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Abstract

In the present, wastewater management in the industrial sector is primarily focused
on the reuse of treated water. The purpose of this research is to study the efficiency of the
biological wastewater treatment system under the operation of the industrial estate in
Chonburi province. The Industrial Estate, under the supervision of the Industrial Estate
Authority of Thailand, is aware of Sustainable Development Goals (SDGs), particularly Goal 6.
SDG 6 aims to ensure availability and sustainable management of water and sanitation for
all, according to the United Nations. The Industrial Estate integrates environmental tools in
line with the concept of a circular economy, with a focus on minimizing environmental
impacts.  Minimizing water consumption, reducing pollution, and cutting down on
management expenses are integrated into industrial estates. OpenLCA is software designed
for evaluating the life cycle of products and eco- efficiency. The environmental impact
assessment includes effects on Human Health, Ecosystem Quality, and Resources, with
values of 3.36E-05 DALY, 9.07E+03 PDF.m2.yr, and 2.54E+05 MJ, respectively. The Eco-
Efficiency index is precisely 65.23. The reutilization of treated water reduces 34.08% in
greenhouse gas emissions. Industrial estates can achieve reduction in expenses and a

decrease in carbon dioxide emissions.

Keywords : Eco efficiency, Greenhouse gas, Wastewater, Reclaimed water, Life Cycle Assessment
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M99 1 YaAHansenun1danges (Eco Cost)

Multiplier Eco cost Eco cost
Impact : IMPACTWorld+ unit Total
factor (EURO) (THB)
Human Health DALY 3.36E-05 74000 37.077 92.10
Ecosystem Quality PDF.m?yr 9.07E+03 1.4 0.037077 470.66
Resources MJ 2.54E+05 0.00411 37.077 38,778.85
Total 39,341.61
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Abstract

The objectives of this research were to 1) assess the fire risk of Bang Sai Kai
community Thonburi, Bangkok, 2) study the fire prevention and suppression readiness in Bang
Sai Kai community. The sample group was 10 community leaders and fire related committees
and 125 people living in Bang Sai Kai community, focus group discussion using lead interview
and questionnaires. The results of the research found that Bang Sai Kai community Fire risk
is low at 0.64 points. Preparing for basic fire prevention and suppression at a moderate level
(x = 2.34,S.D. = 1.46) basic fire prevention household organization is at a high level (X =
2.90, S.D. = 1.26) and maintenance inspection is at a high level (X = 3.18, S.D. = 1.17). Overall,
the people within the Bang Sai Kai community are well equipped to prevent and suppress
fires in every aspect is at a high level (x = 2.85, S.D. = 1.31). Suggestions are 1) transferring
fire knowledge to every household by sending 1 representative to participate 2) stimulating
and creating habits of discipline and cultivating awareness to children to be careful in their
actions to prevent fires; and 3) organizing activities for people in the community to keep their

homes orderly, inspecting and creating discipline. Community cooperation once a month

Keywords : Fire, Risk, Readiness, Mitigation Fires
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Abstract

The objective of this research was to study the factors in the Quenching process
that affects the hardness and structure of the metal. With hardening and tempering the
material at different temperatures and times. The material used in the experiment was High
Speed Steel M2. The agent used to harden the metal were water, oil, and air. The
experimental factors consisted of temperature for Quenching which was divided into 7 levels,
namely, 1,000 °C, 1,050 °C, 1,100 °C, 1,150 °C, 1,200 °C, 1,250 °C and 1,300 °C. The time
required for quenching was 3 minutes, 3.5 minutes, 4 minutes, 4.5 minutes, 5 minutes, 5.5
minutes and 6 minutes. Based on the experimental study, it was found that temperature and
time have a significant effect on the hardness of High-Speed Steel M2 at the significant level
of 0.05. The most suitable factor is the use of an oil-based Coolant at a temperature of 1,150
°C for 4.5 minutes which gives the highest hardness than other Coolant with the hardness of

55.62 HRC and a martensite interior structure

Keywords : quenching, heat recovery, high speed steel
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Introduction

Heat Quenching process of the metal is
required in order to make the steel after
Quenching becomes harder and resistant to
friction during use [1,2] Quenching is the
process that results in the final steel
structure being martensite or bentonite
depending on the hardness required for the
use. Sometime, if the appropriate type of
steel and the use are not considered in the
heat treatment process, the steel will be in
poor quality, not hard, brittle, and not good
when using. Heat Quenching of steel in some
cases may cause the steel to be softened for
easy forming [3] Heat Quenching of steel by
is to heat the metal and then cooling it at a
critical cooling rate to create a martensite
structure using the Coolant. Heat Quenching
of steel is therefore an important process
and widely used in the industry for making
machinery parts, engines, tools and
materials.

The Coolant is solid, liquid and gas [4] It
acts as an intermediary during the Quenching
process. Liquid that is commonly used in
Quenching. Most of them are liquid, such as
water, oil or air. Coolant in the form of solids
such as sand. Coolant will cool the steel
after bumning to make the metal harder.
Therefore, Coolant is one of the factors
affecting the hardness, toughness and
abrasion resistance. Steel is undergone the

Quenching process in order to meet the

qualifications  required  for  maximum
efficiency.
This research is to study the

determination of suitable factors for

Quenching and tempering high speed steel

(M2) and study of the properties of steel in
the Quenching process by studying the
These

factors are an important condition for steel

temperature, time, and Coolant.

Quenching. The results of the study of high-
speed steel (M2)

development of

will be used for the

tool, materials and
equipment used in the machining process
for the part manufacturing industry and for
the benefit of the research and further

research process.

Objective
1. To Study of Factors Affecting Quenching
of High-Speed Steel M2.
2. To Study Quenching process that affects
the hardness and structure of the metal.

Methodology and Materials

The properties of mixture of high-speed
steel (M2), temperature and time suitable for
Quenching and tempering was studied.
Differences of each Coolants on the different
results and the characteristics of each
Coolant were also studied in order to be
used in the design of the experiment for
finding the
Quenching and tempering to increase the
hardness of High-Speed Steel M2.

1. Preparation of Experiment Equipment

1.1 High-speed steel (M2)

1.2 Quenching Furnace

most suitable factor for

1.3 Coolantat at room temperature
Water: 10 liter of tap water
Oil: 10 liter of oil
Air: Use air at room temperature

for cooling at 27 degrees.
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1.4 Polishing equipment for illuminating
structures.
Sandpaper numbers 220, 320, 400,
600 and 1,000
TIGER Belt Sander BD-46N
Al203 fine polishing powder
mixed with distilled water Heat dryer
Nitric acid (HNO?3) Nitol (2-4%)
1.5 Rockwell Hardness Tester
1.6 Microscope

Tools and materials used in the

experiment, Figure 1

Figure 1. Tools and equipment

2. Experiment and Data Collection
2.1 Prepare high- speed steel M2,
Dimension 25 mm. In the amount of 7 x 21

= 147 pieces,3 coolant 147 x 3 = 441 pieces.

Volume 12 / Number 1 / January — June 2024

2.2 Quenching by using an electric
oven at room temperature 27 oC and heat it
up to 8500C to warm the workpiece for 20
minutes. The process begins with heating the
steel to reach the temperature where the
structure changes to austenite.[5] Leave it in
the oven for a set period of time until a
steady austenite structure is created. Then
cool it down at a sufficient speed to create
a martensite structure. The temperature
used for heat treatment test is 1,000 °C,
1,050 °C, 1,100 °C, 1,150 °C, 1,200 °C, 1,250
°C and 1,300 °C.

2.3 Time used for quenching is 3
minutes, 3 minutes 30 seconds, 4 minutes, 4
minutes 30 seconds, 5 minutes, 5 minutes 30
seconds and 6 minutes.

2.4 Then let it cool in the various
plating, namely water, oil and air.

2.5 When the workpiece cools down,
conduct tempering for 2 times, 2 hours each
time. The first tempering is conducted at 540
°C for 2 hours, then let the workpiece cools
down in the air. Then conduct another
tempering at the temperature of 540 °C for
2 hours. from Figure 2.

Workpiece cools dowm

B50 -

540

Figure 2. Example graph showing time of metal quenching at different temperatures
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2.6 Undergo the workpiece through
the Rockwell Hardness measured on the C
scale (HRC) and record values in the results
recording table. [6]
3. Experiment Table Design
Table for

Hardness measured on the C scale (HRQ)

recording the Rockwell

fter quenching, experiment design and data
analysis using data variance test. There are
3 factors that are used to determine the
hardness value, namely, coolant,
guenching temperature (°C) quenching time

(minutes). [7]

Table 1. The determination of the level of factors in the quenching of high-speed steel M2

using 3 types of coolant, namely, water, oil and air.

Quenching Quenching Time Tempering
Coolant
Temperature (°C) (minutes) Temperature (°C)
1,000 3
1,050 3.3
1,100 4 Water
1,150 4.3 Oil 540
1,200 5 Alir
1,250 53
1,300 6

After quenching of high-speed steel with
different time, temperature and tempering
at 540°C for 2 hours, 2 times, according to
the experimental factors that have been set,
the[8]
C scale (HRC) will be conducted at 3 points

Rockwell Hardness measured on the

on the workpiece per piece and then record
the hardness in the results table classified by
type of coolant, i.e. a table to record the
hardness of steel that has been quenched
by using water, oil and air as coolant.

4. Data Analysis

The experimental results are analyzed
to find the optimum conditions using the
Minitab Version 16 statistical program. The
General Linear Model function is used and
the confidence level at 95% (Ol = 0.05) is set

in order to analyze the experimental results,

where the following hypothesizes are
determined. [9]
4.1 The hypothesizes are:

HOi: xil = xi2 =xi3 =0

Hii: xil = xi2 =xi3 =0

HOj: xj1 = Xj2 = Xj3 = xjd = xj5 =
xj6 = xj7 =0

H1j: xj1 = xj2 = xj3 = xjd = xj5 =
xj6 =xj7 =0

HOk: xk1 = xk2 = xk3 = xkd = xk5
=xké =xk7 =0

Hik: xk1 = xk2 = xk3 = xkd4 = xk5
=xké =xk7 =0

Xi is the effect of the coolant
water, oil and air (A).

Xj is the effect of the quenching
temperature of 1,0000C, 1,0500C, 1,1000C,
1,1500C, 1,2000C, 1,2500C and 1,3000C (B).
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X is the effect of the quenching
time of 3 minutes, 3 minutes 30 seconds, 4
minutes, 4 minutes 30 seconds, 5 minutes, 5
minutes 30 seconds and 6 minutes (C).

4.2 Experimental Hypothesis

Main hypothesis (HOi): The effect of
the coolant does not affect the steel hardness.

Secondary hypothesis (H1i): The effect
of the coolant affects the steel hardness.

Main hypothesis (HOj): The effect of
the quenching temperature does not affect
the steel hardness.

Secondary hypothesis (H1j): The effect
of the quenching temperature affects the
hardness of the steel.

Main hypothesis (HOk): The effect of
the quenching time does not affect the steel
hardness.

The

effect of the quenching time affects the

Secondary hypothesis ( H1k) :

steel hardness.

Main hypothesis (HOij): The combined
effect of the coolant and the temperature
does not affect the steel hardness.

The

combined effect of the coolant and the

Secondary hypothesis ( H1ij) :

temperature affects the steel hardness.
Main hypothesis (HOik): The combined

effect of the coolant and time does not

affect the steel hardness.

The

combined effect of the coolant and time

Secondary hypothesis ( H1ik) :

affects the steel hardness.
Main hypothesis (HOjk): The combined
effect of temperature and time does not

affect the steel hardness.
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Secondary hypothesis (H1 jk): The
combined effect of temperature and time
affects the steel hardness.

Main hypothesis (HOijk): The combined
effect of the coolant, temperature and time
does not affect the steel hardness.

Secondary hypothesis ( H1ijk) : The
combined effect of the coolant, temperature
and time affects the steel hardness.

4.3 Check the accuracy of the data
obtained from the experiment. Present the
results by creating a graph from the Minitab
program to check the accuracy and analyze
the results to find the most appropriate

parameters that affect the quenching process.

Results and Discussion
From the experiment, the size of the
workpiece is determined within the scope
specified which is 12x12x3 mm, 2 times
The

experimental variables are quenching time,

tempering at 540 °C for 2 hours.

temperature, and coolant, in which the
hardness of the workpiece of each level of
factors is different. The test results were the
Rockwell Hardness measured on the C scale
(HRC) at 3 points on the workpiece per piece
in each trial. The amount of 3 workpieces are
used per each experiment. The hardness
value is recorded in the hardness record
table to find the average hardness of each
workpiece. The average hardness will reveal
the most hardness parameter as shown in
Table 2:
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Table 2. Represents the quenching parameters that give the highest hardness

Coolant Temperature Time Rockwell Hardness measured on the C scale (HRC)
O (minute) | Workpiecel Workpiece2 | Workpiece3 | Average
Oil 1,050 4.30 55.43 55.17 56.27 55.62
Water 1,000 3 55.00 54.23 54.60 54.61
Air 1,050 5 50.20 53.10 51.20 51.50

Based on the quenching process of steel
and the average hardness, it is found that the
experiment with the highest hardness is the
quenching at the temperature of 1,050 °C for
4.30 minutes by cooling in the oil. Analysis
of Variance (ANOVA) of the quenching was
performed and the analysis of the variance
of factorial data [9] can be displayed by using
Minitab statistical program to analyze the
results of the experiment to study all factors
by determining the level of confidence of
95% or (0L = 0.05) to validate the results.
Based on residual analysis using the function
ANOVA> General Linear Model, the results
are as follows.

1) There is a normal distribution of
residuals which is used in the Normal
Probability Plot. Considering from Figure 3, it
is found that the residuals are distributed
The X-axis is the

residuals and the Y- axis

along a straight line.
is the normal
distribution percentage, thus it can be
estimated that the residuals have a normal
distribution.

Normal Probability Plot
(response is Hardness)

Percent

Residual

Figure 3. Normal Distribution

2) Residuals are independent from one
another. When plotting the residues in the
graph, the X axis is the order of the
experiment and the Y axis is the residues.
Considering Figure 4, it is found that the
residuals are independent and there is no
exact pattern or the exact pattern cannot be
estimated, showing that the residuals are

independent.

Versus Order
(response is Hardness)

Iw"h M,mm il mlm gl ] .a.nHI’.:.(u

*l“l"‘”ﬂl"l" i ‘\ g fule] ‘]“ ‘\}'”]

Residual
>
T

1 50 100 150 200 250 300 35 400
Observation Order

Figure 4. The distribution of residuals

versus the order of the experiments.
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3) Data is stable in variance. When the
residue is plotted in the graph, the X axis is
the experimental mean and the Y axis is the
residues. Considering figure 5, it is found that

the variance of residuals in each position is

Volume 12 / Number 1 / January — June 2024

closed to each other and there is no
tendency for the residual distribution pattern
to be found. Therefore, it is concluded that the

data is stable of variances.

Versus Fits
(response is Hardness)

Residual

Fitted Value

Figure 5 The distribution of residues versus the experimental mean

Analysis of variance (ANOVA) of metal
guenching can present the variance analysis
of 2k Factorial design by using Minitab

statistical program to analyze the results of

the experiment to study all factors by setting
the confidence level at 95% or (O = 0.05).

Table 3. Results of experimental data analysis in general linear model

Analysis of variance for Hardness
Source DF Seq SS Adj SS Adj MS F P
Coolant 2 2833.35 283335 | 1416.67 | 142.25 0.000
Temperature 6 52562.29 | 52562.29 | 8760.38 | 879.65 0.000
Time 6 132.72 132.72 22.12 2.22 0.041
Coolant*
12 1209.08 1209.08 100.76 10.12 0.000
Temperature
Temperature®
36 871.14 871.14 24.20 2.43 0.000
Time
Coolant*Time 12 211.15 211.15 17.60 1.77 0.053
Coolant*Temperature*Time 72 1125.67 1125.67 15.63 1.57 0.005
Error 294 2927.93 2927.93 9.96
Total 440 61873.33
S =3.15578 R-Sq = 95.27% R-Sq (adj) = 92.92%

that R2 = 95.27% and R2adj = 92.92% are

good coefficient of decision making.

From Table 3, based on the data
analysis using Minitab Version 16, it is found
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3.1 Based on the main hypothesis
(HOi), The effect of the coolant does not
affect the steel hardness, it can be seen that
P-Value of the coolant is 0.000 <O (which
the researcher specified Ol = 0.05). It shows
that the regression variables of the coolant
significantly affect the hardness.  We
therefore reject the main hypothesis (HOI),
and accept the secondary hypothesis (H1i).
The effect of the coolant affects the steel
hardness.

3.2 Based on the main hypothesis
( HO)
temperature does not affect the steel

the effect of the quenching

hardness, it can be seen that P-Value of the
temperature is 0. 000 <O ( which the
researcher specified O = 0.05). It shows that
the temperature regression variable affects
the hardness value significantly.  We
therefore reject the main hypothesis HOj and
accept the secondary hypothesis (H1j). The
effect of the quenching temperature affects
the steel hardness.

3.3 Based on the main hypothesis
(HOK), the effect of the quenching time does
not affect the steel hardness, it can be seen
that P-Value of the time factor is 0.041 <Q
(which the researcher specified O = 0.05). It
shows that time regression variables affect
the hardness value significantly.  We
therefore reject the main hypothesis HOk
and accept the secondary hypothesis (H1k).
The effect of the quenching time affects the
steel hardness.

3.4 Based on the main hypothesis
(HOij), the combined effect of the coolant

and the temperature does not affect the

steel hardness, it can be seen that P-Value
of the co-factor of coolant and temperature
is 0.000 <Q (which the researcher specified
O = 0.05). It shows that the combined effect
of the two factors affects the hardness value
significantly. We therefore reject the main
hypothesis HOij and accept the secondary
hypothesis (H1ij). The combined effect of the
coolant and the temperature affects the
stell hardness.

3.5 Based on the main hypothesis
(HOjk), the combined effect of temperature
and time does not affect the steel hardness,
it can be seen that P-Value of the combined
effect of temperature and time is 0.000 <Ol
(which the researcher specified O = 0.0). It
shows that the combined effect of the two
affects  the

significantly. We therefore reject the main

factors hardness  value
hypothesis HOjk and accept the secondary
hypothesis (H1jk). The combined effect of
the temperature and the time affects the
steel hardness.

3.6 Based on the main hypothesis
(HOik): The combined effect of the coolant
and time does not affect the steel hardness,
it can be seen that P-Value of the combined
effect of coolant and time is 0.000 <Ol (which
the researcher specified Q = 0.05). It shows
that the combined effect of the two factors
not affect the

significantly. We therefore cannot reject the

does hardness value
main hypothesis HOik. The combined effect
of the coolant and the time does not affect
the steel hardness.

3.7 Based on the main hypothesis

(HOijk), the combined effect of the coolant,
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temperature and time does not affect the
steel hardness, it can be seen that P-Value
of the combined effect of coolant,
temperature and time is 0.000 <Q (which the
researcher specified Ol = 0.05). It shows that
the combined effect of the three factors
affects the hardness value significantly. We
therefore reject the main hypothesis HOijk
and accept the secondary hypothesis (H1ijk):
The combined effect of the coolant,
temperature and time affects the steel

hardness.

Graph Data Analysis Results

Main Effects Plot for Hardness
Fitted Means

Coolant Temperature

50
e —

40 —
30 \

20

0i Water
Time

1000 1050 1100 1150 1200 1250 1300

Mean
=

50

40

30

20

T T T T T T T
30 33 40 43 50 53 6.0

Figure 6. Relationship of the Effect

from the Main 3 Factors

From Fig. 6, it is found that the effect
of the coolant, temperature and time has a

significant effect on the average hardness,

Volume 12 / Number 1 / January — June 2024

which is the oil, temperature of 1050 oC, and
the time of 4.30 minutes lead to more value
of hardness than other coolant, temperature
and time which can be observed from the
graph tendency.

In the coolant graph, it can be seen
that oil and water have a higher hardness
than air. The temperature graph shows that
the higher the temperature will lead to less
hardness values. In addition, the time graph
shows the graph lines which are quite
straight but with a slight difference because
the P-Value of the time factor is 0.041 <Q
(which the researcher specified Ol = 0.05).

The results are not very different.

Conclusions and Discussion
The study to find the suitable factors for
quenching and tempering of high- speed
steel ( M2)
temperature, time, and coolant shows that
the high-speed steel (M2) with quality that

can be used in the production of machining

by studying the factors of

equipment and material is the quenching
parameters at the temperature of 10500C, 4
minutes and 30 seconds and oil coolant,
which results in the highest hardness of
55.62 HRC. From Table 4.
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Table 4. Conclusions the suitable factor

Rockwell Hardness
Hardness Value Coolant Temperature (°C) Time (minute) measured on the C
scale (HRC)
Experiment Result Oil 1,050 4.30 55.62

Table 5. The comparison of the steel structure

High-speed steel, M2

Microstructure

Before quenching

for 4.30 minutes using oil coolant

After quenching at the temperature of 1,050 °C

From Table 5 The comparison of the
steel structure before quenching and
tempering of high- speed steel M2 before
being quenched into austenite. When the
steel has undergone [ 10] the quenching
process, cooled by oil coolant and 2-time
tempering at 540-degree temperature for 2
hours, the steel structure has been changed
to martensite. The oil coolant will cause the
workpiece to become relative less cracked
from the division of grains than the use of
other coolant. Therefore, when choosing to
use the quenching process of high- speed
steel, M2, the temperature should be
10500C for 4 minutes and 30 seconds and
oil should be used as the coolant. The
benefits from this experiment can be used
as basic data for the development of tools,
materials and equipment by increasing the

hardness value with PVD or CVD coating. It
can also be used in the production of
machinery parts including mold manufacturing

industry.
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Abstract

Many boilers are at high risk of fire and explosion due to the nature of work and it
takes mistake to cause a safety instrumented system failure. This study was to apply the
fault tree analysis (FTA) for assessing the risk in safety instrumented system and to calculate
the average probability of failure on demand (PFD) for classifying the safety integrity level
(SIL) of steam boiler controller at a university hospital. The FTA was applied to identify the
failure of safety instrumented system for assessing the risk. The average PFD was then
calculated for classifying the SIL of steam boiler. The study was conducted from April to
August 2023 at a university hospital in Thailand. Data collection used FTA. The FTA was
consisted of feed water pump, level indicator transmitter 1, and level indicator transmitter
2. The three loop control systems had the highest probability of failure on demand. All three
loop control systems showed the average probability of failure on demand as 8.5x10"" and
safety integrity level for level 1 (SIL1). Eventually, efforts should be made to supervise those
risks by setting up the suitable preventive maintenance plan to reduce undesirable

conditions from the safety instrumented system failure.

Keywords : Safety instrumented system in steam boiler, Safety integrity level (SIL), Fault tree
analysis (FTA), Probability of failure on demand (PFD)
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Level Indicator Transmitter 1.70
Flow Indicator Controller 0.29
Flow Indicator Transmitter 1.14
Solenoid valve 0.42
Main valve 0.01
Relay 0.003
DCS (Logic solver) 0.0002

2.3 Aips1eiA1sERuANUaBniBYeq
syuuinAuilsay (SIL)

sruvinAuiisie Ussnausie 3 gunsal
goe laun aUnsnin13n (Sensing Element: SE)
gunsaiUssuiana (Logic Solver: LS) ua

gun3saldaqasine (Final Element: FE) §slu
svuumslelothivaneleddu wu lefdulums
aunugUnsaitnssduluntelovh gunsal
UTTUIaNA 1MAIAN LAXINAI808 AILARIAL
SUM 2-4

| Feed Water Pump |

[

3

Sensing Element

Logic Solver

Final Element

Level Indicator Transmitter (LIT)

+ Rely Distributed Cor

nirol System (DCS)

Main Valve

| Solenoid Valve |

JUN 2 wauslesuliiuisnnuduimaiseuunIuaui 1
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Boiler

A

Sensing Element

Logic Solver

Final Element

Level Indicator Transmitter (LIT)
+ Rehy

Distributed Control System (DCS)

Main Valve | | Solenoid Valve

3U# 3 wudsrulduiannudumaissuuniuaud 2

Boiler

g

)

Final Element

Sensing Element Logic Solver
Level Indicator Transmitter (LIT)
+ Relay

Distributed Control System (DCS)

Main Valve | | Solenoid Valve

UM 4 wudsrulduiannudumaissuuniuaud 3

Feanansadiasgsiaiseduainulaon e
yas5zuUTnauilsds lasduainnismainu
HANAIA9UATI8YB93EUUAIUAN (Probability
of a Failure on Demand, PFD) naunsh 1
Mnwhuinseiaedsvesuianatn
5umﬂwaﬁzuumwlm (Average Probability
of a Failure on Demand, PFDavg) AN 2

PFDa‘ﬂﬂim"luwmeﬂ.u = ADT M
118 PFDgunsailussvumuny = AIAIINAANAIA
BUATILVDITLUUAIUAY

A = 9RSIANURANAINDUATIY (ASY/TINL)
T = syeznailunisnedau (1 U)

1 0T
PFDave = — [ PFD dt 2

aqunsaluszuumun
{10 PFD.. = MAnufinnanndunsieinisves
gunsal

T = syezalunismegeu (1 )

Taoii I inadadulsl uvannuduiman
IAsgviAIAuRanaInduns1elulLiagsE Uy
AIUAN 1EMLAIINNATINTDIAIAINAANAIA
é“umwma?{a‘umqﬂﬂizﬁ anaunsi 9
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PFDavgsz = PFDavgs; + PFDavg,; + PFDavgyy (9)

\la PFDaves = ANAIINAANAIASUASIBTOS
gunsain1sin

PFDavgic = ATAIUNANAINDUATIEUD
gunIniUsEaIana
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PFDavgs: = ATAIMUNANAIADUATIHUDY
aunsnlfiagnvng

Wisuiisuradsresmsiiamaindunite
UYBITEUUAIUANNUANTEAUAINUARA BT
sruuinnuilsfofannsed 2

A51971 2 Safety Integrity Level (SIL) Low demand mode of operation [13]

Safety Integrity Level Low demand mode of operation (Average probability of failure to
(SIL) perform its design function on demand) (time per year)
4 210° to < 10"
3 210" to < 107
2 210°to < 102
1 2102 to < 10
NAM3IYY Yrasiduiiasifinaudanainsindu 0.926
1. WAt U unssuarUssiueudes  svuumuauvneiay 2 ssuuiaseduihlunde
vamidialavh lovh#ad 1 (Level Indicator Transmitter 1) #n

INN5TUsuRseuasUstdiunnades
vosuiolonlnoldunug Aduliuvisaanu
é’mmmmaaszwmuqmﬁyugm (Basic Process
Control Systems: BPCS) mmg‘ﬂ‘ﬂl 2-4 Wu3 8
mmﬁm‘wmmasﬂuisﬁugqﬁszwmuawmeLaszJ
1 szuudounigh (Feed Water Pump) AR

anuyaziud aziinaruf anaiava i
0.926 LAEITUUAIUANNUILLAY 3 T8UUIA
seauinlunieloundaf 2 (Level Indicator
Transmitter 2) Aranuu1azduiiastinay
Aananawiniu 0.926 fans1efl 3

M19°99 3 TeyansvuBunTslarUssiiuaudsemiiolein

ArnY Arruazilu
STUUAIUAN gunsal Undedosin  flezinadufinnan
(R P)
w1 ﬁzuui’]auﬁwﬁw (Feed Water LIT1+Relay+LIC1 0.074 0.926
Pump) +CV2
NULAY 2 LIT2+Relay+LIC2 0.074 0.926
- szuutaseiuthlumdioleddnil 1 (Level +CP2+
Indicator Transmitter 1) Check valvel
mnean 3: szuuiassiuilundioletdaf 2 LT2+Relay+LIC2 0.074 0.926
(Level Indicator Transmitter 2) +CP3+

Check valve2

2. NN IASIERASEAUANNUADAN BB
szuuinAuilsny (SIL)
IINNTIASITRASEAUANLUADAN 8BS

seuuinAudsde wudn Wevihnsieassyuuin
AutlsAElung 3 szuumuny FalAnanuianan
JUATIIRREYRITTUUAIUAY (PFDave) V14 3 Syuu
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Wiy 8.5x 107 Asemal Aamns197 4

M99 4 nanTheTzviasERuAuUaenfuvesssuuinauisiy (SIL)

AIAMURANAIA ANAURANAIN
s UUAUAL ounsal é'umwm?isil,wiaz Sunseiafevesszuy
) ) aunsad AUAY
(PFDave) (PFDave)

nEa 1: LIT1+Relay 8.5 x 107 8.5 x 107
svuutlowtiudh DCS 1.2 x 10"
(Feed Water Pump) Solenoid valve 1.8 x 107

+Main Valve
NUEAY 2: LIT2+Relay 8.5 x 107 8.5 x 107!
svuuinsziuilunielevhsi 1 DCS 1.2 x 10
(Level Indicator Transmitter 1) Solenoid valve + 1.8 x 107

Main Valve
NUEATY 3: LIT2+Relay 8.5 x 107 8.5 x 107!
svuuinsziuilunielevhsadt 2 DCs 1.2 x 10
(Level Indicator Transmitter 2)  Solenoid valve + 1.8 x 107

Main Valve

ANLRAEYBIANURANAINTUATIHVBITEUUAIUANTUATSERUANNUABATBYRITE VU TRAY
58y WU 19 3 szuu fasgauanulasasie Windu 1 Jeaneidlenmanaanuianatn 1 Tu
10 ASSROUAIRNNTIN 5

A58 5 HanSUTEULTEUALRA BURIANURANAINBURNTIEVBITEUUAIUANAUAITEAUAIY
UaensgvesszuuinAuilsiy

STUUAIUAY AMURANATN Low demand ASEAUAIY
SunsBlRREYRITTUUAIUAN  mode of operation  Uaaad
(PFDavgsyr) (time per year) (SIL)
weLaY 1:
sruutloutiudn
(Feed Water Pump)
MUY 2:
sruuinsiuiluntoletheail 1 85 x 10 5102 to < 10! 1

(Level Indicator Transmitter 1)

MY 3:
ssuuinseauthlungeletnimg 2

(Level Indicator Transmitter 2)

- 40 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

dyduazaiusena

9NNAN15T UIsuns1euarUsiiuniy
doslaguszyndunugiiduliuisauduiman
LAZAUINAIAIUAANAINSUASIBIRE BTDS
iw'ummwﬁdaﬁﬂﬁm%’uﬁmumiw'fumm
Uaeasevemiioloth wuin wa 3 JEUUAIUAY
Igun szuutloutidh ssuuinsesuinlundele
Yt 1 uee 2 fapnudiananasunsiolads
yossvuumuauiioleth Wity 8.5 x 10" ads
sl dAsyauAuUasnie windu SIL 1

HanNsAnTIAMUAANAIAS U IEIRA 8T8
gunsainelussuumuaumsiolethilalndidss
ﬁ’uwamsﬁﬂmmiﬂssLﬁummﬁ'mizwi’m@u
ﬁiﬁ’amaﬁzwwﬁmiaﬁﬂu‘hmuqma’mmw
wail ATAWAAY 1.4 x 107 adesiad §ilan
seAUANUaEAAY WINAU SIL 1 [7] wiulieanu
FuauAdedvih@nwiAsatussuuinguisde
gaup3ssnTaTuigluduivveunallli A
ArANURANAINSUAS @AY WU 1.0 x 107
adael FeiiAnsyunnuasnste Wiy SIL 18]

i%UUﬂ’JUﬂ@Jﬁyﬂ 3 szuudiAnseauAY
Uaenadedneyluszdu SIiL 1 lnedleniaiia
Audumad 11y 10 adssed a1nn1sien
Aanatavesaunsalluszuy wu gunsainisin
sysulaivhauildsesudwioomadunsle
lou g s on 1A iavua (Set point)
gunsaluszanalavinuiilbrlddnisdsdyain
#eludsgunsaldagaine wie nmsfigunsalda
gavineag1 1AINIUVAN NAWEN TIAE
doelaivihanu demalhAnnssadaduld fa
1'14ﬂﬁﬁ’1ﬁ’U@JLLaﬂ’J’11JLgaﬂLMﬁﬂﬁfuiﬂﬁJ&?ﬁEJLﬁua
Tdaiusunsthgednuidedesiuiivanzay
\ieanannsildfisszasdanaudumnaives
sruuinAuilsay
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Taeldgunsal EWOD
Yyt Iguansde’, audh Asyassaned’, gwall gansems’,
fauz tavllv’, assans anasu’ wsvauvings yay3nwn®, n3mn guis”
12345 AnaRgiAINSSULATEINE ANEIAINTTUANENT NATINETSDEs 1Y
STy imnITuAnYNIatng aauzdmnssumaniiazanidnonssumans
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UNAnga

a o

nsmumeavesalvaanie ludsiiddyunlunmsifiundssaviamuesnszuiunms
wosUfuRNIsUULKHLTY (Lab on a chip) Fadunisdediuriesd foAn1s waznszuaunisvaasy
#1199 Tineguuukuguaunnan FofulunAdedtddiauaiofunsiauunanosudmiu
nsuauveavasnadtussavlulasdasdmsunssuiunsiaa et Tneldaunsal Electro-
wetting on dielectric (EWOD) %*'qLﬂuqﬂﬂiﬂiﬁﬁmmamwmiumimmmmsmﬁlauﬁﬂuamam
vaawmadluszaululasinsisssduunludasiaeldauulin anuudugrlunisnivauveavaives
gunsal EWOD Gﬁuagjf‘ﬁ"ugﬂLLUU%@iWW’]ﬁmmsau?jwmaﬁamsaaﬂLLUU%@IW%%&WW wagsUsa
Faflmnuddnyesnada Tnslunszuiumsidudiseldvihmsneaeugunsal EWOD Tngldnausing
#ne5emi1a 300 — 700 Taad A1ANNA 1,000 LETAT L oWIAIAINANSAN RN saNd TS
muaumsdeuiivemenvesiiings 8 lulasdns fegunsal EWOD 9nmsidenuiinisuen
vounmeennuuasitefadlidalnihegieten 3 41 uazmsnauveaveanmeddtaliiioshs
fiow 2 41 navesnsmarpURURIal M UsFAnLsadn Sl aniEusilFgunsalldanls
fianwindu 300 Taad Anawsnsdndgagaitanunsasnelsifugunsalfio 700 Tad Tasdsnalvivien
ypamaramsaadeuiildmomnuiuedswindy 10 fadwnsieiud Fududflvmnzauves
gunsal

ﬁ’]ﬁ’]ﬁ’iy : Electro-wetting on dielectric (EWOD), N13AIUANNEAVDILNAT, mmaammﬁummﬁn,
ANINFUNUAVDILIAR
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Development of Lab on a Chip for Microdroplets Mixing
Using EWOD Device
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Abstract

Manipulating microdroplets is essential to increasing the efficiency of chip processing
laboratories. It incorporated various laboratory functions while minimizing laboratory processes
to the micro-scale. Therefore, in this research, a platform for mixing liquid droplets was
developed at the microliter level for an electrochemistry measurement process using an
Electro-wetting on dielectric (EWOD), a device that can manipulate the movement of liquid
droplets on a microliter to a nanoliter scale using an electric field. The ability of the EWOD
device to precisely control the liquid droplet depends on the electrode pattern, which means
that proper electrode size and electrode pattern is therefore extremely important. During the
research process, the researchers tested the EWOD device using voltages ranging from 300 to
700 volts and a frequency of 1,000 Hz to determine the optimal voltage for controlling the
movement of 8 microliter of water droplets with the EWOD device. The research showed that
the separation of liquid substances from the reservoir required at least three electrodes, and
mixing liquid droplets requires at least two electrodes. From the test results of the device, it
was found that the minimum voltage required by the device to start its work was 300 volts.
The maximum voltage that could be applied to the device was 700 volts which caused the

liquid droplet to move at an average speed 10 mm/s.

Keywords : Electro- wetting on dielectric (EWOD), Droplet Manipulation, Microdroplets,
Droplet Mixing
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unii

wialulagwesuJURnsuuuiuiy nuneda
miﬂ’wLawﬁaqﬂﬁﬁ’ﬁﬁgwuw%amqa'mmaami
N3TVIUNITITURALNAADINIINYIAENS
Rerfuliisemaniivesansing 4 laneguu
uudwuuadn msanvuailifewinlfssuy
nagouiusEAnBmnnTy widdsanunu
nsldinan wagnsnennsanagiildlunisiings
naaeu [1] lnglulagdumalulagvieslians
vuukudd IdFuanuauleegranidesan
AuEnsalunsenszauiesUfuRnislndu
LuUesUfURNsIAA ouiild Fedanafinonns
adelsndnneldlaslidesinnindesen
uenniuiiunsszunusi (2]

guUnal EWOD Lugunsnififldudsenou
Lﬂu%ui’aammwﬁa%’auﬁu (3] naudRves
Tanenevilvigunsal EWOD aunsamiuaums
LAE oUT YBINEATDUNAIVUIALE NTEAY
Lalasansld (4] srenisldussanaunuliiing
adatunnmsTnednanadl il uda
AvuIuvetgUnsallusuniuaunaveiven
vaamahliAududa (Contact Angle) vas
venvosvaUasuliuardwalivesvaiiin
nawdeufilumauundalwihuesgunsel [5] 8n
adsanunsoaluurennalldvainvans
FULUU LU N13I18NUATBUNAINNUNAITIY
[6] Nswussvewien [7] MIsiuiivesmen [8]
Imﬁ'ﬁuagﬁumsaanuwé’nwmmaﬂ%ﬂw%

ﬁ'ﬂﬂgumiaaﬂLLUUG&?QIWV’meqﬂmzﬁ
EWOD Faidud siifiannudrdyegraunlunis
muAN13IAA sufineavevadliiiuluniy
Fumoui wosUfUAnsuLuHuTUF 0913 Tu
uiseiFeldyadululuemweinsesnuuy
Pl vesgUnsal EWOD Ll a3 195 04
U TRn1sHauvenvounal 1 odsoluly
nszuiunsinarliifwad (Electrochemical
Analysis) Gaidunszuaunisfiansnsansivaey
a1safiluiaegenng 9 laeg1esansuay
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LU UGN LYY N1SASIFABUAINULT LT UV
a1sarany, n1suseidualnuauisalunig
Wasuwlasansuadl [9] Wudu

IUITEIAUIY
1. iieeenuuudaluiinessgunsal EWOD
dmsurieauURnsnanans 2 viin
2. il onadoUAIALANANE vangay
dmiunsmuaunsiAd ouNivesaedLmAY
megunsal EWOD

EERV VPR
nsendusuidot olianunsoussg
TngUszasvesnuidendudedinisdne
fo wornaans muduneudall
1. gusenauvedgunsal EWOD
gUnsal EWOD Usgnaulusaedurastan
$19 9 Nudsafaifuiomn 5 %ué’qgﬂﬁl 110w
Fanuazduazdoellamantinasldaud
wnzaufugunsal EWOD fail

g
3

FTO Glass

T prc 1601V

Mineral oil

PTFE Film

e |

g‘Lh’?'i 1 dusenevvedgunsal EWOD

$ud 1wy PTH-PCB viwehdl 2 daw leud
drudulowt (Fiberglass) vhwthfiduunuses
Auans Snaaudfveianfe fauuds nuse
audeuldd Ll wavdrudunesunavin
i fudalatiiaduans Suauifvesanie
JfwinSeu wagdanuaiunsalunisdilady
g4 Iﬂﬂﬁﬂﬂ’]iﬁﬂﬂﬂ’]QIQQQﬁﬂxﬁdNaIﬁqﬂﬂiﬂj
EWOD fiuszansawlunisaiununisindeud
YpavaLuailan

§uft 2 uWy PTEF Film vhnihdt 2 dou Ao
Juhetuauudwanawandudulslasindn
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'
' =

auans Inedinaantifeduiagidrnsfian

'
=

vJuauau (Dielectric Constant) gaifiedaariu
nsidenieassgUnsel drufafauddidu
Talaslndn (Hydrophobic) vlwneauesinanil
Arnuduiaga 1l evinlwarunsanlununis
\ndeuivemearesvaildity [10]

Fuil 3 Mineral Ol hudusanans Huduil
98 IENINHUM VLA VLK U WA IR D AR
Aolulsiensiinufisemnaad

Fuil 4 a3 PFC 1601V 1 udulelasindn
AuvuvegUNsaifediantifelnnununiune
asadl diadantidulalasindniliven
VoA UdURFE e WigiuduauE

fuil 5 Aoy nszamilutit FTO WJudu
Tl uuukasulasuuy Saflaudtie
Jutanifaruuds fanala uazansnsoih
Toivlel

2. msvonuuUmIRAETaliuazn1sad
gunsal EWOD

ilevilvgunsal EwoD Tiiinnuannsaly
n1sAruAunenYesnallanaan 37U
o URNTHANA1TADINTT LY NISHENVER
VOUWAININLNAITIY LAZNITNAUNYAVDIUNA)
mseenuuutaliiduddianuddadusgns
110 1 9991NNTEUIUNNTAIUANT A1afY T
Fududaddsuuvurestaluifisstulunis
AuAuvgavaad [11] Taggudl 2 uansnsg
penuuuanared sl ldassonavans 2
arsbiiu (Mixing) Tnenisaiunulviven
goamanadeulmndulundumdssndusadd
Tl 2 9 LLﬁ%EU‘ﬁI 3 KAAINITHUINEA
V41801 ANUNEIIN8 (Dispensing) laung
Tl uuenunadtefiwewnaresnu
Aeusiuau 3 91 wdvhnsdadaedai 2 lu
Funouganiie 91nn1sAnuiTeITeTld
ponuuut Al udl 4 deusznouludae
gmmueﬁgﬂw%ﬁm%’u NTWUINEATDIMED NS
NAUNEAVDILNAT UATN1TEINEAU LAl LU

maaey ileligUnsniausawdouas 2 ans
Tngnsuan udrdsieludageildlunisiac
willwiind1uu 4 9a
n10RNLUUTLIATIT A i IuA1 e
gunsal EWOD wuulaan PTH-PCB anunsavh
8lasnsuszyndldanuduiusseninediud
FIUAUUTUIRNTVRITUNTINAUFRTITIEAIEUNTT
7 1 [12) uaziil othaunisumanuduwus
sgwrheUSinsveseafuraveta Ll
U7 5 aziulddniunsvesvenveunan
sUnsanauinazUasulunusuInvesd i
WAZILHTYTENT UK UATUVULATA 1A 1S
Fetudieligunsnl EWOD anunsnsauvieusn
venveanailiegaminzan {idedsladentd
FEYTUTEVINMHUUURAZ LR UA1UNIAY 1
fiadiuns wurntalafdmiunisnununen
YouvaIRe 2x2 TAAINT Waz 3x3 Tadlums 39
n1sidenlduuiadenanazinligunsal EWOD
A1U1I0MIVANNEATBUNAIUTUINTUTEL 4
lulasdns uay 8 lulasdng lanudidiu

2L
v =—7Z(3W2+2L2) (1)
a 3 a

gV ADUSUINTVDINEAYDILYAN
[m’]
w Aonas and s aurad 2 knln
[m].
L ABAS IV IUDITTULVINIMEY
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A C
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JUN 2 mswanansiedalii 2 93
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A l B I
ON OFF OFF OFF OFF ON OFF OFF
c — 5 - =)

OFF ON ON ON OFF ON OFF ON

FUN 3 NSUUMEAYBINAINNUNEIREA Y
Ui 3 97

Dispensing
Transporting

0.15 mm 3 mm 2 mm

U 4 sUsuutalnivesgungal EWOD dwisu
VMU EGHGRE

2L = 1.5 Tadwgs *

-
-

IMLINZAY

o

-

.” _ A=
20 L =* 2l =10 dndiwgs -8
- -
15 4 " "

2L = 0.5 fadwns

(lulaséins)
A

yiunsg

2 25 3 35 4 4.5 5
vnadalvily (Badwas)

U 5 anudiniusssurinsvuadalulii (w)
ﬂ'%mmsuawawuaammﬁmmzaﬂuqﬂﬂiiﬁ
EWOD AU S288MI9TERINUNUATUULLAZ LAY
fuang (2L)

PHIDINDDNLUULS HUS DYLAIIWINNITAS
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Abstract

The objective of this research was to study, design, build, and evaluate the
performance of an automated vegetable seedling nursery cabinet that can be controlled
remotely through a web application. Cabinet has a width, length, and height are 80, 120, and
150 centimeters. The cabinet controls environmental factors including temperature,
humidity, carbon dioxide, and light. An ESP32 board is used to connect to sensors and
measure status values to send to a Firebase database, which is a real-time database. The
data is then displayed in a web application developed using the React framework. The
application has commands to adjust temperature, humidity, carbon dioxide, watering
schedule, on/ off lights, on/ off fans, data recording, and real-time video camera installation
to observe plant characteristics. The cabinet can operate in both automatic and user-defined
modes. The researcher evaluated the performance of the cabinet in three areas: 1) web
application operation, 2) cabinet operation, and 3) seedling care. The results showed that all
three areas were functional and could control the environment to promote faster growth of
seedlings grown inside the cabinet by 12.22% compared to seedlings grown outside the

cabinet.

Keywords : Vegetable Seedling Propagation Cabinet, Smart Farm, Automated Control System,
Web Application
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Abstract

The objective of this research is to develop the prototype of a health information
service system for the elderly in Bungkhla Subdistrict, Lomsak District, Phetchabun Province
and evaluate information systems. The research team developed the information system
according to the System Development Life Cycle (SDLC) process. Which has planning steps,
study the needs of users by conducting field visits and collecting data through interviews, to
perform system analysis and design, to develop the information systems in the form of web
applications using PHP and HTML, storing data with MySQL database, to perform tests and
debugs before deployment. The main functionality of the system is that it can record health
behavioral data of the elderly, evaluation of disease risk, and summary of health examination
results from medical records by doctors. Health reports can be searched or retrieved and
displayed on dashboards, available on both computers and smartphones. Assessment of the
performance of information systems by experts in functional, usability and information

security have a total average of 4.67, with standard deviation of 0.44 is the highest level.

Keywords : Information Systems, Information Services Systems, Elderly Health Information.
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Design and development of a combined energy drying cabinet for

controlling the temperature in all weather conditions
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Abstract

In this research, the researcher has an idea to develop a drying cabinet using solar
thermal energy to transfer it into heat energy. It can be used in fluctuating conditions without
sunlight or rainy and windy weather conditions. There is an automatic temperature control
device. In the case of typical weather conditions, there is sunlight and the temperature inside
the drying cabinet is constant; the energy control system will store electrical energy through
solar panels. (Solar energy) in the battery. In the case of inclement weather, no sunlight, rain,
or cold weather, the temperature control unit will work by drawing energy from the battery
to heat it through the burner to the copper pipe to distribute heat radiation inside the drying
cabinet. The operating steps are design the structure of the drying cabinet with dimensions
1,500x1,500x1,850-cubic millimeters. The testing methods are followed: controlling the
temperature inside the drying cabinet to be constant. The temperature was set to be 35 - 40
°C. A total of 3 tests were conducted. It was found that the temperature control inside the

incubator could effectively control the temperature as specified.

Keywords : Drying cabinet, Combined energy, Temperature control
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Abstract

This research involves the design and development of a biomass energy-powered
dryer with an electric heater. The biomass stove serves as a heat source, providing heat to the
air in the drying chamber through a heat exchanger pipe. The heated air is then circulated for
drying agricultural products using a fan, which can also eject moisture from the drying products.
The heat energy used is measured in MJ/ batch, and the drying capacity is measured in
kilograms/cycle, with drying time measured in hours. The performance depends on the type of
food being dried, and the system can continuously produce dried products regardless of
weather conditions. In cases where the heat from the biomass stove is insufficient, an electric
wire heater can be used as a supplementary energy source. The dryer components have the
following dimensions: the electric wire heater drying cabinet is approximately 0.55 meters wide,
0.7 meters long, and 1.4 meters high, with a drying chamber capacity of around 0.42 cubic
meters. It uses a 3,000 W electric wire heater as the heat source. The biomass stove is a flow-
through type with a central diameter of 0.585 meters and an overall height of about 2 meters.
It includes a heat exchanger system with 4 parallel pipes, each having a central diameter of 40
millimeters and a total length of 1,760 millimeters. During experimental drying using only biomass
energy, the average drying rate was found to be 68.89 water/kg d.s/min m2, which is the lowest
recorded value, and it took approximately 3 0 minutes. The fuel consumption during this
process was 3.2 kg. In conclusion, the selection of this hybrid biomass and electric wire heater
drying machine should be based on the actual usage conditions to achieve the highest energy
efficiency and suitability. The electric wire heater is used to continuously reduce moisture
content during drying, and biomass energy can be used as a supplementary or additional heat
source.

Keywords : Biomass Energy, Electric Coil Dryer, Drying
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15 40.8 53.3 75 0.00938 0.00004
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29 50 70 8 0.01 0.00004
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80 - r 9
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5% [’
E 40 W_ £ .
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10 4 1
0+ T | ]
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Abstract

This research aims to create and compare Building Information Modeling (BIM) at
Level of Development (LOD) 300 and LOD400 for a 7-story residential and office building
using Autodesk Revit. The study involves quantifying block masonry materials and comparing
these quantities to those derived from 2D construction drawings calculated by contractors.
The results show that the deviation of material quantities between the Bill of Quantities
(BOQ) and LOD300 models are 3.98% for 100-mm thick wall masonry, 11.24% for 200-mm
thick wall masonry, and 38.85% for wall plastering. At LOD400, the deviations are 10.54% for
100-mm  thick wall masonry, 19.18% for 200-mm thick wall masonry, 38.85% for wall
plastering, and 0.95% for lintel and beam work. Additionally, it was found that the developed
linear regression equations can accurately predict material quantities, with R” values ranging

from 0.9942 to 1, which significantly reduces deviations in material quantity calculations.

Keywords : Building Information Modeling (BIM), Quantity Take-off, Linear Regression Equation.
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