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Abstract

To examine electrokinetic performance on dewatering and settlement in soft clay subjected to 
vertical con  gurations of electrode, this research conducted a series of experiments for two 
con  gurations of electrode. There were two con  gurations of electrode; 1) anode were placed at 
top and cathode placed at bottom boundaries namely as 1AT, and 2) two anodes were placed 
at top and bottom boundaries and cathode was placed at middle labeled as 2ATB. The results 
showed that greatest magnitudes of settlement and dewatering in soft clay for the both two 
con  gurations of electrode was shown in early stage of experiments. The 1AT yielded the settlement 
of 21.28 mm which was less than the settlement found in 2ATB test of about 20 %. The settlement 
results were corresponded to dewatering in the soil sample in which the dewatering for 2ATB was 
greater than that for 1AT of about 10 %. However, cracks in the soil sample were found in both 
the 1AT and the 2ATB. For the 1AT, the crack was appeared at top surface of the soil sample caused 
by downward dewatering from anode to cathode which was resulting in loss of water content 
nearby anode. While two anodes were placed at top and bottom boundaries of the soil sample 
for 2ATB, dewatering in both upward and downward directions from anodes to cathode placed at 
middle would generate cracks at top and bottom boundaries of the soil sample. The cracks due to 
reduction of water content during the experiment affects the ef  ciency of electrokinetic, including 
electric current and electrical resistance. It found that energy consumption used for 2ATB test was 
greater that for 1AT of about 40 %. From the tested results, it can be conclude that electrokinetic 
technique is suited for any problem that requires smaller amount of dewatering within very short 
time period and energy consumption is also important to assess worthiness for electrokinetic usage.

Keywords: Electrokinetic; Dewatering; Soft Clay; Electrode
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 (Soralump, 2018)

  (Electrokinetic) 
 

  (Electrode)  
 (Anode)  

 (Cathode)    
   

  (Estabragh et al., 2014; Mohamadi et al., 2021; Sadeghian et al., 2021) 
   

  
  ( ) 

 2  (  1   1 ) 
 1  (  1   1 )  2  

 1  (Kim et al., 2012; Kim et al., 2014; Xu et al., 2020) 
  2  

  
  

 (Malekzadeh and Sivakugan, 2016)
 

   
 

    
 -  (pH)   

  3   (1)  (Electrophoresis) 
  

 (2)  (Electro-osmosis) 
  

     (3)  
(Electro-migration)  (Ions)    (Cation) 

  (Anion)   1 (Pandey and Rajesh, 2019)
   

  
  (Electeolyte) 

 (Electrolysis)  (H+)   (1) 
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   pH  

(Acar et al., 1993; Alshawabkeh and Acar, 1996; Sah and Chen, 1998; Bergado et al., 2003) 
 (Xue et al., 2017; Sadeghian et al., 2022)

 (1) 

 (2)

 1  (Pandey and Rajesh, 2019)

1. 
  

  2  
   

  1.1  
  1.2   
  1.3  
  1.4   
  1.5   (Power Supply) 

  20   0.1  
 30   0.1   ±1 %

  1.6   (Digital Multimeter)     

  1.7  -  (pH)   0.0  14.0 pH 
  1.8   DS18B20  9 - 12 
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 ( )  ( ) 
    
   
   

 3  ( )

   3  
 3( )  5   120   120  

 180   25  
  110 X 110   5   

3    
    15   2  

  8  114  
 10   5  

 15 35 60 
85  105    3( )
    
15   3   

 8 64  124    3( )  10  
 6   

 16 35 54 76 95  114    3( ) 
    
2   1)  1AT  (1:1) 

 (Anode Top and Cathode Bottom, 1AT)  4( )  2)  2ATB 
 (2:1)  

 (Anode Top & Bottom and Cathode Middle, 2ATB)  4( )
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 ( )  1AT ( )  2ATB
 4 

2. 
    

 (Disturb Sample)  3 - 5   
   (Speci  c Gravity)  ASTM D 854-00 

 (Liquid Limit)  (Plastic Limit)  ASTM D 4318-93 
 50  0.075  (

 200)  USCS (Uni  ed Soil Classi  cation System)  
 (High Plasticity Clay, CH)  1

 1 

 Soil Properties Value Method
 Speci  c Gravity, Gs(-) 2.63 ASTM D854-00
 Liquid Limit, LL(%) 80 ASTM D4318-93
 Plastic Limit, PL(%) 30 ASTM D4318-93
 Plasticity Index, PI(%) 50 PI = LL - PL
 Natural Water Content, Wn (%) 111 ASTM D 4959-00
 Soil Type CH USCS

 ( )  ( ) 
 5 
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( ) 
 5  ( )

   5   (  5( )) 
 5( )  Malekzadeh and Sivakugan (2016) 

  1.6  
  128 % 

  5( )

 

 2   1AT  2ATB 
  30   10  

 3       
  pH  

1. 
   6  

  1AT  2ATB  
 437.40  (  1536.7 )  1AT  580.60  

(  1524.6 )  2ATB 
 (0 - 120 ) 

  Tang et al. (2021) 
    2ATB 

 1AT   
 

  2ATB  1AT 
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 6 

2. 
   7 

 1AT  2ATB  
 4  

 7   
 

  Shang and Lo (1997)  Bergado (2003)  2 
 20 %  1AT  21.28  

 2ATB  25.32 

 7 
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 ( )  1AT  ( )  2ATB 
 8 

  
 

 (Malekzadeh and Sivakugan, 2017)  1AT  2ATB 
 

  8
3. 

    9 
  1AT  2ATB   2ATB 

   100  
  1AT 

 2ATB  100 

 9 

   
 (4.05   1AT  11.09   2ATB) 
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 ( )  1AT ( )  2ATB 
 10 Energy Consumption

   (  10) 
 30  

  1AT  0.44385 kWh  2ATB (0.72752 kWh) 
 40 %   2ATB  1AT  2ATB 

 1AT 

 11  

4. 
   11  

  1AT  2ATB  1AT  300   
 2ATB  500   

  
 Xue et al. (2017)
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5. 
   12      (  A B C D  
E  4( ))  1AT   (  A 
B C F E  D  4( )   2ATB  

 100 - 200    
  

     
 

   1AT  2ATB   
1AT  96.12  99.75   2ATB 

 (  A  D  4( ))  99.44  98.69  
 (  C  F  4( ))  99.12  99.62  

   
 1AT  2ATB   1AT 

  2ATB  
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6. -  (pH)
   13  pH   

  1AT  2ATB  
  pH    

  Hamed et al. (1991) Estabragh et al. (2014)  
Sadeghian et al. (2022)   

 14  Sadeghian et al. (2022) 

 ( )  1AT ( )  2ATB
 13 pH   

   
 

  Hamed et al. (1991)  
  

   
  

 

 ( )  1AT ( )  2ATB 
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7. 
   15    (A B C D 

 E  4( ))  (1AT)  (A B C F E 
 D  4( ))  (2ATB) 

  
   1AT  

  2ATB  
 A      D 

    C  F 
     

 C   F  (   4( )) 
 100  

 

 15   

 

  
 1AT  2ATB 

 1.  2ATB  1AT  10 % 
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 2.  2ATB 
 1AT (  20 %)  

     
 2   

 3.  2ATB  1AT  40 %  
 

 
 4.     1AT 

 2ATB    2  
 

   
  

 

,  
   (  NRIIS 179361)
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  (Sb)  (NF) 

 ex-situ  (Pencil Lead Electrode, PLE) 
  +0.4  (Ag/AgCl)  4  PLE/NF/Sb 

 
  50 - 500  (R2 = 0.9959) 

 LOD (3SD/m) 2.57    
 (  ±5 %)  

 : ; ; 
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Abstract

Vitamin C, or ascorbic acid, is an important nutrient necessary for maintaining human health. 
This proposed study aims to develop a simple and sensitive electrochemical sensor for quantifying 
ascorbic acid. The antimony  lm (Sb) with Na  on (NF) was prepared by ex-situ method on a supporting 
pencil lead electrode (Pencil Lead Electrode, PLE). Ascorbic acid exhibits a very sensitive anodic 
peak at +0.4 V (vs. Ag/AgCl) in a pH 4 phosphate buffer solution when using cyclic voltammetry with 
the PLE/NF/Sb. Amperometry, accurate and fast technique, was utilized for quantitative analysis, 
showing a good linear relationship between current and ascorbic acid concentration within a linear 
range of 50 - 500 M (R2 = 0.9959) with limit of detection, LOD (3SD/m) 2.57 M. Several potentially 
interfering species, including ionic and organic compounds, did not have any signi  cant effect on the 
determination of ascorbic acid. The  nal experimental results revealed that the proposed modi  ed 
electrochemical sensor successfully analyzed commercial pharmaceutical ascorbic acid tablets.

Keywords: Vitamin C; Pencil Lead Electrode; Antimony Film

 (Ascorbic Acid)   
  

     
   

   
    

 (Dosed l et al., 2021)  
        

         
  (Mieszczakowska-Fr c et al., 2021) 

  (Upper Intake Levels)  (
)  2,000  

      (Jacob 
and Sotoudeh, 2002)  2   Ascorbic Acid  
Dehydroascorbic Acid  2 - 3   

   (Mason et al., 2023)
   

 (Njus et al., 2020)   (Samayoa-Oviedo and 
Laskin, 2022)  (Desai, 2019; Kong et al., 2020)  (Ma et al., 2021) 

 (Abe-Matsumoto et al., 2020; Zhu et al., 2020)  
(Dodevska et al., 2023; Huang et al., 2021)    
(Voltammetry)  (Amperometry)   

    3    
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 (Annu, Sharma, 2020) 

   
   

      
  

 1)  L-ascorbic Acid Oxidase  2)  
     (Bimetallic)   

     Polyaniline (PANI)  
Polypyrrole (PPy) (Dhara and Debiprosad, 2019)  

   (II)  (II)  (II)  (III) (Sawan et al., 2020) 
  (III) 

    
  (III)  

(Serrano et al., 2016)    
  (Sulfonate) 

 (Sb3+)  
 (Preconcentration)  (Pinyou 

et al., 2020; Tyszczuk-Rotko et al., 2014)
  (III) 

  

   (Ascorbic Acid or Vitamin C, AR Grade, Acros)  (Na  on)  
(KCl, AR Grade, Qrec)  (Sb3+, AR Grade, Carlo Erba)  (HNO3, AR Grade, Carlo Erba) 

   (GORDA  952 A)  Potensiostat (Metrohm  910 PSTAT mini) 
 (Field Emission Scanning Electron Microscope, FE-SEM, Zeiss AURIGA 

FE-SEM/FBI/EDX) -  (pH meter, Sartorius, Doeu-pH+-11doe)   
 0.9  (  Pentel High Polymer)  1 

 1.  (Working Electrode)
   0.9   2B (Pentel High Polymer)  

 1   3   1
 2.   Ex Situ (PLE/NF/Sb)
   Potensiostat 

  1 %  0.1  20  
  1 %  5   5 

 20   -0.7   
60  (Nigovi  and Hocevar, 2011)
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 1  

 3.  (Bare PLE) 
 (PLE/Sb)  (PLE/NF/Sb)  (PLE/Sb/NF)  

(PLE/NF)  Potensiostat 

 4.  PLE/NF/Sb 
 1   2, 3, 4, 5, 6 

 7
 5.  PLE/NF/Sb 

   
   

 6.  PLE/NF/Sb  
 50   2   

   (NaCl)  (CaCO3)  (MgCl2) 
   (C6H12O6)  (C12H22O11)  (C5H4N4O3)  (C6H8O7) 

 1   50  
 7.   PLE/NF/Sb 

  

 

 1. 
  

    Ex Situ 
(Venegas et al., 2023)   Electrodeposition (Ghosh and 
Kappana, 1924)  (1)                                                     

 (1)

    20   -0.7  (Nigovi  and Hocevar,  
2011)   (Deposition) 30 60  120  

 2   30  (  2( )) 
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   120  
(  2( ))   60 

  (  2( )) 
 (Deposition)  60  

 ( ) 30   ( ) 60   ( ) 120 
 2 FESEM 

 2.  (Bare PLE) 
 (PLE/Sb)  (PLE/Sb/NF)  (PLE/NF/Sb) 

 (PLE/NF)  4  
 100 /   3  Bare PLE  (Ip) 

   (PLE/NF) 
 

 (PLE/Sb)  (1)   Ip 
 (Electrocatalysis) (Nigovi  

and Hocevar, 2011)   Electrodeposition 
 (PLE/NF/Sb)  Electrodeposition  

 (-SO3H, Sulfonic Acid)   
(Electrostatic Attraction)  (Sb3+)   PLE/Sb/Nf  
Electrodeposition Sb3+  (Sb)  

  PLE/NF/Sb  PLE/Nf
 3.  PLE/NF/Sb 

  
 2, 3, 4, 5, 6  7  7 

  4( )  
  4( )   4 

 pKa  4.17  
 pH  (Ep)   4( ) 

  Ep = -0.0415pH + 0.717  (R2) = 0.991  R2  1 
 

(Pinyou et al., 2020)   5

1 1 m 1 1 m
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 3  (Bare PLE)  
 (PLE/Sb)  (PLE/Sb/NF)  (PLE/NF/Sb)  
 (PLE/NF)  50   4  
 100 /

( )  1  
2, 3, 4, 5, 6  7  PLE/NF/Sb 

 ( )  Ip  ( )  Ep  
 4  pH 

 4.  PLE/NF/Sb 
  3 

 (Half Peak Potential, E1/2)  0.4 V 
 0.4    (Sensitivity)  (Malik 

et al., 2022)  PLE/NF/Sb   4   5  
 30 /   0.005   

50   50 - 700   20  
 6( )  6( ) 



RMUTI Journal  Vol. 18, No. 1 (January - April 2025)

e257893

23ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

 PLE/NF/Sb  50  
 50 - 500   (R2) 0.9959  (LOD, 

3SD/m)  2.57 M  (Argoubi et al., 2019)  Melanin 
 

 5 - 500  LOD 0.23  

 5  

 ( )  ( ) 
  50 - 700    50 - 500 
  700    PLE/Nf/Sb 

 6  

 5.  PLE/Nf/Sb 
 50   2     

 (NaCl)  (CaCO3)  (MgCl2)   
 (C6H12O6)  (C12H22O11)  (C5H4N4O3)  (C6H8O7)  1   

50   0.4 V  7 
 50   3   A, B, C 

  NaCl (D) CaCO3 (E) MgCl2 (F) 
 ±5 %  

 50   3  (  G, H, I) 
  (J)  (K)  (L)  (M) 

 ±5 %  
 3   N, O, P 
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  PLE/NF/Sb 
 (Selectivity)  

 7  PLE/NF/Sb

 ( )  ( )  Standard Addition 
   

 8 

 6.  
 1,000 mg/tablet  60   

PLE/NF/Sb   Standard Addition  8( ) 
 A  50   B - F  50  

 Standard Addition  50  
  8( )  x  99.09  

 60   1,047 mg/tablet  
1,000 mg/tablet   4.75 % 

    
  

  
 5 %   PLE/NF/Sb 
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  FESEM 

  (Electrodeposition Time)  -0.7   60  
   PLE/NF/Sb 

 
 (-SO3H, Sulfonic Acid)  (Sb3+) 

 (Sb)  (Electrocatalysis) 
 PLE/NF/Sb  4  

 PLE/NF/Sb  50 M  
50 - 500 M  (R2) 0.9959  (LOD, 3SD/m) 2.57 M 

   (
 ±5 %)   

  4.75 % 
 5 %   PLE/Nf/Sb 

   FF66-P1-020
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Abstract

The experimental study of pollutants derived from municipal solid waste combustion in a small 
incinerator of waste aims to determine the appropriate waste quantity for combustion in the incinerator, 
and to investigate the release of pollutants during waste combustion. Municipal solid waste was used 
in the experiments, and there were three feeding levels: 4, 3, and 2.9 kg/batch. The wood and the 
fresh waste were applied for co-  ring with the dry municipal solid waste. The mass fractions of wood and 
fresh waste were at 26.7 wt% and 10.3 wt%, respectively. The combustion chamber's internal temperature, 
the temperature of exhaust gases, and the pollutants, such as carbon monoxide (CO), nitrogen oxides (NOx), 
and sulfur dioxide (SO2), were all factors that were examined. The incinerator was made of steel that was 
a thickness of 3 mm, a waste feed opening size of 55 x 55 x 55 cm (width x length x depth), and an 
internal diameter of 25 cm with a height of 90 cm. The study results revealed that the suitable feeding 
rate was at 2.9 kg/batch, which contained a mixture of fresh waste (10.3 wt%), with the combustion 
chamber temperature varied in range of 400 - 500 oC and the unburned carbon content of 12.3 wt%. 
The pollutants emitted from waste incineration were at 6,843 ppm of CO, 302 ppm of NOx, and 574 ppm 
of SO2, which exceeded the pollutant standard limits, especially SO2, which resulted from the main 
component of municipal solid waste being plastic in the waste mixture at a ratio of 52.1 wt%.

Keywords: Combustion; Incinerator; Municipal Solid Waste; Pollutants

 . . 2565  25.7   70,411 /  
(Waste and Hazardous Substance Management Division, 2022) 

 
  

  5.40  (  21) (Waste 
and Hazardous Substance Management Division, 2022)     

   
  . . 2565 

 111   1,963  (Waste and Hazardous 
Substance Management Division, 2022)  

 3   7  (Waste and Hazardous 
Substance Management Division, 2022)  
798   690   108 /  

  (Waste and Hazardous Substance Management Division, 2022)
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      1

 1 

  (wt%)*
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  21.4
  (    )  52.1 
   10.5
  2.1

  (wt%)**

  0.2
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  0.1

 *  +1.8 
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  3   
25   90   55 x 55 x 55   1 

  K-type 
 (  T1)  (  T2)  

 Testo 175 T3  Testo 350 
 O2 CO NOx  SO2

 1 

   (  1)  
4  (  F1)  2.2  0.8  
(  F2)  2.6  0.3  
(  F3)  2 

 2 

    
  

F1  4 .
    

F2  2.2 . +  0.8 .

    

F3   2.6 . +  0.3 .
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  10   CO NOx SO2   10  
 (  (1)) (Pollutant Control Department, 2020) 

 (O2 Reference)  
 7 (Pollutant Control Department, 2020) 

 (1)

  Corrected PPM    
  measured PPM    
  O2 reference     
  O2 measured     

   3   
    (2) 

 (2)

   =  3 
  n = 

  
 (3)

 (3)

  
  ASTM E871-82 (2006)  

ASTM E1131 (2008) 

       1 
 F1  F2  

  F3   
 10.3   3  

   
      3
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 3 

  (Proximate Analysis, wt %, )

  12.1
  11.8
  (Ultimate Analysis, wt %, )

  35.1
  4.7
  0.4
  1.6
  34.3 

  F1  4.0   11  (  0 - 660 ) 
 550   430   

 Márquez et al. (2023) 
  4     (Volatile 

Combustion)     
 (80 - 150 ) (150 - 400 )  (400 - 520 )  

(520 - 900 )   (  
200 )  2  4  

  F2  700   
600   (  2( ))  15  (  661 - 1,560 ) 

 F2  F1 
   F3 

 500   400    10  (  1,561 - 2,160 ) 
 F3  F2    

 ( )  ( )  (CO)
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 ( )  (NOx) ( )  (SO2)
 2    ( )

  4  (  F1)  CO NOx  SO2 (  1 
 25   7)  1,128 - 29,737 ppm 64 - 680 ppm  

66 - 16,365 ppm (  2( )-( ))  F2  F3  
  

2.9 - 3.0  (  F2  F3)  CO NOx  SO2  
  F1 F2  F3 

 NOx (250 ppm) SO2 (30 ppm) (Pollutant Control Department, 2020)  CO (50 ppm) (Brizio et al., 
2004)  NOx  (  F2  F3)  CO  SO2 

 
   3  (Test 1 Test 2 Test 3) 

  (Furnace Temperature)  
(Stack Temperature)  +10  (  3) 

 +20  
  20  

 (Unburned Carbon)  13.3 1.2  12.5 0.5  
12.3 0.6  F1 F2  F3 

 ( )  ( ) 
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  Sukchana (2014) 
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 4  

 CO NOx SO2

  (ppm) (ppm) (ppm)

 
 (  2.9 ./   F3)  6,843 302 74
 
 (  50 ./ .) (Sukchana, 2014) 102 - 1,200 91 - 230 n.d.
 
 (  80 ./ .) (Sukchana and Sirikasemsuk, 2015) 60 - 140 10 - 140 n.d.

  (Quartz Tube) (Tang et al., 2012) n.d. 15 45

  (Suksankraisorn et al., 2010) 40 n.d. 2,400

  (Xia et al., 2014) n.d. 230 - 250 n.d.

 
 (  10 ./ .) (Sangbuatao and Kancahna, 2014) 726 n.d. n.d.

* n.d. ( )

  (CO)  6,843 ppm (
 2.9  F3)     40 - 726 ppm 

(Suksankraisorn et al., 2010; Sangbuatao and Kancahna, 2014) 
  

 CO     
(Excess Air)     CO 

 
 (4)  Suksankraisorn et al. (2010)  10 % 

 
 CO  NOx  

 (5) 
  (NOx)  302 ppm (  2.9 

 F3)  (  4) 
 Xia et al. (2014)  

 (4)

 (5)

  (SO2)  574 ppm (  2.9  F3) 
 ( )  

  45 - 2,400 ppm (Suksankraisorn et al., 2010; Márquez et al., 2023) 
 SO2   30 ppm (Pollutant Control 
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Department, 2020)  (S) 1.13 %  1.94 %  (Tang et al., 2012; 
Xia et al., 2014)  SO2   Vantúch et al. (2016) 

 PET  7   SO2  1,300 ppm 
 PET  SO2  850 ppm  

PET  SO2  F2 (2.2 ) 
 F3 (2.6 )  1.6  (  3) 

 SO2  F2  
 

 (  6)  SO2 (Wu et al., 2020)

 (6)

  SO2    
CaO  Ca(OH)2 (Han et al., 2021) 

  (7)  (8) 
  (Tang et al., 2012)  SO2

 (Limestone)  Ca/s = 5   SO2 
 23.4  900 

 (7)

 (8)

  
 CO   
 NOx   

     SO2 (Tang et al., 2012) 
     

  

 
 2.9 /   (  10.3)  

400 - 500    CO NOx  SO2  6,843 ppm 302 ppm  
574 ppm    SO2 
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Abstract

This article introduces a new criterion for selecting a simultaneous equations model based on the 
Bayesian information criterion. The simultaneous equations model (SEM) is widely used in Statistics 
and Economics. The main characteristic of SEM is that the dependent variable of one equation can 
be the independent variable of the remaining equations. The new criterion performs the estimation 
of the error contemporaneous covariance matrix using the unbiased estimator (UE) instead of the 
maximum likelihood estimator (MLE) in the system of Bayesian information criterion (SBIC), and the 
new criterion is called SBIC(UE). The performances of SBIC(UE) and SBIC are compared using the 
extensive simulation study and the observed L2  performance. It is found that SBIC(UE) is more 
ef  cient than SBIC, with a higher percentage of correct model selections, a higher average of the 
observed L2 performance, and a lower standard deviation of the observed L2 performance. SBIC is 
more negatively biased than SBIC(UE) because the estimate of the error contemporaneous 
covariance matrix when using MLE is less than the estimate when using UE, i.e., it is underestimated. 
For this reason, the ef  ciency of the SBIC is lower than the SBIC(UE).

Keywords: Model Selection Criterion; Ef  ciency; Unbiased Estimator; Maximum Likelihood Estimator; BIC

   (Simultaneous Equations) 
 

   
(Akaike Information Criterion: AIC) (Akaike, 1974)  (Bayesian Information Criterion: 
BIC) (Schwarz, 1978)  (Hannan and Quinn Information Criterion: HQIC) (Hannan and 
Quinn, 1979)  AIC (AICc) (Hurvich and Tsai, 1989)  AICc (AICu) 
(McQuarrie et al., 1997)  (Kullback Information Criterion: KIC) (Cavanaugh, 
1999)  KIC (KICc) (Cavanaugh, 2004)  (Pham Information 
Criterion: PIC) (Pham, 2019)  p  t  F 

  R-squared  AIC  
(Niyonzima, 2020) 

 (Rossi et al., 2020)   AIC  BIC 
   AIC   (Asymptotically 

Ef  cient)   (Mean Square 
Error: MSE)    BIC  AIC 

  BIC  (Consistency) 
 1  (Finite Order)  AIC 

 
(Neath and Cavanaugh, 1997; Giombini and Szroeter, 2007)
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(External Explanatory Variables)  (Explanatory Variables) 

 
 (Perez-Sanchez et al., 2021)   

    
  
 (Keerativibool, 2014a)   

 SAIC (System of Akaike Information Criterion) (Keerativibool et al., 2011)  
SAIC   SBIC (System of Bayesian Information 
Criterion) (Keerativibool, 2012)   SBIC  (Maximum 
Likelihood Estimator: MLE)  (Contemporaneous 
Covariance Matrix of Error)  SBIC  

 SBIC  (Keerativibool, 2014b) 
 McQuarrie et al. (1997)  (Unbiased Estimator: UE) 

 

 (Structural Form)  M  (
 M  )  yt1, yt2, ... ytM  K  ( ) 
 xt1, xt2, ... xtK  (1)

 (1)

  (1)  (xt1)  1   
  ut1, ut2, ... utM

  0 
 (2)

 (2)
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  (2)  (Reduced Form)  (3)

 (3)

       
     (3) 

 (4)

 (4)

  

          
         

      
         

           
  0      

 (5)

    
  (Johnson and 
Wichern, 1998)      (6)

(6)
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    Kronecker Product  (6)  
 (7)

 (7)

    -2 
 (7)  (8)

 (8)

  (8)
  

   
 (9)

  (9)  (8)  (10)

 (10)

    (10)    

    

(Schwarz, 1978)          
       

 (System of Bayesian Information Criterion: SBIC) (Keerativibool, 2012) 
 (11)

 (11)

   

  AIC (Akaike, 1974)  AICc 
(Hurvich and Tsai, 1989) McQuarrie et al. (1997) 

  AICu 
  

  
   (11)  System of Bayesian Information Criterion 

(SBIC)  (UE)  SBIC(UE)  (12)
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(12)

   

  SBIC  SBIC(UE) 
 L2 

 1,000  
  (13)

       =                                                                                  (13)

    (14)  
   

    

  (14)

   

     (Class: ) 

   
 

 2   3  
(  = 3)   (15) 

 (15)

  (16) 

 (16)

 
 1.  (5)  1,000,000 x 1 

 0   = 0.9,  = 0.7   = 0.8 

x 100
1,000
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  = 0.92 = 0.81,  = 0.82 = 0.64,  = 0.72 = 0.49, 

 =  = 0.648,  =  = 0.441   =  = 0.448 

 2.  1  1,000  
 3     = 15, 20  25   = 30  50 

  = 100  500 
 3.  9     1,000,000  

 0  1 
 (15)  (16)   

   
 4.  3  1,000  

 3     = 15, 20  25   = 30  50 
  = 100  500 

 5.  (Multicollinearity)  4 
 (Tolerance)  0.10  

(Variance In  ation Factor: VIF)  10  
 1,000 

 6.  (15)  (16)  5 
 2 

 7.  1   (Sequentially Nested) 
 9  3  SBIC  (11) 

 SBIC(UE)  (12)  9  
  

 1,000  
 8.  7   (13) 

   (14)

  
 1  2   SBIC(UE)  (12)  SBIC  (11) 

 
(  = 15, 20  25)  (  = 30  50)  (  = 500) 

  = 100  SBIC(UE)  SBIC  
  100  (  = 15, 20  25)  SBIC(UE) 

 (Over  t)  SBIC 
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 1  (15)

 T      K
    2 3 4* 5 6 7 8 9 10
  

15
 SBIC 0 0 85.2 6.1 1.2 1.3 2 0 4.3

   SBIC(UE) 0 0 96.9 2.6 0.1 0.1 0 0 0.3

20
 SBIC 0 0 96.2 3.1 0.7 0 0 0 0

   SBIC(UE) 0 0 99.2 0.8 0 0 0 0 0
  

25
 SBIC 0 0 97.7 2.1 0.2 0 0 0 0

   SBIC(UE) 0 0 99 1 0 0 0 0 0

 30
 SBIC 0 0 98.7 1.2 0.1 0 0 0 0

  SBIC(UE) 0 0 99.5 0.5 0 0 0 0 0
  

50
 SBIC 0 0 99.6 0.4 0 0 0 0 0

   SBIC(UE) 0 0 99.9 0.1 0 0 0 0 0
  

100
 SBIC 0 0 100 0 0 0 0 0 0

  SBIC(UE) 0 0 100 0 0 0 0 0 0
  

500
 SBIC 0 0 99.9 0.1 0 0 0 0 0

   SBIC(UE) 0 0 100 0 0 0 0 0 0

*  4    

 2  (16)

 T      K
    2 3 4* 5 6 7 8 9 10
  

15
 SBIC 0.4 0.3 84.4 6 1.2 1.3 1.9 0.3 4.2

   SBIC(UE) 2.8 1.7 92.4 2.6 0.1 0.1 0 0 0.3

20
 SBIC 0 0 95.4 3.6 0.7 0.1 0.1 0 0.1

   SBIC(UE) 0.2 0.4 97.5 1.8 0.1 0 0 0 0
  

25
 SBIC 0 0 97.7 2.1 0.2 0 0 0 0

    SBIC(UE) 0 0 99 1 0 0 0 0 0
   

30
 SBIC 0 0 98.7 1.3 0 0 0 0 0

  SBIC(UE) 0 0 99.8 0.2 0 0 0 0 0
  

50
 SBIC 0 0 99.6 0.4 0 0 0 0 0

   SBIC(UE) 0 0 99.9 0.1 0 0 0 0 0
  

100
 SBIC 0 0 100 0 0 0 0 0 0

  SBIC(UE) 0 0 100 0 0 0 0 0 0
  

500
 SBIC 0 0 99.9 0.1 0 0 0 0 0

   SBIC(UE) 0 0 100 0 0 0 0 0 0

 *  4    
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 3  4   (  = 15, 20  25) 

 (  = 30  50)  (  = 500)  SBIC(UE)  (12) 
   SBIC  (11) 

  = 100  SBIC(UE)    SBIC 
  

 3    (15) 

  
T     

T   
          
  

15
 SBIC 0.8264 0.3010  

30
 SBIC 0.9891 0.0808

   SBIC(UE) 0.9145 0.1853   SBIC(UE) 0.9946 0.0519

20
 SBIC 0.9610 0.1370  

50
 SBIC 0.9974 0.0382

   SBIC(UE) 0.9804 0.0831   SBIC(UE) 0.9992 0.0172
  

25
 SBIC 0.9819 0.0951  

100
 SBIC 1.0000 0.0005

   SBIC(UE) 0.9894 0.0688   SBIC(UE) 1.0000 0.0005
       

500
 SBIC 0.9992 0.0243

        SBIC(UE) 1.0000 0.0000

     
      

 4    (16) 

  
T     

T   
          
  

15
 SBIC 0.8218 0.3040  

30
 SBIC 0.9352 0.1389

   SBIC(UE) 0.8916 0.2109   SBIC(UE) 0.9374 0.1361

20
 SBIC 0.9271 0.1519  

50
 SBIC 0.9371 0.1361

   SBIC(UE) 0.9325 0.1434   SBIC(UE) 0.9375 0.1359
  

25
 SBIC 0.9319 0.1443  

100
 SBIC 0.9376 0.1359

   SBIC(UE) 0.9354 0.1390   SBIC(UE) 0.9376 0.1359
       

500
 SBIC 0.9375 0.1359

        SBIC(UE) 0.9376 0.1360

       
      

  SBIC  (11)  BIC(UE) 
 (12)  1,000   5  6   SBIC 

 SBIC(UE)  SBIC 
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   SBIC  SBIC  
   

 SBIC(UE)

 5  SBIC  SBIC(UE) 
   (15)

*  4    
  

 
 T   

K 

2 3 4* 5 6 7 8 9 10 

 

15 
SBIC X  5.897 3.166 -1.857 -1.387 -0.925 -0.499 -0.113 2.104 0.393 

S.D. 0.693 0.769 0.854 0.900 0.957 1.031 1.151 1.330 1.524 

SBIC(UE) X  6.326 3.835 -0.927 -0.171 0.607 1.387 2.173 4.852 3.689 
S.D. 0.693 0.769 0.854 0.900 0.957 1.031 1.151 1.330 1.524 

20 
SBIC X  5.780 2.990 -2.082 -1.659 -1.249 -0.834 -0.429 1.657 0.367 

S.D. 0.574 0.627 0.683 0.706 0.738 0.769 0.799 0.874 0.893 

SBIC(UE) X  6.096 3.477 -1.413 -0.796 -0.179 0.459 1.103 3.451 2.446 
S.D. 0.574 0.627 0.683 0.706 0.738 0.769 0.799 0.874 0.893 

25 
SBIC X  5.680 2.819 -2.278 -1.911 -1.541 -1.178 -0.816 1.179 -0.105 

S.D. 0.528 0.545 0.566 0.593 0.607 0.623 0.645 0.745 0.695 

SBIC(UE) X  5.930 3.203 -1.755 -1.242 -0.717 -0.192 0.341 2.518 1.427 
S.D. 0.528 0.545 0.566 0.593 0.607 0.623 0.645 0.745 0.695 

 

30 
SBIC X  5.580 2.684 -2.461 -2.137 -1.806 -1.482 -1.150 0.812 -0.495 

S.D. 0.459 0.487 0.493 0.501 0.506 0.522 0.540 0.591 0.571 

SBIC(UE) X  5.787 3.000 -2.032 -1.591 -1.137 -0.685 -0.219 1.882 0.721 
S.D. 0.459 0.487 0.493 0.501 0.506 0.522 0.540 0.591 0.571 

50 
SBIC X  5.345 2.342 -2.899 -2.665 -2.435 -2.200 -1.968 -0.152 -1.508 

S.D. 0.362 0.377 0.382 0.387 0.390 0.391 0.396 0.437 0.406 

SBIC(UE) X  5.467 2.528 -2.649 -2.349 -2.052 -1.748 -1.445 0.444 -0.839 
S.D. 0.362 0.377 0.382 0.387 0.390 0.391 0.396 0.437 0.406 

 

100 
SBIC X  5.091 1.991 -3.342 -3.204 -3.066 -2.928 -2.791 -1.098 -2.515 

S.D. 0.256 0.263 0.264 0.266 0.267 0.268 0.269 0.295 0.272 

SBIC(UE) X  5.151 2.083 -3.219 -3.050 -2.881 -2.710 -2.541 -0.815 -2.199 
S.D. 0.256 0.263 0.264 0.266 0.267 0.268 0.269 0.295 0.272 

500 
SBIC X  4.774 1.576 -3.861 -3.824 -3.786 -3.749 -3.712 -2.124 -3.638 

S.D. 0.113 0.108 0.110 0.110 0.110 0.110 0.110 0.118 0.110 

SBIC(UE) X  4.786 1.594 -3.837 -3.794 -3.750 -3.707 -3.664 -2.070 -3.577 
S.D. 0.113 0.108 0.110 0.110 0.110 0.110 0.110 0.118 0.110 
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 6  SBIC  SBIC(UE) 
   (16)

*  4    
  

 

 Keerativibool (2012) 
 

  System of Bayesian Information Criterion (SBIC)  
 

   SBIC  (Negative 
Bias)    

  
 

 
 T   

K 

2 3 4* 5 6 7 8 9 10 

 

15 
SBIC X  -0.088 -0.407 -1.857 -1.387 -0.925 -0.499 -0.113 0.919 0.393 

S.D. 0.727 0.785 0.854 0.900 0.957 1.031 1.151 1.308 1.524 

SBIC(UE) X  0.342 0.263 -0.927 -0.171 0.607 1.387 2.173 3.668 3.689 
S.D. 0.727 0.785 0.854 0.900 0.957 1.031 1.151 1.308 1.524 

20 
SBIC X  -0.203 -0.602 -2.080 -1.670 -1.253 -0.842 -0.445 0.552 0.354 

S.D. 0.603 0.635 0.659 0.694 0.722 0.753 0.794 0.846 0.889 

SBIC(UE) X  0.113 -0.114 -1.411 -0.807 -0.183 0.450 1.087 2.346 2.434 
S.D. 0.603 0.635 0.659 0.694 0.722 0.753 0.794 0.846 0.889 

25 
SBIC X  -0.302 -0.747 -2.278 -1.911 -1.541 -1.178 -0.816 0.098 -0.105 

S.D. 0.532 0.545 0.566 0.593 0.607 0.623 0.645 0.703 0.695 

SBIC(UE) X  -0.052 -0.363 -1.755 -1.242 -0.717 -0.192 0.341 1.436 1.427 
S.D. 0.532 0.545 0.566 0.593 0.607 0.623 0.645 0.703 0.695 

 

30 
SBIC X  -0.390 -0.882 -2.446 -2.117 -1.782 -1.457 -1.136 -0.279 -0.485 

S.D. 0.477 0.489 0.499 0.511 0.518 0.531 0.553 0.577 0.583 

SBIC(UE) X  -0.184 -0.566 -2.017 -1.570 -1.112 -0.660 -0.205 0.791 0.731 
S.D. 0.477 0.489 0.499 0.511 0.518 0.531 0.553 0.577 0.583 

50 
SBIC X  -0.651 -1.229 -2.899 -2.665 -2.435 -2.200 -1.968 -1.227 -1.508 

S.D. 0.362 0.374 0.382 0.387 0.390 0.391 0.396 0.422 0.406 

SBIC(UE) X  -0.528 -1.043 -2.649 -2.349 -2.052 -1.748 -1.445 -0.631 -0.839 
S.D. 0.362 0.374 0.382 0.387 0.390 0.391 0.396 0.422 0.406 

 

10
0 

SBIC X  -0.907 -1.581 -3.342 -3.204 -3.066 -2.928 -2.791 -2.164 -2.515 
S.D. 0.259 0.261 0.264 0.266 0.267 0.268 0.269 0.284 0.272 

SBIC(UE) X  -0.847 -1.490 -3.219 -3.050 -2.881 -2.710 -2.541 -1.881 -2.199 
S.D. 0.259 0.261 0.264 0.266 0.267 0.268 0.269 0.284 0.272 

50
0 

SBIC X  -1.219 -1.996 -3.861 -3.824 -3.786 -3.749 -3.712 -3.191 -3.638 
S.D. 0.107 0.108 0.110 0.110 0.110 0.110 0.110 0.113 0.110 

SBIC(UE) X  -1.207 -1.978 -3.837 -3.794 -3.750 -3.707 -3.664 -3.137 -3.577 
S.D. 0.107 0.108 0.110 0.110 0.110 0.110 0.110 0.113 0.110 
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 SBIC(UE)  2    SBIC  SBIC(UE) 

  1,000  
  (  = 15, 20  25)  

(  = 30  50)  (  = 500)  SBIC(UE) 
 SBIC    SBIC 

  = 100  SBIC(UE)  SBIC 
  SBIC   SBIC(UE) 

 SBIC  
  Keerativibool (2014b)  

 (In  nity: ) 
 0 

  2    = 15  SBIC(UE) 
 (  = 5, 6, 7, 8, 9  10)  0 

 (  = 2  3)  SBIC
   

    
 (KIC) 

  

  (  .) 
  . . 2567
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Abstract

This research aims to analyze the factors in  uencing passenger satisfaction with public transportation 
in Nakhon Ratchasima Municipality and provide information for future improvements to the public 
transportation system, facilitating connections with the high-speed rail network in the Nakhon Ratchasima 
urban area. Data were collected through questionnaires from 400 public transport users, and the 
in  uencing factors were analyzed using the Ordinal Logistic Regression (OLR) model. The study found 
that signi  cant factors in  uencing satisfaction include education level, frequency of travel, type of 
vehicle used, travel duration, and travel time. Passengers were most satis  ed with fare prices relative 
to distance and the adequacy of bus services, while seat comfort and waiting time received the 
lowest satisfaction. The study recommends improving seat quality, increasing the number of bus trips, 
and enhancing safety measures to better meet passenger needs. This research is crucial for planning 
and improving the public transportation system in Nakhon Ratchasima Municipality to enhance 
ef  ciency and increase passenger satisfaction in the future.

Keywords: Passenger Satisfaction; Ordinal Logistic Regression; Public Transportation

 
-   3      

 
 21  

  (Ordinal Logistic 
Regression - OLR))  

 (Auayporn et al., 2009)   (Kitbumrungrat, 2017) 
 

  OLR 
   (Cantwell et al., 2009; Yoosumdangkit, 

2016; Quddus et al., 2019; Oliveira and Lima, 2023)  
  

 (Pavlína, 2015; Suangka, 2015; Rattanawaraha, 2017; Wichian and Pitaksringkarn, 
2024)   

  OLR  (Eboli 
and Mazzulla, 2009; Bellizzi et al., 2018; D’Alonzo et al., 2021) 

  (Morton et al., 2016; Kriswardhana et al., 2018; 
Li et al., 2020)   

 (Alshammeri et al., 2021) 
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 (OLR)   
 

  1

 1 

1. 
   (Non-Probability Sampling) 

 Convenience Sampling  Cochran 
(1977)  (1)

 (1)

   n  , p  
 p = 0.5 ( ), z   

 95 %  z = 1.96, d    
d = 0.05  95 %  0.5 

 0.05  (1)  384  
 400   

 3   1  1  
  2   8  

2.  (Multinomial Logistic Regression) 
   (Logistic Regression)  

   
 2    (Multinomial Logistic 

Regression)      
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 (Probability of Particular Outcome)  
   

     (Tabachnick et al., 2013) 
  

  
2  (Kitbumrungrat, 2017)   (Logit)  (2)

 (2)

   i  i I,    i,   
 i, k  k  K,   k 

   k   
Maximum Likelihood (ML)  (Consistent)  
(Suf  ciency)  (Ef  cient)  2   I > 2  logit i  (I-1) 

 (Baseline)  (Base - Baseline Category) 
 0  

 (2)  i  (3) 
 (Baseline)  (4) 

 (3)

   
      
 (4)

  2.1   (Ordinal Logistic Regression Model)
      

 (Ordinal Logistic Regression Model-OLR) 
  3   

     
   Ordered Logit Model (OL) 

  Z  
 5      

   
   (5) (Li et al., 2020)    Random Error 

 i,     k 

 (5)
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     5  5  (1 = , 
2 = , 3 = , 4 =   5 =   (6) 

   (Thresholds)     
 (Lower Thresholds)  (Upper Thresholds)  i    

 5  (6)

 (6)

         
   

  2.2  Goodness of Fit
     Maximum Likelihood 

 Log-Likelihood  (Chi-Square Test)  

    1.  Likelihood Ratio Tests 
 (2)  Log-Likelihood  

 (7)   = 1  n  i   = 0   
 (Washington et al., 2020)

 (7) 

    2.  (Chi-Square Test) 
  (8) (Tabachnick et al., 2013)  LL(B)  Log-Likelihood 

  LL(0)  Log-Likelihood 

 (8)

 1. 
    

 6   400   1 
 227   56.75 %  173  (43.25 %) 

  20 - 30   220  (55 %)  
20   92  (23 %)  ./  

 280  (70 %)    101  (25.25 %)  
/  294  (73.5 %)   37  
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(9.25 %)  31  (7.75 %)   10,000  
 233  (58.25 %)  10,000 - 20,000   97  (24.25 %) 

   209  (52.25 %) 
 108  (27 %) 

      

 1 

   Code  % 

 X1 -   1 173 43.25
    2 227 56.75

 X2 -   20  1 92 23.00
   20 - 30 2 220 55.00
   31 - 40 3 71 17.75
   41 - 50 4 16 4.00
   50  5 1 0.25

 X3 -   1 7 1.75
   ./  2 280 70.00
    3 101 25.25
    4 12 3.00

 X4 -   1 8 2.00
    2 20 5.00
    3 31 7.75
   /  4 294 73.50
    5 37 9.25
   /  6 10 2.50

 X5 -   10,000  1 233 58.25
   10,000 - 20,000  2 97 24.25
   20,000 - 30,000  3 52 13.00
   30,000 - 40,000  4 15 3.75
   40,000 - 50,000  5 2 0.50
   50,000  6 1 0.25

 X6 -   1 108 27.00
    2 9 2.25
    3 209 52.25
    4 74 18.50

 2. 
    6  

    X7 - X12  2  
  2 - 3  
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 160  (40 %),  2   128  (32 %),  5  
 57  (14.25 %),  55  (13.75 %)  

  288  (72 %), /    43  
(10.75 %),  41  (10.25 %),  23  (5.75 %),  Grab, 
Taxi, ,  1  (0.25 %) 

  15   183  (45.75 %), 
 30   150  (37.5 %),  15   18  (4.5 %),  45  
 10  (2.5 %),  1   14  (3.5 %),  1   25  

(6.25 %)    100  
 213  (53.25 %),  100   136  (34 %),  200   27  

(6.75 %),  300   13  (3.25 %),  300   11  (2.75 %) 
 1    

273  (68.25 %)  1 - 2   115  (28.75 %),  3 - 4   10  (2.5 %), 
 4   2  (0.5 %)

 2 

   Code  % 

 X7 -   2 /  1 128 32.00
  2 - 3 /  2 160 40.00
  5 /  3 57 14.25
   4 55 13.75

 X8 -    1 1 0.25
  Grab 2 1 0.25
  Taxi 3 1 0.25
   4 1 0.25
   5 23 5.75
   6 41 10.25
   7 288 72.00
   8 1 0.25
  /   9 43 10.75

 X9 -   15  1 18 4.50
  15  2 183 45.75
  30  3 150 37.50
  45  4 10 2.50
  1  5 14 3.50
   1  6 25 6.25
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 2  ( )

   Code  % 

 X10 -   100  1 213 53.25
  100  2 136 34.00
  200  3 27 6.75
  300  4 13 3.25
   300  5 11 2.75

 X11 -  06.00 - 08.00 . 1 222 55.50
  10.00 - 13.00 . 2 112 28.00
  14.00 - 16.00 . 3 50 12.50
  18.00 - 20.00 . 4 16 4.00

 X12 -   1 273 68.25
   1 - 2  2 115 28.75
  3 - 4  3 10 2.50
   4  4 2 0.50

3. 
    8  Q1 - Q8  3 

  
   (  = 3.55, S.D. = 1.15) 

 (  = 3.55, S.D. = 1.15) 
 " " 

  (  = 3.54, S.D. = 1.14) 
 (  = 3.61, S.D. = 1.15)  " " 

   (  = 3.28, S.D. = 1.00)  
(  = 3.25, S.D. = 1.02)  (  = 3.24, S.D. = 1.05)  
(  = 3.17, S.D. = 1.00)  " "  

    
 

  

 3  

  (Qj)  % S.D. 

 1.  (Q1) 3.55 70.95 1.15 
 2.  (Q2) 3.28 65.50 1.00 
 3.  (Q3) 3.54 70.80 1.14 
 4.  (Q4) 3.25 65.00 1.02 
 5.  (Q5) 3.61 72.10 1.15 
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 3  ( )

  (Qj)  % S.D. 

 6.  (Q6) 3.24 64.75 1.05 
 7.  (Q7) 3.55 71.05 1.15 
 8.  (Q8) 3.17 63.45 1.00 

   8   2  
 (Q5  31.75)  

(Q1  30.25) 
   (Q8 

 11.00)  (Q6  12.50) 
  

  (Q1), 
 (Q3),  (Q5)  (Q7) 

  1.05  
 

 (Q2),  (Q4),  (Q6),  (Q8) 
  S.D.  1.05 
 

      
  (11.00 %) 

 ,   
  (  12.25 12.50  12.50 ) 

,   
  

 2  5   8 

4.  (Ordinal Logit Models)
   5  I = {1, 2, 3, 4, 5} 

  8   Qj ; j 8  Q1  (Q2) 
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 (Q3)  (Q4)  (Q5)  (Q6)  
(Q7)   (Q8)   

   6   6  
 8   (Ordinal Logit Models) 

 8   12   4   (X1): 
 Q2   Q4  (P-value < 0.05)  

   (Age, X2) 
 95 % 

 90 %  Q4  (P-value = 0.075)  (X3): 
 (Q1  Q7  Q8)  P-value < 0.05 

    (X4): 
 (P-value > 0.05)  

 (X5):  Q3 (P-value = 0.004)  Q7 (P-value = 0.011) 
 Q3   Q7  

 (X6):  Q2 Q3 Q4  Q6 (P-value < 0.05) 
    

  (X7):  (P-value < 0.001) 
 

 (X8):  (P-value < 0.001) 
  (X9): 

 (P-value < 0.05) 
  (X10):  

(p-value > 0.05)  
 (X11):  (Q2 Q4 Q5  Q8) 

  
(X12):  0.1  Q8 (P-value = 0.074) 

    
P-value < 0.05  P-value < 0.01 

 8   Stepwise  95 %  
 5   
 (X3)  (X7)  (X8)  (X9) 

 (X11)  
 

 -2LL  

  
  

  5 
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Abstract

In this article, we study the non-negative integer solutions of the Diophantine equation , 
where  is a positive integer and , ,  are non-negative integers, by using the basic concepts of 
congruence and Mih ilescu’s Theorem. These  ndings indicate that if , then the 
Diophantine equation has no non-negative integer solution. Moreover, the Diophantine equation has 
the non-negative integer solution , where  and is an integer.

Keywords: Diophantine Equation; Congruence; Mih ilescu’s Theorem; Non-Negative Integer Solution
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Abstract

This research aimed to study earthquake resistance model of reinforced concrete building structure 
strengthened with Glass Fiber Reinforced Polymer (GFRP) by using column section enlargement. 
The building used in the study was a 4-storey reinforced concrete school building under the Ministry 
of Education, which was not designed to earthquake resistance. The behavior of the reinforced 
concrete school building was simulated before and after strengthening with GFRP compared with 
deformed bars to evaluate capacity of reinforced concrete structure using Nonlinear Static. 
The study results were found that the capacity level of bare reinforced concrete school building 
frame (BF) caused failure at the plastic hinge point of reinforced concrete columns on the 2nd to 
4th  oors of school building, which had behavior of strong beams and weak columns and had more 
Demand-Capacity Ratio (DCR) value than 1, which could not earthquake resistance. However, when 
the school building was strengthened with GFRP and deformed bars, it had a capacity to resist at 1.75 
and 1.73 times, respectively, comparing to bare reinforced concrete school building frame (BF), 
and having Demand-Capacity Ratio (DCR) value of reinforcement with GFRP and reinforced with 
deformed bars with lower value than 1. Therefore, the reinforcement with GFRP was an alternative 
that could be used to replace deformed bars in earthquake resistance effectively.

Keywords: Glass Fiber Reinforced Polymer; Earthquake Resistance; Pushower Analysis
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 1 

 (Pushover Analysis)
  

 (Pushover Analysis) 
 (Lumped Plasticity)  

 2  (Plastic Hinge) 
 ASCE41-13 (American Society of Civil Engineers, 2013)

 2 

1. 
   

  (E)  (Fy)  (Fu)  ( ) 
 ETAB2020 

   12  
 GFRP  2  

 2   14 
 ASTM D 7205 (American Society for Testing and Materials, 2006)

2.   1  (One Bay Frame)
    (DB)  12 

 (RB)  6   5,650  2,460  
 (GFRP)  5,140  
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 4.0   3.0  
 0.20 × 0.20   1.13 % 

 0.20 × 0.40   1.00 % 
  3 

 3  1 

  
 

 (Pushover Analysis)  
(Immediate Occupancy Level - IO)  

 . 1303-57 (Department of Public Works and Town & Country Planning Ministry of 
Interior, 2014)  0.2 x 0.2   0.3 x 0.3  

 ( )  0.01 - 0.04  
0.0136  0.032  1 

  3 

 1  1 - 4

   
  (Ast) 

      ( )

 Non 4-DB12 mm - 0.0116
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 1  1 - 4 ( )

   
  (Ast) 

      ( )

  
  6-DB 12 mm

 6-GFRP 12 mm 
6.789 0.0136

  10-DB12 mm
 10-GFRP 12 mm 

11.314 0.0226

 14-DB12 mm
  14-GFRP 12 mm 

15.840 0.0320

3.  
   4  12  ( ) 

 . .4/12  2545 
  

 4  (Working Stress Design) 
 6 . . 2527  13.50 x 36.00   16.70  

 
  300  

 300  
-    240  

 SD30  SR24  2  3 
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( )  3  

( ) 
 4  

 2 

      ( ) 
 4 - 3 C1 0.30 x 0.50 8-DB16 2 x 0.20 0.0107
 2 C1 0.30 x 0.50 4-DB20 2 x 0.20 0.0164
    6-DB16 
 -  C1 0.30 x 0.50 10-DB25 2 x 0.20 0.0327

 3 

    ( ) 

 GB1,B1 0.15 x 0.40 6-DB12 0.20 0.0113
 GB1’,B1’ 0.20 x 0.40 6-DB12 0.15 0.0085
 GB2,RB2 0.20 x 0.40 12-DB20 0.20 0.0471
 GB3 0.20 x 0.40 6-DB16 0.20 0.0151
 GB4 0.20 x 0.40 8-DB20 0.15 0.0314
 B2 0.15 x 0.40 6-DB12 0.20 0.0113
 B3 0.20 x 0.40 5-DB12 0.20 0.0071
 B4’,B8’ 0.20 x 0.40 9-DB16 0.20 0.0226
 B5 0.20 x 0.40 8-DB16 0.20 0.0201
 B6 0.30 x 0.90 16-DB25 0.20 0.0291
 B7 0.20 x 0.40 7-DB16 0.20 0.0176
 B8 0.15 x 0.40 6-DB12 0.20 0.0113
 B9 0.20 x 0.50 8-DB20 0.20 0.0251 
 B10 0.10 x 0.40 4-DB12 0.20 0.0113
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 240  

  ( ) 
 2  (Pushover Analysis) 

 (Immediate Occupancy Level - IO) 
  (Response Spectrum 

Analysis)  (Target Roof Displacement) 
     

 Ss  0.884  S1  0.22

1.  
   (GFRP)  
(DB)  12   SD30  2   ASTM D 7205 
(American Society for Testing and Materials, 2006)  4 

 2  5

 4 

   
 (DB)

  (GFRP)  
 12 

   12  

  ( )  2,110 7,850
  ( ) 5,140.25  5,650
  ( )  8,567 6,720
  x 106 ( )  0.48 2.04

 5  (GFRP)  (DB)
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   (GFRP)  (DB) 
 8,567  6,720   (GFRP) 

 Saeed (2016)  Quayyum (2006) 
 8,000 - 10,000  

 (GFRP)  (DB)  5,140.25  5,650  
 (GFRP) 

 (GFRP)  
 Leeanansaksiri et al. (2018) 

 0.6Fy  5  (GFRP) 
 (DB)  (DB)  (GFRP)  

 (GFRP)  21.56  
73.12  (DB) 

2.  1  (One Bay Frame)
  

 (GFRP)  (DB)  
  5  (Interaction Diagram) 

 6  0.013 - 0.032 
  

Ranjan and Dhiman (2016)  Talwekar et al. (2018) 
  

(GFRP)  
5.56 6.41  6.23 

 5 

  Axial Force (ton)  Moment (ton-mm)  (%) 

 Non 4-DB12 mm 51.36 2,162.27 0
 6-DB12 mm 117.80 8,633.54 56.40
 10-DB12 mm 126.72 8,931.33 59.47
 14-DB12 mm 135.65 10,239.68 62.14
 6-GFRP12 mm 121.82 8,512.46 57.84
 10-GFRP12 mm 133.43 9,168.01 61.51
 14-GFRP12 mm 145.04 10,714.49 64.59

  Non  
  DB  

  GFRP   
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 6  (Interaction Diagram) 

   6 
 7 

 Non 4-DB12 mm 
 8( )  (Strong Beams 

and Weak Columns)  
 Non 4-DB12 mm  

(Interaction Diagram) 

 6 

 Type Base Shear (ton)  (%)  Displacement (mm)

 Non 4-DB12 mm 9.96 - 90.78 0.0113
 6-DB12 mm 35.25 72 138.18 0.0136
 10-DB12 mm 36.61 73 117.25 0.0226
 14-DB12 mm 39.01 74 118.04 0.0320
 6-GFRP12 mm 35.25 72 120.01 0.0136
 10-GFRP12 mm 38.56 74 117.82 0.0226
 14-GFRP12 mm 41.19 76 118.81 0.0320

  

 (Strong Columns and Weak Beams)  8( )  Panyakapo (2003) 
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 8 

  
3. 

   4  
 0.0136  2 
 

 ETAB2020  (Pushover Analysis) 
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 10 

 9  Etab2020
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 10 

 7  4 

      
     X  Y Max. DCR
   X ( )  Y ( ) ( ) ( ) 
 BF 110.42 138.09 87.56 59.48 1.437
 Retro-GFRP 182.30 241.94 156.60 62.05 0.820
 Retro-DB 177.71 239.08 158.07 62.80 0.913

  BF  
  Retro-GFRP   GFRP

  Retro-DB   DB

   7  (BF) 
 y  138.09   59.48   y 

 x  (BF) 
 2  4  11 

 (Strong Beams and Weak Columns) 
  DCR  

1.437  1 
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 11  2 - 4 

   
(Retro-GFRP)  y  241.94   62.05  

 1.75   
(BF)  (Retro-DB) 

 y  239.08   72.31  
 1.73   

(BF)  Ranjan and Dhiman (2016)  Talwekar et al. (2018) 

 
 (Retro-GFRP)  (Retro-DB) 

 
 1.01  

  DCR  
 1 

 
   
(Response Spectrum Analysis)  (Target Roof Displacement) 

 32.12   
 (BF)  (Collapse Prevention Level - CP) 

 (Retro-GFRP)  
(Retro-DB)  (Immediate Occupancy Level - IO) 
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 1.  (GFRP)  (DB)  
8,567  6,720   (GFRP) 

 
 2.  

 
  

  

 3.   4   
(BF)  2  4  

 (Strong Beams and Weak Columns) 
 DCR  1.437  1  

   1.75  1.73   
 (BF)  DCR 

  1  2  
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Abstract

This paper aims to evaluate the chloride-induced corrosion of reinforced steel bars in concrete using the 
half-cell potential (HCP) method. The corrosion of reinforced steel bars in concrete was examined in 
connection with the amount of sodium chloride (NaCl) solution and the acceleration period. The differences 
in NaCl solution amounts of 25 %, 50 %, and 75 % by the height of the concrete sample, acceleration 
periods of 3, 6, and 9 hours, and concrete covering depths were investigated in this study. Test results found 
that the corrosion probability of reinforced concrete tended to increase with increasing NaCl solution 
proportion and acceleration period. Furthermore, an increase in the depth of concrete covering could reduce 
the corrosion of reinforced steel bars in concrete. According to test results, it is recommended that the NaCl 
solution amount at 25 % of the height of the concrete sample and the acceleration period at 3 hours 
are suitable conditions for testing in the laboratory regarding cost-effectiveness and testing period. The average 
HCP readings of reinforced concrete samples were below -400 mV/CSE at the time of measurement.

Keywords: Reinforced Concrete Structures; Half-Cell Potential Method; Corrosion of Reinforcing Steel in 
  Concrete; Sodium Chloride Solution Amount; Accelerated Duration
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Steel in Concrete, 2022) 
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      1 

   19  
  1  3.15 

 ASTM C128 (Standard Test Methods for Density, 
Relative Density (Speci c Gravity), and Absorption of Fine Aggregate, 2022)  ASTM C127 (Standard 
Test Method for Density, Relative Density (Speci  c Gravity), and Absorption of Coarse Aggregate, 2015)

   
 2.57 2.61 0.96  2.63  

    2.77 2.80 
0.64  6.66   3.5 
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2.  
   ACI 211.1-91 (Standard Practice 
for Selecting Proportions for Normal, Heavyweight, and Mass Concrete, 2021) 
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3.  (Half-Cell 
Potential) 
   (Half-Cell 
Potential)   ASTM 
C876-15 (Standard Test Method for Corrosion Potentials of Uncoated Reinforcing Steel in Concrete, 2022)
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 3.5  25 50  75 
  2 

 24  (  3( )) 
 3 6  9  
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Abstract

This research aims to develop a low-fat ice cream product from broken riceberry rice by using fat 
substitutes. The study investigated the appropriate concentration of riceberry rice slurry at 10 %, 20 %, 
and 30 % (replacing the water component) in the basic riceberry broken rice ice cream formulation. 
The results showed that a suitable concentration of riceberry rice slurry was 20 %, replacing the water. 
The study of types and concentrations of fat substitutes for the low-fat ice cream product included 
Tween 80 (TW), whey protein isolate (WPI), and maltodextrin (MD) at 2 %, 3 %, and 4 %. It was found 
that ice cream with MD 4 % had the lowest melt rate and the lowest fat content (p 0.05), with a fat 
reduction of 85.19 % compared to the basic formulation. Ice cream with TW 4 % had the highest 
hardness and viscosity (p 0.05), and ice creams with WPI 4 %, MD 3 %, and MD 4 % had the lowest 
overrun values (p 0.05). Sensory testing with 30 consumers aged 15 - 60 revealed that consumers 
rated their liking for the color, aroma, taste, and overall acceptability of ice creams with WPI 4 %, 
MD 3 %, and MD 4 % at a moderate level (scoring between 7.22 and 7.61). The study concluded 
that the appropriate fat substitute for low-fat broken riceberry rice ice cream is 4% maltodextrin 
(replacing the coconut milk component). The developed low-fat riceberry broken rice ice cream 
formula includes the following ingredients: coconut milk, maltodextrin, water, riceberry rice slurry, 
pandan leaf juice, sugar, and salt, at 38.4, 1.6, 28.0, 7.0, 5.0, 19.7, and 0.3%, respectively.

Keywords: Ice Cream; Riceberry Rice; Low-Fat; Fat Substitutes
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 1.2     Separation of Fat from Ice Cream  
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  1.3     9 Point Hedonic Scale 
(Chompreeda, 2007)     
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ANOVA)  Duncan’s New Multiple Range Test (DMRT) 

 95  IBM SPSS Statistics  Window 

 1  

   10 20  30  
 1  1 

 10 20  30  L* a* b*      
 (p 0.05) 

 (p>0.05)  L*  20  30  
 a*  30   b* 

 30  
  (L*)  (b*)  

 (a*)    -  
(Khumkhom, 2019) 

 1 
  

      
      10  20  30
    
    L*  54.30 0.81a 52.71 0.32b 52.52 0.51b

    a*  7.22 0.82b 7.33 0.25b 7.94 0.32a

    b*  6.54 0.60a 5.54 0.54b  5.12 0.22c

   ( Brix)ns 22.14 0.35 22.05 0.32 22.73 0.42
   ( ) 8.83 0.91a 6.32 0.92b 4.41 0.63c

   (cP) 5,319.15 32.92c 8,851.14 37.91b 16,130.11 87.42a

   ( ) 33.71 0.83a 32.83 0.43a 25.95 0.31c

   (N) 23.13 0.54c 32.91 0.44b 41.72 0.91a
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 1 
   ( )

      
      10  20  30
  ( )
    7.46 0.72a 7.13 0.61b 6.80 0.79c

    7.40 0.91a 7.15 0.82ab 7.00 0.87b

    7.83 0.73a 7.03 0.94b 6.63 0.69c

    7.30 0.96a 7.10 0.91b  6.83 0.90c

  7.90 0.62a 7.26 0.89b 6.66 0.39c

: 
  a, b, c    (p 0.05)
  ns    (p>0.05)

 ( )  10 ( )  20 ( )  30
 1 

  30   
 

  
 

  15 - 60   30  
 

      10 
20  30  (p 0.05)    

  10   
 20  30  

  
 

 
    30 

  20  
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      40.0 28.0 7.0 5.0 19.7  0.3 
 2  

   3  
   80 (TW)  (WPI)  (MD)  2 3  4 

  2  3 

 2   
  

      ( )  L* a* b*  ( Brix)ns

 TW 2 % 51.91 0.22de 10.42 0.31a 6.81 0.53a 22.91 0.30 4.92 0.51b

 TW 3 % 52.28 0.71cd 8.23 0.22d 6.72 0.42a 22.92 0.81 3.71 0.42cd

 TW 4 % 53.12 0.70abc 9.19 0.81cd 5.07 0.22b 23.13 0.12 3.63 0.64cd

 WPI 2 % 51.22 0.51e 10.26 0.25ab 6.52 0.34a 22.94 0.83 4.92 0.23b

 WPI 3 % 52.15 0.74cde 8.54 0.44cd 6.54 0.32a 23.04 0.92 3.84 0.34cd

 WPI 4 % 53.24 0.63ab 9.71 0.83ab 5.23 0.24b 23.82 0.82 3.23 0.22d

 MD 2 % 52.17 0.15cde 10.15 0.31ab 6.82 0.24a 22.47 0.23 4.33 0.45bc

 MD 3 % 52.36 0.47bcd 8.64 0.82cd 6.84 0.16a 22.62 0.34 2.44 0.36e

 MD 4 % 53.51 0.37a 9.82 0.83ab 5.13 0.75b 23.06 0.75 1.62 0.44f

  53.56 0.31a 9.32 0.27bc 6.12 0.12a 22.02 0.36 10.94 0.23a

: +
  a, b, c    (p 0.05)
  ns    (p>0.05)

 3    
  

   ( )  (cP)  ( )  (N)
 TW 2 % 4.92 0.51b 15,890.32 43.07d 29.20 0.22bc 33.62 0.15f

 TW 3 % 3.71 0.42cd 17,963.62 34.91b 28.15 0.11cd 38.72 0.22d

 TW 4 % 3.63 0.64cd 19,866.04 90.50a 27.12 0.80d 63.33 0.61a

 WPI 2 % 4.92 0.23b 9,248.04 50.92h 29.91 0.73b 37.04 0.43e

 WPI 3 % 3.84 0.34cd 14,737.02 99.14e 28.23 0.42c 38.53 0.42d

 WPI 4 % 3.23 0.22d 16,646.04 34.44c 25.34 0.81e 62.71 0.40a

 MD 2 % 4.33 0.45bc 10,328.06 37.43g 29.05 0.45bc 37.82 0.82de

 MD 3 % 2.44 0.36e 13,807.07 14.18f 25.46 0.72e 39.94 0.73c

 MD 4 % 1.62 0.44f 15,817.02 86.07d 25.02 0.84e 41.56 0.74b

  10.94 0.23a 8,851.20 73.19i 32.81 0.52a 32.72 0.82f

: 
  a, b, c    (p 0.05)
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   10   L* a* b*    
   (p 0.05) 

 (p>0.05)  L*  TW 4 % WPI 4 % MD 4 % 
  a*  TW 2 % WPI 2 % 

WPI 4 % MD 2 %  MD 4 %   b*  TW 2 % TW 3 % WPI 2 % WPI 3 % 
MD 2 %  MD 3 %  

 (L*)   (a*)  (b*)   Saentaweesuk and 
Aukkanit (2022)  5 

 L*   a*  b*  0.4 (p 0.05) 
 80   

 55.02 - 85.19 
 MD 4 %   85.19 

 
      

 (Fernandes et al., 2017)  
 445 . . 2566    
 3  100   2  3   

MD 3 %  MD 4 %
  3   

  MD 4 %   TW 4 % 
  

  
(Akbaria et al., 2019)  Azari-Anpar et al. (2017) 

 (p 0.05)  80   
 (Marshall, 2003) 

    WPI 4 % 
MD 3 %  MD 4 %  

  Saentaweesuk and Aukkanit (2022) 
 5  0.4 (p 0.05) 

-  
  (Akbaria et al., 2019)

  TW 4 %  WPI 4 %   TW 2 % 
   4 

  Peasura et al. (2023) 
 8   8 % (p 0.05) 

 ß- lactoglobulin  
  5 

 0.4 (p 0.05) (Saentaweesuk and Aukkanit, 2022)
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 4 
  

           N = 30 
   ns   
 TW 2 % 6.02 0.81b 6.64 0.71 6.07 0.81b 6.20 0.32cd 6.03 0.27c

 TW 3 % 6.94 0.42ab 7.22 0.82 6.82 0.72ab  6.61 0.82bcd  6.84 0.32ab

 TW 4 % 6.71 0.22ab 6.34 0.15 7.11 0.24a 7.07 0.71abc 7.20 0.35ab

 WPI 2 % 6.04 0.91b 6.01 0.51 6.08 0.32b 6.03 0.31d 6.08 0.37c

 WPI 3 % 7.12 0.15ab 6.92 0.61  7.07 0.31a 7.02 0.22abc 7.12 0.42ab

 WPI 4 % 7.31 0.90a 7.13 0.73  7.22 0.42a 7.72 0.73ab 7.54 0.71a

 MD 2 % 6.53 0.31ab 6.71 0.22  6.24 0.32b 6.62 0.41bcd 6.63 0.62bc

 MD 3 % 7.54 0.12a 7.05 0.42  7.13 0.42a  7.34 0.24ab 7.15 0.22ab

 MD 4 % 7.42 0.92a 7.30 0.41 7.61 0.38a 7.22 0.36ab 7.52 0.31a

  7.41 0.23a 7.42 0.07 7.11 0.22a 7.05 0.32abc 7.22 0.18a

: 
  a, b, c    (p 0.05)
  ns    (p>0.05)

  4 
  9 Point Hedonic Scale  30  

    
10   (p 0.05) 

 (p>0.05)     
  3   

   TW 3 % TW 4 % 
WPI 3 % WPI 4 % MD 2 % MD 3 % MD 4 %   

 TW 4 % WPI 3 % WPI 4 % MD 2 % MD 3 % MD 4 %  
 Azari-Anpar et al. (2017)  2 

 (p 0.05)    
 2  1 

  
     (Guzeler et al., 2011) 

    
   WPI 4 % MD 3 %  MD 4 % 

    80 (TW)  (WPI) 
 (MD)  2 3  4  

  
 4 (MD 4 %)  (  1.62 0.44) 

   
    (7.22 - 7.61 )
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   20 

   
 4   

   85.19 
    

   
       38.4 1.6 28.0 7.0 5.0 

19.7  0.3 
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Abstract

The objective of this research is to create and compare the effectiveness of a self-harm model for 
psychiatric patients. The data were collected from Khon Kaen Rajanagarindra Psychiatric Hospital 
database, Khon Kaen province from January 2019 to December 2021. The records were 4,179 records 
in total. Gain Ratio and Relief methods were used to select relevant factors for building the prediction 
models. Naive Bay, Decision tree, Machine support, Deep learning, Partial rule techniques were utilized 
to build self-harm in psychiatric patients prediction models. In this experiment, 10-fold cross validation 
was used to divide the data into learning and testing datasets. Accuracy, sensitivity, and speci  city 
were employed to compare the effectiveness of the models. The experimental results showed that 
selection of factors using the Gain Ratio method when used C4.5 decision tree or machine support 
vector machine techniques has the same highest accuracy at 84.66 %.

Keywords: Psychiatric Disease; Feature Selection; Data Mining

  10 
     

 (World Health Organization, 2021) 
        

  (Khonkaen Rajanagarindra Psychiatric Hopital, National Center 
for Suicide, 2022)   1 

   20 
 (World Health Organization, 2019) 

  

  (Data Mining)  
  (Rungrattanaubol, 

2022)  Boonprasom and Sarach (2019) 
  Molee et al. (2019) 

 C4.5,  
(Partial Rule)  (Induction)  Boonma and Chirawichitchai (2019) 

, ,   Hongboonmee 
and Thammakorn (2562) 

    
 amazon.com   
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 Chi-Square, Gain Ratio  Relief   

C4.5    10-Fold Cross 
Validation  (Accurary)  
(Sensitivity)  (Speci  city) 

 
  4   

   
1. 

  
   1  . . 2562  31  . . 2564 

    
 

   
 16  1 

 2

 1 

      
 1   Sex  2
 2   Status  6
 3   Series  11
 4   Occupation  9
 5   Education  10
 6   Diagnosis_cs 31
 7  Social_diag  17
 8  Substance  9
 9  Main_disease 13
 10  1 Second_disease 105
 11  2 Third_disease 84
 12   Class  2

   1  (Nominal Scale) 
         
  1  2  
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 2 

         S.D.

 1  Age  14 89 51.5 53.03
 2  SBP  62 200 131 97.58
 3  DBP  28 179 103.5 106.77
 4  BMI  13.95 66 19.97 36.80

   2  (Numeric Value) 
       

2. 
    

  Chi-Square, 
Gain Ratio  Relief  
  2.1   Chi-Square
     Chi-Square 

  
   (Observed 

Frequency)  O   (Expected Frequency) 
 E  (Harnmongkolpipat, 2017)  1

 (1)

     
    0  
    E  

  2.2   Gain Ratio
     Gain Ratio  Information 
Gain  Information Gain  

 gain    
     

 1 record  Information Gain  
 Gain Ratio  Information Gain 

 Split Information  Gain Ratio (Xiaowei et al., 2023; Senthil Kumar, 
2016)  2

 (2)
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  2.3   Relief
     Relief 

  
Relief 

  
 (Kenji and Larry, 1992)  3

 (3)

        
         
       
      

 3. 
  

 5 
  3.1   

 (Bayes Theorem)   
   

 
  (Chinprasatsak et al., 2023) 

  3.2   C4.5 
  

 
    (Eibe and Ian, 1998) 

  3.3   
 

   2  
 

  (Sanguansat, 2019) 
  3.4    

   
 

    
 (Digital Government Development Agency, 2022)

  3.5   (Partial Rule)  
 C4.5  RIPPER  

  (C4.5)  
(RIPPER)   

 C4.5  
 (Decision Rule) (Eibe and Ian, 1998)
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4. 
  4.1   (Accuracy)   

  (4)

 (4)

  4.2   (Sensitivity)  
  (5)

 (5)

  4.3   (Speci  city)  
  6

 (6)

       
       
       
       

  Chi-square, Gain Ratio  Relief  
 C4.5   

 10-fold cross validation  10   9 
 1   10  

   
   Chi-square  3  

 Gain Ratio  12   Relief 
 15   

  Gain Ratio  Relief  
12 
 1. 
     

  10-Fold Cross Validation  10  
 9  1   10 

  C4.5  
 1
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 1 

   1   
Gain Ratio  Relief   C4.5  

  Gain Ratio  C4.5 
 84.66  83.13 

 82.63  82.39  Relief 
 C4.5  84.66 

 83.13  82.91  81.96 
 Gain Ratio  Relief  C4.5 

 84.66
 2. 
    

 10-Fold Cross Validation  10   9 
 1   10 

  C4.5  
 2

 2 

  2   Gain Ratio 
 Relief   C4.5   
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  Gain Ratio  C4.5 
 100.00  99.42 

 99.24  99.19  Relief  
C4.5  100.00  99.87 

 99.09  99.08 
 Gain Ratio  Relief  C4.5 

 100.00
 3. 
    

 10-Fold Cross Validation  
10   9  1   10 

  C4.5  
 3

 3 

   3   
Gain Ratio  Relief   C4.5  

   Gain Ratio 
 17.73  16.71  14.46 

 C4.5  0  Relief 
 15.69  13.62 

 9.09  C4.5  0 
 Gain Ratio  Relief  

 17.73

 
  1  . . 2562  

31  . . 2564  4,179   
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 5    
 C4.5   

 Chi-square, Gain Ratio  Relief   Chi-square 
 3    C4.5 

      
 0  Gain Ratio  12  

 Relief  15  
  Gain Ratio  Relief 

 12  
 84.66  100  17.73 
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