with 5% composition of brick powder show the optimum value of 0.7 N/mm’
and 0.86 N/mm?” while the splitting tensile strength of conventional concrete is
the lowest. At 28 days splitting tensile strength test, the concrete specimen with
25% composition of brick powder is the highest with the value of 1.39 N/mm’.
In compressive strength test, the concrete specimen with 5% composition of
brick powder which is the lowest percentage composition of brick powder in
this research shows the optimum value of 31.6 N/mm? However, in splitting
tensile strength, the concrete specimen with 25% composition which is the
highest composition of brick powder in research shows the strength result of

1.39 N/mm? that is higher than other concrete specimens.
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The trends of increasing of splitting tensile strength and compressive
strength of concrete specimens are different. The major effect influencing on
the difference of the splitting tensile strength and compressive strength is
moisture content. Chen, Huang, & Zhou (2012) mentioned that the moisture
content has the significant effect on compressive strength but inversely, it has
lesser effect on the splitting tensile strength of concrete samples.

When the maximum splitting stress on the concrete sample, reaches to
the maximum within the narrow strip, which is along the central vertical plane
of the concrete sample, the major pores of the coarse aggregate are broken
down along the surface of the failure. Therefore, the moisture content has the
lesser change on the splitting tensile strength compared to the compressive
strength.

Moreover, according to Tsiskreli & Dzhavakhidze (1970), on increasing
the maximum grain size to 120-180 mm, the tensile strength is decreased to
30-50%, compared with the concrete samples with maximum aggregate size
20 mm. In this research, the maximum size of coarse aggregates is 25 mm and
thus, the splitting tensile strength of concrete samples increases properly. The
nature of hardened concrete is the brittle material which is combined with
different physical and mechanical properties of various materials. The concrete
has strong resistance to compressive stress but almost fails to resist tensile
stress. Therefore, during the compressing test, the frictional effect occurs between
the specimen surface and the machine flat plane and that deliver the tensile
stress as plastic deformation at the sides of the concrete specimens.

When the compressive load is applied to the surface of concrete
specimen, the fractures propagate cross-section of the specimen and form
perpendicular to the applied load (Perrie, 2009). This type of failure is also
named as “Satisfactory Failure” as shown in Figure 5. According to BS 1881-
116:1983, quality of casted concrete specimens, misplacement of the concrete
cubes in the testing machine can deliver unsatisfactory failure as shown in Figure

6. During the compression and tensile splitting test of the concrete samples,

Uil 15 atiuil 2 (nsngew-SuA 2563) 17



EXPERIMENTAL STUDY ON STRENGTH OF CONCRETE
WITH PARTIAL REPLACEMENT OF FINE AGGREGATE WITH BRICK WASTE Pyae Su Htike

irregular strength changes are detected and the unsatisfactory failure is found
in some concrete specimens revealing the crack pattern in Figure 6 is similar to

the crack pattern shown in Figure 6.

T

4 N

[RERERARANAN

(@) (b)

Figure 5 (a) Satisfactory failure of compressive test
(Kovapeviu & Dziditi, 2018)

(b) Multi axial state of stress due to compressive stress (Perrie, 2009)

NOTE T = tensile crack

Figure 6 Unsatisfactory Failure
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According to the results, the 28 days splitting tensile strength of
conventional concrete is lower than 14 days splitting tensile strength. The
probability is dependent on the error of specimen position while testing, which
is able to deliver irregular result. Moreover, the irregular strength change in tensile
strength can occur due to non-uniform drying of the concrete specimens.

Under the condition such as only the exterior surface of the concrete
specimens is dried, can deliver tensile crack to the concrete specimen. Those
tensile cracks can reduce the splitting tensile strength of concrete specimens
(Chen, Huang, & Zhou, 2012). Therefore, reduction in the 28 days splitting
tensile strength of concrete specimens is likely to occur due to the fact
mentioned above.

After the results of concrete samples are analyzed, the standard
deviation for each type of concrete samples is performed. The standard
deviation is performed for the average value of three samples of concrete
specimens with brick powder with different ratios of 0%, 5%, 15%, and 25%
respectively. The standard deviation is calculated to evaluate the error bars
graph. Through the error bars graph with the standard deviation, the result
deviation from its respective mean value or average value can be checked.
According to the data analysis, the higher rate of standard deviation is found
out in 14 days compressive strength result of concrete specimens with 0%
brick powder and in 7 days compressive strength result of concrete specimens

with 5% brick powder with the deviation value over 1.

&3 Conclusion and Suggestion

The main aim of this research is to reduce the environmental impact
due to the extraction of sand for construction purpose from river bed and sand
mining. The use of broken brick which is available in local with low price will
be the option to be innovated as fine aggregate in concrete mixing.

According to the analysis, 5% composition of brick powder in concrete
specimen is the optimum result in compressive strength in research. Its result

achieves 28 days target strength of compressive strength of 30 N/mm?. In splitting
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tensile strength test, the concrete specimen with 25% composition of brick
powder is slightly higher than the splitting tensile strength of conventional
concrete. Compared to other studies, Keerthinarayana & Srinivasan (2010)
described that 25% composition of spent fire clay brick powder is the highest
for both compressive and splitting tensile strengths.

Based on the results of this research, the research of partial replacement
of fine aggregate with brick waste can be considered as green concrete and
there are the advantages such as reducing usage of non-renewable resources
such as sand, natural coarse aggregates (coarse aggregates) and recycling the
waste materials in the place of conventional materials. Therefore, this research
is really beneficial to reduce the environmental impact and to develop the
sustainable environment.

As the recommendation on this study, water-cement ratio of the concrete
mix design can be altered for different outcomes. The particle size of brick
powder which is lesser 0.075 mm should be removed to support the strength
of concrete specimens. As an advanced study, the help of chemical admixtures
in concrete making process will also deliver more new researches and better

results to develop the sustainable goal from engineering sector.
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%\\g&g Abstract

This objective of study employs a method of electricity generating by
sending signal of wind data for control the electrical generating via SCADA system
(Supervisory Control And Data Acquisition). In this circumstance, wind measuring
equipment is installed on each wind turbine and sending wind data to the
control system at the height of 553 meters above sea level (32 wind turbines,
2.5 megawatts each) in Subyai district, Chaiyaphum province.

This study classifies wind turbines into two groups: those installed on
a flat plain with certain wind direction (15 wind turbines) and the rest installed
near the mountain range without certain wind direction (17 wind turbines). Data
analysis obtained from the SCADA system and regarding a central tendency
arithmetic mean of wind direction pass wind turbine groups for determining
the wind direction. In May, 2017, wind turbines, groups in which the wind has
definite and unpredictable directions it was found that the working round of
an amount of data was 5,444 and 6,464 which resulted in an increase in
electricity generating (162,568.37 and 84,617.83 kilowatts hour, respectively
or 247,186.20 kilowatts hour for the whole project). When comparison with
past method this research could increase electric generating 18.41% and

adding of electricity generating continually. System administrators can use
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the method in this research to increase electricity generation capacity to

other projects.
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(Thai Meteorological Department Automatic Weather System, 2018)
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Uil 15 atiuil 2 (nsngew-SuA 2563) 29



msdedayamuduiusvesiieuazanuniaukusyuy SCADA
o a a a a ) PYE a «
WenuAuNsiulsEanSamnsnaaliihvedselniiimdauanawn 80 wngingd DITANT AN LAYAUDUY

wdauaugnivasuludundanunavesunumsudsiuay snavesenmaiizy
driulufsiuasindouiidias Tumafid wismuanayldannsademlfusiy
auldvtamun snavesonafivsnzdniuluiviuasfomegnainusnadiuiivindnues
Tuffaiu aunnsit 1 amﬁiﬂfﬁa%mawé’qmuﬁgwmmﬁﬁ'@ﬁuaummmLﬂﬁaugﬂlé’mﬂ
(GERRIVRHY

v Co (1)

d‘ A o w L v ¢ A o a ‘{ v v
W P, AB NANYRINIVIUaN (30R), C, AB ANUIEANDANITOULVDININUAL
A dgl’ a v v
wag A, Ain uinnevadluisi (ms1auns)
szuuanaildlulasenis
d‘ a o g 4‘ o
seuvvaniildlulaseinisil 2 ga dwsuatuaunisdealsuazn1svingu
vosfaiuauiiaivtoyaialasanis fafuaudiuau 32 du gnudanismuauesniy

a Y U

4 nauges Toyare W AnusIaN Mmmdnskdaliin msusuiirvesmihiiuay

wiazsu Wwiu AwailasgnadnUszinanaivesnuauuazasidsdmiumsey
nsuanlni i siuauiusEuvana danslusun 4

WTG COMMUNICATION

WSz wroos wra o wrs o Wrs o4 wro o wra o wra o
WTG SCADA T nriemion 12160106 n23a05 1oz am104 192368103 m 101 mmpnt

1
I
192.168.10.201 :
i
I

Ji=S
i (=R =R
=4
5

WS wisos WIG 5 b wra 30 wian wio wra s
1923682030 192,182 1009 192168102 1921683037 1921601030 | | 1s21s3001 1921681028 1923683002

—K
—h
—
5

UM 4 szuvaniaildlulasanig

30 Uil 15 aduil 2 (nsngrAu-Sunau 2563)



msdedayamuduiusvesiieuazanuniaukusyuy SCADA
o a a a a ) PYE a P
WenuAuNsiulsEanSamnsnaaliihvedselniiimdauanawn 80 wngingd DITANT AN LAYAUDUY

YUADUNITVINIUYBINIAUAN NIAINISHARN 2.5 WINZIAR WNIUTZTUUENIAN
Aaiuanusazsuaziaunsalnsiainauvuiviuay Weoaudanuwmuizay
wdygraliunszuunmsinuvesisilalieUsunihdwiusvaud msunaalni
JUNBUNITYINURIFB UL
1. MIETENANNNTDUVBITZUU (@0Uz Standby) Qﬂﬂiaﬁ’mamﬁ’]mimni’m
< a [ Yo o v 1y I~ d‘ a ¥

Ausmasiirnisay dadyaalinsivanusuluinluyy 75 aea Wewsounioy
dmsunisuaslaii

2. 13UNTTUIUMSHAR AN (@auy Start) AsiuauUsuRen19999 Nacelle
Tuauiian1svesauNilaniusilauuinnii 3 wasaodurftuly Tdnatussuin
0.5-10 w9

3. Sglniidrgszuu @ne Online) Aviuaundnlviihuazinglniudgseuy

4. Guvganaalnih (@n1ue Stopping) fviuauisumgansNEmLTh dionuisay
$pENIN 3 WASADIUIN

5. vgan1suanlnil (@1ue Stop) Awiuauneaxdalndin Wesangunsal
[ (Y} VR % I I a = [l ] A [ [ < <
TaaunTvinaulatesnii 3 wesseiufiognwewlies wazusuluinduyndu 90 aam
(93325 ASTH LWATAUDUS), 25619)

nsAualdadagaiunans

nsmAuIlidgaunats (dunmn dueyin uag Yyum uie, 2555)
I ~ aa aa oA A a v w o & | A Y
JussideuBmeadilunmsmeandissdndenaglddusiunuvesdeyariayn mnle
%ﬁﬂﬁmiwﬁaﬁﬂwmwmsﬁayjaﬁmmﬁLﬁmamaumlﬁ TngALaduauAnn (Arithmetic

I | A & W P Ao a ~ & A a =
mean) {WumnarwseLduiuuvedeyanangn iwewinduailiieuwdes diany
ANFUAI TANULUTUTINITER wardiusednSamesan mAlAINN1TmIHasIH
YoslayanavuameInutayarvun dauandluaunisi 2

Z Xi (2)

X_:i:1

N

a4 = a i Ql' " = v & & ° %
e X AD ANLRRAY, Z X, Ad Nai’su‘uawaﬂﬂawwuﬂ wae N A ‘f\]’]U'JUGUEJi;IJa

i=1

719930

Uil 15 atiuil 2 (nsngew-SuA 2563) 31



msdedayamuduiusvesiieuazanuniaukusyuy SCADA
o a a a a o PYE a «
demuaunsiiulszavsnmnsdnliihvedsdiimdsnuauuun 80 wnsing DITANT AN LAYAUDUY

%\) 55d10un1s39y

nseuaumsHaaliiiestaiuaundnlniiidnnsfaduinaisuady
Lﬁaﬂmﬁ’mﬂwﬂ%ﬁ%ﬂﬁmmLLmIﬁm%’wgifhuﬂawé’wmLaﬁaLamﬂﬁmﬁmquaumaa
nauiferiuay funounisiasesidsd

1. @nwdeyaninuiian (Wind speed) fifmsas (Wind direction) $1u7u
UMY maqimqmiﬁqﬁuamamlwﬂnﬁﬁmmqq 120 1un3 amﬁqﬁmmgm?{a
553 wnsanseduivea dnwariuiiiesaduuinaiienanaduiis viliieiue
wingAudnuaslilvinu dlofauiarussiuauiainemunUsusiuesau dmaliay
Tuusnadiinisansaiatuauiifienislludueu

2. ddoyaitounguanay e, 2560 dadutiavdsudivaunsguasiuan
Bodld eauwaumsiidns Sunnidedls fafuauduusniilasunmsuzvzvasan Tauwn
WTGO1 faguit 5 TiFeyalutasiinguieiuaniinisuanuazsminglulfindigssuu
mEJdwaﬂmﬂw%ﬁauqﬁmﬂw%famﬁ’uﬁ’q 32 A

WTGO01
fizuauduusn

o

sUN 5 nmanganiiiedlassmsaiaiuay Jamindund

€

=

32 Uil 15 aliuil 2 (nsngIew-SurAw 2563)



msdedayamuduiusvesiieuazanuniaukusyuy SCADA
WenuAuNsinlsEanSawnsnaalnihvedlssliiimdsnuauunn 80 wneind DIIAUNT ALIN WazAUBUY

3. NNNUITLVBIBTTANT AITA UAzAUDUY (2561%) AnwrAnuduiussening

a (% PP a v Y 5 v ¥ v v

yuvefiamsaNiuavagninsudalniivestaiuaums 32 du neldanuduiug

FENINNYUTRTiAaNNnTIvInlanIgaUnalnTIInauUuiiLaNLAas AU TAT1e9

Toyamen1sldisnmamauwnliudigdunarsmeniadeavadniielfiiugndads
Tifwiuauvealugafidmun wazuuinguiaiuatesniu 2 nqu fsil

o v
Y a ot

3.1 nguilaniifiauiuouvazadnlii Tdisfuauiifansuinuiulds

Wi laun

3.1.1 fiensauniueu ogluyi 202.64-207.87 aa ALadsiaungin
Freeafiemnsay 205.26 991 AMUSARAE 4.69 WASHEUT Usynaude WTGO7,
WTG13, WTG16, WTG19, WTG25 wag WTG27

3.1.2 fiensauniueu ogluyie 217.99-227.99 aam ALadsiaungin
Freveafiemnsay 222.99 991 AMUSNARE 4.75 WasHeRuT Ustnaude WTGO2,
WTG09, WTG12, WTG18 way WTG24

3.1.3 fiensauniueu agluyis 245.55-256.53 8 ALadeaadn
Freveafiemnsay 251.04 991 ANUSINRAE 5.43 WAsHeRUT Ustnaude WTG23,
WTG29, WTG31 way WTG32

32 nauiteudifeliviueuvaendalni [dfwiuanindasialndiu

W ﬁﬂﬁamﬁﬁméﬁhﬁuauﬁmmLuJiiJi’m laun

3.2.1 fAevmsavlaiuiueuy aglutie 195.67-210.32 a9 Aade
\auAdingasesiiavnsan 202.99 a3 ANUISIRA 4.14 WnseeIunT Ustnaudae
WTG06, WTG11, WTG15, WTG22, WTG26 way WTG30

322  fiansauldudueu agluyie 216.91-235.74 o Aady
\auAdingasesiiavnsan 226,33 a3 ANUISIRAEE 4.25 WnsReTundl Ussnaudie
WTGO01, WTG03, WTG04, WTGO5, WTG14, WTG17 tag WTG20

3.2.3 fiemsauliuiueu aglutie 253.83-255.35 a9en Aade
\avAdingasesiiavnsan 264.02 03 ANUISIRA 4.25 WnTRIuNT Usenaudie
WTG08, WTG10, WTG21 way WTG28
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AAN9ANLUUDY 1RAY 205.26 89AT AINUEIANREY 6.94 LUATHDIUIN AfdanEnlni 1,433.29 Aladnd

WTGO7 214.29 260.552 46.264 -55.29 5.64 329 44,341.64
WTG13 247.31 196.26 51.05 9.00 2.34 292 16,294.02
WTG16 195.79 216.92 21.14 11.66 0.53 321 4,034.70
WTG19 215.32 207.72 7.60 2.46 0.29 376 2,562.85
WTG25 197.42 219.39 21.97 14.13 0.44 397 4,130.64
WTG27 223.12 267.15 44.02 61.89 -0.99 398 -9,434.60
fAneauuuusy WA 222.99 a9A1 AMUEIANRED 6.84 WASAEIWNT TindewEnlnd 1,388.04 Alatad
WTG02 235.57 213.25 22.31 9.74 0.70 375 6,060.63
WTG09 204.41 207.30 2.89 15.69 -0.71 386 -6,348.04
WTG12 172.61 227.17 54.57 4.18 2.80 281 18,196.05
WTG18 211.93 223.47 11.54 0.48 0.61 378 5,375.05
WTG24 194.85 269.64 74.79 46.65 1.56 392 14,179.65

AAN9ANLUUBY WY 251.04 99A1 AUSIAUREY 7.55 WATHDIUT dnndawanlnia 1,786.70 Aladnd

WTG23 23733 21353 23.80 37.51 0.76 386 -8,753.65
WTG29 20618 25524 49.06 4.20 2.49 255 18,924.21
WTG31 29025 22513 65.12 2591 2.18 448 29,060.48
WTG32 2847 223.29 61.42 2776 187 430 23,944.76
SIUTIAY 1898 5444  162,568.37
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A ao o
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WTGO06 24132 218.62 22.69 15.63 0.39 325 2,061.80
WTG11 245.24 226.02 19.21 23.03 -0.21 354 -1,214.99
WTG15 189.72 230.86 41.14 27.87 0.74 358 4,269.80
WTG22 298.15 193.93 104.22 9.06 529 404 34,549.97
WTG26 187.14 202.78 15.64 0.22 0.86 432 5,987.89
WTG30 192.66 235.02 42.36 32.03 0.57 424 3,935.91
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%\é@ Abstract

The present study aimed to investigate factors associated with the quality
of life of the elderly in rural. We employed a cross-sectional analytical study
by interviewing from participants including 968 elderly. Multi-stage random
sampling was used in this study. Multiple linear regression was used to investigate
the association between factors with quality of life. The majority of participants
were female (60.54%), and the mean age was 71.00 years. About haft of
participants were membership in club groups. About three of four of participants
had chronic disease and had depression were normal level (94.73%).
The participants had an overall quality of life were fair level (62.53%). Factors
associated with quality of life were significantly such as having a relation within
a family high level (B coefficient = 13.47, 95%Cl = 11.70 to 15.24), having
a relationships with community high level (B coefficient = 14.25, 95%Cl = 12.35
to 16.15), widowed divorced status (B coefficient = -9.21, 95%C| = -11.75
to —6.67), having chronic disease (B coefficient = —=1.69, 95%C| = -2.83 to -0.56),
membership in club groups (B coefficient = 2.49, 95%C| = 1.48 to 3.50), ability
in activities of daily living independently (B coefficient = 7.39, 95%Cl = 3.66 to
11.13), and having severe in depression (B coefficient = -16.09, 95%Cl = -27.04
to =5.15). The results of this study should be used as a guideline for agencies
and communities to organizing activities to build relationships within a family
and community to improve the quality of life. In addition, healthcare personals
should be providing care for elderly who had poor quality of life, including

assessment for depression and ability in daily activities for prevention the elderly.

Keywords: Factors, Quality of Life, Elderly
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wmsguenaiesiio full anuannsalunshieinsuszsifu wadu 5 ey
ﬁaqﬁquﬁguﬁwm Foensengdusgiann desmsfionuisdruy uaylsidesnis
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afrlflumsinsgideya TdeaRdmesaun Tiud anufuaziosas Aiade
drudonuunnigiu Argegauazigaiiioosuisdnunznalszung Jadosneg
LazAMAINGIN adfleeyuiu 19adf Multiple linear regression ioesuie
ANNFURUSTEnIeladusneg AuRuAndIn diauedl B coefficient WpNYN
Aadesiu (95% Confidence Interval) WAz p-value Ansigvideyalagldlusunsy
R Version 3.2.4 wagfviuntiudfynisadavisesu 0.05
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M990 1 dnwagn1aUsevInsvenguiieg1eigonglusuun Jminmysysal

(n = 968)
AnwazN1UTEYINg
LA
Y18 382 39.46
‘ijzﬁ 586 60.54
21y (V)
60-69 510 52.69
70-79 291 30.06
> 80 167 17.25
(Auade (@nidoauunnsgm: fAga-geam) (71.00 (8.33): 60-105)
A0NUNINEANTE
lan 44 4.55
A 609 62.91
NLNY/ME1/uen 315 32.54
STAUASANEN
Tallengeu 203 20.97
UszouAnw/ilsendnu 742 76.65
USeyeymsnseaendn 23 2.38

snelanawhau (Umn)

< 5,000 872 90.08

> 5,000 96 9.92

(Andy (d’mtﬁmmumm@m): ﬁﬂqﬂ—qqqm) (2,424.62 (5,429.07): 0-67,000)
urasvessela

#IAAN5INNATY 885 91.43

femsa an ftdes 354 36,57

AIVINUVDINULDY 281 29.03

1sAUSEIR5959

1aidl 258 26.65
g 710 73.35
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Taifu 480 49.59
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Un@ (0-12 Azluw) 917 94.73

Farsudntos (13-18 AzLUL) 34 3.51

Faasruunans (19-24 Aziuw) 15 1.55

FUATITULT (25-30 AzLUL) 2 0.21
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Al Y Al
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dosfiagBufuuneads (9-11 azuuw)
IeeneBasy (12 Aziuw)

(Fnade (@rudeauunnsgiu): fman-aean)

7 0.72

6 0.62

6 0.62
949 98.04

(20.19 (2.43): 0-21)

dunusnnluasaunsa

SEAUA (6-20 AZUUL)
SeauUIUNang (21-28 ALLUL)
FAUGS (29-30 AZUUL)

(Fnade (@rudeauunnnsgiu): Man-eian)
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592 61.16
236 24.38

(24.79 (3.88): 6-30)
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(18.48 (4.87): 5-25)
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220 22,77
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(85.55 (12.27): 45-177)
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Hadvitiianudiusiugunmdinvesgeeglusuun Swinmysysal

dedasginnuduiusuuunydinds (multivariate analysis) 1ngl4fann
multiple linear regression nudl 7 tade fiflenuduiusiuannmdinvesgeeny
athaituddtyneadia lowd duiusnmluaseunss duiusnmiuyusu aounwausa

IsAuseddagess nsluann@nnguansy auansalunsufuiinatnsuszdiu
WAZAIETUATY AIRN15199 2

M19199 2 Yadeddienuduiusiuanningin dielnseiuunviiuds (multivariate)

(n =968)
AMNINAIN
B coefficient (95%ClI)

dunusmwluasaunia

sEUA Q5HLENGN

szAuUIUNaNg 7.89 (6.40 to 9.38) <.001

FEAUES 13.47 (11.70 to 15.24) <.001
FunusnNAUYNYY

sEUA NANE1984

sEauUIUNaNa 5.95 (4.42 to 7.48) <.001

JEAUES 14.25 (12.35 to 16.15) <.001
A0UNINENTE

1an GHRRNGN

AU -8.44 (-10.89 to -5.98) < .001

vine/me/uen -9.21 (-11.75 to -6.67) <.001
Tsauszandaizess

JEtY Q5HHENGN

i -1.69 (-2.83 to -0.56) 014
nsludunBnnguunsy

Taivlu QHBRNGN

) 2.49 (1.48 to 3.50) <.001
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AMNNTIN
B coefficient (95%Cl)

AzFuAaT

Uni QGHLYRGN

Fumdudndos ~7.67 (-10.43 to -4.91) <.001

Fuaiuunans -5.44 (-9.51 to -1.37) 028

FULATITULTS ~-16.09 (-27.04 to -5.15) 016
nsufuRnainsUszintu

Fosfsynaaduian GHRRNGN

UfuRlee19dase 7.39 (3.66 to 11.13) 001
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o° B)

fidduiusnmluasouaiseius 13.47 avuuy (B coefficient = 13.47, 95%CI =
11.70 to 15.24; pvalue < .001) ftiilosann aseuniaduanisuiifienuddoyiian
vosanTnlunsoun Inslamnsdigeeny mafinseunalidniusnmiia aundnluasousia
iU fduusiudia danusnaugnity fanandila Gd’mmﬁaﬁaqas‘ﬁaﬁwazﬁu
fimspuadatunariu Tmssuiliuushdaeuanigeny iliiuasouasiiifimnun
AnueUsu vilaegidninuedinurwseianudAgyseauluaseunss Joilv

vV

AziuLAUA M TInvesgeenyegluseduia Tnslanzduisla deilannuddy
sonanMTInuduY aenndosiunsinuiluyssmadulaiideies mawaunganw
Tinvedaongruunumvesasaundy Wunsfinuidadnsgiuuuniafnuing
NNigeeny 54 Ay nuitunumvesadnluaseuniivesigiengiitinnuduiius
fuAMANTInveateyegelitedfymneaia (Sincihu, Maramis, & Rezki, 2018)
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ANUNITULATANUFUTUS NAvesauTnluaTouATIINAN BAUFUYDIAUTN
luasaum$a (Thomas, Liu, & Umberson, 2017)

Y [

ﬁmﬂ’uﬁmwmﬂjmu Mﬂ??MﬁMWUﬁﬂUﬂmﬂ’]W%’JG}@’U’N TEGRGRINENGAL

o

a

Tneffgeongifiduiusnmivgruszdugs szilenafinunm@inininggeong
ﬁﬁé’mﬁmmwnwmmvmm 14.25 Azl Bcoefﬁoent = 14.25,95%C = 12.35
to 16.15; p-value < .001) Luaqmﬂrg‘gqqmqmuamwuﬁmwmﬂwmuuu azviouliiun

4

Hasorgtiulasunisguatenlaldnnieutiuvieruluyusy lesunisendesdviiesd
w3aN1sENTUNANYUYY dlenanulsyaneniaidnsiunanssuiuyduegiale
o g vy = N Y o = a = &

lvigeegiaunmdinia aeandesiunisfinyilulsemadnsiucEes iasevie

¥

[ [y d‘d [ YY) aa I~ = a a s
nedinnvaasey Tadendanuduiusiunanmdin WunsAnwidaiasigihuy
nadnvalugateny 201 Ay wudnATelnevnednuRve et iiauduiusiv
AN MAInREiItudAyneatia (r = 0.468, p < .001) (Bahramnezhad, Chalik,
Bastani, Taherpour, & Navab, 2017)

anunmaNsa danuduiusivann mtinegdliduddnyneds lngggeeny
Mlaoruninmdneg vgn wen xlenadiaunndindinidgergndaniunimlan
9.21 AzuY (B coefficient = -9.21, 95%Cl = -11.75 to -6.67; p-value < .001)

B aa ' ~ ~ Aa o v aa
warasengdaniuning azillonaiaunmddIndnitdasergndaniuninlan
8.44 Azuul (B coefficient = —8.44, 95%Cl = -10.89 to —5.98; p < .001) Lilo3a1n
Aavongilaniunmving et wen Li‘]uﬁﬁmaﬁamumwﬁmdau ENGHLERITRER
niaunsedageugu WeoanunmUasuluyihlnAsanueinaiuintunisaniutin
1 AossulagaumuLAsEgiaTaInsauasILiia s [udy dufasengdlaniunin
@jﬂfuaw%ﬁmm%mﬂﬁ’qaaLﬁa’Jﬁ’U@jama%muLm WU NIEUNINURIAHLSH 739
nnsyiFeuLadausaTtiaglulsguoemiuiy vizeliauinavtemdaluSeuasugia

= o a aa A A o v A & A Aa A o |
wsansanludinvesunsvay Weguiudgeegndulandadaunndiniidind
\ = o 1 v a o8 va Aa af A P

agalsfiony anunmlanenslilydadenvililinunmainniu willesanndgeeny
Ao v ' A Aa Ao = o§ VY A& ~
Pilaounmvdng vien uen sediiaunndiniia Fevihlvgasergndulaninnn
aa d‘ 1 v % = a 1 d‘l U d‘d 1 aa
Finfigandt deandesiunsfnuilulssmadnsiuses Uadeniinanenunmyin
UENAGRLEE LﬁumsﬁﬂmL%ﬁmezﬁwumﬂﬁmmﬂu;ﬁqmq 380 AU WUIADIUNIN

= U L% 6 v aa ! a v o w aa . . .
ausalimnuduiusiuaun mdinegsivedfAym1eada (p = .005) (Eliasi, Rasi,
& Tavakoli, 2017)
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< - [ Y aa ! v o W aa

nsilulsausediisess danuduiusiuaunniinegilduddgmieats
Ingigeenenillsauszdmisess asillenalinun ndininidgeenenliilsausedim
19959 1.69 AZLUU (B coefficient = -1.69, 95%Cl = -2.83 to —-0.56; p-value = .014)
= < o v & o v o v v = s ]
Wesnnmsilulsauszandisesiludaeeny ilvdgeenginnunndnsuunimieniey

a ' I o aa a A Oy =

wardnla doulugUassalunsmsa@inauuniviiousnsinesianiyaradulunisous
wsesgadanaiuazaldiislunissnemenuialsaiiudie ililiaanmiin
anas aennnesiun1sAnululssinadingosuaunises Jadenianuduiusiv
AN MAINYRNEEID1 TN TuUIMSTlulseme e MSIRBRIATEIUUNARAYINY
Tuglasone 167 au wudilsausednmilanuduiusideauiuannmdinegedidud Ay
N19a@0@ (r = -.226) (Bornet, Rubli Truchard, Rochat, Pasquier, & Monod,
2017)

nsiluann@nnguansy danuduiusiununm@inedrfidedAynieadn
Inedasorgiiduaundnnguunsy flenadinaunm@dasninggeenenliliduaundn
ﬂﬁjmm 2.49 azuuu (B coefficient = 2.49, 95%Cl = 1.48 to 3.50; p-value < .001)
o XA & a i o § v Y 1 a ' = ¢
Mailiilosnnisiluan@nnguusy inlvdlemadnsiufanssusiieg Mdudselevd
[ a A V1 A a < ! o a A g ¢ '
fuaunBndwe) laswuuanisuanudniiu siwvihfanssuidudssloviunaulugusy
bisaninuesinan vililiaunwiinhia aeaaqesiunisinuilulssmedangy
309 Matduaundnnguvusulugusuivanuguuesigeeny Junsfinwiuufnniu
Tudnamdhszesenludgeeny 2,548 au wuinisiduau@nnguonsuluguyuyinli
JLAUAINEVYREEND YL UREiITudAtyneatia (Fancourt & Steptoe, 2018)

ANuasatunsU iRt insusedniu danuduiusiuaun ndineg el
TedAgyneads Inegasegnaunsaufiinainsusesdnfulaegedaseasiilonia
=~ Ao A v = A van o o v v o 4
finnndinnasengninisuf iRnaTnsussdniuneefeunnaduniun 7.39 Axuuu
(B coefficient = 7.39, 95%Cl = 3.66 to 11.13; p-value = .001) atlige@1e9a1u1sn
UfuAnainsusedniuliegeadaseiy Ysuanfsanuanysaiianiusianeuasinla

=t A4 @ A g vo a o A Y o § vys i
aunsaisnuemsadunididuaunnluaseuasivseyuvulsa vilvsdndinuies
= o= oA Ao da 1w oy o cs' Yy v
finauAn Fadliaunmddnnfniidgeergiidesianienduynnaduians aennaesiu
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nsAnwludszmelneises Yadeniisvinadenunindinvesigeongluruunves
Usewmalng a1nggeeny 400 Ay Tudswiangien wuinisufiRnainsuszaniulame
auesegdasuiluladeiilinunmdingsu (p < .001) (Hongthong, Somrongthong,
& Ward, 2015)
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(Chen & Chen, 2017)
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%\é@ Abstract

This experimental research that aims to study and find the suitable
hydraulic retention time for wastewater treatment using anaerobic filter tank.
The experiment was constructing a wastewater treatment tank which calculated
from BOD loading of filter media and used wastewater from the cookhouse of
Navaminda Kasatriyadhiraj Royal Air Force Academy with BOD 400-500 milliliters/
liter, set the flow rate with 150 liters/day, used the beer tank shape intermediary
filtter that surface area of 170 square meters/cubic meter with the BOD loading
removal rate = 0.63 kg—BOD/mZ/d. The hydraulic retention times were 29, 30,
31, and 32 hours, respectively. The results showed that: the hydraulic retention
time of 29 hours resulted in BOD-removal = 63%, the hydraulic retention time
of 30 hours resulted in BOD-removal = 66%, the hydraulic retention time of
31 hours resulted in BOD-removal = 70%, and the hydraulic retention time of
32 hours resulted in BOD-removal = 72%. The most suitable hydraulic retention
time for wastewater treatment using anaerobic filter tank was the retention time
of 31 hours because BOD-removal = 70% and pH = 7.17, although the retention
time was increased to 32 hours, the percentage of BOD-removal increases only
2%, so it not worth with the budget and increased hydraulic retention time. The
results of this research was the data for the suitable size design of anaerobic

filter tank which causes the cost of wastewater treatment to be reduced.

Keywords: Wastewater Treatment, Anaerobic Treatment System, Anaerobic
Filter Tank
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flun: American Public Health Association (2005)
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AN51991 1 A15194aAIAT BOD-removal 984iazszazinaniuin

svevnan uwde  pH DO, DO, BOD- % BOD-
Ay (va) (mg/)  (Mg/V) removal removal
32 inlet 6.80 6.10 1.60 375.00 0 0
outlet 7.07 6.13 4.86 105.83 269.17 71.78
31 inlet 6.77 6.12 1.59 377.50 0 0
outlet T7.17 6.09 4.74 112.50 265.00 70.20
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ssezaan  Yude  pH DO, DO, BOD- % BOD-
A () (mg/\) (mg/\) removal removal
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29 inlet 6.80 6.10 1.62 373.30 0 0
outlet 6.97 6.08 4.41 139.17 234.13 62.72
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%\é@ Abstract

The purposes of this research were to develop and evaluate Multimedia
Computer Assistant Instruction (MMCAI) for the family caregivers entitled “Diabetic
older persons” and study the satisfaction of family caregivers who used
Multimedia Computer Assistant Instruction (MMCAI) entitled “Diabetic older
persons”. The samples used were 30 family caregivers of Diabetes patients who
were admitted to Songkhla Regional Hospital. The researchers selected the
purposive sampling. The research tools used in this study were Multimedia
Computer Assistant Instruction (MMCAI) for the family caregivers entitled “Diabetic
older persons” the content quality and technique quality evaluation forms for
Multimedia Computer Assistant Instruction (MMCAI) and the satisfaction surveys
of family caregivers entitled “Diabetic older persons”. Data analysis was done
by using average statistics and standard deviation.

The findings were concluded as follows 1) the specialist had an opinion
on Multimedia Computer Assistant Instruction (MMCAI) for the family caregivers
entitled “Diabetic older persons” that the overview of content quality was at
high level (X = 4.65, S.D. = 0.48) and the overview of technique quality was at
good level (X = 4.26, S.D. = 0.66) 2) Family caregivers’ satisfaction towards the
usability of Multimedia Computer Assistant Instruction (MMCAI) entitled “Diabetic
older persons” was at high level (X = 4.75, S.D. = 0.46).

Keywords: Multimedia Computer Assistant Instruction, Family Caregiver,
Diabetic Older Person
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EFFECT OF ORGANIC FERTILIZER COMBINED
WITH BACILLUS MEGATERIUM INOCULANT ON PLANT GROWTH
AND YIELD COMPONENT OF KHAO DAWK MALI 105 RICE
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%\é@ Abstract

The objective of this experimental research is to study a utilization of
organic fertilizer produced by Bacillus megaterium inoculant combined with
Bacillus megaterium inoculant on plant growth and yield component of Khao
Dawk Mali 105. The research was carried out in Sansai District, Chiang Mai,
Thailand. The plant growth and qualities of product in control, chemical fertilizer
treated, organic fertilizer treated, and organic fertilizer combined with innoculum
treated groups were studied. The results confirmed that qualities of the obtained
fertilizer meet the oreanic fertilizer standard specified by the Department of
Agriculture, Thailand. In addition, using organic fertilizer combined with Bacillus
megaterium inoculant spraying could increase plant height, the numbers of
tillers per plant, yield components, total phenolic content, and antioxidant
activities as compared to control. The results confirmed that farmers could
apply oreanic fertilizer combined with Bacillus megaterium to replace chemical

fertilizer using in organic farming systems.

Keywords: Bacillus megaterium, Organic Fertilizer, PGPR, Khao Dawk Mali 105
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Mlpulglunsvinnunsdunid ddluuaiionquaaasunisasayivlnvesiy (Plant
Growth Promoting Rhizobacteria: PGPR) iunilslunayuadidgylupinudisavesnis

o a a6 a a 1 ldyd 1 a a a A
inunsBurisd lnswuaiSenauil dinalnlunsduaSunisaSyiulnvesivvanesuuuy
Wu n19939lulasian (Kuan, Othman, Abdul Rahim, & Shamsuddin, 2016)
N138Ea1851981MT (Yazdani, Bahmanyar, Pirdashti, & Esmaili, 2009) A15A514
Hnoslsles (Siderophore) (Gupta & Gopal, 2008) NM35a39asUf¥aue (Ordookhani,
Khavazi, Moezzi, & Rejali, 2010) N1583198136U89L951 N15ntlenn1sas19szuu
AMUATUNIY (Porcel, Zamarreno, Garcia-Mina, & Aroca, 2014) Wudu Fawuafise
nqu PGPR unuaiiBenuuiinneniiy s fufiwizugniue) wuaiiise Bacillus
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105 . Hutrinifianuyasiane lnendinisssuagiindureuasieluwe fduawmilou
nonuzd wandnasgy Jagtulinisdsesndnivnnenuzd 105 1Uga 120 Uszwe
lan lneluSunaunisdieansening 2.2-2.5 audusied (Yayiny Wusluues, 2563)
YRuaTAUsEmAT U EnIuaNUmMEgNYAINsing LTIt 1vInented
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wagauasNNSRT YUY taratuaun1sRsyueetIvInenuEd 105 NIlg
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\eAnwinstdluBunsdsiuiuiioqdunsd Bacillus megaterium Tuns
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1. manAaTtieqdunid Bacillus megaterium WolHidugduv3s PGPR

Y8181 Bacillus megaterium feu1aNAUIRAUNTE an1TuITe
InemansuazmaluladuvisUszimealne Tasideadoiduduluoms NB Usunm
200 fiaddns unan 24 Falu Mindureiedelasidsduemsfifidiunauys
nntiana 3 Weddud wewluidoueaslsd 0.3 Wosidud asatnaindar 0.1 Wosidus
wundi@eudan 0.05 Wosidud Inuval@eulalalasiauroan 0.1 Wosidus
uazrsimdes 2 Wosidud (hgatl wvudivna, Sunids egas, nunissn viumms,
waady onUsenude, way Weyduns weidnsuas, 2550) liennanaeaandunan
24l TusBandedemainlullafives (Hemocytometer) ynq 4 4l
Heiiwanlddosdarududulidesnit 10° cFrU/ml
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2. mMsuanledunsd

3
a 6

wanledunidiiieldluntsmaaossiuan 100 Alanfu Tnefldunaudsi
yaty 25 Alansu yadeand 25 Alansu nindiawmdeld 40 Alansu s1azidun
10 Alandu uawsiulodunds Bacillus megaterium 1 Alanfu Tnenavdiunay
Tty dsneseviindudvdeniiufiigessana 30 wufiues Aquéewaiain
fidld 12 Yu heneamuamiedunisinaldnumnasguleduris nadmmanems
(nssAmmaineas, 2568) Téud anmdunsndns arwdu Tulpsiauiommn eanasa
savn TnunaGemsiomn Usinaledey mshlih Uaadunideniueu Yiina
Suvideing nmsdesaaneflanysal uazdnsiduaiueuselulasiau
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3. MIINUNUNMINARBILAZNSIRSELN Uz UgNTIvInenued 105
3.1 MIFINURNLAITVIAGEY
NNUNITNAFDILUY Randomized Complete Block Design (RCBD)
3 41 laedl 4 YAn1sVeaea 6ail
Yan1snaaadi 1 yaauny Wildlewnd lalddedunsd uaglilarie
AUN3E

dl 1+ a U a U 1 |

Yan1snaaesn 2 ladeiadl ans 15-15-15 Tudns1 50 Alansusals

a

Yan1snaaesn 3 ladedunsd Tudnsidiu 50 Alansusiels

Yan1snaaesn 4 ladedunsd ludnsd 50 Alandusiols wazdanu

a a 6 . . A LY d’lj
9aunse Bacillus megaterium 1AELIBINWNYD
a a6 YV v o aa 1 g a a 1
AUNIEANTY T 60 FFsiat1 20 Fns ey
5 8n3Ra 16 A1519AT
3.2 MSWSENTIUN
lAgnseuulamnaseruIn 4 x 3 A1518UAT 31WIU 12 wuas
lansiudunanudnlifiu 30 wufwes wazmvauszdudiluLlanaasdas
Uszanad 5-10 WURns AaenseeeaINsfinyauisseed1ieensindsstionn
Tdiugdnunnenuzd 105 Aldns1n1ss0nuInnn 80 Wesidud
33 NSwsEuugtn
o o sw a Ao i s & &
UINUZUNIVNINBNNEE 105 NUDATINITIONNINAIT 80 LUBILTUR
S o ] o Y 1 &) Y = < v ¢
WL 12 Galis MnduihanvumensyasuUiudua 48 Talus iawaniiug
P1asusen dluninluudameund uasUndndloundnilony 28 Tunasuan
4. MIIATINAUNNAUNDURAENAINITNAGDS
duiusisgsfuneusasndansnaaeInsUgndnanegluiiui 1 asauns
A o v v ] 1 a ) =¢ a o .
PMvunveulwnlLavesusaswlastos NseAuaLan 0-15 wuRiwns v Composite
< Y 1 Y 1 a v o o a ¢ 1 I
sample 520U 1 feg1s Mwgtaz 1 Alandy Anuuihlviesziaauly
N3AA19A18 pH meter (Lertpaitoonpan, Ong, & Moorman, 2009), ﬂ%mm@uw%a%q
(Organic matter) (Walkley & Black, 1934), Usunaululmsiau (Saez-Plaza, Navas,
Wybraniec, Michatowski, & Asuero, 2013), Usurauneanesamdulsslovd
(Bray & Kurtz, 1945) uagUsunalwunai@euianala sewaila Inductively Coupled
Plasma Mass Spectrometry (ICP-MS)
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5. NFIANISISYLAUIAYDITIIVINONNZE 105 wazUTUINANER

Fudoganaaigyiivlavesdn Ao arugalaedadunfafuiilausy
qufisanesae uagnisuannafiengdna 30, 45, 60, 75, 90 uay 105 Jundsilng
Tngguiudiegs umnansudunuwesuluusazuasgos 1w 10 nerenily
nAaed Livdayassrusenaunandsduasnandadnilunnviieveaedlagguuuy
Wunussyy $1uu 10 ne Teeluneieafufuiiliifuteyanisiadydulaiiiotam
psfUszneuNandntLileius usTidens SnudaTivuaseis SuuaiEan
foTe iWesiududndu vhmind1aden 1,000 wie

6. MylaTziviinamsiludaiouauaymsfuoyyadasy
6.1 MIATIEIUSINUNIAUOULABATY
TaseUsinamsiueuyadasylagldiddauuas Folin-Ciocalteu

method Mnsawnadn (C H,0,) iuasunsgiu Anruidudu 0-300 fiadn3udedns
aadetdlagldansazansieniuea 95 Wedifud thaisadaiild 1 faddns 1Au
95 1Wesifud lovuea Usinms 1 fiadans 1hndu 5 Tedans uazansazany 50 Wesidusd
Folin-Ciocalteu’s reagent U3u1ns 5 fiadans werlidniu daiislifignmgiives
5wt andudn 5 Wedidud Tndeuasuoiun (Na,CO,) Usums 1 adans
wenlansaranenauiu thludsdsiluidaidune 30 wil deiauifserasazans
sndpuaindivdenduiiniu mﬂﬁ?uﬁﬂmiazmaﬁlﬁlﬂi’mﬁmi@@ﬂﬁwm
finruemadu 750 wiluwes shew3esaunlslnlndwes (Thermo Electron Corporation,
NICOLET evolution 300, USA) (Blainski, Lopes, & De Mello, 2013)

6.2 mMyATeRuaudinisiueuLABaTY

IpTevnaEndRn s ueuyadaselagldis DPPH radical scavenging

activity assay 14 Trolox \Juansuinsgiuiinnududu 1-10 Gadnfusodng
afndegndlngldansazatsiontuea 95 wWesidud tharsararediegfiadale
U31195 0.4 fiadans dwnazanodie 95 Wesidus temuea S 1.6 Hadans
nudivansazats DPPH avaididiu 200 lilashians Vues 2 fadans wenlidndu
fadlflufifiaunan 30 wift thasazaneildluTadnsganduuasiinrmemadu
515 wiluins saeedasanlnlnlndwmes (Thermo Electron Corporation, NICOLET
evolution 300, USA) (Thaipong, Boonprakob, Crosby, Cisneros-Zevallos,
& Byrne, 2006)
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ATLAEUYDIAUNTE Bacillus megaterium Tuemsdnsa NB ileLaan

q

Ul 24 lus nuaiiuniasusu Wy 4 x 10° CFU/mL wasiilatihluvene
Tupwsiasadausunu 20 895 Inelvenieduian 24 92lue USunaudoriiudusindu
4.8 x 10° CFU/ml daluszezianniusunantodsiign
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Tnunadeusiome @aandu/ilantu) 1.6
Usunalsihsy (Fednsu/Alansu) 0.5
sl (dS/m) 5.0
USinadunidaisuau (Wesidus) 19.1
Usnaduniedng (Wosidud) 32.9
nsteraaeTiaNysal (Wesldud) 1224
dnsnduaITUsusolulnsiau 9/1
wwwanadn wia Janiay vielangdueg Tainy
USinasiunaznsanuuinsaus 5 fadwns 3uly Tainy
unvesle 12.5 x 12.5 faduns (Wasidus) 100

a S ea a v "o
NNan1InTIvdeuAunInyedunidndala nudndulumuuinsgiu
Jodun3d nsudnin1sinens (NT3N1sinens, 2548) Fedlaaniniieuindedunsd

! ¥ o.ll a + a a6 v U [ e
Mgegmuvisana1niily Mswdnleunidaeiiesdunisanduyunisinizugn

9

D.

aseneld uazndnduliAnauduwdsluguoy WeliAnnsimuegeddy
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3. NFIATILHAUNTNAUNDULATNEINITNAADY

Ml 2 uansnpaantAvIaalivesiuneulazdwinnsaaos wui
founsmaassiudiinaandunsais (pH) waswiniu 6.51 dunieing (Organic
matter) W@AEWhU 0.71 Wosidud Yainalulasiawiomn (Total Nitrogen) wdewiniy
0.07 Wesidud Ysnameanefaiilulselond (Available P) waswiniu 24.75
wasUBnaulnuadonfiaraeild (Soluble K) ety 173.00 fiadnsuseAlansy
navasdeindl Mslddedun3d wasnslededunidsauiunisviugaunsgnisly ddv
enadunsn-mafintu Uiinadurie Tglufundnismeaeadiutu 48 Wesidus
pFsnnslitedunid uanifistu 52 Wedidud Heldedunidimtuadunid
wuReaiuUsnalulasau annsmeassuandliiiuinslddedunidwazJedunsd
Sfugduvddiisiinalulasuisuiunguauau 43 Wedidud wag 71 Wedidus
gy Tuneiinaduledunisvinalulasmuiuiuies 28 wWeddud whiy
Usnamoanesaiiulsloviuasuiinalnunadeufiazansthiiianaadoliteind
woiiuunltufindudeldedunid wasliangafiandoldedunissutumsdaniu
qAuvsd Bacillus megaterium wansliiiuinsldleduniduazqgdunsd Bacillus
megaterium a'qmaiﬁauﬁmmq@uauyjiaimﬂ%u (Elkoca, Turan, & Donmez, 2010)

A1519% 2 aUURN 1ALV IRUNDULALNAINITNARDS

autAnIAivasny
pH Organic Total Available P Extractable
matter Nitrogen (mg/kg) K (mg/kg)
(Wasiaud)  (Wasidus)

NJUNITNAADY

NaUNNTNAADY 6.51° 0.71° 0.07° 24.75° 173.00°
NANAIUAL 6.83° 0.65° 0.06¢ 24.09° 158.10°
Joiail 6.92° 0.74° 0.09° 32.83° 180.93°
Jodun3d 7.24° 1.05° 0.10° 35.42° 192.23%
JeBun3d + PGPR  7.31° 1.08° 0.12° 36.16° 205.60°

4. 153915195 AULAVBIT1IV1INBNULE 105 HAZUSUIUNAKEN

MNNsAnwIHavreeledunIdTiniu PGPR fonugavestnininenisd
105 Wy sudnianuguintusuiuiniuiingdgn WeluTeuieuaiugaves

o
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fnnounsifiuiies ey 105 u wuhrimnguaugu dnlddeind dnlieduns
wazdnlddeBun3dsiuiuaduvsd PGPR fianugeviniu 142,47, 152.13, 145.33 uay
154.33 Wufilums sud iy dsgud 1 (n)

HavaeleBuVSETINAY PGPR sadnuiudusonaueddniuinenuyd 105
WUl Srrunediiutuniusiuiuiuiingugn wudsrtuaugewesiudig
slaSeuiisumsusnnereunsiiuiien wuhinngueuau dvilied ilidunis
waztltluBunsdiuiugaunsd PGPR finnsuannawiniu 34.70, 42.10, 39.47 uay
42,33 dnnudusions sudiu fgui 1 (@)

Ulinuesdusznouvesnanandnuandumsed 3 $1urusidenaves
11v1nenuEd 105 wud Mslddedunidsauiunisldqaunsd PGPR Tirdnuiuge
seneviiu 18.73 39MoNe IMNULAARTIWINAY 150.38 WaARETN SIUIULEAR
foT1aTU 131.20 Wwdasos1s thviinudemesdnnde 1,000 wina Wiy 27.92 s
Fadumiaigalundumaaes nauiansriosiianfe naumuey iesanlililadade
nswdnlalusgninamsmigdan drunguueamslidewmiuasJeduvsdiiesegaien
fanlnaiAgariu

163 (n}

62 z 7
¢a
2
39 s 62

75 90 135

M gedine (aufiom)
o
-]

W nduntuny Wl Qeesl W Qufuddd W Jefonifi+PGRR

NUANND (1 UFURDND)
=
—

30 25 62 75 0 103

W nauatunn W Oues B Oefuddd W QufunidsPGRR

JUN 1 wanenugevesiuiivInenued 105 ()
eI UIUNTUANNBVRIFUTIIVIABNLEE 105 (V)
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HanIUeidusuanau wuh dangueuau $ldlewadl dnldledunsed

Y+ a

wazdnldJeBun3dsauiugdunsd PGPR fiesiiuduandu wihiu 15.47, 12.71,

9
%

11.92 uaz 11.21 Wosldud muaeu

FolinseiUnamananselslunnngunismaass wuin 9nguaiunm
Inlddendl T13ldledun3d wastnlededunidsiniuadunid PGPR dinandnsals
Wiy 320.00, 485.33, 469.33 uag 496.00 Alansusials mua1dy 1nnInguaIuam
nstileBunsdsauiugaun3d PGPR ulladunisndndeasunisiasguesdie
ponuyA 105 Treludnunienm ATINER TIUIUNTUANND FIUIUTHADND FIUIULLAR
foTae SuERRDT Weidudmdadu thvin 1,000 wia wandesels huileuwh
msldened Snvassdmailuszasanduiundeunasmsian guruetsssdudng e
(Sapsirisopa, Chookietwattana, Maneewan, & Khaengkhan, 2009)

A157197 3 LanaUSUNURARART I ULAALNNTNAABS

L3 a v
29AUIENDUNANARNUI

31U MUY 1w wWehdud  dwnin NANAR
NANNIINAABY  sgsione  WAAABIIY  LWAARA Wandu 1,000 waa  sals
(57969n0)  (wan) fe529  (Wosidud) newsu  (Alansw)
D) (nsw)
NANAIUAL 12.13°  105.25°  88.89° 1547  2633°  320.00°
Joiadl 1490°  146.05° 127.17° 1271  27.16®  485.33
Judunsg 14.20°  143.12° 128.68°  11.92 2721  469.33°

]
a a6

{edwridd + PGPR  18.73°  150.38°  131.20° 11.21 27.92°  496.00°

5. Madlmsivinaasiludanamuauasnsdiueyyadass
deliAngaudsnuamnm navnaesiBdldvhmalnsesitimumsiluae
ﬁgmmt,l,azﬂfﬁﬁma%aﬁaﬁzLﬁaLLamUizIssuu“LuﬁmqﬁumwmaqwaN%msﬁ’wmé’qmsmmaaq
wuingunsldledunisianiugdunis Tusinuasiiludaimmauagnisiiu
auyadasy Wiy 20.73 Tadndu GAE/100 nfu way 0.25 dadindy Trolox/n3u
Py famsnedl 4
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M13°99 4 wansUSunaansilludanavuauasUSunanisinueyyadaseluranind

NHUN1INARDY asTludanaun YSunaunsiueyyadese
(Iadin¥u GAE/100 n3u)  (ia@n3u Trolox/n3u)
NANAIUAL 13.01° 0.12°
Joiadl 17.91% 0.15"
Jedumnsd 19.60° 0.17°
Jedun3d + PGPR 20.73° 0.25°

% — —
Y anusromamssde

mnmaifeluadsinuhniannuesiunis Bacillus megaterium Snadennies
Fusuiseues Santos, Neto, Machado, Soares, & Soares (2014) euansliidiy
\Hoqaun3s Bacillus megaterium \W3nanniiaaiiian 20-24 Halus Tnefiuiua
attavum Wity 4 x 10° CFU/m wasdlounlUnandeduns nuindedunisinanlsd
AAUAMANULATFIUNTIIVINITNEAT TudumMsasaiulavesiudnd nslddewndl
yilviaugevestnmnniimslddedunidifivsediafion Tuvasiinslidedunid
SrufURaunIs daalienugevestigsnitmiladend nanisuannoduudliu
Wudertutunaresnugs msliefaeiuazduniddmaranisunnnadini
naueuauitlillatiadelag nsliteduvidsutugdunid fnavesnmsunnnefisuides
funsléiend uardssaenisunnnainiinislidedunidifivsediaie fafy
nslieunidiuiuauniddmamudwesTinamanaslunng du welfisuiu

Y a

nauauAuLarslideiniiiietegafied MNuan1saaesudl Y1anldlesunsd

9
61 LY

sfugdun3d PGPR fiefiiududndusiiian uandiuinnsliteduvddsans

QAUYE PGPR danafisionsimzUgnimuminenuizd 105 ilesann Bacillus megaterium
lusauaazdauasunisiasydulavesie Ssllostunsiinlsaluiivlasnaie lasang
agnsBanmsmuaslsafiisatostudosluwasiilumamievesussmale ffaan
L%ja Alternaria sp., Fusarium oxysporum, Sclerotium sp., Pyricularia oryzae
(Chaiharn, Chunhaleuchanon, & Lumyong, 2009; Kanjanamaneesathian,
Chumthong, Pengnoo, & Wiwattanapatapee, 2009; Wiwattanapatapee,
Chumthong, Pengnoo, & Kanjanamaneesathian, 2013) L‘ﬁ@lﬁlﬁmmiﬁwm

a

nsineRswuudsBu n15ldadunid PGPR luwdaumizdgn duasunisusuusenmnin

q
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vasnulussaze1mslusumaiinsinadunieTagluiu Ysualulasiaunmue
Woaasavianun Inuna@uunmun (Song et al,, 2015)

° ) P a ~ P a ) ' f Y4 a a6

dmsunsfnyitanaunn WallSeuiieuiunguaiuay wuiinistiledunsd
| v a AN A a as a o s & < - a v
AVIAUNTY WL USu1auasNluaarande 59 Wosious wastiuusunanisanu

a = § < I3 1 a a6 |

auyABasEuINde 108 Wosidud nNNsnaAaemuIRaunsd PGPR dawansenu
seUsuuasiludanmuauasUsununisiueyyadaseluluin vl e
\Waauvse Bacillus megaterium fauaiunsalunisnGgnans nsndulnassdsn
(IAA) haznsndulualsaan (GA3) (Lenin & Jayanthi, 2012) fsvinlAiAnn1sasng
asiludanaualazUTununIsATueyyadaseiliiudu dennaesiuauideves
Aires, Carvalho, Matos, Carnide, Silva, & Goncalves (2017) wansliliunansiiudu
UsinaesansilludauaznmsmueyyadassniuuililUluiiasmaseiiuiunisiiagy
299N579UlAABLTAN (IAA) warnIAIULUBLTAaN (GA3) Tunaluass

% — e
£ asunamssdsuazdorauauu:
31INN1SNAADUBNTNaveIN1sIdUedunsdsiniu Bacillus megaterium
AONSLASYLAULATEITNIIIABNUZE 105 WU dravilinsiasyiulavestnaluniu
ANEY TIWILAURBND BIAUTENBUNANER TFeaunsaLiiunandnd1saliuinty
55 Wosidud Wewlsuiunguaiuan mMsfinwdvswavesdeBun3dsiuiu Bacillus
megaterium fpUsuMa1ERYludIIAeNNEd 105 WU T1UMInenuzd 105
7Ugniagldledun3dsindu PGPR WinUSunaansiludavionun 59 wWesidud uay
WudSinansinueuyadaszania 108 Wesidud Wefeuiunguaiuny
Tawauanurlun1simaddeluly uastoiausuuglunsviniidenswialy
a v < Vo Yy oA N 61 [y v & a N 6 .
nuan1ITeaziuladnslddedunidsuiunisldwesdunsd Bacillus
. A X a N A Y a =~ & °
megaterium MIwdogaunidnulaviiiusnvesiaglaeniliaiunsaiiunldly
STUUMTHAALUUBUNI TINodsasunIslasgiAvlnvesiviioannisldasiaduag
IS v ! = IS 0 Aa v ! = 2 + =
finulaendusaguInvatnynsns Ferisiinisvinidudelufmavesnislddewnd
w389aunsY PGPR lumsanuSunaansivanAneziuuasiiiegluduildluvinig
wngUgnsely

e

=
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AauyAaNTaNs s luNAISIEIANTEUIUNSEEUIHUUYTNNTT WieiRIl
gnszauliiigeorgnguidsddsaanuduladingsliiininusousauauainnauay
N a v a = - = o
fingAnssunsaiasuauanimvsngauionisilaunizndsiely

AEATY:  AUTBUIAUGUAIN, WOANTTUNITATINATUAVAN, EgeDnenguLdes
lsamnudulaings

%\é@ Abstract

The objectives of this research were to study the health literacy level
and health promotion behaviors level. The relation between health literacy and
health promotion behaviors among the elderly people at risk for hypertension
in Thungkrachor sub-district, Bantak district, Tak province. The research design
was cross-sectional descriptive research design. The samples consisted of 284
elderly people with 60 years old and over, classified as elderly people at risk
for high blood pressure. Data were collected by using a set of questionnaires,
then, analyzed by using Percentage, Mean, Standard Deviation, and the Pearson
product-moment correlation coefficient.

The results of this research shown that health literacy and health
behaviors of elderly people at risk for high blood pressure were at excellent
level. The relations between health literacy and healthy promotion behaviors
of elderly people were at risk for high blood pressure. Those were decision-
making selection for the most appropriate practices, self-management in health,
including data and health service accessibility, health communications, and
media literacy. The correlation between their health literacy was statistically
significant with their health promotion behaviors.

Health professionals should integrated learning process and to intensively
develop and enhance health literacy in order to appropriate health promotion

behaviors elderly people at risk for high blood pressure.

Keywords: Health Literacy, Health Promotion Behaviors, Elderly People at Risk
for High Blood Pressure
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Tsaliifnreisefiegetosniilsn wu lsavila Tsaln lsnmnuduladings Tsaummmy
Tsnteiidon Insamzlsannudulafingsiiflanunsaigsluszduussmele (yads
andiideuaviaungasonglng, 2560) esrniseundilanlauszanalidn Suugae
anudulafingeyilanain 194 Uszine fidwwauds 970 d1uau Tag 330 d1unu
aglutszmeaiann way 640 duau sglulssmamaaiau waslul 2025 AR
wiiffthennudulafnguintudu 1.56 fuduau @ninauimussuudoyatm
qunw, 2561) Sanmstheselsamuiulafingaieussmnsuaunulusou 5 Uik
funTdugedulasidinan 12,9713 Wl wa. 2556 u 14,9265 Tl wa. 2560
pud1du (@rdnulevieuazgnseans 19nnuldnnIenTIasIsuge, 2559)
adAvszensfgeeeiinnuynueslsannudulafingannidusudunis uazada
arugnuadlsntuiingaiulutig wa. 2558-2560 9infesay 5592 Ludesay
60.93 uaruonINLdmuadivessninsdedinnnanmanudulafingedsiuoy
dunntuainiudesas 5.7 Tl we. 2558 Wufesay 12.1 deussmnsuauay
Tl we. 2560 Mndeyadnanasiiuldidgeneiinnugnvedlsannudulaings
Huduaunn lnessuuidisdudieuduiusivengfunntudesananudonanin
vosmasadoniasmNoIgiinInty (@rinsuiaunssuudoyatiiguaimn, 2561)
snmmathenelmedsamuiulatingssieussvnsuauailuseu 3 Yikun Tuudlis
a9t Tnewfinan 916.9 Tul we. 2558 1Ju 1,353.1 Tul wa. 2560 auddy
(iinuloueuazyvsenans drinauldnnsznsisansisagy, 2561) Tulwnguamii 2
Jamdamn fnsnisaeielsaausulafingsgeiian Fedunetuninidsns
msthesmelsamusulaingsgeiign lnefldnsnistae 2,295.3 seUsevnsuauny
T8 w.e. 2559 (dinauansnsaguiaminnin, 2559)

NANIUNITAUNGANTTUAVANVDIH ge018A B KT YA uSeANAINAINLSA
LifindoiFessduuliufiutusgenndy Tauvmddyannisiinginssuguain
Lifiadseasd Tnolanngnginssuidssian 3 0. 2 a. (eanfidaniy 813 onsual
quU wargs) Fadunginssugunmlunsiidudinvesigeengiidesiogunm
Tnedithdondnaniugiunisiausssy arude afey warladouindeumsdany
LAENNILAN TedanadanunmTin LATugRa uasdiauYosUTENA NTENTI
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Y o s aAaaaa (% ISy
a’lﬁ’ﬁmqﬂmmmqmsmamqmmwmmmiwamwaﬂ 3 9. 2d szeziian 10 U
aa

a a

(W.f. 2554-2563) Lilpusuildsuitdinaulnelianaudssnisialin antdgm

=

lsaunsndau anAuiinis ann1sideddn wazanaildinglunisshen wanuin
definsunlugnmsufoadalanaos Fedndudesduadulifinuseuifmuguam
(N3EM2E5 50U NIuaUAULINTAUAIN Nosguine, 2561) Ganmsouiy
gunm (Health Literacy) iunnuanunsauagvinuglunisidnfedoya anug anudila
Wlediasest UseifiunsufoR nsdeansteyaquain waznisdnnismuies samds
ausduuzFesguamdiuyana Aseunl warruLoguA iR raonIuUsHdiu
wazidenlddoyaguaimilvsnzauiuuTunvemules AsoUAT WazyuvY Wions
duaty $159¥nwn uazduasesnnzauamluuiundne nasnvaeiefiunnsnaiy
TutinldFadudsdfy mneyarafifionuseuimeguaimeaziianudwinluns
MAadla Yoy NEUAIN (NTENTHATITUAY NIUATUAULUINITFVAMN
nedguAnwl, 2561) sauden1suifnunudwuzdivesfivaunmn ilvdiniaden
yaguamididnneliiAnngAnssudssiennzguamm Aalsaldie liaansadams
aunmldsenues hlideudilamennatesads demalvielddnenadiugunm
qﬁu (McCarthy, Waite, Curtis, Engel, Baker, & Wolf, 2012) ﬁqamqlﬂuﬁﬁﬁ%ﬁﬂﬁ'ﬂ
Tunspuagunmnues oty Jywilumsiluarsu Suduladeiinadenisiu
wazldteyarnasanuiuguam slitimsufiRnsedmafnssuguamitlignios
ﬂ'Eﬂ,ﬁlﬁm{]zuwmmqqmmwﬁ'amqmqLLazw’mé’au (Nutbeam, 2009) S¥AUAINLEANNTE
Tunsgu Mssuimeanen mslagudss nsuszanana nsvihanudilateyadnleas
Anufiuguamianas denaviilianuseudiuguaiweglusedui dedaulng
wvMMIgiaguLaziinnzguamilld (Kim, 2009)

suavinszy snnothumn dainnn duiufifadostasuun f8asme
felsamnudulafingsfivulduiuuanmsdanseanguidsdsnnudulaiings
UsgdnU wa. 2561 vadlsaneuiadaaiuguaimsiualuluniiuayanseiing wui
Tuusgmnstasengiaus 60 TAulU S1uau 2,372 au wunguidedlsaanudulafings
W 1,071 Au (SaneuadeaSuauameuaranseg, 2561; lsame1unadauasy
guamsuatulng, 2561; Tsanenuiadaasugunndvatnumeng, 2561) g
Tsamstulaingaselyala® wa. 2561 $1uau 86 A Tneifisan 27 auTul w.a, 2558
B 69 e Tl e, 2560 mudidu Segeongluituiidnsnnanansovhaumidedn
wazazlAudIAyAUAITUTENEUDNTIN N15TIEla LINATINITITINAINTTUAIY
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guamvadlsaneuiadauasuguainsiva lifiiailunisesndidenie Useneudu
nsuslneosTitenemssadnriony u Fedrudunginssuidssdensiie
Tsanusiuladings saufsnsdauinindegnddlivade msfmundouazansaumna
Fruguamdilivanvansuaglsifiomesiodgeony Snidlsifunuinuniseduaing
ArseudiuguamarngAnssugunwliludedydivesia diudidedeals
flazfnwisziuauseudiuguamsefungAnssunisaiiaaiuguan wazdnw
ANUAITUEIENI9AINTBUIMUATNINUAENG ANTINNN TSGR UV NV Ee Y
naudsdlsamusilatings suavjinszing sunethumn Smiamn dethdoyaidu
LI IUNIIANINTTULALOBNLUUNRILINMIASANUTOUSMUgUA LA N T ESY
qunmvesgeegnaudsdlsarudulaings Wiifgsenefinnzagunmdideld

0 o .=
%\3@ Sanus:avnmis3idy
1. Wiefnusyiunnuseuiiugunmuesigeotgngudsdsanmudulaiings
AUAYNTEAYE B1LNBTUAIN JNTARIN
2. Wefnmsziunginssumsaiaaiuaunnuesgienyngudsdlsannudy
ladings fuarianszivng snnetiuain Sminmn
3. Wlefnwemnudniusssrinsmiuseunuaun e ngAnssUNsa R
gunmveaggiongnauidsslsannudulaings dvarsnszivnz s1netiumn
Jminnnn

% — —
£ nsaunussalumssse

1. ANTBUTAIUGUAN 2. wgAnssUMIEsIaEsNgUAN
1.1 aw3 Ansdladuguam 2.1 wgANTINNTUSINARIMNT
1.2 mMaddstoyauazuinis 2.2 WOANTIUNIRONMIRINTY
AUGUAN 2.3 WOANTIUNITIANITAINATER
1.3 msdeansiuaunin < > 24 ngAnssumslaiguyvd
1.4 M33ANTAUDIAIUEUAIN 2.5 waAnssumslifuATesiy
1.5 msiwihiudeuazansaume finauusanosed
ATUAVNIN

1.6 msdnauladuguam

UM 1 nspuuuIAnalunTidy
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\)v -— ol O — —
£ 58duaumssse

N13ANEIASITITUNITI T UULTINT TUUMUUNIAGAYIN (Cross-sectional
Descriptive research) #35atdun1siay Asil
1. Useng

77 '
v a A ¥ oA

Usernsillflumsifondedl Ao faeengnduidisdlsaaudiladngaisne
wazvideiifiongaud 60 JTUlY A1un1sdanTosuuUAANTBINIATEILAMTEUY
YBINTENTNEAFIIUGY Ineidlndzneunudulaings (Pre-hypertension) e
;:JﬁﬁmmmﬁﬂaﬁmqﬁqmLﬁaﬁ’ﬂﬁ]ﬁméﬂﬁwﬁuﬁa (Systolic Blood Pressure: SBP)
591118 130-139 mmHg vi3egAdaeusdulafindiigailerilareansionaesi
(Diastolic Blood Pressure: DBP) 5¢#1314 80-89 mmHg (la5un1sasiainanunuladin
peation 2 A%y et 15 WD) fdoeglunsiounguidedlsaarusulafinga szl
w.A. 2561 edegludtuariainszne unetiumn Jamiann ﬁﬁi’ﬁmuﬂfjm?imﬁgwm
1,071 Ay

2. NRUAIBENY

2.1 vuianauiods IWnsduaangasiasduazuesuny (Krejcie
& Morgan, 1970) ¢ 284 Ay

2.2 WUINGUMeg e udndILeTEYIng 31U 12 vt laedidy
@°’1LﬁUﬂﬂﬂ“ﬁ%ﬂﬁE‘juﬁ’mEJ"NLLUU%UQ&? (Stratified Random Sampling) laan1s
dusegnanuutugd

2.3 ﬁmﬁ?uiﬁﬁmiajmé’aasmLL‘U‘U&’]EJ (Simple Random Sampling) Inan1s
dunausiiegemieIsnsiuaainainysevnsmudndiuvesusasvd oy inueinig
&L (Inclusion Criteria) il 1) n1sdoans s1ueen Jeuld 2) ordpegluiiuiisua
vanseie nnetiuan Jamdemn way 3) adeslawazBugenidnriulasaniside

naain1sAneen (Exclusion Criteria) Ao 1) dn1zidulleneyiusiu
2) foamssnidnnadnsuidesevinteduiums way 3) Sethusenainiiuiinisise
Tusenieanuiiunside

3. 1n3eailo9ide

wwiesilefldlun1sidendsi Ao wuuaeunuAuoUFUAU LAY
waFnssunsanaaiuaumiiTelsusugduel anamdn 3 0. 2 @ 9nnseNTs
#1513 NBIFUANYY NIuATUAYWUSNMTAYAIN (2561) Usenausie 3 du (31uiu
52 4i0) fail

e

=
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dwil 1 deyartily Usenaude i 01y tndn daugs seuien il
WI@NNY @A0MUNMENTA NTHudeAIEY SEAUNSANY 818N 31ele lsausedndn
msflyRaonsadulsanuduladings wazunummhiluguey (1w 14 9o)
anwazAaudunuulidennau (Checklist) wazifiudaninu (Fill in the blank)
dufl 2 wuasuNAIsEUSA AU e sgogndudslsAR NG

lafinganundn 3 0. 2 a wuteanidu 6 neu (F1uau 31 90) laun

pouil 1 Anuf anudilasnugunmiigndeafefundnuion
AUAUUEN 3 ©. 2 d. (317U 6 9) AnwalzAauduluudennaumnauliel (Multiple
Choice Questions) § 4 faden MyvuanaeinIsiAzLuY Ao naugnla 1 Avluu
MOUNALA 0 AZUUL

nsdnsgiumug anudiladugunin wiadu 3 szdu Ae
3R 0-2 AzWUY W38 < 60% VDIAZLULAY, QNABY 3-4 ATUUY 150 > 60-< 80%
YDIAZULUULAY, FUN 5-6 ATUUY 1150 > 80% VBIATUUAL

pouil 2 msiifstoyanazuinmssuguainaiundn 3 0. 2 a.
@ 5 98) dnwarAanudunuuinasid@uustanaen (Rating Scale) Aviuals
fneumeuld 5 #uden anidsuin ynasa (@) vesasa (3) v1sass (2) uuq asa (1)
wazllFUATR (0) uazdrnimdaay vnada (0) Yosasa (1) veats (2) wiug Asa (3)
wazlulau R (4)

msdnsziunmsdndedeyanazuinisauaunn wunlu 3 seau
Ao TR 0-12 Azuuu wse < 60% vesnzuuLAY, Wold 13-15 AZWUY %30 > 60-<
80% VDIATUULLAL, AN 16-20 AZWUY 3D > 80% VDIAZUUULAY

poufl 3 Mydomsiuguniiteiinaandervgiugunm
AUnEN 3 8. 2 . (§1uau 5 99) anvazmaudunuvinsidnuseanual (Rating
Scale) fnusliifnounauld 5 Fuden manndauan nnass (@) vesads (3) viands
(2) unuq afs (1) uarlilduFoR (0) wazdrniudsau ynads (0) vesasa (1) unands
(2) wiug A3 (3) uarlilduoR (@)

mMsdnseiunsdeansimuaunm wadu 3 sy Ae id 0-12
AZLUL W38 < 60% VoIRZLULAY, Wold 13-15 AZLUL 138 > 60-< 80% VBIAZIUY
Wi, Fisinn 16-20 AZLUY 30 > 80% VDIAZLUULAL

I 15 atuil 2 (nsngAL-SunAu 2563) 103



ANUTBUFUFUNNUATNANTTUNTA A UAUN VDL R
naudsdlsaanuaulaings duarenssine sunetunn Jamianin e seifesi uazaudug

poul 4 MsdamsmuesnugumileaI s aUAINAILAN
3 9.2 & (Fwu 5 99) Snwarmauduluuinsidiuusyanae (Rating Scale)
fuslifnounauld 5 duden Mmoudsuan ynads (@) vesads (3) vieeds (2)
un afa (1) uarlallduFoR (0) wazdinnudsau ynads (0) vesnss (1) unnds (2)
ume asa (3) uarlilduRoR (@)

M3dnszAuNIsIaNsaueugu I wialy 3 szau de i
0-12 AZLUL 130 < 60% VDIAZLUWLAY, Wold 13-15 AzUUU %30 > 60-< 80%
YDIAZLUULAY, FLN 16-20 AZUUL 150 > 80% VDIAZLUULAL

poudl 5 N3FviniudeuavansaumasuguaLiieaiiasy
FUANENUMAN 3 8. 2 @ (F1WIu 5 U8) dnwazAauduuuunRTIEILYTEIMAN
(Rating Scale) fwusligmaumauld 5 duden dandsuan ynads (@) vesads (3)
uasa (2) unu e (1) wagldlAURDR (0) wardnudeuan nasa (0) vesaa (1)
unsa (2) uu ads (3) uarliilduGTR (@)

mMsdnsedunssivinviudenazansaumne uwadu 3 sz Ae
A 0-12 Azuuu %50 < 60% VosAzwuULAY, Wold 13-15 AzWuU w3 > 60-< 80%
YDIAZLUULAY, FLN 16-20 AZUUL 150 > 80% VDIATLUULAL

poul 6 marnaulasugunmidenufiRnignaesmundn 3 0. 2 &
(§1uau 5 do) dnwazdnndunuuidensey T 4 fuden n v A ¢ AnsefunsuFos/
MRN8 URUR MnuanueinIsiiazuuy Ao 1-4 AZWUY ANUNMTIYVRINTENTN
81513048 NOIAUANYY NIUATUAYUUINITFUAIN (2561)

msdnsziunisdadulasuguamdendfoigndes uady
3 59U fie TR 0-12 Azwuu W38 < 60% vesnvwuwdl, wald 13-15 Azuuu vie
> 60-< 80% YDIRTUUULAY, AUN 16-20 AZLUL 1130 > 80% VDIRTULULLAY

sfumNTEUIUgUA YRR gnaudnslsanlafing amdn
3 9. 2 a luamsin lagldinaein1suuanareInsenTIeasITagy nesguing
nuAtuAyuUINITaUAIW (2561) wundu 3 szdu fe WA 0-35.33 Avuuu wse
< 60% VoIATLUULAL, Wold 35.34-70.67 AXLUU 1130 > 60—< 80% VBIATLUULAY,
fun WhAUnseNINNIT 70.68 AZWUY W38 > 80% VDIAZKULLAY
dufl 3 wuuaeunAmgAnTINNTA AT NgUAMYRIgIeynguLFes

Tsapnuiuladinganumen 3 0. 2 d (S1uan 10 98) Snwarmonuduiuuinsadiu
Uszanaue (Rating Scale) Mwualvignounauld 5 dden Aeaudeuin 6-7 Jw/
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a wa

dUnn (5), 4-5 JwdUmii (4), 3 Jwddai (3), 1-2 Twduami (2) ldlaufus (1)
wazAITIaY 6-7 Jw/dUAM (1), 4-5 Fwdlaw (2), 3 Twdlaw (3), 1-2 T/
duni (4) wazldlaufiua (5)

sEiungAnssINsa s uguA e sgeegnaudsdlsamudulatings
anumian 3 8. 2 & lunmsan IngldnasinsiuanaveansenTasnsaE nosauAny)
nuaAtuayuUINITaUAIW (2561) wundu 3 szau fe WA 0-16.66 Avwuw wse
< 60% VoIRTUUWAL, Wold 16.67-33.33 ATUUU 130 > 60-< 80% VBIATULULLAY,
fun WhAurseNINdn 33.34 AZWUY W38 > 80% VDIAZUULLAY

4. MIRNTIABUAMANLATDETD

EﬁﬁlﬂlﬁﬁﬂLLUUE#EJUmEJ‘ﬁILﬁuaiﬁﬁ;ilfﬁmmiyﬁﬂw&u 3 YyNusTIIEeU WionTidey
Aranflssnsadailon (Content Validly) mntunanuiudsaudlomuduugiimes
fidnmng Sedviauaenndosfiveusuldfiandud 0.50 ulunnde anthuiily
yeaedld (Try Out) Fugfgeorenguidsslsannudulafingadnsiosiin suaviesin
sunethunn daviamn $1uau 30 au iemaunwvenTasialasAdesiy
voauuuinamd Taglden KR-20 lervindu 0.73 Aarandesiuvesnrmianudila
Fuguatm Wiy 0.74 mshsdeyauazuimssuguain wihiu 0.87 nsdeans
FuguaIm winfu 0.79 Msdanisauleadiuguamm whiu 0.89 msdiviviudeuas
ANTAUMNARIUEUAN WY 0.72 Msdinduladmugunin wiiu 0.82 uazwginssy
msafaasuguam deduussavsuoavivesnsouuia Wiy 0.84

5. Mylaszvideya

nMsinsrideyaily Tneldadfnisuanuasmiiud fesay Aade
drudauuinnsgiu Argsgauazaiign TeyaniuseuiuguamNgAngsy
msaaauguam innesilagliadainde dulosuuasgiu deyanudiius
FENINANNTBUIAUAVA LA N ANTTUNTATIRESUgUAm Tnseilagldata
AnduUsEAvSanduiusuuuiio sdu

%&b Wwan1s39g
Jayaniluresngudtedradumeany Sevay 50.7 Jgeeneiiongsening
60-69 U Foway 61.3 @ unInausa Segar 55.3 UudermauIms Sevay 98.59
= U = ¥ a o ! o o
unsfinwluseaudszonfine Sewar 86.9 Usznaue1Twiils vun vraiu
\devTh Sowaz 42.6 5wla 1,001-5,000 U Sowaz 59.2 drulvgluiilsauszand
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Sovaz 86.3 luflgfanemsadulsarnudulaiings Sevay 85.6 uaglufiunummiii
Tuyuwy Seway 75.5

M13199 1 ANTBUIAUGUAINVRINaINEndULde AN ulafingInIunan
39.24d. (n=284)

ANTDUFATUG VAN VR 91E SD.  wlawa
ngudelsanusulaings

Aus e lanuguam 5.80 0.47 AN
nsnfadayanaruInIsAUguAIW 13.05 2.00 wold
nsdeansALAYAY 11.04 1.32 1sid
N133ANITAULDINUGFUN N 14.73 2.73 wold
Ms3wiviudenazansaumAsuauA N 14.78 2.70 wold
nsindulanuguam 14.00 3.61 wold
MNTIMANUTOUFA UGV 73.27 9.70 AN

PN 1 wuh anuseuFuauameesgsognaudsdsanuiilatings
amseglusyiudinn (X = 73.27, S.D. = 9.70) AuAx3 A lasuguam
agluszAudnn (X = 5.80, S.D. = 0.47) nsihisloyauazusmssuaunainegly
searunald (X = 13.05, S.D. = 2.00) ﬂﬁiﬁaaﬁiﬁwuq%ﬂwwagﬂuszﬁuhjﬁ (X = 11.04,
2.73)
2.70)

S.D. = 1.32) Mmsdnnsauesmuauanagluseduneld (X = 14.73, SD.

ns3Winiudeuavansaumanuauameglusyiuneld (X = 14.78, SD.
wazmsdndulanuguamegluszaunely (X = 14.00, S.D. = 3.61)

M13199 2 NYANTIUNITATINATUAVAINVDE GeBenguLdealsAnIusulafinga
MUEN 3 8. 2 @

noANsTuN1TETIAETNEUNNVD NG9 Aladey uuana

nguideslsanuaulanings > S.D.

AMTINGANTTUNTAT AUV N 40.27 4.13 AN
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NMTNN 2 NUINGFNTIUNTAN AU YRR NaIFLSL SAR LG
ladinas awswwegluseduduin (X = 40.27, SD. = 4.13) nadnssunlidlaufion
WNNgARe MIAUYNS 81U uazgaaiuyns Jouas 84.51 luladumandy wdnuna

'
v YA

wianued L3 11l Segae 83.80 uavlildedlnddaiugnnuwman quyvs Sevay 80.28

Y

M13°99 3 ANNENTUSTEnINAUTOUIMUaYANAUNgAnTIUNTATIESgUAIW

YadgIegnguLddlsanNiulaings a1uvan 3 8. 2 a.

ANTDUFATUGUAIN WOANTIUNTATIETUG VAN
r p-value

ANN3 AsnlanuguaIm 0.05 0.36
NSAeURYALAYUTNNTAUAUN N 0.52 < 0.01%
nsdeansAUEU M 0.45 < 0.01%
NSIANTAUDIAIUGUAN 0.55 < 0.01*
MswiviudenazansaumAGuAYAIN 0.26 <0.01%
nsinaulanuguam 0.59 < 0.01%
ANTINYDIAUTDUIAUFUAIN 0.59 <0.01*

* Jaudniusiu dodrynisedanszsu 0.05

NM587 3 NUTANNELTUS SEMIeATIUS R uAUA YR gIeny
nauidsdlsanusulafingsnnamdn 3 8. 2 @ wud Ay enadilasuguniw
LiflenuduiudAungAnssumsaiaadugua wazanusouifisauduiudiv
wgAnssusaaaiIguAmYeagIetengudsalsanuiulafings 1 5 du fe
nsinauladuguam (r = 0.59, p < 0.01) NMIFIANITAWBIATUAUNMN (r = 0.55,
p < 0.01) nMasindsdeyanazuinisduguam (- = 052, p < 0.01) N5doans
FuguaIm (r = 0.45, p < 0.01) M3FwihviudouazansaumafLguam (r = 0.26,
p < 0.01) uaznmsImveInNsaUilunsauasuguAnilauduTuSTuNgAn Y

nsaiaasuaumvegeenendutmneisedutuddnmeaiia (r = 0.59, p < 0.01)
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% — —
Y enusremamssde
AIFNHANTIATIEYaNLeNaAUTIEA LI UTEAIRYRINITIRY Aall
1. AUTOUIAUGUANVOIR geognguidealsaadnufulaingin1umven
3 9. 2 & lunmswegluseAuiuin Ae aeeneliseiuanuseuinmuguamiiieane
= a wa [ ¥ ¥ -dl =4 1 dy dl'
wazen9aein1sUfURnunuvdn 3 8. 2 a. lagndes MTuguiiilesdinlsmeuia
ﬁam‘%mq%mwﬁwavquzmzT,iawmmaa'qLﬁ%ﬁ,@m’]wsﬁuaﬁﬁwﬂ warlsane1ua
duasuguamsituariesih insAansedsanduidesauduladinguazUielsaEese
AUULEUIBYBINTENT ATV wazillonugUleiisuilngaiusulaings
WvthnagdnislvianusiugUleiui wasidadinneanuduladingdnniadminm
aeiinsdnfanslinnuiineriulsannuiuladingeliunguidedsannudiulaings
wazdimsiafiemunanisinanuduluudazase dalvinguideaniuilsmnuiinesiu
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%\é@ Abstract

This research presents the design and development of a semi-automatic
Thai sweet cereal bar cutter machine for the production of a Thai sweet cereal
bar by Mae Boon Ying Enterprise. Study the characteristics of cutting Thai sweet
cereal bar from human labor and cutting from existing food cutting machines.
Then the model was used to design and develop a semi-automatic Thai sweet
cereal bar cutter machine to suit the Mae Boon Ying Enterprise. After design and
construction, the semi-automatic Thai sweet cereal bar cutter was tested for
efficiency. In a comparison between human labor and the semi-automatic Thai
sweet cereal bar cutter. The experiment was performed five times, each time
using 7 kg of Thai sweet cereal bar pieces to find the amount of Thai sweet
cereal bar pieces that can be cut. The standard size of Thai sweet cereal bar
and cutting time. The results were found that human labor and Thai sweet
cereal bar cutting machines were able to cut 700 pieces of Thai sweet cereal
bar equal in quantity, but the size of the Thai sweet cereal bar standard. Workers
were able to do an average of 377.8 pieces, using the total time to cut an average
of 36.38 minutes, and a semi-automatic Thai sweet cereal bar cutting machine,
able to cut 553.2 pieces of standard size Thai sweet cereal bar by using the
total time to cut an average of 14.96 minutes from the results of the experiment.
Showed that semi-automatic Thai sweet cereal bar cutting machine can reduce
the time of cutting a Thai sweet cereal bar and get a standard size Thai sweet

cereal bar piece. Efficiency is 68.29% compared to human labor.

Keywords: Semi-Automatic Cutting Machine, Thai Sweet Cereal Bar
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