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Abstract : Due to the increasing demand of ethanol production for renewable energy, the research
was compared the efficiency of ethanol distillation process using bubble pump technique with two
different energy sources. The two fuel sources of distillation involved liquefied petroleum gas (LPG)
and solar energy. In addition, the capital cost of a distillation was also calculated. First, pineapple
juice was fermented with yeast (Saccharomyces cerevisiae) for ethanol concentration between 8-10%
by volume. Then, ethanol solution was distilled using bubble pump technique. For the solar ethanol
distillation with bubble pump technique, the solar collector area was 2.2 m? with inclined angle
of 14 degree. The process operated during November to December 2017 under Nakhon Pathom
province, Thailand climate. The average solar radiation was 6.48 KWh/m?. The results of solar
distillation shown that the ethanol concentration was 54.8 % v/v and efficiency was 43 %. When the
LPG was used as energy source; the cold water entered the condenser tower at 27°C at a rate of 10
L/min. The efficiency of bubble pump with LPG was 53 %. The results of LPG distillation shown that
the ethanol concentration was 65.7 % v/v and 39.1 % v/v in the first and second state, respectively.
Finally, the unit cost for solar energy system was 128.82 THB/L ethanol which was due to 43.68 THB/L
ethanol of the LPG unit (LPG cost is 20.29 THB/L).

Keywords: Bubble Pump Techniques, Capital Cost, Ethanol, Natural Gas, Solar Distillation
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1. Introduction

Energy is a fundamental to the quality of
our lives. Energy sources are classified into two
main groups: nonrenewable and renewable
energy. Nonrenewable energy sources come
from fossil fuels (coal, crude oil, natural gas)
and uranium while renewable energy is energy
generated from natural resources such as sunlight,
wind, rain, tides, geothermal heat, and various
forms of biomass. Fossil fuels are high in carbon,
when burned; produce major amounts of carbon
dioxide. It causes more greenhouse gases to
build up in the atmosphere. The ways to reduce
greenhouse gas are increasing used renewable
energy and improve energy efficiency. Thailand,
the Ministry of Energy has been planning to
develop and enhance the use of renewable
energy and alternative energy to 25% over 10
year (2013-2023). One of the targeted strategies
is the consumption of ethanol, which are sources
of agricultural raw materials in the country.
Any the improvement of ethanol production
process must correspond to the Ministry of
Energy’s policy. Especially, the transportation
industry has been encouraged to use ethanol as
a form of alternative energy [1-3].

Ethanol is a grain alcohol that can be
blended with gasoline and used in motor
vehicles. Ethanol is produced from biomass
mostly via a fermentation process using glucose
derived from sugar, starch or cellulose as raw
materials. However, the important process in
producing fuel from ethanol is fractional

distillation. To increase the concentration of

2 Uil 16 (2561) VOL.16 (2018)

ethanol from 9-10 % v/v to 93-95 % Vv/v, a large
amount of heat is required. The distillation
process is remained interesting in process
industries to separate mixtures with simi-
lar boiling points. Anyway, a variety of new
technologies have been explored [4-6]. This
work is investigated the ethanol distillation with
bubble pump technique. This is because of the
many advantages of this techniques including
smooth continuous flow, simple operation, and
low cost of maintenance. The bubble pump is
a fluid pump that operates on thermal energy
to pump the liquid from the lower level to the
upper level. When heat is applied to the pump
tube, the ethanol solution turns into two phases,
liquid and vapour. Dynamiting the gas creates a
pressure that pushes the boiling ethanol to a
higher elevation. There are many parameters of
the bubble pump which can be optimised its
pumping action. These parameters involve: the
diameter of the lift tube, the work fluid, the level
of pressure, and the heat input. The source of
heat energy in the production and distillation of
ethanol are many such as fossil fuels and solar
radiation. Propane or liquefied petroleum gas
(LPG), which can be used as a source of heat,
releases fewer toxic and smog-forming air
pollutants, is less expensive than gasoline.
Nonetheless, solar radiation can be used instead
of fossil fuels in the ethanol distillation process.
The advantage of using solar ethanol distillation
include the production of ethanol concentration
in batch operation is significantly higher than that

of a normal process.



2. Objectives

This research was aimed to study (1) the
efficiency of ethanol distillation with bubble
pump technique and (2) to calculate the capital
cost per unit distilled when solar energy was used
compared with LPG consumption. The ethanol
was produced from fermentation pineapple. The
initial concentration of ethanol in this experiment

was 10% by volume.

3. Literature reviews

There are many previous research improve
the efficiency of solar ethanol distillation [7-12].
For example, Jareanjit and Naemsai [13] reported
the performance of solar ethanol distillation
using ultrasonic waves. They found that the
amount of pure ethanol product from each
distilled batch was larger than the amount
of product obtained from a normal system
when the initial concentration of ethanol was
lower than 50 % v/v. Vorayos and Kiatsiriroat [14]
studied the performances and economic viability of
continuous solar ethanol distillation systems
having flat-plate and evacuated heat pipe solar
collectors. Jareanijit et al. [15] purposed models
for the management of the ethanol waste of
a solar ethanol distillation system prototype.
Compared to a distillation process without
recycling, the amount of cassava broth fed to the
system can be reduced by over 180,000 L/year

by using scenario 3.
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4. Materials and methods

Batavia or pineapple Sri Racha (Scientific
name: Ananas comosus) was used as raw
material. The pineapple juice was fermented
using yeasts strains of Saccharomyces cerevisiae
(NCIM No. 3319). The fermentation was to obtain
40-100 L of 8-10 % v/v (% by volume). Fig. 1 was
shown the ethanol production process from
pineapple juice. From Fig. 1, the process can
separate in two major processes including
fermentation and distillation. The detail of each

process was described in the next section.

|

Pi | Distillation by
'p?:sg s Fermentation LPG and Solar
) energy

Ethanol
production

|

Fig. 1  Bioethanol production from pineapple juice.

This research was to study the efficiency
of bubble pump distiller when solar energy was
used to compare with LPG consumption. The
process flow diagrams of the distillation process

were shown in Fig. 2 and Fig. 3

4.1 Solar ethanol distillation

Fig. 2 was the solar energy distillation.
The flat plate solar collector area was 2.2 m?
with 14 degrees to horizontal angle of inclination.
The flow rate through the collector was 0.0035
ke/s and was controlled by a rotameter. The
condenser was 0.751 m tall and 0.025 m I.D. The
tube heat exchanger with heat exchanger area
was 0.059 m2 The experiment was performed
between 08.00 - 16.00 (8 hours per day), and the

U1 16 (2561) VOL.16 (2018) 3
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solar radiation was measured using pyranometer
(Kipp&Zonen) model CM11B with resolution of
+/- 2 W/m?.

(D Storage tank (3~ Condenser ) Valve 1

Base ©- Pump @~ Valve 2
o Solar collector o Cooling wa@ Valve 3
ST Tube solution tank
monitor ®r Pyranometer

Fig. 2

Schematic diagram of solar ethanol distillation.

4.2 LPG fuel in bubble pump distillation
technique

In Fig. 3, the LPG was used as fuel. The
process started from the ethanol solution with
an initial concentration of ethanol 10 % v/v (by
volume) was kept in the storage tank. Then it was
flowed into filling tank to keep the constant level
of solution (19 cm). The mixture (ethanol-water)
to be separated was added to a distilling tank
where it was heated to the boiling point. Lower
boiling components will vaporize first. The
ethanol was a lower boiling point (79°C) or a
higher vapor pressure substance while the water
was a higher boiling point (100°C) or a lower vapor
pressure substance. The resulting vapor passes
into a distilling head and then into a condenser.
Within the condenser the vapor was cooled and
it liquefied. The resulting liquid was then col-

lected in a receiving tank. The distillation process

4 % 16 (2561) VOL.16 (2018)

was repeated until the product solution reaches
20 % v/v (%by volume) concentration. The area

of heat transfer surface was 8.35 m?.

Fig. 3

Schematic diagram of LPG fuel in bubble pump

ethanol distillation.

4.3 Temperature measurement and
calculation of ethanol distillation efficiency

From the both ways of ethanol distillation,
the temperature were measured at various
locations using a thermocouple type K with a
resolution of +/- 0.1°C. The temperature were
recorded every 10 min using a data logger
(Yokogawa) Model Fx112.

The distillation volume and concentration
were measured at every 10 min time intervals.
Furthermore, the separation performance of
ethanol distiller ("Naisun) was determined based on
the ethanol quantity of the distillation product
("M product) and initial quantity of ethanol (Miiar) in the
solution in mm?3, which can be calculated from

the equation as follow:
x(%v/v)

M itiar < (% v/ V)

m product

product % ] 00% (1)

initial

Niseinn =



4.4 Appraisal of ethanol distillation cost

Economics analysis. Economic analysis was
a procedure for assessing the opportunity of a
project by considering the benefits compared
to the costs, both elements being considered
economically. The economic analysis used the
same indicators as financial analysis. For this
work, it has in considering such as:

1. Investment cost, C,

2. Operating and maintenance cost, Cp 4,

3. Energy cost, Cy,

4. Fermentation cost, Cr

Thus, the equation for examining the annual

cost was:
Annual cost = C, +C,,, +C; (2)

The capital cost per unit distillation was

following:

Annual cost (THB) + CF (THB)

Capital cost =
. Production (L)
per unit

5. Results and discussions

5.1 Ethanol from fermentation

Ethanol fermentation or alcoholic fermen-
tation was a biological process that converted
sugars such as glucose, fructose, and sucrose into
cellular energy, producing ethanol and carbon
dioxide as by-products. Thus, ethanol in pineapple
juice was produced by the fermentation of
glucose by yeasts. In this work, the ethanol
concentration rapidly increased for 2 days

fermentation and it was constant at 6 days ago as

NIANTIVINTLTIT LU TRENTEIATBUNA
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seen in Fig. 4. The ethanol solution with an initial
concentration of ethanol 10 % v/v was distilled
with bubble pump technique. The next topics
were shown the performance of bubble pump
technique for ethanol distillation when solar

energy is used compared with LPG consumption.

12.0

100 +H

8.0

6.0

40 1

20 +H

_____

00 T T T T T T T T T T T T

Initial concentration of ethanol (%v/v)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (Day)

Fig. 4  The increasing of ethanol concentration per

day in the fermentation process.

5.2 Efficiency of solar energy distillation

This process was operated during November
to December 2017 under Thailand climate at
Nakorn Prathom Provice. The average solar
radiation from 09.00 a.m. to 03.00 p.m. and
average temperature at all point of system was
show in Fig. 5. From Fig. 5, It can be seen that
the temperature at each point slowly varies with
the solar radiation value from the accumulated
heat of the ethanol-water solution, in which the
outlet temperature of solar collector (T3), inlet
temperature of the solar collector (T2), and
solution temperature (T1) were similar at
approximately 70-80°C between 12:00-15:00. The

temperature of ambient (T5), water inlet (T6),

U1 16 (2561) VOL.16 (2018) 5
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and outlet (T7) were lower, approximately 30-
40°C. The temperature of solar collector (T4) was

significantly changed according to solar radiation.

1200 100

Temperature (°C)

(=}

Time (min)

Fig. 5 Average solar radiation changing time in 15
minutes and average temperature at each

points of solar ethanol distillation system.

350 1
= 300 -
£ 250
g
5 200
o
&

a 150 A

100

50 -
o

9.00-10.00 10.00-11.00 11.00-12.00 12.00-13.00 13.00-14.00 14.00-15.00
Time interval

Fig. 6  The average distilled ethanol volume per hours.

645
= 64.0 1
o
>
X 635
c
S
B 630 4
s
c
8 625
[
8
4§ 620 1
3

61.0 -

9.00-10.00 10.00-11.00 11.00-12.00 12.00-13.00 13.00-14.00 14.00-15.00
Time interval (hr)

Fig. 7 The average distilled ethanol concentration per

hours.
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The experiments were repeated three
times. The average ethanol volume and average
ethanol concentration from distillation process
changing time in hours were shown in Fig. 6 and
Fig. 7, respectively. Using Fig. 6 and 7, it can be
clearly observed that the volume of distillation
varied based on the solution temperature in
the solar collector (T4). In addition, the product
concentration clearly had an inverse relationship
with the amount of distillation increased based
on the batch system, and the product concen-
tration was proportional to the remaining ethanol
volume of the ethanol-water solution in the
distillation tank. Finally, it can be concluded that
the average solar collection was 6.48 kwh/m?,
the collection efficiency was 43% (calculated by
Eq. (1)), and the average ethanol concentration
was 54.8 % v/v.

5.3 Efficiency of bubble pump technique
with LPG fuel

The experiments on LPG fuel in ethanol
distillation were conducted in three times and to
compare in the distillation efficiency; the details
of the study were following.

Fig. 8 shown that the temperature at each
point slowly varies with time distillation, in which
the outlet temperatures of solution of distillation
tank (T1), the inlet temperature of solution of
condenser (T2) were similar at approximately
70-80°C. The outlet temperature of water of
condenser (T3), the inlet temperature of water
of condenser (T4), the outlet temperatures of
solution of condenser, and the ambient

temperature were approximately 25-30°C. Finally,



Temperature (°C)

the inlet temperature of water of distillation
tank (T6) and the outlet temperature of water of
distillation tank (T7) were approximately 90-
100°C. Similar changing features are exhibited by

the solar distillation system as well.

120

The 1 state E The 2" state
100 4 %
80 - - :- >
60 | j
40 i
e o e
20 i
—eTL T2 — T3 e T4 ==4=-T5 TE  weeeeeens 7 —t—T8
0 T T T T T g T T T T
0 100 200 300 400 500 600 700 800 900
Time (min)
Fig. 8 The average temperature at various location

changing in time.

Fig. 9 was shown the volume of distilled
ethanol and its concentration at various times,
and it can be observed that the distilled volume
varies with the temperature of the solution. The
concentration of the distilled solution inversely
varied with the amount of distillation rate, which
appears to be same, that of the solar distillation
system. The distilled ethanol in first started at
20 minutes and 12 mL. Then, the distilled vol-
ume rapidly increased and kept constant at the
second state (from 550 to 990 minutes). The
total distilled ethanol volume was 13,890 mL.
The heat and mass transport occurred that the
ethanol vapor floated in distillation tower has
not enough pressure at the first state. After that
in second state, the pressure was enough so the

process can flow.
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Considering distilled ethanol concentration
from Fig. 9, distilled ethanol from the proc-
ess started in 20 minutes, was 59 % v/v. Then,
distilled ethanol concentration became to
64 % v/v during 30 to 440 minutes. Last, distilled
ethanol concentration rapidly decrease to 59.2 %
v/v during 550 to 990 minutes. Furthermore,
the use of LPG as fuel in the ethanol distillation
caused the average concentration of hourly
distilled product to become higher than that
of a solar distillation system. However, solar
distillation was influencing to hourly concentration,
pure ethanol volume and separation performance
of ethanol decreased slightly compared to the
system that used LPG energy varying with the
initial concentration value. The overall efficiency
of bubble pump with LPG was 53 %.
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distillation using bubble pump technique

5.4 Capital cost comparison of ethanol

This topic was to compare capital costs

associated with the two distillations energy
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system. According to Eq. (3), The each parameters
were: capital cost was cost of ethanol distillation
system; annual cost was sum of investment cost,
energy cost, and operating and maintenance
cost. By the way, operating and maintenance
cost was 10 % of investment cost. The results
was presented in Fig. 10. The solar ethanol
distillation system cost was approximately 128.82
THB/L while the LPG consumption system was
based on 43.68 THB/L, in which LPG cost was
20.29 THB/kg. The investment cost was an im-
portant and significant cost for calculating capital

cost of two systems.

200.00
180.00 -
160.00
140.00 A 128.82
120.00 -
100.00
80.00 A

H000:"] 43.68

40.00 ~+
20.00 A
0.00

LPGEnergy

Solar Energy

Fig. 10 Comparison of capital cost as a method of

ethanol distillation.

6. Conclusion

In this paper, it was shown that the efficiency
and capital costs per unit distilled in ethanol dis-
tillation production both using solar energy and
LPG. The cost solar ethanol distillation was higher
than using LPG. However, the average concentra-
tion of the hourly distilled ethanol product was
higher than that of a LPG system at the same or

higher distillation rate. The concentration of pure

8 Uil 16 (2561) VOL.16 (2018)

ethanol product from each distillation system
was > 60% v/v when the initial concentration of
ethanol of 10 % v/v. Among two technologies,
this work provided a data on ethanol distillation
process in terms of their economic and energy
viability. These technology made the bioethanol
process successful at the commercial scale. The
data was background information for advantage

technology for ethanol distillation in the future.
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Performance Testing of Small Diesel Engine Using Coconut Oil and Soybean Oil
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undage : AdeElfinhtuusniuesisudvdesidiliiunsiliuiand sdudemaduaiessus
filwa guiien Bvo YANMAR §u TA 120-XL (1) n@ouaysInuziA3esudfiuLyiu Dynamometer U (1.1)
dleldhhsufiea Annugaseu 1,437 rpm a]zlﬁlmﬁﬂqqﬁq@whﬁu 40.17 Nm wasfinnuidiseu 2,163 rpm
wldhdsgeiiganiiu 8.92 kw fnmanufuldesdemasiumegeaaiinnusisey 2,056 rpm Wity
387.28 g/kWh ﬁé’mwmmgumﬁaaL%@Lwﬁaqaqmﬁmmﬁasau 2,163 rpm WU 4.13 U/h (1.2) dioldhihtu
1312 AnanEisev 1,400 rpm agldussdngaigniviniu 38.65 N m wazdieuiEaseu 2,200 rpm aglids
qqﬁ'qmmﬁu 8.79 kW ﬁ5@i?ﬂ31ﬂ§uLU§aﬂL%@LW%ﬁ’lLW’]%Q&Ej@ﬁﬂ’J’]@JL%’Jiﬁ]‘l_l 1,900 rpm AU 485.73 ¢/kWh
fidhsmuAuUFeadoindsgeaniinuidasou 2,200 rom Wity 4.54 Uh (1.3) dauidudaumdes i
59U 1,600 rpm agldusadngefigaviniu 39.08 Nm uazfinnadiseu 2,200 rpm azldidsgefigaiiiiy 9.0
kw ﬁé“mwmm%Mﬁau%aLwﬁqaﬁwazqqqﬂﬁmwm%’nau 1,800 rpm 11U 478.09 ¢/kWh #i8n1
mm?:umﬁaqL%@Lwéaqqqmﬁmmﬁaiau 2,200 rpm WU 4.6 Uh (2) negeuiusaloiuny Tnefnds
idessuiuulnsiadvessoladiumy (2.1) Waeens ndeuiidhomuiuads 2 km/h wui diufiwaiisns
muauUdendomadndifsstuihdudavaes fie 0.31 ke/h waziiuszndniisnsaruEulassdemas
1niign A 0.35 ke/h (2.2) waziilawdsududeman ndeufisenuieds 2.33 km/h wuin e3oseus
Agbsumiea thiugavdos wasiusendn fensanududdesdemansiniu 0.31, 0.32 uay 0.35 kg/h
AUAINY

AANARY:  AsesBUAAWE Wisluugnd Widudunaes diluwends salawuny
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Abstract : This research present the using non refined coconut oil and soybean oil in one cylinder
diesel engine YANMAR model TA 120-XL. (1) Performance testing of engine with Dynamometer, the
result showed that (1.1) Diesel oil: at rotational speed 1,437 rpm found out that maximum torque
was 40.17 Nm, at velocity 2,163 rpm found out that maximum power was 8.92 kW, at rotational
speed 2,056 rpm found out that specific fuel consumption rate was 387.28 ¢/kWh and at rotational
speed 2,163 rpm found out that the maximum fuel consumption rate was 4.13 /h. (1.2) Coconut oil:
at rotational speed 1,400 rpm found out that maximum torque was 38.65 Nm, at rotational speed
2,200 rpm found out that maximum power was 8.79 kW, at rotational speed 1,900 rpm found out that
specific fuel consumption rate was 485.73 ¢/kWh, at rotational speed 2,200 rpm found out that the
maximum fuel consumption rate was 4.54 I/h. (1.3) Soybean oil: at rotational speed 1,600 rpm found
out that maximum torque was 39.08 Nm, at rotational speed 2,200 rpm found out that maximum
power was 9.0 kW, at rotational speed 1,800 rpm found out that specific fuel consumption rate was
478.09 ¢/kWh and at rotational speed 2,200 rpm found out that the maximum fuel consumption rate
was 4.6 I/h. (2) Testing with power tiller, the engine was installed on the structure of power tiller with
(2.1) rubber tire moving at 2 km/h, the result was using diesel oil and soybean oil have the same fuel
consumption 0.31 kg/h. Coconut oil was maximum fuel consumption of 0.35 kg/h. (2.2) The engine
was installed on the structure of power tiller with cage wheel moving at 2.33 km/h. The result were
using diesel oil, soybean oil and coconut oil had fuel consumption was 0.31 kg/h, 0.32 kg/h and 0.35
ke/h, respectively.

Keywords: Diesel Engine, Coconut Oil, Soybean Oil, Fuel Oil, Power Tiller

12 % 16 (2561) VOL.16 (2018)



1. umin

Hagtuingansaithtudemasddsmansemy
AUNIANIUTIN VR AULAZLATYFNAVDIUTELNA
Fueghann Wemnsmvenitudomasiiiiaty
innuazaudosnstumsliitufiiunndu saud
JunIn13anIANISNERTA TUNANERAUARIA 1A
andn limiieuLaretFngengg neeudiag
waemuInsunsuide ity nseviassuna
Usgneliomdarnumaunindunssuiawnd an
seeuransineIseilodumeiaveatema
Tmaununislidiuiiwariilévansds wu ansly
driuiwauazuiaueafiidudewmdssau [1] nns
nauLoanagedTusuRiwalaensdlusnsdausig
[2] Wionsthinduiilduduvindululenwa (3]
waznsthiduivur i luedeseudmeatund adu
3 Uszlan fe 1) lulefwauuuieaves Tnen1si
ihifufirnyhu§Asenfuneaneseduazeng Iy
lulofiiwa FseglusUveamBaanesuaznaiveTu
ihiululefwadlfasdamanoflndiAstusufiea
wn 2) lulefiwauuugnuay fomsthinsufinn
werssTudie (Veggie/Kero Mix) 1unsanAumnile
vossuitgdeiuig mangfumsliihduedne
sy ieldruindeseudildanuninuagldaly
pliommundou Semamnanssviaiiiufnuas
ihifufintuegfugumpivesiuillfan wiidesan
dfunafisaundswanldludaduiides dma
Tinsunlsiliauysal uas 3) lulefwailddudiy
Taems (Straight Vegetable Oil) Aonnsutihsiuity
U3avsiAunessudiima

sl sududedddidufimalunsbud
vhanwaglineungaeiesud uavdndudosinig
guihifudiy qmmﬁmaaﬁﬁﬁuﬁ@jua&mﬁaa 60-70°C

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

wumslumsihisuiivanlflnensaduiznng
leitilunanfign ssstuaruosmslugatiagtu
(4] usilusuresnmautinsfudemaniunud én
mmilnveslulefiwasziAmmilnuinniniiy
fiwa soihlaudnlwgdeldhsululofwaienty
LA E9UANIINITNEATIINNT LHasaniiaug
sous [5] 3anstdisiufialnonsafuniessus
AwaiduuuiniafithindnemUseans nmees
in3esuRlaensiinsuitefilgainistuiiy 100%
umagoufuIATe B UARwAgUIREY YUA 12 ussh
fioSuuiieunussansnmnsyinauiiiatuan
msldhsiutesnegafunIaseudiima TunisAnen
Hadsunenduazisiudamiodunisnagou
Tnefithifunsnniauaiffunadlafedlasadg
Twanaduitussien snndnsfurdedug di
Uszneuu C12:0 way C14:0 110 luvaiivhii
duq Hu CL6-C18 Fown wu tsulidudl C16:0
uay C18:1 1nfian (Fiav Ccy 1y @ x Aes1uau
Asveuluialgliana dwan y Aeduauiuuniy
fiutusze) anunilafdeutiemnindiiudu 9o
Aavenii 26°C [6] dautifudmaestanduniig
fismievhly wazfinsalushududrouden (i

ugniniinsaludududia) uilrnnuvuiiduley

Auvialndiesiurindfunendn;
9nnsANYIUATENU1 Ansldriaud
Tnonsslunioseudmwatudiulngjtnazduns
naaoulaglaildlinisguinguiy [7-9] defulu
IAdeiTsdngusrasdiflevssiiuanssauses
\n3oseudnmaildihiunznduastindudandes
Judemaaieudioutunmsldihiuiea doldiau
ADIBUINIMINEATILIAENgURETiTinsRnds

Ynguuiy wazielinunsnsiniadenlunis

9
H &

TR dundsnunawnuiniuiwa Tealisas
AnkUasuu

U7 16 (2561) VOL.16 (2018) 13



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

2. npuiiiiedas
n15¥asdavenadosudiulaulufiines
(Dynamometer) nslddawiniunsadeuususs
AIAINYNADIVBIRUNTINAABUNBUNITVIAAOUIS
NANTEVUADALTIAUE VD UATOIOUR LAYSHIINNTAY
Waswhifudemaailolddhifunzndn wiersiy

fvdsnduamdsisuiuinduiwadudoimnas

a

viaaeufuLASosEuAnlea 1 gu Bfe YANMAR §u TA
120-XL fupestauilufives (Dynamometer)

2.1 msAuInIsitn (Torque)

usedn (Torque) Ae Mdsaudiladarnnnsmu
Yoan3ssudLaazseulngldeimnudiseu
LA3 IR LA IUIUTIUTBLAT R Fudush
Vavanisidiwenadessud sdndudemadeau
UszANnSn1nueun3teusfiniusiseunieg e
TimsuisUsyans nmeesitunend wazisfud
wiaes lneaunsamuialaain

T=WxR (1)
)
T = uws30nvauaIadeus (Nm)
W = hSanseyinuukuasamagau (N)
R = ANUYIVBIMIULATDINAZDU (M)
2.2 n15A19841A 7789 (Power)
184 (Power) ABMIINNSYINIUNgUAULIAN
Famuulean
2xTUxTxN
_ TN 2
60x1000

14 %7 16 (2561) VOL.16 (2018)

~
LD
P = Aas (kw)
T = 530a (Nm)
< = &
N = AUEITOUVDIATDIEUA (rpm)

23 msFamsnsInuaUEeudoma
(Fuel Consumption)

Sameududecdomas (Fuel Consump-
tion) Aemslditiudemaseniionan Tng¥aain
1navesiudemadidedesauddonatifmun

Fapunadlaann
fuel
time

)

me = oATIANNAUUADIBINAY (ke/h)
fuel = 1AVDIUNTUIDINGY (k)
time = 1381 (h)

wIale

me = SnseuEuUdeadiomas (Uh)
fuel = USunamwosisiudemas (1
time = 1181 (h)

24 prsEamensIeTuEuEsutamas
JUNIE (Specific Fuel Consumption)

FaspnuauUdosdomasinaz (Specific
Fuel Consumption) A9 N15InUsEENTAINYDY
aesudlumsldidomanfionaniueonin Tng
nssulsusnsiAuEuUAed oind i
\Sesusrensmaiinieseudlioanin awnse
AalaaIn



My

SFC = — (@)
P

e

SFC = dnsnAmnuauUdoaudamdsdnnig (kg/kwh)

(2
[y a

my = nsIANALUGRIRINEY (ke/h)

o w

P = Aas (kw)

2.5 gampiiveslaids (Exhaust Temperature)

HumsvenUsgavsnmmsiauveedeseus
Tneflnruduiudiuussuhiudemas wsonsiva
vt Ao dnsuindeseudiiinunis
USuusie wonaminfuiedesud? SefienSesiiddry
Ao Usunaunistiedsfuidends deusunaningu
Aowdsazannaztion anunsodnliannunsingumgil
violowded Femniinisusuisiuliiiesas azeily
gaungivowislodeifintu uiddulumemsatud
ynusuliUinahiuinndy guvgivesvisleide
Aavsnad ﬁqﬁummﬁmqmmﬁlmﬁa Js@msauen
foyavessaluvardsld egrlsfimulaeily 1ms
Snomidlnadh wieiwnsiaussiuiiudomas
fldvendeyaluniufeaiu
3. ‘vsl;é'ﬂmsaanLLUUﬁaﬁﬂﬁuﬁmasmsq

Unglu
sty 100% TunsiAuedessudiy

'
v a

WeiianenuauaudRvenhiuivlimilou

e

Y

ilufiwa A ANUvile wazqadall Fereaiinig
USuussnuantfmarivesiiunylvdalndiAes

(% o :1 ; = a o ‘gl’d ¢l (%
AUUIUURLYR ‘ZJNWU'JT\]EJUEJT\)‘@IJiSﬁQﬁVIQSvLﬂJﬂﬂLL"LJEN
H P

YTUNY LN NYATNTANNITAUN U UATUN LAY

D.

A & Y v o a v gj = o 3 4 a
AsesauARalavuil fetudsdndudesdinig

]
c

¥ '
] )

guiduiinielirnumilavesdduivanas uagsiiiy

(%
o w A

gaungivenihduililndyafnln Tranunsalddu

¥
IS a o (%

WRLNAIEN NS ULAS DI URAALe F9luN1509NWUY

1%
a o w A

A99N15RUNANVBIUNUNYN DU UL TN T UL DLNES

9 Y

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

U3z 60-70°C wagtiva lidlminduiviuindudiea
NALAUNB U TN NI LR BT 11U uN TN

v
v o w A

fuinsfufwanataztdunisaaulasuinuiy sty

=2 (% o 5w oa X ~ < Y o oA o
9@ 9NN UNIVULN LU UN VUL Y N UL UNTNU
5 o

ihifufiea uasfleguindufivneuldauld

nslviavestinifudiy Buaminduiisludaiu
figladnsoninduity ududhgiioguindudio Tu
rstithiufivardigamafigadu WeTamaniiiufiza
wazlinndaiuiuiy difufiviifeussdngudhu
AoimAuazdenlnioly

3.1 wyuil 1

guihsuiialagldluiin fgunsaiusznoudo
1) fehsuiie 2) nsesihduiy 3) wieguihdy
Wy 4) ndoudaslnil 5) Regulator (law15q) wag
6) LUALAE3

dnwarnsiay Gufuainnisifiuedossud
Fhernsufwaneu luneuihidufivasgnlianuiou
Tnewdiaguiifufi endendnvesniduih Wndsnuy
MNuUnes uunmeTilaltludniinlniazuun 344
Regulator Giamaﬁ’uyjl,asjﬂam%wuﬁ weduliu

P2
o o v

Tunumwas wazwlaundusauns 60°C agyN15Un

¥ 1% 1%
LY v o w a v

Manundandufwa wala1auNsuaNn

(% [

U TN T U DN ALY LaraESNEN
gaungiinguiglilihiu 70°C dawandlunindg 1

Vegetable oil filler

Vegetable oil Water filler
Vegetable oil filter

Diesel oil filler

Diesel oil
filter

Fuel injection pipe
Steel Structure

MWN 1 unudduUsEnouTesRguUsuNgUUN 1

Uil 16 (2561) VOL.16 (2018) 15



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

D S A
gunIalNAnAiLmadiloAnAuaIadung
WLA1SEIANULATEEUANNN WaUNUNISARAIYINLA
o dl' ) Q’l’ % <
Aun waziilanensnsuiwuInsiidly asidunns

audes lduivsunulunmsdnulasaieseus

3.2 Wuuy 2

guiduiivlagldniuieuainndeurvesds

A ¢ H P & = )

wIBgudkuUUT vy Jaunsalusenaume 1) 69
%7’ ) = 901 Y & v 1 901 Y = dl
Wsluiey 2) nsesngduiy 3) vidloguuidiuiiy wuud
2 1§ finseenwuulninannieu1va A3 a9 uUmA
wlunsieguiduity lagliilundedaseseudd
nstvanu Melundoguihiuivaziivaviovoswnan
Tuduielraluvie FuiSeukazisiuivaziiniswan
WasuauSouiu Fulunisihanudeuiiazayde
Aavuly

ANVULNITNIY SUAULRULATDIEUA R IY
Pfufiwa Tusenined dlundeinveunisseunay
SuSou wasvinlrinduivdoudy Wausuivsau

v
v o w a

60°C %111150A18U0UINNDIUILUAA A7

6V

WandrhduandadduisdrgUuniiuieimnas

€

HILAAIIUNINDA 2

Vegetable oil filler

Vegetable oil Water filler
\E J Diesel oil filler
Exhaust pipe '
Diesel oil
QOil heater /
Vegetable oil Diesel oil
filter filter
Drain water

Fuel injection pipe Steel Structure

Note : sm== QOil tube

a v 8 o oA -
AN 2 LLN‘UNQa'ﬂu‘di%ﬂa‘U‘UENGQWQUU"IﬁJuWSULLUUV] 2

16 i 16 (2561) VOL.16 (2018)

3.3 Wyl 3
guihduiilagliniusauainudeurvesdn
L

3

Fossuduuuililvanu fgunsalsenaume 1) &9

Y

Wity 2) nsesudnduiy 3) vifoguunduiy wuud 3

De ﬁoe

P a ) ~ ' v o 8 o
T 1n1999NLU UL UNULUUN 2 sinanud Wlunde
Yuesessudiilvaiu nszseuussungnNLSauTes
AT9euUAl TTvdnvesinduinuitindeu insauay
ADUFTY NI RaLANTEUIEAILSaUDN
Wdaldfiusssuannwenaglnalundeguinduiy 39
paniuulindlegulndiuivedseaubeiuniiauves
W309Us hagliun Ul pULAT DI UALNAINLS DY
Tuminlunloguinduny dnvaensinauadiy
a o ~
WUUTN 2 AILARILLNING 3

Vegetable oil filler

Vegetable oil
Water filler
Vent pipe Diesel oil filler
Exhaust pipe
Diesel oil

Oil heater

Diesel oil
Vegetable oil

filter

filter i
Drain water

Fuel injection pipe Steel Structure

Note : === Qil tube

AN 3 unurEIUUSENOUTRIYRgULSUNYILUUN 3

o¥

nsnaaaulledy Uil Yaguunduluy

1%
v

#1 3 Iigaungil 60°C Asituniign lunuwideiiduden
Tgwuuit 3 Tunsvegeussly



3.4 mseenuvumtipguiiiuity

sfuite

- AIAUSDUTUNTE (€)= 2.1 k/kgK

- Sasmsiwaveniniu (m?) = 0.1x107 kg/s

- gamgihifumad (T1) = 30°C

- dwhaudnansvesiethifu (d) = 9.52 mm

- ANNEYIENIWAY (L) = 15 m

¥¥ou

- gamgiidou (T,) = 65°C

- AIAUSDUTUNTE (C)) = 4.184 kJ/keK

- Auva () = 489x10° Ns /m?

- Adudszavsmsiheudeu (k) = 650x107
W/mK

- AMURLLUY (P) = 995 kg/m”

- audalunislvavestih (v) = 0.01 m/s

- whaudnansvesiethdeu (D) = 16 mm

- gamgihifufimasen (T)=7

Oil,in30°C=T,

Water
65°C = To

Qil , out = Tz

v
I o v oA

2NN 4 mimammm%amamﬂaumuuwu

q

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

NMSAUIUNTENBIMANNSOU TTaNn1IATIIA

AMUSDULUUUIAU
Tyl hA,
= l-exp(-—) (5)
To-Tq me
— = 0.023(—) (—) (6)
u k
il
A = NUNRWONDILAY (M)

¥ '
o A

Awalld T, = 59.5° C Wugamgiiinsfudivy

Y

D

)]

soensliiuinIaseud Wenadeulivinnisingamgl

Piunnneeankallaanviniu 60°C Fansaduan
AuIadle

4. N1INAEDU
WUINISNAERUYDY A9l
1. MINAFDUAAAILATOIWUATULIIY Dynamo

o

meter NAFBUNISIYUNTUNEWS1? 100% WU

2111809 100% wazunduAwa IAALSITN N189

[
=1

SnarwAudeniiudemas uargungileide

2. mannaeuiusaladun Inefnfuedesnusity
galasesalofiuny Iadnsrnauduiudesindy
Fonds uazanngiiloids neaouidosauazdowman

4.1 msmmseURARIAIEsEs U Dynamo-
meter

aunsal

1) Electric Dynamometer, TAKACHIHO §u
S-4

2) PS Meter, Denshigokyo 34 TDM-HR-15L
dnsuinAseUnues Dynamometer

U 16 (2561) voL.16 (2018) 17



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

3) Diesel Engine Tachometer, ONO SOKKI
$U GE-450 dwfuinnuiisourdessus

4) Digital Thermometer, CHINO u CD 700
dwsuingaumgillowde

5) Flow Meter, ONO SOKKI i;‘u FM-1500
dnsuTasnsimnududdesinfuiondsves
\A3098Us

6) LARDsLUARITATUIALEN BV YANMAR fu
TA 120-XL

7) hifuuendn thifuimdes wasihifuiva

F/N1snAaaU

Anasosusiumgs unseeus B YAN-
MAR 3u TA 120-XL Uuuviunaaeu uddsiein Electric
Dynamometer uazfndiusznouindesiionay
gunsaldmsuinasne Tusenirsljuinismaaeu
Ao useln AuSaseu (Usyum 1,000-2,300 rpm)
fds wazdnauauUdonifudewmds sy
nsnagdaulag

1) uunaiessusdrettuiwaidunan
Uszanal 30 wil iileguiadeseudinourinnsmaaey

2) #mnuEuaieseudlildanugaseuny
Afvun deudussluaugaruiiseuirioseud
Uszunad 2,300 rpm

3) ynsnAEeUMANIGagaEn lnunsAee
isllvian Dynamometer finsgvisioia3aseusd niou
He¥arusedauaranuEaseuiiintu aunseatslden
ALSGRGE

a) TigaliAnindsgegn shmstuiindusada

Y 9
¥ ]

LazANANIEITOUTAATLT Dynamometer Sufin
ANALEITOULASEIIUS LarsRsIAAULIUEes
difuemaweuedosousd

5) ynisiiinTnantududisu Tnonisiiy
Tnanusazasuiieriliaiuisiseuinisssusan
asUszunad 100 rpm Tuwsazafeduriinisauaz

18 @i 16 (2561) VOL.16 (2018)

JuiinAusednilazAiui525eUves Dynamometer
mugaseuLRIoseus uarsnsimnuAuUEoniniy
Wornawoanseseus
6) msiinlnannszyiluaunsevisnseungy
Aillsiussingaan ndurhnisanivaniienduly
faumisiliemdgeandnasmis
7) Usulnamfielwussdnanasluussuna
85% vosussdnlugaitlyirdgan udvhnsiauas
JuiinAusedniazAi1di5Isauves Dynamometer
mugaseuLnIeseus uarsnsimnuAuUEosiniy
Homndmaunieseud antuvinalneusulnanls
anag 75% 50% wag 25% Muanu
8) Usulnamieliarussdnanasaudandy
Aug waawin1stuiinausisey Dynamometer
AAEITEULATE LS warsnAm AL Ae iy
WomdmenaIosaud dAnfildainnsneaausn
AN TTO UL VRALAS DL UA TIAUE IS0 UT
AU
9) huuAIsssuddasituadunan
Uszanal 30 uil ileguiedeseudnourinsiae
yiinthiuuaziarudeuiildnniadessudlugy
st
10) Waguanisufwaduituugndn Tae
Tandrhsuiwaudndandinduuendn i
e ssuRAeausuRwandsduaeun vihnns
nedeUTUREUT 2-9 Tufinnanismaaes
11) ¥nasiasuingdunynd 1200 udasu
Fuvdes uavinsveaeutuneui 2-9 91 Tuiin
HAN1SVARDY
4.2 nsvmaeUiasuniasesTuLsa lalGun U
aunsal
1) in3eudfivarInian Bre YANMAR fu
TA 120-XL
2) lasssalawdiuny Yndesnsuazaoiman



3) ¥ Flow Meter §msuindnsnisduiies

v ¥
L% IS a

UG
4) Digital Thermometer, CHINO 1 CD 700
dwsuingaumgilloide
5) dhsfusndm it maes waztiuiiva
/N1INAdaU
AndanTeseudmaavuadndusumds vun
Tnsssaloiiusy nieuvisRndagunsal Flow Meter
ae Digital Thermometer Faandlunnd 5 uaz
AtunIInaaulag

Vegetable Oil
oil filter heater

AWl 5 idesBudRiagUIRen BVe YANMAR u TA 120-XL

Y a O a v <
YU 12 WS Andauusalamuny (ABLan)

1) uuneseseudgettuiiwadune
Uszanas 30 Uil Liteguiadeseudnewinnmazey

2) Mpnusnaisssudlilaainudiseu
1,250 rpm wadusaladumanduna 1 ks ¥a
szozvneTiadoud qmmﬁlaﬁauasé’mwmm?ﬁ
Wasnhdudemas

3) Wuunadeswuddasdituioadunan
Uszanal 30 undl ieguiaiessudneuwinisiudey
yiinthiuuazianudeudildaniadessudlugy
st

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

4) wWasunniuiwaduihsunzndn Tne
Tadrsuiwaudaidandninduuyndn iy
\n3oseudreauthduRwariadluaevus

5) mpnuSaedessudlilaauiEisouny
fitavun wdrdusalaiumuidunan 1 $alug
frgampilodouardnsnuauldenitiudomas

6) Vstuneudl 3 8¢ 5 Tnewasuaningiu
wrndduisudundes diAildanmmeaey
UTLATIZFMENTIOUEVDILAS B9 URTIANIEITOU
fitvun

7) vgndumeudt 1 8¢ 7 Inewdsuaindsens
Judewan suanslunnd 6

= a d' Ay v I
AN 6 () 3511'0Lﬂu%qﬂLﬂaQUV]ﬂjﬂa@Lﬂaﬂ

() salosPuaLLARRUNMIBERENS

U7 16 (2561) VOL.16 (2018) 19



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal
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Abstract : The objective of this research is to design and develop point of sale (POS) system in the
coffee shop business. The LINE application chat bot is applied to the POS system in order to facilitate
the report of product sales and display the order set as requested by the user. In the research
methodology, we focuses on development of prototype software so that the design and development
system meet the requirements of the coffee shop business operators. The results of the development
of the coffee shop POS system primarily serve the main functions including, 1) user registration and
permission, 2) product category and information, 3) product management, 4) daily and annual sales
reports, 5) bills payment, 6) stock management and 7) order report and item lists with the LINE API
Chat Bot. In the performance evaluation of POS system, the result show the satisfaction of function

test of system, derived from expert staff, obtain a good level (x=4.49). Furthermore, the satisfaction

of the usability test, provided coffee shop operators, yield a very good level (x= 4.52).

Keywords: POS System, Coffee Shop, LINE, Chat Bot
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3.1) SEUUYIEFUAIMIITIY
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MsmuRNidRayvesgIRanIsVIBAUR T I Wy
mstufindeyanisvieuszdriu msduiinldaned
Antudlofinsvedudmienisldusns nmsinny
AUAIAIARY N1551891UTIND MITRYTUAENITIIUTI
oyasineg MAsafunsvBaUA Jamsiauves
ssuuTentuasisitostumalulagnatedu
wazgUnsainaneds W gunsalnauiimes N13e 1y
U1SIAR ASBULAULLLUAN Wiseunanes walulad
NAUAU [7] 32UUVIEFUAIMEITIUEINANNITVD
\A309AAEY (Cash Register) Undeulusunsuimu
vuApNRIMDS WA NALANAINAINNTAR13Y T
wdesAniuinlald Wy annsadnadenls g
AnanAdaulmeng vesdudn videssuandn naon
JugtoyanuBumesilala s dnwaznisinau
YITTUUVBAUANINGIU UTenaumie 2 d@u laun
1) dauvealusunsy (Software) ntiilifudoya
Mg wardeyansadudndundn lneazivioya
ynegaieatumsnetomn Wy UBYaVRIANTIN
aam%aazammgﬂﬁﬁﬁmwu‘%mﬂuLMazi’u ot
syuvreAuAvtiiuinsdudeddanulusunsy
Fudeyavunlvglasianiy Wy MySQL Server,
SQL Server 1usiu 2) druwedgunsal (Hardware)
%ﬂﬂ‘izﬂauﬁ’m POS Terminal, Monitor, Slip Printer,
Barcode Scanner, Cash Drawer, Customer Display
Judu Iﬂ&liuﬂ"m%aﬂﬂiLLﬂiMﬁUWNEEU?SﬂE)Uﬂ’]S
drulungazidenussinnveslusunsuiudumnn
SudianasngauiussianazauingUsyasdiy
s U UsstnvvedlusinsuinuRumihiulag
g vielswnsudadnfdnmemindiu Judu

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

[71, [8] UagUugusznounislunaiuianisladl
msluszuU POS System teduaSuuszavsnim
anun1susmsnindurumsivleduazaunsal
dlannselindmnee) WU Uu Android, WAULARAT
sufsandaliu WesnnganuasaanlunisSenld
FURITEUUMITIBNTIN LAY TV TLSEUY
waszulel

3.2) Chat Bot (urvven)
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Fuuinisiienileegnasdeulelunisianuenly
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lulanvesgsna e-Commerce WU NIYAALAU
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3.3) LINE API Chat Bot
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Abstract : This study was designed based on Document Research and Explanatory Sequential
Mixed Methods to represent data with visualization and to focus on selecting specific specimens.
The purpose of this study was to analyze the relationship and the pattern of those who were
selected as an Army Cadet from 2554-2558. The researcher proposed the concept of data analysis and
classification using tree-based decision-making and statistical data visualization. There are seven main
attributes for the analysis: age, GPA., degree, school, province, region and family status. These attributes
have effects on being selected as a Pre-cadet. By classification by age, the highest number of students
in each academic year is 17. It can be deduced that when one acquires knowledge, skill, and ability,
one has high test scores and is selected. By forecasting trend data, the number of people admitted
to the program was an Army Cadet. By predicting trend from linear equation, it was found that the
number of selected candidates was 20.23% increase. The mean was 245 and the standard deviation
was 1.79. Depending on the external factors or requests from military units which requested directly
in each academic year. To classify students by the factors of grade point average of Mathayomsuksa
3, this study represents relationship between the learning outcomes by using the exponential
function. When importing data using the RapidMiner data mining tool, then the results are compared.
The researcher found that trends of the GPA ranging from 3.50 to 4.00, which are very good. The mean
was 3.51 and the standard deviation of the data was 0.40 which was acceptable. The results of this
study are part of analysis of the decision making data and the planning of the information presented
to the military personnel. It can be assumed that the average age at the Mathayomsuksa 3 level is the
most important and ability to learn and it can be used as model for learning group. Data visualization

makes the results of analysis more justified.

Keywords: Data Visualization, Graph, Classification, Data Mining
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Abstract : This research is a study of high strength concrete by using a mixture of ashes from biomass
materials, cured with a microwave to build up heat in side and mass transfer from the concrete.
The objective of this study to explained mechanical properties, particularly compression strength of
concrete. To compare the mechanical properties of concrete with a compressive high strength of
natural curing time at 28 days. The study of physical properties and compressive strength of high
strength concrete was found that. Curing of concrete using microwave at high power is required to

take time to curing than the low watt microwave.

Keywords: Microwave Curing, Higsh Strength Concrete, Biomass Materials
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Abstract : This research proposes the solution for solving vaccine cold chain network via Hybrid
Central Force Optimization (HCFO). The proposed algorithm is the structure of central force
optimization. Both tabu search and nearest neighbor search are to insert in initial solution and
developing solution process respectively. This approach is to improve the potential for vaccine cold
chain network problem that is to rearrange routes with the minimizing total distances. The scope
of this research is to focus on the Office disease prevention and control area 1 (Chiang Mai). The
experiments were conducted to compare the efficiency of the hybrid algorithm with the traditional
algorithm and real situation. The results of this research provide a full factorial design approach for
appropriate parameters in the supply vaccine. The HCFO can rearrange routes shorter than the other

methods 22 kilometers and 117 kilometers respectively.

Keywords: Vaccine Cold Chain Network, Central Force Optimization, Tabu Search, Nearest Neighbor

Search

o o Y o o 1 [ [
1. UNi VMR 13 UWIUsEne N5591808ANITNIATUIN

p39ANsOUIIElan (World Health Organization Tng ‘1/1’5\‘1%ﬂﬁufﬂ%umﬂﬁﬂﬂmmﬂaﬂﬁut,l,azm‘uvqm

T5a gnasludadninauansisaauiwia (Province
Health Office :
Uasiunazmuaulsa Jaguaindriinauasisagy

: WHO) Uszmieimdnfinaauvesasidguniuiguy

o [

Y893RTWIN MIFNwIRUAINYRLTATUAILALTIY PHO) Waagsvinyesuneuney

a v A v 1 v A

KaniATU Nsdndeintu MsiRuShuIAdiy naen

¥ = IS

Laumqqquaq;&%’uﬁ'ﬂ%u [1] Lu@qqqﬂ’jqﬂmﬂqwmgq YPWUIN ENIUEmisqwmmama@uaﬂizmm’mmi

¥
IS =< 1

ﬁ’ﬂqjuﬂjuaEJﬁuﬂqjﬂquﬂugmwﬂﬁmgqﬂ’}jﬁu"ﬁ'ﬂ%u UE@JW‘EJ’]U']@Lﬁ@Q(;‘IIu (Contracting Unit for Primary
Y 9 9 Y

o 1 a i a | 1Y) 1 .S aw o
Lwﬁqggﬂ%uumag%u@ﬁuﬁqmﬁqmumﬂmqqmu LU Care : CUP) #UlATUNAYDU [2] MUY UUNLEAUD

AU HB Jadu JE A3 DTP iveglutivaumal
2-8 psmwalTua ATu OPV LT isgamgiininiy
0 earwaia Tadu MMR adu BCG Wiufigumgd
2 oamwaidea fadu gamnll Anudeu Anudy
uazuas fuadenmnminduisiu dmsuTaduly
Uszinelne gnasinsuiufinsuaiuaulse (Depart-
ment of Disease Control : DDC) N3&731E15130UaY
Janmnuvdsnasadusismelulssmeuaznieuen
Uszine Saduannsumuslsafiegngammamuns
gnasludadinaudesiuuagaivaulse (Office of

Disease Prevention and Control : ODPCQ) g‘t’iﬂﬁaﬁl

Y

64 9 16 (2561) VOL.16 (2018)

NsNsNUdndsintuvesdinnudssiularaIuay
Tsn wm 1 Sw¥adedlu Ssdufiavouiiud 8 Sanda
MAwmile Ae Wudlnd Weese ween wigesaau
Sy dhe ung waztu Jausazdanindidnay
ansnsnuauianin Telegiavan 8 urs Tneusazuns
fudUszaununsUguneuiadowunssaisor
pruuTiguTy Sanunsouanafiogiaeiotions
Jndeinguvesdinaulesiukazaiunulsn we 1
FminTednd fanwmil 1 uanansdndeiaduain
ODPC WUds PHO waza1n PHO LuUda CUP muasu
laensinadaintuYes OPDC 1 AUAINABINITYRY



2 1 fI9g19ATRU8NSINAIATUVDY OPDC

PHO @snflafsmnuquessnondurudeindunas
PHO dndeingulud CUP luwnanusuiinyouras
usiaz PHO smiddeiimdoyaszasmean Google
Map Fudugliarsaume fidunsvhdoyadiud
wazn1sldnmateanaudiey [3] Wudeyaidu
N9N5ALI9T Beflszazynanazdunulsmeiua

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

fravun 102 Tsaweruna [4] Tgansnedl 1 uansszes
119970 OPDC 1 fausiag PHO Taedanimuiu
Jmindiflszeznenisdnddlnaian Tnetyvvls
gumuduvesinduineglunguvesdgmnisdaudu
yamsiiusa Gaiinsdndedudn (Iadu) Tudgn
(Fdnauansisaguiminnaslsang1ua)

U1 16 (2561) VOL.16 (2018) 65



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

A151991 1 S2U8119LagUIULSINeIUIaUDY

ODPC 1
. L. U
dUNUESITUEVIMIN  TTETNS
Tsanwenuna
Jrinedlny 8.3 Nil. 24 \5aneuna
JWIALTEIY 200 . 18 lssnenuia
JandTanzien 158 nal. 9 lssnenuia
Jandnnu 328 nil. 15 lssnenuia
Rninigosdou 250 A 7 lssnenuna
Janinanu 196 nu. 8 lsameua
Fandnanung 97.7n4. 13 15ang1u1a
JINTAUNT 197 nyl. 8 lssnenuia

Jamnmsdadunensidusadmdudymuuu
Non Polynomial Hard (NP Hard) Fadmnududou
dusuuntyn Tneseuddunsiadun1enIsiuse
finsfuairegiansvans Tnednsdiudeuluasy
fodnin Wy ULUUMsYUEY Sruougeiluddud
Snnugunuzlunsas Usinadivudsld dasaia
Aruadnsunisdsdunn Miludguinisdadu
nensiAuse lsuanudeuuazdniswauiaud
aumanvaneunTunalusae wiinnsAnwan
agaeu [5] Tnedlenewitudtaymnisdmdu
N9INSIAUSH 135U Exact Algorithm 14U Linear
Programming (LP) %38 Dynamic Programming (DP)
FamnzAvdgvuiinamestoyaliiinn wszldiom
nsfuaniliuiy uhdesanlutiagtudeyaiinng
FudouuardoyaiiUiinamniu iliisuuuiuld
nanlumsimnasessesnafiiuty Jaymnsin

66 T 16 (2561) VOL.16 (2018)

EuINsiAusaRUUANNYIIULEANET AR Lasurny
fusnnniian [6] BuAdyminisdadunsnaidusn
wunsnsuAdymesnidu 3 Usslan fie 35usn Ae
WuAdgnuwuvaun1samneans (Mathematical
Model) Faduisnsiannsanwaiaaslafdian
\flosnnlindnnismeadineansanzauduam
Afvuadn ngldnalunmamaamasldinamm
Tnefnamseaniintudy Exponential a1
gunvastlaym Fen1suuuiiaes Ao Fruidemuuy
WWIzNzInuYauesleu (Specific Approach)
L“f]u%’%mﬂﬁﬁmmﬁgﬂa%’wﬁumLﬁaLLﬁ’ﬂﬁymmi
wUURNINzaRdliaIn s luUsendudeym
Juls uarlii¥usesnaaaeiffigainsznalaasn
2INN13UsZUU (Approximation) Wy 35 Pert wag
CPM 33n1suwuudiany Aedduddamuuutayey
Usehivg (Artificial Intelligent) wSai38n1 35wen
§33afn (Metaheuristic) uAsvangauiutloym
ffvsadeyanin Jymnilanuadududeugs
wgisnstierudavgulunisudiym waziing
SEUINTATIWALREY NITHAUINARAEAILFAIVDY
Sano3fumes wungdulymnismaiimuisay
(Optimization) wavisladAyAen1sUseendiown
Ugydulgmlvdanumuizean A5wangsadn
anUszgndldedrsunsvarslunatgaivnivn wu
FEINTTUANEARST MeEnEns UIMIEIAY N153ANTS
nineng WWudu lnsduuinisnisiumidlsann
fwusnanuuRaiugiunanemansuazdn
FBwmdisadnfivauiunnudnnisuieongnig
Wand wu 35 Gravity Search Algorithm (GSA) [7],
7% Intelligent Water Drops Algorithm (IWD) [8], 75
wsahgeudnans vise Central Force Optimization
(CFO) WBusiu BN fiugIunIeiine
videanngAnssuvesdsiidin wu 35 Ant Colony
Optimization (ACO) [9], 35 Cuckoo Search (CS)



[10], Particle Swarm Optimization (PSO) [11] wag
ABN1INRUTNIIUNSD Genetic Algorithm (GA)
[12] Wudu Biwaunnaniugmand Wy 33
Artificial Chemical Reaction Optimization (ACROA)
[13] Fiwwuaniugumdinuine wu 33
Imperialist Competitive Algorithm (ICA) [14], 75
MsAumLUUMY [15) wazdSmsAumuuuiiion
1 [16] FdWwumniug ey veauss
e 191 35 Harmony Search Algorithm (HSA) [17]
Pnfinaandreiudunisuudtiunndisaindie
fugrunmsiau uidudsieisnisadisussens
Gusuuiseenleidu 2 vile Ae wuudy (Random)
Femnuunanduyiiusy GA, PSO wazuuuaIy
UnagduluSadunisdaluwuy ACO, CFO [18] lng
NANNTEAYVRIBIIAEITERN Aon1siSeusaIeY
AV099aNe3NN ANUszaunIsainIoNalaasnou
v Fauvadu 2 wuu Ao wuuthemamanLiIA
Wause Wuds GA 35 PSO Fuimalnasainseu
nsianndateuniudunaas Suduresseu
TP TN ARCI ARE Tk S TR
Jusauiloaimainasseudaly wu Bvesngy
ACO msdntduniansindeindululagiu ann
M5euEuNsindsiia Tnefuuedndeniinday 1
ads Tnendenansveenmaillndfiandndaou vl
NATINVDITZELNNTINLAINN NelAARATEI8AY
N A IUIANINTTETIsTI LNy St
Yaflveunvewaasvuintng Jsdndudeosly
Bnsudtdymieituengy wandFadn Jsu
HothiauoiBloviausadigaudnans swideid
sadeswoludl Watedl 1 unth wansfmnuiuas
mnudunvesdamn sdedl 2 uunAnisusadng
AUGNANE TENTAUNILUUNYLAETINITAUNIWUY
Wouthu Thadedl 3 aunsinguizasduazitouly
Yosaums vded 4 Jgmislevdausadnggudnans

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

dwsutigmiaietelsgumuiuvesindu Whied
5 M399NUUUNITNARBILAZHANTNARDS TaTaTl 6
a3U e 7 Ankinssuusenia tnelasunisatiuayuy
1N AMLIMNTINANENT WnTIneraemaluladsy
WAaTAUINAUNS LarUayalNIWITLIINTEUUAN
ToyanuNTUNNEuazgunm (HDC) v 8 Lenans
91989 dmTuvinidy

2. wurAndSusatrgaudnans 38n1sdum
WUUNIYLAZITAUMLUULINBUUNY
WWIARTSUIIEAUgNATNINN sl TNa
vasildu (Newton’s Universal Law of Gravitation)
osungliusiifagassrinanalnerunavoussdy
9EUTTHENNTENINNIAUATVUINVBARNIA tneTlen
Aafivosussltiueas (Gravity Constant) FauuUsiumy
anmuandeu 1wy lan aaduns ananms (udu lay
fvtuainaia 2 egulantiuuadasiiussliued
9.807 m/s? FaussRsgasEninaauansfanIwd 2

usq 1
L9 2

|_ SEYUENTEUINUIG _|
AN 2 USFNATENININIAVUIAANAY

T CFO \Junilsluituosumdisain Jegni
iwuelay RA. Formato Tudl 2007 35nsileguuity
FIUYRMANIaUAANTaUNALWALINLSITNA T

a A

o aa ¢ = Nt a
mqmmaﬂsﬂaﬂwaﬂﬁauﬂqﬂLﬂa@u‘ﬂiu33u’]U 3 Up A

=2

X, y, z Wazvinavesnaiiivnalngninazdussiage
wnninavunkin Fslundnnisuedis CFO ayna
uiagoynATindeuTiunulaiduingUszasd lng
wann13vesis CFO lildnnsdu wiagldninuiiaeg

) o [ o a o 1%
Wudmwiumsaimamasiazdeutluundgnmis

U 16 (2561) VOL.16 (2018) 67



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

Fenssulihuasidnd [18] I8 sAumuuuy
gminiauoadiusn Tne F. Glover Tull 1986 n13Au
mylddmsuundgmdmdumaineuvesaunis
adinenans vsewtdymiifianududeunssuiunig
MUVBITMTAUNIMUUNIY iR NTasTIHALRRY
vidoilaiduingusyasd WadliunsGousosudi
tufinvewaimasiul’ edesiunisigh S
yryAas (Tabu List) way vh91 aufadeulafitvun
uazidentaasiiniga [14] Bfunuuuieuty
Tndifes Julsinsdumiiviediulsednsainng
MAMEUNIONALRAY LABTLUIANNITAS UL
fusumisiinafes uazenamaaiinanasiiianioe
18 30I38NMIMNARABLUUEI1IE Msfuany
7l (Local Search) Qﬂﬁ%auaﬂ%’jmiﬂﬂ A.f. 1973
Tag D. Knuth [15] annmquivesdane3iufing
11 Fehdmfvesuazdanesfiuusiuiy el
UsvAvnmuesnismnawas Taglddedn T5lausa
usadngdaudnans fainaniundedu Faduislungy
Yo dafnduisnMamnamasuuunsUTEINa
FanuzfudgmnisdadeTadu ilesnusuin
JoyaunnuarauasdureaRasauILun

3. aunsingusrasduastoulvvasaunis
mu"?a‘i’aﬁﬂﬁLauaaumsi’mqﬂﬁzmﬁ%aqﬁaunm

visldgumuburesiadu Wunsmszesneiidu

flgndmsunisindsindu anmnsaeduneauving

YoaiuUs aumsinguszasd Reuluwazdediinves

aunafedl

Z  MneleHaTnesseraavin

j 883 PHO |

m  wuens CUP m

o  wu1ehy ODPC 1

ko neensuuiadumesa k 99n ODPC 8k PHO

PUN8RINSIUIATUNIBSD [ 9710 PHO fia CUP

—_~

68 Uil 16 (2561) VOL.16 (2018)

NUBAIVUIAANNYITINAITATU
NGB TIATY

Q O O

=:

ADIzEN1991n OPDC i fi9 PHO j
ABITEENI9AIN PHO j f1s CUP m

3

991UUYDY PHO

931UV CUP
9IMUIUTAVWIATUIIA ODPC 83 PHO
DMUIUTAVWIATUIIN PHO §3 CUP
PHO (1,2,3,......,N)

® o

v

29A%U 910 ODPC 4 PHO

v a

23A%Y 91N PHO 19 CUP

N <0 T~ Xx 3T =z.Q

D Db D Db Db Db Db Db

fauusanaula (Decision Variables)
1 &150 k 970 ODPC i 9 PHO j uentiu 0

<
1l

' =1 8130 L9710 PHO j 8 CUP m uantiu 0

ol
1l

Y @ 1

v =1 aviafugnussynaiesa k uentiu 0

D

Y @ ¥

y! = 101Infugnuisvnalgsa L weniu 0

)}

U,,U,,U, = fMuUste i > 0

[

aumsTanUsvass uanadsil
N N K N M M L
vz =333 a3y a0

Tne

N

Sxt <1 (k=1,2,3,........K) (2)
Jj=1

M

>Xxi, <1 (1=123,........L) (3)
m=1

N N

DXy =>X,; =0(p=1...N) (4)
i=0 j=0



M M
DX, =2 X, =0(g=1...M) Q
Jj=0 m=0

K
drf=1  (i=123,...K) (6)
k=1

L
dYi=1  (j=123,...L) (1)
I=1
D'y <aq;  (k=1...K) (8)
i=1

M
D> elYf<ay(=1..L) 9)
Jj=1

N
vt s;)(; (i=1...N), (k=1...K) (10)
/ < !
Y <> X, (j=1...M), (I=1...L) (11)
J=1
K N
dD>X;=1 (j=12,3,...,N) (12)
k=1i=0
L M
S>>, 21 (m=1,2,3,...,M) (13)
=1 j=1
K L .

U-U+NY X;<N-1, ¥, =(2,..,N (14)

k=1

L
U-U,+NY X, <N-1,V,, =2,.,N  (15)

I=1

AUNNSTA 1 AONATINTEENMIIMUATEINITIR
d93AFu 910 ODPC fis CUP Houledl 2 uansdase
yudeirduan ODPC i TUsa PHO j Weauladi 3 wans
fasavudsinduan PHO j Tuds CUP m Heuludl 4

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

fuidouls 5 Wadouluin PHO | way CUP m 165y
Sadu Houladl 6 wazdeulsdl 7 Wadisadeadu k
waz ey PHO j waz CUP m anuddiu teuledi 8
way Feuluil 9 msvudsipdusiodiiAuduouaig
v0950 k waz L Feulafl 10 was 11 savudsindudes
N1 PHO j waz CUP m weuledl 12 fu douls 13
31 PHO j waz CUP m #adldsunisdeinduagration
1 a%s muanudiosnts deuledt 14 wes Reulad 15
Hunstestunsiindsdes Welisadndsadunse
auriouls

4. F5lausausudngaudnansdmiulgm
wsadneldgunuiuvesinduy

Mvuatayaszeyn1aves ODPC 1 1y PHO
waz PHO luda CUP doyailunuumseszasnig
LARITEEEN19TENI990 FaLfudeyain Google
Map iudayaniudeantsinduves CUP gnas
AMUADINITIUEY PHO wag PHO @3A1usiodnis
Jaduludls ODPC Faspeilsiannuanansalunis

e

U53NNIATUYeITndndeingy MvuaAdlls R,
AaAANnudasdudmiunisiden PHO way CUP
Tunsdndalrduiidnuasdunames dddundnnis
84 HCFO iWisuaiiouaynandeuiilussuiuuas
a; AernAmeinuIeseyA Feususuivun
Ay 1 ilesandunounisvnaaasdudy o
thiuds @, wluaunsi 16 iWevhlimunag
Hudmsunisidon PHO waz CUP wihiy Ssanunse
wnusslauaaisauld snuay 0 Taeauide
999 Formato RA. fviualidu 1 [19] wiediese

AMUnla

U 16 (2561) VOL.16 (2018) 69



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

4.1 Fupeunsasieaas ey
ERNiun ODPC 1 \JugnBuduwainisdn
v A & P = v 1 v A < v
dvindunavilugngarineiiasadndainduiaioua
v S o ! < A -
wasntuAmuaaudaziulunisiden PHO 7

drtpduduaisudaluainaunisvasis HCFO

—_

—_ 1=
R, = ijt+5aijtz+nij, j>1 (16)

Tned v, AoAranudisusuiidunames
Fermunazudulif 1 way ¢ AorandeSudy
fvuslndumasiivingu 1 uaz n, Aonilsdussey
1192710 ODPC i 1U PHO j viasannunualuaunis 16
Weadearmnuussduresdunsidululalae
Fonanisdeldsaing (Roulette wheel) dmsuiden
PHO j #ilUds waviiannudeinisindues PHO
Alvdawdniluinan fadufiussnlu 1den PHO
TumsdsindudalauasuidunemieTauiiussnly
g sududoanduluthindudi ODPC 1 Tny uddn
A9iRTUMUNANNNTTIRY HOIUATUNNAILABINS
289 PHO W& A WIS ELN1aUD9N1SLAUN VLA
Sadustavun Sufindnaaas aunEnn1sTIeRy
wiay PHO dndainduluda CUP aeludaninunay
TR YIIN1TIIUTINTLULNE NS UNTINA VDY
wRag PHO 1153uAUsE8En1991n ODPC 1 818 PHO
Hunasiuszozmananun fvualdiunaioas
Budu ndsntiuruadundwivilidasunusiuoy
Asmuadunanandoiu TnevdnnswanasSuduy
msﬂszmamaummﬁy’wauLﬁumsuaq‘i’]iym Feaunis
i’mqﬂsxmﬁmmsaLmuﬁ'saﬁwxmqﬁmu&m
Sudufie ODPC 1 U8 PHO waznduands ODPC
wazan PHO U8 CUP waznduunds PHO Snass
Faunugoauniseel

70 99 16 (2561) VOL.16 (2018)

M=f(Ry.R.Ry....Ry,) (17

TnsnsamaaasiEudureislauinusaing
audnans dmsulymieienevidldeumubuaing
Tuguuuuvesesisd 2 1 liaunes esannd oy
ndsinduvesusiay PHO laivinfu uansfanind 3
LA X uansdIues CUP ifpsdndsasusag PHO
Fatiumnalunsdaddlivindu wnu Y uanadiuou
PHO fldndsa1n ODPC 1 Fsflogiamun 8 PHO lag
wiiag PHO lavinisdnadadnduluds CUP luwmaiy
Sulinveuvewday PHO lngldisnisdu CUP dmsu
n15tdongnds Ma9Inas1ens1ekuUliaung
WE5IuA NNUIzIIaNamsEEENNITBIUARE PHO
U8 CUP uéh thsvegmansuiu Saiferwalaay
YNNI TINGUTTAIA

4.2 nsUTEYNAISNITAUNIMUUNIY

FBnsAumuuumygnussendlddmiunis
Jostunisadraduninisdndeirdududusifu
iWioiiulonadiviunisnsraonaeasiEudiy uag
dulonadwsumaaiaasfifty tnenisimuaa
anfignasrsdualilumydad Wodaduniuas
Joafunsvingn Buanesaaeuidunisnisdnas
TATUYDINTEUIUNTT AU WIsueuiuEumIe
Tunyaddiiuly dudumanisdadetadudiy
fonanidunisduuazadiadunislugain
NSPUIUNITUGY



CUPs

PHO1 | 3 [ a | 1 |2 |6 | 8|9 |5 ]| 7

PHOZ | 5 | s | 1 | 7 |5 |3 |4

PHO3
3 5 7 8 1 4 2 6
PHO4
4 6 9 7 8 1 2 3 5
PHO5
5 4 3 1 2
PHO6
5 6 1 4 3 2
PHOT7
PHOS 7 5 1 6 2 3 4

AN 3 FIDE19NNSASNALRAUISUAY

4.3 Funoumsgiuasmsnsinaeuiiouly
MEIINNTEUIUNTAS 1NALRAIE U UVD 93T
HCFO Fupauraunie auq&ﬁaﬂ’wmmamaamﬂ
naLasEudy TngthAa nnaRaBufuINAILI
dvsumenuiandu Tnefiduuaiaus sl

NAUNSH
— GM*“
0 = (18)

new Va3
(rij )

A G Wuasiiveausaliiudsedlandivua
Wity 9.807 m/s? A M FeA1szeEn1e INaunns
7 17 drudn o Swuald o > 0 wazal B Aviueli
B > 038 HCFO fsualvivisansrnogsening 1 i 3
MUV [18] T8 HCFO MruANISAIUANAIAIINLN
Tiogluvouan iolonaasswaiaaslvifiAdunniy
Tnermuaddad

NIANTIVINTLTIT LU TRENTEIATBUNA

CRMA Journal
— 1
a,, :M—E(M—rl.j) (19)
Tne?
— da
amin :% (20)
5,.] anew < amin vﬁﬁu anew :amin (21)
&1 amm< anew < amax éﬁﬁu anew :anew (22)
0a,>a, MNUa, =a,. (23)

pagnla a1 s alny d1usuluseu
Aseurdabuaunsadn lUwnuluaunisuiaing

Unazidusasaluil
> 57—, l—> .
new :Rijn/d +Eanewt +njja J >1 (24)

4.4 msUssgniasAumuuuiauu

NA9AINNTEUIUNTNINALRALYBINITINE S
fndundrdunoudaunfetidumamaiaasudng
nsEvIUMIABILUUTeUT Y Sadenidunieid
sTEgMITImYRINsindinduliostigauessouns
Funiiy andusiuviiswesnisadugads Tnedmue
du 1 Aunte wdaaumuvle 9rg-viuaziden
Fumailianssazmatiosfiaandsainiunduluds
fumeunisadmainasduduiioatsuaaanlnl

U7 16 (2561) VOL.16 (2018) 71



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

LAZHIUNTEUIUNNTANANUITIHY FIAUTOTEU
LRUAINASEUIUNITVINUVB970 HCFO A9n1nh 4

fvusAmsidwesuaztoyaszaznaves
ODPC1 T3 PHO uaz CUP

|
N

A519LEUNIIN15TREITATY LazATUIMSZEENISTINTINANNIS

N
Ry =Vt + 5 T t? + ny;

Tai
ATUAUTIUIU

7

== ;o
AOATAURILUUNIY

uazdiamydasn

!

AMNIUAINNLTITINANNTT
GM®
aﬂEW =7
i)f

asadunienisdaasTagulvianaunis
—_ —_— 1
Rijnew = Rijora + 5

v

FBnnsAUBILUULHUTIY

ATUTBUMS
AT

T

BondunansindsirdiufissesniaTintion

Tt + 1y

Agauazaumsiienu

AN 4 TURBUNITIINIUYB HCFO

5. NAN1INNADY
Tusunsuvesnuideiigniaudaen v Visual
Basic 2012 Express Edition 1Usn3u Minitab 18
nestunaasdld 30 JudnTunTIAsITENERR
Uszananauumpuimes Intel core i7 3.40 GHz
Ram 8 GB $1u3d8iiAmunlids HCFO fisuay
W iees 3 6 Ao SoUNIIALNAERLENGY
/PP (Iteration / Probe Positions) theifuass a
fstminana (o) WA sEaEINesERing

138 (B) Ingdin15nTIaaUaNLRFINYEINITIATIE
ANUKUTUTIU (ANOVA) Tngvadeuauyigiu 4 67

T2 94 16 (2561) VOL.16 (2018)

A N1InaFBUANYAgIUNTINLYIBalaLNTUAIY
ANATY N1INAFRUANYAFINAMUUNRFIUANAY
MsnadoUaNLRzIUANNLUTUTILTTIAAeTiLaz
nInAdeUaNyRgIuATudasy [20] Neenwuy
nmsneassduuuu Full Factorial Design 3 F2AU
(35 Tne k Wushuaudads Fute3s CFO way HCFO
Twniwesyaienfuiuuideiianmnives
999 HCFO lumsnsdt 2 iilesnsunumsfiwes
3 i vy 335 muRsIuseUNSYET 5 S
eanemuulsUsiuveInsnaass Yliisuauns
NAaD 135 As

A15197 2 A1 3 SEAUTBINISIALNDVRY CFO uag

HCFO
SEAU
123w CFO s
A a9 a9
way HCFO “
/PP 50/200 100/100 200/50
o 1 2 3
B 1 2 3

(%

n13AsIEaUANYAgIuNY 4 1Junisvagaey
duyfignuvesis CFO wayds HCFO laanvnun
AITAATITINIINTLLAIVBLAWNED (Residual)
TngfansannsaNuazduun® (Normal Prob-
ability Plot) wazns1muvg (Histogram Plot) wuin
gnisuanuasuuuln@ nsaw Versus Fits wagnsi
Versus Order au1saagutoyalaindeyaiinig
nszefmulsiuuuunfuazdayainnuludasysony
wanssan i 5 Seidnwaizudadu 4 nswide nsw
Normal Probability Plot a@sgeun A5 Versus



Fits 8¢¥0e818/619 N3 Histogram Plot ag¥aadng
a19uazn3 I Versus Order 9ga3918619 MUa1AU

Residual Plots for Total distances

Nomnal Probability Plot Versus Fits

Percent
s B B B8
Residual
o
T
|
s
.
« sisee
!

-200  -10 0 00 200
Residual

Histogram

~
=]

Frequency
e w B ®W
Residual

-150 75 o 75 150 225
Residual

1 0 20 30 40 50 & 70 & 50 ¥0 1 DO 10
Observation Order

AW 5 MIVedeUANYLAZ1UYEY HCFO

Fauandliiiuinlifinsazidiaauyigiu Sevils
AU AT IERANMUTUTINFULUUANN LT AEY
(ANOVA General Linear Model) lagiiasie
9nA1 P-Value fismuasanudosulia 95% 210
msesanwuuNIMnaas Yadefifnanssnusenismea
188838 CFO uay HCFO e Adrsimiinseey
NTENINAIA WU 3 AT NUEAINANITILATIEN
ANULUSUTIULARIRINITIT 3 uazA519Tl 4

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal
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Source DF SS MS F P
/PP 2 79476 39738 2,51  0.086
a 2 49281 24641 1.56 0.215
B 2 521050 260525 16.47 0.000
I/PP*a 4 34679 8670 055 0.701
I/PP*B3 4 112938 28235  1.79 0.137
a*B 4 28234 7059 0.45 0.775
I/PP*O*B 8 100656 12582 0.8 0.608
Error 108 1707881 15814
Total 134 2634197
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Source  DF SS MS F P
/PP 2 19454 97127 1.18 0.3.12
a 2 19953 9976 1.21  0.303
B 2 642919 321459 38.94 0.000
I/PP*a a 60825 15206  1.84 0.123
I/PP*B 4 8791 2198 027 0.899
a*B 4 13720 3430 042  0.797
VPP*O*B 8 51075 6384  0.77 0.627
Error 108 891510 8255
Total 134 1708247
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Abstract : Natural gas resources at western of Thailand are from Yadana Zawtika and Yetagun, from
Republic of the Union of Myanmar. Gas transmission supply is done by pipeline, start at Tong Pha
Phum district and Sai Yok district, Kanchanaburi province. Major customers is Ratchaburi Power Plant.
So environmental and social impact is very important for sustainability energy management of Thailand.
Therefore, this is research proposal. The objective of this research is to analyse significant Environmental
Impact Assessment from gas transmission pipeline and to study and monitor environmental impact of
gas transmission pipeline in pre-construction period, construction period and monitoring period from
gas transmission pipeline in Tong Pha Phum and Sai Yok district, Kanchanaburi Province. The research
is collected secondary data from Environmental Impact Assessment operation and final report that
submitted by Environmental Impact Evaluation Bureau from project of gas transmission pipeline from
Yadana resource (Myanmar), project of gas transmission pipeline for installation compressor at Block
Valve Waste 7 (BVW?7), project of gas transmission pipeline for installation new compressor unit 4 at
BVWT and project of onshore gas transmission pipeline from boundary of Thailand and Myanmar at
BVW!1. This research collects environmental data of Air quality (Nitrogen dioxide; NO,, Sulfur dioxide;
SOZ, Carbon monoxide; CO and Total Suspended Solid; TSP), Air stack quality (Oxide of Nitrogen as
Nitrogen dioxide; NOx as NOZ, Sulfur dioxide; SOZ, Carbon monoxide; CO and Total Suspended Solid;
TSP), Sound level (Leq 24 hr and Lmax), Effluent of wastewater treatment (pH, temperature, Suspended
Solid, Biochemical Oxygen Demand; BOD and Chemical Oxygen Demand; COD). Interview 2 groups are
group of governments and community leaders and group of people 110 samples for Tong Pha Phum
district and 607 samples for Sai Yok district. Total are 717 samples. The result is significant aspect
of environmental impacts in pre-construction period is noise, construction period is dust and

monitoring period is noise. All parameters of environmental analysis test report in pre-construction
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period, construction period and monitoring period had qualified with standard. Result of interview

group of governments and community leaders and group of people. Total are 717 samples show that

people do not concern effect of safety and environmental operation from gas transmission pipeline

and have suggestion from interview was continued support activity of community, provide information

of gas transmission pipeline activity to community and support local employee.

Keywords: Environmental Impact, Gas Transmission Pipeline
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undnge : ATl dunsfine “mfnwguaiRniauanganseausudiuud” Tnensiigayudildn
gagliiaztdan YinNsHaELTUNTING kaTN1Ia NG MudRsIdsasas 5, 10 wag 15 mmﬁmﬁfﬁaﬂﬁiﬁﬁ YNAIS
Fugulnefioun 30 x 30 x 1 cm® wuuissatou lagldniaesiadutanUssaunismasounmauiinig
N8N LazaudRIBING AINLNATTIU HON.966-2507 nanFIFenuTusuTsulinnrasdtesay 15
SevnasunmantRmamen fuemruuiy Anuty n13geTuth wazmIeiIELAINTLY Kan
nagoudulinnsgy muwamimaammamummaﬂa mummmmummmm UINRABANEY UarAIY
FunmuLsIRsRam nuTAAEE USSR AR KN S UG WaZIINNTRABUNTS
gaduides nuimaundidanudeesdeslunndisanud Tneedvegi 10.29 dB ewSsulitsudinisge
Fuides Auwiulelddnnnuruiiduliunas wazduduuesn NuIRUATLUIINGIYUBUA LN SRRy
Aodldind1 desmnadauinnganssawyulimudiuisnsunnnnd wasdiamuudedosnirtanisaessin
Jeenunsagaduideslding: susununui sianduumssERewzA TaRuUIn 30 x 30 x 1 cm ladBwiiy
32 VIn/usiy Feiifuyumssdniannzeanfanfignninusundaunfiemusiesnaiaviins s

o [

ARy WITAUT QenTEAYUNTILA gaduLdes

Abstract : This research was conducted to study the lightweight wall panels made from waste cement
bags by following processes: grinding them, then mixing them with powdered glue and latex glue at
the ratio of 5%, 10% and 15% of the weight of materials used, after that making heat extrusion at
the size of 30 x 30 x 1 cm” and using powdered glue and latex glue as bonding materials. This wall
panel was tested of physical properties and mechanical properties in accordance with TIS.966-2547

standard. The research result was found that when testing physical properties on density, moisture,
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water absorption and thickness swelling, the lightweight wall panel using powdered glue at the
ratio of 15% could fulfill the standard. Regarding the test result of mechanical properties on bending
resistance, modulus of elasticity and surface tensile strength, it was found that the tensile strength
perpendicular to the surface passed the criteria set by the standard. Additionally, the test of sound
absorption was found that the lightweight wall panel had the average sound level in every frequency
at 10.29 dB. When comparing the values of sound absorption with the medium density fiberboard
and gypsum board, it was found that the lightweight wall panel made from cement bags had better
sound absorption because the lightweight wall panel made from cement bags was more porous and
less rigid, therefore, both types of panels to be compared had better sound absorption. Regarding
the cost, it was found that the production cost of material sized 30 x 30 x 1 cm® was average at 32
Baht per sheet, the production cost of material was cheaper than the general lightweight wall panels

sold in the market.

Keywords: Lightweight Wall, Cement Bags, Sound Absorbing Walls
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undnga : MATeiTgUsraiiofnyuazmIsenuuUIvanwadvuLsIAun 5 kKN dmsuieiomaden
yAusadeuresRuLuUasLAUdRzgnosnuuuliansaussnanwadsanainlunelumadneaeuite
FadaumauAanaialunsinusaiesnnusadeavuiiinduiassitauiandnnaduuu (Piston) fulwad
naaeu lumseenuuuaglitBlnludiediuddantiglumsinneinadeguifiomanumunvosunuinuss
fumngauuagdiunisdiifigafiaglilunisiedageansung msfinyimanssvuresusudoavuuasussiutg
frasemssiumussluuhnedaniwadivsziusiuasnaaeulnenmsaeudiisumssuintnuesvansed
siuaUTsivinnisaeuieundn InsgunsalfsasegnussadiluluisadnadeuAusadourosfuuuuauny
nsaouileuturilasnisudsusvasaussiuineluwadnageuuagsiininfindularanatweusing
MnransmageunyanwainuusstuhilisunseenuuUlunATeifanududunsuazanuusiug
110 Bniadsanunsaidnansenuresisiuimelusadvagousomsiasusnalufuioridamn
AananafiAntuainussdeavuinlinisadussnainnugnioauazusiuguingsty

AIEARY:  IanwadnuLsIiuL N1SNAADULSITARUUAINLAY LISlukIIRY usudenniu
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Abstract : The main purpose of this research is to study and design a 5 kN artificial submersible load
cell of triaxial tests. In order to eradicate the effect of the skin friction between piston bar and the
triaxial cell on measured vertical load, this load cell was designed to install inside the triaxial cell.
The finite element method was not only used to determine the suitable model geometry and the
thickness of diaphragm but also the position for installation of strain gauges. The effect of skin friction
and confining pressure were evaluated by a particular calibration method which the load cell and
the calibrated spring were all placed inside the triaxial cell. The calibration processes were performed
under several confining pressures and for loading and unloading conditions. According to the testing

results, this artificial submersible load cells has very good linearity and accuracy and there is no effect

on confining pressure and skin friction for measurement the high-accurate vertical load.

Keywords: Submersible Load Cells, Triaxial Compression Tests, Vertical Stress, Friction
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Triaxial Cell
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Abstract : The application of unit price contract in construction industry is generally used in Thailand
particularly in civil works since it fairly provides risk allocation between the contracting parties. This
includes project initiation with no clear the quantities of project works. However, it was found that
the unit price construction projects fail to meet project deadline, overshoot project budget, and are
unable to perform owners’ requirements. This study aims to identify critical success factors in unit
price contract. The research methodology is case study. The units of analysis are organizations. Ten
organizations were selected. Their organizations have been operated more than 5 years and have
worked in unit price construction projects. The results show that critical success factors embed in
every stage of project lifecycle against the success criteria of project progress, efficiency, effectiveness,
and owners’ satisfaction. In initial phase, owners’ experience in project management, feasibility
study, working capital and owners’ risk attitude are the critical success factors. In intermediate phase,
the critical success factors consist of transparent bidding method, appropriate project schedule and
specifications, project design against owners’ requirements, simple project design and constructability,
designers’ ability in project design and planning, reliable contractors, workers’ skill and weather. In final
phase, owners’ evaluation on project performance, contractors’ performance bond and guarantee on

work, and corruption in project approval are all the critical success factors.

Keywords: Critical Success Factors, Success Criteria, Project Management, Unit Price Contract
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Abstract : We report on a singly-resonant optical parametric oscillator (OPO) based on periodically
poled MgO-doped LiNbO3. The OPO was pumped by a Q-switch pulsed 1064-nm Nd:YAG laser and
was seeded by an amplified 1571 nm DFB CW laser. The OPO is designed particularly for use as a

aser source for a Differential Absorption Lidar (DIAL) for CO,/CH, atmospheric concentration mapping.

Maximum average output pulse energy of ~2 mJ and optical-to-optical conversion efficiency of up to

~20% have been achieved. Given the performance results of our frequency-agile OPO, we demonstrated

a potential use of OPO in DIAL instruments for measurements of CO,, (1571 nm) and CH4 (1645 nm).

Keywords: Nonlinear Optics, Parametric Process, Optical Parametric Oscillator, Optical Parametric

Amplifier, Differential Absorption Lidar

1. Introduction

The atmospheric concentration of carbon
dioxide (CO,) increased over 40% from 278 parts
per million (ppm) in 1750 to a present value
of over 404 ppm [1] while the atmospheric
concentration of methane (CH4) increased over
150% from 722 parts per billion (ppb) to over
1800 ppb over the same period [2]. The rate
of increase of CO,, averaged at 2.0 ppm/yr be-
tween 2002 and 2011, is the highest since direct
CO, measurements began in 1958. In the fifth
assessment report by the Intergovernmental

Panel on Climate Change (IPCC) [3], the increases

in CO, emissions from fossil fuel burning and
land use are listed as the dominant causes
for the observed increase in atmospheric Co,
concentration. The changes in the atmospheric
CH, concentration are less well understood.
From 1980 until the late 1990’s, the atmospheric
CH 4 concentration grew from approximately 1570
ppb to 1760 ppb. From the late 1990’s until
about 2007, the atmospheric CH, concentration
remained relatively constant. Beginning in 2007,
the atmospheric CH, concentration began to
increase again from 1760 ppb to the current 1803
ppb [2, 4, 5]. Anthropogenic emissions of CH,
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account for between 50% and 65% of total
emissions with fossil emissions resulting from
leaks in the fossil fuel industry infrastructure
while natural leaks account for approximately
30% of total CH, emissions [3].

Recognizing the importance of these
carbon-based molecules, an initial United States
(U.S.) Carbon Cycle Science Plan was developed
in 1999 [6] and has been updated in 2011 [7].
This updated U.S. Carbon Cycle Science Plan is
aimed at organizing national research efforts to
address three overarching questions including:
1. How do natural processes and human actions
affect the carbon cycle, 2. How do policy and
management decisions affect the level of primary
carbon containing gases Co, and CH, in the
atmosphere, and 3. How are ecosystems, spe-
cies, and natural resources impacted by increas-
ing greenhouse gases. This U.S. Carbon Cycle
Science Plan, along with two reports from the
National Research Council [8, 9], recognize the
need to develop remote sensing tools capable
of both o, and CH, observations from ground,
aircraft, and space-based platforms as important
observational tools for carbon cycle science.

Differential absorption lidar (DIAL) is an
active remote sensing technique that has the
potential for spatially mapping CO, and CH,
that can address the need for remote sensing
tools stated by the U.S. Carbon Cycle Science
Plan and the National Research Council. The
DIAL technique utilizes two closely spaced
laser transmitter wavelengths, one centered on

the molecular absorption feature of interest,

144 %7 16 (2561) VOL.16 (2018)

referred to as the on-line wavelength, and the
second far removed from the absorption feature
and referred to as the off-line wavelength. The
difference between the scattered light at the
on-line and off-line wavelengths can be used
to retrieve the range information of the number
density of the molecular species of interest [10].
The DIAL technique is an active remote sensing
technique and offers several advantages over
passive measurement techniques including high
spatial resolution, hish measurement specificity
with minimal interference from other atmos-
pheric constituents, lack of the need for external
lighting, and relatively simple inversion methods
for retrieval of number density profiles compared
to passive sensor retrievals.

Research efforts to develop remote sensing
instrumentation to meet the challenging accuracy
and precision for CO, observations of better than
1% needed for carbon cycle studies [11] require
leading researchers to consider many different
instrument architectures. Instruments being
developed for airborne deployment and future
satellite deployment are utilizing an integrated
path differential absorption (IPDA) measurement
technique that provides a column averaged
Co, number density [12, 13]. These instruments
operate at either 1.57 um or 2.0 um and provide
coarse range measurements by using several
wavelengths across the absorption spectra and
the pressure dependence of the absorption
linewidth to retrieve profiles. Ground based
instruments also employ the IPDA technique at
both the 1.57 um and 2.0 um wavelengths. While



these instruments can provide the accuracy
needed for carbon cycle science, they typically
provide a column averaged CO, value and do not
speak to the spatial distribution of the CO,,. Initial
work on pulsed DIAL instruments for ground-
based CO, observations has been discussed in
the literature with a handful of DIAL instruments
demonstrating CO, profile retrievals [14-22].
Uchiumi et al. [14] developed a DIAL instrument
that utilized a Ti:Sapphire laser to pump a
Raman cell. Utilizing the second Stoke’s line,
the transmitter was able to produce an output
wavelength raging between 1.6 um and 2.3 pm.
CO, measurements between 300 m and 700 m
range were obtained with approximately a +70
ppm error at 700 m. Kock et al. [15] describe
a DIAL instrument based on a Ho:Tm:YLF laser
operating at 2.05 pm. A single CO2 concentration
measurement was retrieved over 1200 m
with an error of 9.9 ppm. Sakaizawa et al. [16]
demonstrated a DIAL instrument for profiling
atmospheric CO, based on an Nd:YAG pumped
optical parametric oscillator (OPO). This
instrument was able to measure CO, profiles to
5.2 km with a 5-hour integration time. Reported
errors were less than 2%. Nagasawa et al. [17]
demonstrated a DIAL instrument based on an
Nd:YAG pumped optical parametric generator
(OPG) combined with an optical parametric
amplifier (OPA) laser transmitter. Daytime vertical
profiles were made to 6 km with a 3-km range
bin with errors of approximately 5 ppm. Johnson
et al. [18] most recently reported on a DIAL

instrument for carbon sequestration site
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monitoring based on an injection seeded fiber
amplifier. Horizontal profiles out to 2.5 km were
obtained with a 50 ppm error. While these
instruments have demonstrated CO, profiling
ability, they do not meet the needed measure-
ment accuracy for carbon cycle studies, require
long integration times, and typically have a low
range resolution.

Research efforts to develop remote
sensing tools for CH, monitoring are in their
infancy. A methane DIAL developed by lkuta et al.
[23] utilized a Nd:YAG laser to pump a Ti:Sapphire
laser. The output from the Ti:Sapphire laser was
then shifted to 1.67 pm using the nonlinear
Raman scattering technique. This DIAL can detect
6000 ppm at 130 m, well above the needed
sensitivity for atmospheric measurements. More
recent work by Fix et al. [12] has demonstrated
a potential laser source for CO2 and CH, DIAL
instruments. This laser utilizes a Nd:YAG pumped,
injection seeded OPO in combination with
an OPA. Shuman et al. [24] describe the
development of a second laser source as
another potential transmitter for CH4 instruments
based on a Nd:YAG pumped OPO. While work
is underway to develop DIAL instruments for
methane profiling, no DIAL instrument is currently
operating routinely with the needed sensitivity.

Refaat et al. [25] have modeled the
performance of DIAL instruments for monitoring
CO, at 1571 nm and CH, at 1645 nm and
conclude that 3 mJ pulses at a 1 kHz pulse
repetition rate would allow atmospheric CO, and

CH, measurements to be made beyond 3 km
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(4 km) with a 5-minute averaging time with an
error of less than 0.5% (1%). Research efforts
leading to new laser sources capable of
meeting the requirements set out by Refaat et al.
[22] are needed for DIAL instruments to be
capable of monitoring CO, and CH, with the
required sensitivity to meet the remote sensing
capability as stated by both the U.S. Carbon Cycle
Science Plan and the National Research Council.
In this paper, a DIAL laser transmitter design
capable of operating at both 1571 nm and 1645
nm is presented. Our initial design, operating
at 1571 nm, uses a singly-resonant optical
parametric oscillator (OPO) pumped by a Q-switch
pulsed 1064 nm Nd:YAG laser and seeded by an
amplified 1571 nm DFB CW laser. The OPO uses
a linear cavity with a periodically poled lithium
niobate crystal (PPLN) as a nonlinear gain material
inside. The measured performance of the
singly resonant OPO laser is compared with the
SNLO model providing a prediction for further
improvement in the laser transmitter design.
This paper is organized as follows. The
experimental setup is described in section 2.
Results from the laser performance are discussed
in section 3. Finally, some brief concluding

comments are presented in section 4.

2. Experimental setup

2.1 OPO system

A schematic of the OPO is shown in Fig. 1.
A Big Sky Laser Ultra series flash-lamp-pumped
Q-switch Nd:YAG laser of 1064 nm wavelength
with 10-ns pulse duration and 20 Hz pulse
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repetition frequency (PRF) was used as a pump
laser. A Q-photonics distributed feedback
(DFB) continuous wave (CW) laser of 1571 nm
wavelength with 10 mW maximum power was
used as a seed laser. The IPG Photonics fiber
amplifier was used to amplify the seed power
to about 160 mW. By applying a half-wave-plate
and a Glan polarizer on both lasers, we could
adjust the pump energy and seed power without
changing their Gaussian beam properties and
thus making the system alignment consistent. To
maximize the system efficiency, the pump and
seed beams were fully overlapped and focused
at the same spot within the crystal. In addition to
the design, another half-wave-plate was installed
before the focusing lens in each beam path to
increase the efficiency by allowing us to rotate
and match the polarization direction of the beam
to the optical axis of the crystal. The nonlinear
crystal was a periodically poled lithium niobate
(PPLN) crystal with a 5% magnesium-oxide
doped (Mg:LiNbO3) by AdvR. The crystal was
placed in a custom-built aluminum heater for
temperature control needed for adjusting the output
wavelengths in the quasi-phase-matching
process. The linear cavity used in the OPO
consisted of two mirrors—one flat and one
concave with 500 mm radius of curvature. The
flat mirror has a measured reflectivity of 99%
at the seed wavelength (1571 nm) and 24% at
the pump wavelength (1064 nm). The curved
mirror has a measured reflectivity of 48% at the
seed and 21% at the pump wavelength. The
reflectivity at the idler wavelength (3297 nm) is



estimated to be 30% for both mirrors. The cavity
length was 492 mm with the flat mirror located

near the entrance face of the crystal.
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Fig. 1. Schematic of the OPO with the locking system.
For OPG and OPA, the locking system and the
optical cavity are excluded, and the seed
laser is bypassing the AOM and is fiber coupled
directly into the optical amplifier. The seed
laser is turned on for OPA and turned off for

OPG.

As shown in Fig. 1, the flat mirror was
mounted on a piezo-electric transducer (PZT)
which was used to mechanically adjust the
cavity length relevant to the signal received by the
locking system. The locking system used a dither
locking technique to adjust the cavity length
that could maintain the cavity at resonance.
The locking system was consisted of a function

generator (Stanford Research Systems DS345)
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and an acousto-optic modulator (AOM)
(Isomet 1205C-2 modulator with 620C-80 driver)
to modulate the seed laser. This modulated
signal was then amplified and incident on the
optical cavity. An InGaAs detector (New Focus
2011) was used to detect the cavity transmission
output and convert the signal into an analog
signal. A hold circuit was used to clean unwanted
parts of this output signal before it was sent to
the lock-in amplifier (Stanford Research Systems
SR510). A ramp generator (Burleigh RC-44) was
used to control a piezo-electric transducer (PZT)
in accordance with the error signal sent from
the log-in amplifier. Through contractions and
expansions of the PZT in which the flat mirror is
mounted, the cavity length can be adjusted to
maintain the resonance. Two Pellin-Broca prisms
were used to separate the output beam by
wavelengths. The third focusing lens was
designed to focus the output beam near the
detector location, otherwise the highly-divergent
beam was impossible to detect by the detector.
An energy meter (Thorlabs model PM100D
with an ES111C power detector) was used for
the measurement of output energy. An optical
spectrum analyzer (OSA) (Agilent model 861428B)
was used for the measurement of output
spectra. For measurement accuracy, the detector
and OSA were blocked from wavelengths other
than 1571 nm by surrounding them with a black
box (not shown in the diagram) which had an
entrance only through the iris and the band

pass filter.
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2.2 PPLN crystal analysis

Four PPLN crystals with poling periods of
30.860, 31.153, 31.250, and 31.546 um were
characterized in this project. To select a proper
crystal that will produce the output signal
wavelength near 1571 nm needed for CO,
measurements, each crystal of different sizes
was placed in a custom-built aluminum heater
which was heated by a TEC and monitored by
a thermal sensor. The crystal temperature scan-
ning used the OPG setup and the output signal

wavelength was measured by the OSA.
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Fig. 2. (a) Temperature/wavelength tuning characteristics

of the PPLN crystals with different poling
periods (30.860, 31.153, 31.250, and 31.546 pm)
ina 1064 nm pumped OPG setup. (b) Quadratic
trend of the PPLN crystal poling period with

respect to the average OPG output signal

wavelength plotted in (a).
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As shown in the temperature scanning
results in Fig. 2(a), the 30.860-um poling period
crystal was selected to be used in the
experiment since it could produce the output
signal wavelength near 1571 nm needed for Co,
measurements. The trend on how the output
signal wavelength increases with respect to the
poling periods of these crystals shown in Fig. 2(b)
is used to estimate a poling period of 31.427 ym
needed for CH, measurements near 1645 nm
wavelength.

3. Results

3.1 Output spectra

OPG/OPA output spectra shown in Fig. 3 can
be used to demonstrate how well the system is
aligned by looking at two forms of overlaps—
spectral overlap and spatial overlap. Spectral
overlap is the overlap between the wavelengths
of the spontaneous emission of the crystal
and the seed laser. This may be evaluated by
looking at the OPG output spectrum and the seed
spectrum. Fig. 3(a) demonstrates a case of poor
spectral overlap since the peak of OPG spectrum
does not line up with the peak of the seed
spectrum, while Fig. 3(b) and 3(c) demonstrate a
case of good spectral overlap since the peak of
the OPG spectrum lines up well with the peak of
the seed spectrum. Spatial overlap is the overlap
between the pump and seed beams within the
crystal. This may be evaluated by comparing the
features of the OPG and OPA output spectra.
As shown in Fig. 3(b), the sidebands of the OPA
spectrum, which is nearly as broad as the OPG
spectrum, indicates a poor spatial overlap. [deally
a good spatial overlap should provide OPA
sidebands that are narrower than the OPG
spectrum as shown in Fig. 3(c).
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Fig. 3.

Output spectra. (a) Demonstration of poor
spectral overlap case. Notice how the peak of
the OPG spectrum does not line up with the
peak of the seed laser spectrum. (b) Demon-
stration of poor spatial overlap case. When
the seed beam is not collinear with the pump
beam, the output OPA spectrum becomes

very broad at the bottom which could be as
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broad as the OPG. However, the system has
good spectral alignment since the peak of the
OPG line up with the peak of the seed laser.
(c) Demonstration of both good spectral and
spatial overlap case. The peak of the OPG
spectrum coincides with the peak of the seed
laser spectrum and the sidebands of the OPA
spectrum are much narrower than those of
the OPG.

The broadening of the OPA sidebands in
the case of poor spatial overlap is most likely
the result of domination of the spontaneous
emission over the stimulated emission when
the seed beam is not collinear with the pump
beam. It should be noted that the spectrum
measurements shown in Fig. 3 cannot be used
for comparison between the output intensities
of OPG/OPA and the seed. It appears in these
plots that the seed intensity is almost as high as
the OPA intensity which is not the case. This is
because the OSA captures and handles the OPG/
OPA outputs, which are pulsed and the seed
laser, which is CW, differently. For this reason,
separate output energy measurements using a
different instrument were performed to make

the energy comparisons.
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OPO/OPG/OPA FWHM Comparisons
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FWHM comparisons between OPG, OPA, and
OPO. For each plot, FWHM is the width of the
feature measured at the amplitude of -3 dBm

down from the peak.

Full width at half maximum (FWHM) for the
OPG/OPA/OPO was measured from Fig. 4. In the
plots, the OSA was set at the highest resolution
of 0.06 nm with a high sensitivity of -90 dBm.
Data in each plot are averaged between 5 to 10
pulses or until the pattern of the plot does not
appear to change. In an amplitude unit of dBm,
FWHM is measured at -3 dBm down from the
peak of the spectrum. From the figure, the FWHM
of the OPG, OPA, and OPO were measured to be
1.400, 0.2232, and 0.0941 nm, respectively. This
makes the OPO the best option for a DIAL laser
transmitter which requires a narrow linewidth.

It should be noted that the spectrum
measurements by the OSA in Fig. 4 cannot be
used for intensity comparison between the OPG/
OPA and OPO. Although the OPQO is built upon the
OPA setup, adding an optical cavity will change
the output beam shape and direction. Even

with our best realienment efforts, the amount
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of output beam that is fiber coupled into the
OSA still reduces significantly. Consequently, the
OPO peak appears smaller than the OPA peak,
but this does not necessarily mean the OPA
output energy is greater than that of the OPO.
To compare output energies between the OPA
and OPO, energy measurements were conducted
separately. Nevertheless, FWHM determined from
the OSA measurements can be used for compari-
son among OPG, OPA, and OPO.

3.2 Output energy

Results of the output energy measurements
using a Thorlabs energy meter model PM100D
with ES111C power detector are shown in Fig. 5.
The plot in Fig. 5(a) is the output at the crystal
exit location in which output measurements at
the detector location have been corrected by the
transmissions of all the optical elements along
the path shown in Fig. 1. The optical-to-optical
conversion efficiency shown in Fig. 5(b) is defined
as a percentage ratio between the output signal
energy and the input pump energy. At below 8
mJ input pump energies, the output energy and
conversion efficiency from the OPO is the highest,
which was expected. However, at above 8 mJ
input pump energies, the OPO output energies
drop down and become lower than that of OPG
and OPA. This is likely due to the phase mismatch
resulting from the increase of crystal temperature
at higher input pump energies. The conversion
efficiency reaches a maximum of about 18%,
19%, and 20% for OPG, OPA, and OPO, respec-
tively. It should be noted that all experimental

measurements are limited at 12 mJ input pump



energy to prevent damaging the crystal and all

other optics.
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Fig. 5. (a) Output signal energy at 1571.406 nm

wavelength of the OPG, OPA, and OPO. (b) The
corresponding optical-to-optical conversion

efficiency of OPG, OPA, and OPO.

3.3 SNLO comparison

To estimate the values of the effective
nonlinear coefficient, deff, which acts as a gain
term and the quasi phase mismatch factor, Ak,

which acts as a loss term in the system, the
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OPA experimental data is compared with the
theoretical OPA model in SNLO developed
at Sandia National Laboratory [26]. In the
comparisons, all SNLO input parameters are
entered based on our actual experimental setup.
By varying the input values of the pump energy,
deﬁ" and Ak, SNLO can calculate and predict
the output signal energy of the system. The
conversion efficiencies are calculated based on
the output signal energy acquired from SNLO and
plotted with the experimental data as shown in
Fig. 6(a) for comparison. The best-fit result to the
off ~ 13 pm/V and Ak =

300 m™! as shown by the red curve in the plot.

experimental data has d

It should be noted that, in the comparison, the
experimental data at low input pump energies
of below 3 mJ and at high input pump energies
of above 7 mJ were neglected. The reason for
neglecting the low pump energies is that the
detector cannot accurately detect extremely
low output energies and thus produces large
errors. The reason for neglecting the high pump
energies is because SNLO model does not take
into account the effect of crystal saturation at
hish pump energies.

The estimated value of deff from SNLO
OPA model was used along with other actual
experiment parameters as SNLO OPO model
inputs. It should be noted that the SNLO OPO
model assumes a symmetric cavity. Therefore,
the inputs for the flat mirror are modified as if
they are for another curved mirror that would
make the cavity symmetric. For SNLO OPO

model, Ak is set to zero for the case of perfect
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quasi-phase-matching. Results from the SNLO
model in comparison with the OPO measure-
ments are shown in Fig. 6(b) and 6(c). Although
with a lot of noise, the theoretical prediction
in SNLO and the experimental data show good

agreement.
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Fig. 6. (a) OPA conversion efficiency comparison

between the experimental data and SNLO
model. (b) OPO output signal energy
comparison between the experimental data
and SNLO model. (c) OPO conversion efficiency
comparison between the experimental data

and SNLO mode.

4. Conclusion

The g¢oal of our development of the
near-infrared OPO is to be used in the application
of atmospheric studies by implementing it in a
DIAL laser transmitter for the spatial mapping
of CO, and CH, concentrations. We presented
the first phase results of a singly-resonate OPO
using a PPLN crystal in a linear cavity with a dither
locking technique. The OPO was pumped with a
Q-switch 1064 nm Nd:YAG laser and seeded with
a 1571 nm DFB CW laser. We obtained an output
signal at the on-line wavelength for a CO,, DIAL of
1571.406 nm with a narrow linewidth of 0.0941
nm FWHM and 2 mJ averaged pulsed energy. The

optical-to-optical conversion efficiency reached




about 20%. Good agreement between the
theoretical prediction in SNLO and the experi-
mental data confirms experimental success of
the OPO. Further improvements of the OPO
design based on the SNLO modeling could
potentially meet the requirement of the DIAL

transmitter.

5. Acknowledgement

I would like to thank Chulachomklao Royal
Military Academy for providing financial support
and opportunity to conduct this research. I would
also like to thank Dr. Kevin Repasky and Montana
State University for providing opportunity, facility,

grant, and supports in many aspects.

6. References

(1) E. Dlugokenchy and P Tans, 2017. NOAA/ESRL http://
www.esrl.noaa.gov/gmd/ccgg/trends.

(2) National Oceanic and Atmospheric Administration, 2017.
NOAA/ESRL http://www.esrl.noaa.gov/gmd/aggi.

(3) P. Ciais, C. Sabine, G. Bala, L. Bopp, V. Brovkin, J.
Canadell, A. Chhabra, R. Defries, J. Galloway, M. Heimann,
C. Jones, C. Le Quere, R.B. Myneni, S. Pico, and P.

Thornton, 2013. Carbon and Other Biogeochemical

Cycles. In: Climate Change 2013: The Physical Science
Contribution of Working Group | to the Fifth

Basis.

Assessment Report of the Intergovernmental Panel on

Climate Change (Stocker, T.F., D. Qin, G.-K. Plattner, M.

Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex
and P.M. Midgley (eds.)). Cambridge, United Kingdom

and New York, NY, USA : Cambridge University Press.
(4) E. J. Dlugokencky, L. Bruhwiler, J. W. C. White, L. K.
Emmons, P. C. Novelli, S. A. Montzka, K. A. Masarie, P.
M. Lang, A. M. Crotwell, J. B. Miller, and L. V. Gaftti,
2009. Observational constraints on recent increases in
the atmospheric CH4 burden. Geophys. Res. Lett, 36.
(5) R.M. Measures and G. Pilon, 1972. A study of tunable

laser techniques for remote mapping of specific gaseous

(10

an

(12)

(13)

(14)

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

constituents of the atmosphere. Opt. Quant. Electron,
4(2) : 141-153.
J. L. Sarmiento, J. Louis, and C. W. Steven, 1999. A U.S.

carbon cycle science plan. Boulder, CO, USA : University

Corporation for Atmospheric Research.

A. M. Michalak, B. J. Robert, M. Gregg, L. S. Christopher,
and the Cabon Cycle Science Working Group, 2011.
A US. Carbon Cycle Science Plan. Boulder, CO, USA

. University Corporation for Atmospheric Research.

National Research Council, 2007. Earth Science and

Applications from Space: National Imperatives for the

Next Generation and Beyond. USA : The National

Academy Press.

National Research Council, 2010. Verifying Greenhouse

Gas Emissions: Methods to Support International Climate

Agreements. USA : The National Academy Press.

L. S. Rothman, A. Barbe, D. C. Benner, L. R. Brown, C.
Camy-Peyret, M. R. Carleer, K. Chance, C. Clerbaux, V.
Dana, V. M. Devi, A. Fayt, J. M. Flaud, R. R. Gamache,
A. Goldman, D. Jacquemart, K. W. Jucks, W. J. Lafferty,
J. Y. Mandin, S. T. Massie, V. Nemtchinov, D. A. Newnham,
A. Perrin, C. P. Rinsland, J. Schroeder, K. M. Smith, M.
A. H. Smith, K. Tang, R. A. Toth, J. Vander Auwera, P.
Varanasi, and K. Yoshino, 2003. The HITRAN molecular
spectroscopic database. J. Quant. Spectrosc. Radiat.
Transfer, 82 : 5-44.

P. J. Rayner and D. M. O’Brien, 2001. The utility of

remotely sensed CO2 concenfration data in surface
source inversions. Geophys. Res. Lett., 28 : 175,

A. Fix, C. Budenbender, M. Wirth, M. Quatrevalet,
A. Amediek, C. Kiemle, and G. Ehret, 2011. Optical

Parametric Oscillators and Amplifiers for Airborne and
Spaceborne Active Remote Sensing of C02 and CHA.
Pro. SPIE, 8182 : 818206.

J. B. Abshire, H. Riris, C. J. Weaver, J. Moa, G. R. Allan,
W. E. Hasselbrack, and E. V. Browell, 2013. Airborne
measurements of CO2 column absorption and range
using a pulsed direct detection integrated path
differential absorption lidar. Appl. Opt., 52 : 4446.

M. Uchiumi, N. J. Vasa, M. Fujiwara, S. Yokoyama,
M. Maeda, and O. Uchino, 2003. Development of
DIAL for CO2 and CH4 in the atmosphere. Pro. SPIE,
4893 : 141.

Uil 16 (2561) VOL.16 (2018) 153



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

(15) G. J. Koch, B. W. Barnes, M. Petros, J. Y. Beyon, F. (21) S. Kameyama, M. Imaki, . Hirano, S. Ueno, S. Kawakami,

Amzajerdian, J. Yu, R. E. Davis, S. Ismail, S. Vay, M.
J. Kavaya, and U. Singh, 2004. Coherent differential
absorption lidar measurements of coz. Appl. Opt., 43
. 5092.

D. Sakaizawa, C. Nagasawa, T. Nagai, M. Abo, Y.
Shibata, M. Nakazato, and T. Sakai, 2009. Development
of a 1.6 um differential absorption lidar with quasi-phase
matching optical parametric oscillator and photon
counting detector for the vertical 602 profile. Appl.
Opt., 48 : 748.

C. Nagasawa, M. Abo, Y. Shibata, T. Nagai, and M.
Tsukamoto, 2011. Direct detection 1.6 pm DIAL for
measurements  of CO2 concentration profiles in the
tfroposphere. Pro. SPIE, 8182 : 81820G.

W. Johnson, K. S. Repasky, and J. L. Carlsten, 2013.
Micropulse differential absorption lidar for identification
of carbon sequestration site leakage. Appl. Opt., 52 :
2994,

F. Gibert, P. H. Flamant, D. Bruneau, and C. Loth, 2006.
Two micrometer heterodyne differential absorption lidar
measurements of the atmospheric CO2 mixing rafio in
the boundary layer. Appl. Opt., 45 : 4448.

A. Amediek, A. Fix, M. Wirth, and G. Ehret, 2008. Devel-
opment of an OPO system at 1.57 ym for integrated
path DIAL measurements of atmospheric carbon dioxide.

Appl. Phys. B, 92 : 295,

154 %7 16 (2561) VOL.16 (2018)

D. Sakaizawa, and M. Nakagjima, 2009. Development
of a 1.6 mm confinuous wave modulation hard target
differential absorption lidar system for CO2 sensing. Opt.
Lett., 34 : 1513.

T. F. Refaat, S. Ismail, G. J. Koch, M. Rubio, T. L. Mack,
A. Notari, J. E. Coallins, J. Lewis, R. De Young, Y. Choi,
M. N. Abedin, and U. N. Singh, 2011. Backscafter 2 um
Lidar Validation for Atmospheric C02 Differential Absorp-
tion Lidar Applications. |IEEE Transactions on Geosciences
and Remote, 49 : 572.

K. lkuta, N. Yoshikane, N. Vasa, Y. Oki, M. Maeda, M.

Uchiumi, Y. Tsumura, J. Nokagowa, and N. Kawada,
1999. Differential Absorption Lidar af 1.67 um for remote
sensing of Methane Leakage. Japanese J. Appl. Phys.,
38 : 110.

(24) T. Shuman, R. Burnham, A. R. Nehrir, S. Ismail, J. W.

Hair, T. Refaat, 2013. Efficient 1.6 Micron Laser Source

for Methane DIAL. Pro. SPIE, 8872 : 88720A.

(25) T. F. Refaat, S. Ismail, A. R. Nehrir, J. W. Hair, J. H.

Crawford, |. Leifer, and T. Shuman, 2013. Performance
evaluation of a 1.6 um methane DIAL system from
ground, aircraft and UAV platforms. Opt. Express, 21 :
30415-30432.

AS-Photonics, 2017. SNLO. http://www.as-photonics.com/

snlo.



NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

N1531AT1EANURTBVRLATIATIFIUIIN NaULATNAIUTUUTLETUAAY
Reliability Analysis of Foundation Before and After Strengthening

ANE7T Yyy1Iua*

i28A1EN519158 AS.ENST NNSITTUY

&9 9

eXe

A1913113An571lE87 AZIANTIUANANT UMNINEIAEETIUANART FUETIAN
*Corresponding Author. Email : Passaworn.b@gmail.com
(Received: August 8, 2018; Revised: September 28, 2018, Accepted: October 12, 2018)

UNARED : 1MUITBUTInQUITaABfnY) N15IATILVANMULIADN0UBILATIATINGIUIINADULAS NSNS

q
<

Uulsaasumadlagld iwdumanlulasing nefinsdfnvilueimsiSounungudsauemans (91013 A) 104
uvInedusssumans audisan dalasiainsgiusnvesenmsneunisuiuUsaaiuiids figsndou 15
g1usn (P1-P15) lanansa¥udwidnussnn (g, DL+, L0 1 shlidesiinmsusuuguasuiddassats
Fusnbianuudasazanusaldaulamuund medaszildidnisdiuamiusinszyi (Load, Q) way
AU Resistance, R) 99sg1usnfiAntureutasydamsusulsaiumds dethammenssuianah
Fefte ouuasndinsusulsaatumds danulsuifieutuidauuandatudiods vindulahanss
mudedendnmsuiulsiaiuidlasedisiun idsuiuansssiinmnhdededvineg naved
nsusulnaS U aTlassadugusn duhlilasasgunndaessiamniideienduaiumdminnd
Aassriliarunideiedeuaiumds Sntsdadungusniifaunnniaessiauhdeiodving ns
udlasaigunnluadsd awhlilessadugunnansosuimdnusmnldmufiesnuuuiasday
Uaonsginndiu

o o w I3 I3 ¢ o i )~ Y] ! a oA A
G 3K LaqLﬁUNL‘ViaﬂVLﬂJIV’\I{LWEi Iﬂiﬂaiwgmiﬂﬂ ANITVUANUURDANY ﬂ']@iiSUUV’n']QJU']L'Tf@ﬂ@l’{]']ﬁll"lﬂ

Ui 16 (2561) VOL.16 (2018) 155



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

Abstract : The purpose of this research is the analysis of the structural reliability of the case study
building foundations prior and posterior the improvement and strengthening by using Steel Micropile.
The case study building is the Building A of Social Science Complex Building (SC2), Thammasat Univer-
sity, Rangsit Campus. From the calculation recheck, there are 15 foundations (P1-P15) of this building
that must be repaired because their capacities cannot resist the factored design load (¢,, DL+ ¢,, LL)
from the building. So, the foundations improvement and strengthening are required to guarantee that
this building can be used effectively. By the reliability analysis process, both loads (Q) and resistances
(R) of building foundations have to be calculated (prior and posterior the strengthening) and then the
reliability indexes have been calculated in order to evaluate and compare the reliability indexes of
building foundations (before and after improvement) each other and target reliability index and compute
foundations safety as well. The results show that the structural reliability indexes after strengthening
are more than target reliability index or not. The strengthening results the reliability indexes which
improve after strengthening. Furthermore, there are some foundations which have their reliability
indexes more than target reliability index as well, this structural strengthening method improves the

foundation performance that can handle all loads occurred in real situation and make it safer.

Keywords: Steel Micropile, Building Foundation, Structural Reliability, Reliability Index
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Y v o 2 ~ a
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T%LaWL%mLﬁnmé’usj’m@juéﬂma 0.8 m. ANNE1I 30 M.

waraunsasSuimnUasnsnelalidaenin 130 i/
oA A Y = = v Y = a

ANNUWRNveIlATEs1egININ IneiianAnsnsdl AU PN 2 UasgIuIIn P1 - P15 A §IUIN

ANYIAD 9IANSEIALANERNS (1A A) UNINY1FE AYINITANUIUDBNLUULAZYINNSHESUNAIN8ANT

533UANERS ANETIEN B951UIINVDIDIANITNITAAN

Launsasudmidnussyniinsgsila 3alavinng

AUINLaEYISEsUINalag Ig1usInvianie 15
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a o A =~

FIUTNAIE Jeg 1570 FL HUWIR 1.6 m.x 1.6 m.
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14 Steel Micropile YwImdURNUAUENAS 0.25 m.
AYILE71 30 m. wazanansniudmiinUaend (Safe
Load) laldtioandn 40 fu/fu wavinn1seeny
gusniileleuidng

Taonmdl 1 azuansiumisvesgiusn Pl -
P15 AlFSumsUsulaasuigs (7]



NIANTIVINTLTIT LU TRENTEIATBUNA

CRMA Journal
~ @) €36) (®) | 4
ey 8 ok mg?@_@‘(;ﬁ) Q_ggo ’ 1.60 g
@ - e 1
ol — - 0.80 ., 0.80
“é) At I S 7~ H
s T e |
g BT Z}
X3 = 41 0 e
S A : |3
S @L_-@ I‘E \k;y ':5 9%———4-—_—
@ T i_< Lty i3 = %
o o — {4l ik * = ’
el &l {’2\
@ {{ o A 4] \Jl
@y }Ej Fa - W‘é i o
L | g 5 i 2N 2 FIUTIN
@ —feHe#s [L;]E = ugé L;TAL_J
g IO
L] J il F
L o) fe - (e)|[e] A A
® o atl {J'CEH«,E} Em (\’@
(5) sl e | ol L '
© L3NS - tJCBJL;} 2 )LJ 5 s
j 05 1.05
@
Lo ﬂﬁ} & 110 0
@ b 4} Cab <d@ 5 b}'ﬂ.l\o\éj A d]
" e O O <. Y i
SIS S T ST S e - & ——t A1)
A 1 Foundation Plan vasenA1snsdiAnm 0.37 *iﬁﬁ% 0.371,
]
10y (1) AREWMSYOS P1, P2, P3 Lag P4 Wi 3 g PL, P5, P12
(2) Aasuusuea P5, P6, P7, P8, P9, P10,
P12 uas P13 P1, P5, P12 1¢vin1s 14 2-Steel Micropiles
(3) ABAUMUSTRY P11 TunsiaBufas wazveneg st 2.85 m. x 2.20 m.

(4) PRALLAUSYDY P14 S 3
(5) AaFuneuad P15

1ne51888198AT0951UIIN PL - P15 noulay
nauasUAUTuUTLansAssia ULl

U1 16 (2561) VOL.16 (2018) 157



NI TIVINTLIIFEUUNLTRENTEIATBUNE

CRMA Journal
-
&)
o
; 2.82 .
) I |
d Lol 1 lo| (o
i - ] D - D
------------------- )

AW 4§15 P2

P2 1avin1s 1o 2-Steel Micropiles Tunas
iuiaazvenegIus Iy 2.82 m. x 2.20 m.

AININN 4

0.93

A9 5 §1usIn P3

P3 1avin1s 14 3-Steel Micropiles Tunas
WEIUMAY wazapegIus Iy 2.50 m. x 3.19 m.

FININA 5

158 @i 16 (2561) VOL.16 (2018)

(\\).4
1.40
0.63
1.68
~ 9 \
i I o
- C_ L N
EAE N AN,
" |
= o) |
|
B |

AW 6 §1usIN P4

P4 1aviin1g 19 3-Steel Micropiles Tun1s
lEuinge wazvenegus Ny 3.04 m. x 3.54 m.

fan il 6
@
285
1.05 1.05
P
-85 o+ 1o 1—tH.1
n 11 \ ’/

AW 7 §1U50 P6

P6 1lavins 19 2-Steel Micropiles Tunns
w@Suide wavvenegiusndu 2.85 m. x 2.20 m.

AININA 7



NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

200
0.55.0.55 o

€3 ~

| A 10 31UIN P9, P11, P13, P14, P15

&

D.374

2.85

1]
L]

1.05

©
®

0.3/

mw*f/'i 8 ﬁ?lﬁﬂﬂ p7
P9, P11, P13, P14, P15 lpvinns 19 2-Steel

P7 levinns 14 4-Steel Micropiles Tunns  Micropiles TunsiaSumidsazvenegiusndu 2.26

WU wazvenegIus Ny 2.85 m. x 220 m. M. x 3.65 m. sl 10
Fanmi 8
4 )
&
e Jud ]
T z

AMWdl 11 §7u37n P10

AW 9 g7u5IN P8
P10 lavinnns 14 3-Steel Micropiles Tunns

P8 #4iin1s 14 3-Steel Micropiles lupns  WENAIds wagveregusnilu 3.45 m. x 2.91 m.

ETUAINY WAZVEIUFIUIIN AININA 9 AInImm 11

Uil 16 (2561) VOL.16 (2018) 159



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

2. 41m337U ACl (American Concrete
Institute)

2.1 Dead Load (DL: thwiihussynasil)

munededmdnussyniinszyiieg fuil asdl
mes Lifinsiedeudievieasunlasuunnyes
whwitin vi3e dntnveshlasaadines

2.2 Live Load (LL: thninussynas)
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Total Load = 1.4DL+1.7LL (1)
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Aidsdalsyapuasnaunsavieny 28 Ju, f ’ =
320 ksc

3.3 aysvilnaIunndade (Reliability Index,p)

finsanly R uay O WWusudsquiinisnsyane
siuuuun@ (Normal Distribution) lagisnaganunse
e arwltuBeswenintnussn (Bias Factor
for load) faaunsi (5) uay AduUsyansnIsudsi
(Coefficient of Variation: COV) #aaunsil (6) was
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. X
Bias Factor, 4 =-— (5)
xn
Coefficient of Variation, COV = g (6)
X
. R-0
Reliability Index, g = _R-Q (7)
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(Probability of Survival: Ps) (Barker Puckett , 1997)
[5] faaunisi (8)

P = PR>Q) (8)

wazAIAuUnAziduveIn1sTRvedaseasna
(Probability of Failure: Pf) (Nowak and Collins,
2000) [2] f9aunsN (9)

P.=1-P 9)

4, NamnmﬁLﬂiﬂxﬁﬁﬁﬂﬁnussnnttazﬁﬁﬁa
#1un1u (Load and Resistance, Q
and R)

A15199 1 WSsuigy Load & Resistance ¥4
< 2 1 '3
G MISIRN Laum’lu@u*ﬂﬂa’m 0.80 m.
MUY 30 m.

o = a 1 A a é( (%] 1
A19199 2 L1USEULNBUAT Shear MARTUNUAIAIY
A1UNIU Shear YBIFIUIINUFIIIN

UFuUsaasumag
Footing Q (M R (T)
P1 70.51 353.78
P2 121.09 230.72
P3 170.16 230.72
P 179.51 392.23
P5 131.13 353.78
P6 145.06 353.78
P7 22142 538.36
P 181.16 346.09
P9 95.62 107.45
P10 169.69 323.01
P11 34.72 107.45
P12 66.57 353.78
P13 31.47 107.45
P14 54.46 107.45
P15 52.62 107.45

A15199 3 LWUSgULIgUA1 Moment MLARIUAU
AIAIUAIUNIY Moment V8451

nvaeInUTulTuEsuiGs

Q Maw¥iNIs | Q wasinns
Footing R(T)
Y81831u3n (T) | verrwgrusn (T)
P1 175.49 130 130
P2 208.12 130 130
P3 239.78 130 130
P4 245.81 130 130
P5 214.60 130 130
P6 223.59 130 130
P7 272.85 130 130
P8 246.88 130 130
P9 225.62 130 130
P10 239.48 130 130
P11 164.72 130 130
P12 172.95 130 130
P13 161.47 130 130
P14 184.46 130 130
P15 182.62 130 130
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Footing Q (T-m) R (T-m)
P1 31.73 68.76
p2 57.52 90.88
P3 106.63 292.17
P4 56.25 85.28
P5 59.01 68.76
P6 65.28 68.76
p7 99.64 123.29
P8 74.88 182.19
P9 85.22 123.45
P10 56.00 85.34
P11 33.37 127.44

P12 29.96 68.76
P13 31.22 127.44
P14 54.02 127.44
P15 52.20 127.44
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LN GEN LGN States (s10)
A15197 4 A1 Bias Factor way COV. ¥4 Load B B R P
[1,3.4,6] Footing | Limit States | fauesu | A gueau| noueEu| a3y
Aas | Aas | Anae | Anag
Load Bias Factor cov Compression | -2.60 0 0.99 0.5
Dead Load 1.05 0.16 P4 Shear - 2.35 - 9.39E-03
Live Load 1.05 0.30 Moment - 1.89 - 2.94E-02
Compression | -2.11 0 0.98 0.5
A1579% 5 @1 Bias Factor, COV way Atvng P5 Shear - 2.81 - |2.48E-03
Reliability Index, ﬁTarget“UEN Resistance Moment - 0.72 - 2.36E-01
[1,3,4,6] Compression | -2.26 0 0.98 0.5
P6 Shear - 2.60 - 4.66E-03
Resistance Bias Factor Ccov ,BTarget
Moment - 0.24 - 4.05E-01
Moment 1.14 0.15 3.0
Compression | -2.95 0 0.99 0.5
Shear 1.10 0.21 35
pP7 Shear - 2.59 - 4.80E-03
Compression (Pile) 1.14 0.16 2.0
Moment - 0.99 - 1.61E-01
o . o L Compression | -2.62 0 0.99 0.5
A151991 6 1 Reliability Index () weann Limit i
P8 Shear - 201 - 2.22E-02
States
Moment - 3.63 - 1.42E-04
Joj p Pe P¢ Compression | -2.30 0 0.98 0.5
Footing | Limit States | fauesu | A aeau| nowsEu| ey P9 Shear ] 0.39 _ |3.48E01
NMaY | N1ag | N7ag 189 Moment ) 17 _ 4.46F-02
Compression | -1.30 0 0.90 0.5 Compression | -2.51 0 0.99 05
P10
P1 Shear - 3.74 - |9.20E-05 hear ] 200 228502
Moment - 326 | - |357E04 Moment - 192 | - |276E02
Compression | -1.99 0 0.97 0.5 Compression | -1.03 0 0.84 05
P2 Shear - 20 - |328E02 P11 Shear - 307 | - |1O7E-03
Morment - 207 - |192R02 Moment - 476 | - |9.68E-07
Compression | -2.52 0 0.99 0.5
P3 Shear - 1.01 - 1.56E-01
Moment - 3.98 - 3.45E-05
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A5T 6 AReliability Index (3) vaayn Limit
States (s19)

B B i i

Footing | Limit States | AaweRu |rauesu| nowssy| viadesu

a9 | n1ae | n1ae | nae

Compression | -1.24 0 0.89 0.5

P12 Shear - 3.80 -

7.23E-05

Moment - 3.45 -

2.80E-04

Compression | -0.95 0 0.82 0.5

P13 Shear - 3.23 - 6.19E-04
Moment - 4.89 - 5.04E-07
Compression | -1.51 0 0.93 0.5
Shear - 2.09 - 1.83E-02
P14
2.00E-04
Moment - 3.54 -

Compression | -1.47 0 0.92 0.5

P15 Shear - 2.18 -

1.46E-02

Moment - 3.64 -

1.36E-04

nuewme - vunedaiiialugiany
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1A59a31951UTIN noulkagvaeUTulTaasuigae
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Probability of Failure mm‘ﬁlqmagjﬁ 0.99 iflesanidiu
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WU31AT Probability of Failure ﬁaaﬁqmﬁa P13 AN
Anuidefiengil 5.00x10-7 wazgusndue ldsu
mMaaduiduUsdsdimesseianuiidefioves
Tassadefiunnau Fevinlalasiaddaesmvosennns
finnuUaondudety
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Abstract : This article is to study the optimum contact time of membrane and photocatalytic
membrane reactor (PMRs) systems for hospital wastewater treatment. The wastewater is collected
from Songklanagarind Hospital. The ceramic membrane and photocatalytic membrane by titanium
dioxide are prepared. Membrane reactor system used ceramic membrane with UV light to treatment.
The PMRs used the membrane coating with titanium dioxide combined with UV light. The filtration
system was outside-in mode. The different flow rates of 38, 60 and 120 ml per minute, respectively.
The contact time was 5.3, 2.6 and 1.25 minutes, respectively. The study found that the optimal contact
time was 1.25 minutes at 120 ml per minute and flux obtained about 198 LMH. COD removal efficiency
of the aerated lagoon, membrane and PMRs systems were 78.13%, 79.69% and 94.14%, respectively.
Total coliforms and faecal coliforms were not found in the PMRs. This is due to the hydroxyl radical

breakdown mechanism, which reacts directly by UV light with organic matter and microorganisms.

Keywords: Membrane, Photocatalytic Membrane, Hospital Wastewater, Performance Efficiency
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