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Abstract 
Title : Reduction of hydraulic conductivity of lateritic soil by mixing with 
        rice hull ashes,ǰashes, and cow dung. 
By :  Kantapat  Kunnichartanawat   

Ponlawit  Prayurachatuporn   
Wiwat  Kanjanaekkarin    

Project Adviser :    ........................................... 

(Assoc Prof.Somchai Donjadee) 

      ............../............./............. 
    

The objective of this study is to reduce the hydraulic conductivity of lateritic soil 
using the mix of rice husk ash, ashes or cow manure by the constant head method. This 
experiment used compacted lateritic soil with an average hydraulic conductivity of 1.76 
cm day-1, presenting high level of leakage. Lateritic soil was mixed with rice husk ash, 
ashes or cow dung at a ratio of 5, 10, 15 and 20 percentage by weight. The results 
shown that the suitable ratios for lateritic soil mixed with rice husk, ashes, and cow 
dung were 10, 10 and 15 percentage, with hydraulic conductivity of 0.092 cm day-1, 
0.426 cm day-1 and 1.590 cm day-1, respectively. This research also found that the 
hydraulic comductivity of lateritic soil mixed with rice husk and ash for all percentage 
rates were in an acceptable standard for pave of farm pond. 
 
Keywords: Hydraulic conductivity, laterlic Soil, Seepage 
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ïททĊęǰ1 

1.1.คüćöđðŨîöćĒúąคüćöÿĈคĆญขĂงðŦญĀć 
ปŦจจčบĆนปøąđทýĕท÷ปøąÿบปŦญĀćจćกõĆ÷Ēúšงǰ จćกĒนüทćงĒกšĕขปŦญĀćõĆ÷ĒúšงซċęงöĊĀúć÷üĉธĊǰ ĀนċęงĔนüĉธĊนĆĚนคČĂ

กćøขčดÿøąขċĚนöćđพČęĂกĆกđกĘบนĚĈēด÷đฉพćąพČĚนทĊęนĂกđขตชúปøąทćนǰ ĒúąĀนŠü÷งćนขĂงøĆฐĕดšÿนĆบÿนčนงบปøąöćณ
ĔนกćøขčดÿøąดĆงกúŠćüǰ đชŠนēคøงกćøĒĀúŠงนĚĈĔนĕøŠนćนĂกđขตชúปøąทćนขĂงกøöพĆฒนćทĊęดĉนǰปøąจĈปŘงบปøąöćณǰ
พ.ý.ǰ2561ǰēด÷ÿŠงđÿøĉöĔĀšöĊกćøขčดÿøąนĚĈขนćดǰ1,260ǰm3 đพČęĂบøøđทćÿõćพปŦญĀćõĆ÷ĒúšงǰกćøขćดĒคúนนĚĈǰĒúą
đพĉęöปøąÿĉทธĉõćพกćøđกĘบกĆกนĚĈĔนพČĚนทĊęขĂงกćøđกþตøǰ ซċęงđกþตøกøđปŨนผĎšøĆบผĉดชĂบคŠćĔชšจŠć÷đพĊ÷งǰ 2,500ǰ บćทǰ
จĈนüนǰ 45,000ǰ ÿøąǰ (กøöพĆฒนćทĊęดĉน,ǰ 2560) ดĆงนĆĚนจċงทĈĔĀšöĊÿøąđกĘบนĚĈกøąจć÷Ă÷ĎŠทĆęüปøąđทýǰ ซċęงบćงพČĚนทĊęĕöŠ
đĀöćąÿĈĀøĆบกćøขčดÿøąนĚĈđนČęĂงจćกÿõćพดĉนĕöŠđĀöćąÿöǰจćกøć÷งćนขĂงÿĈนĆกđýøþฐกĉจกćøđกþตøǰพบüŠćöĊÿøą
đกĘบนĚĈนĂกđขตชúปøąทćนøšĂ÷úąǰ 18ǰ ĕöŠÿćöćøถกĆกđกĘบนĚĈĕüšĔชšĕดšตćöทĊęĂĂกĒบบĕüšđนČęĂงจćกÿõćพดĉนทĊęöĊกćø
øĆęüซċöÿĎงǰ ÿćđĀตčจćกÿõćพดĉนทĊęĕöŠđĀöćąÿöǰ ēด÷đฉพćąĀćกขčดÿøąĔนบøĉđüณพČĚนทĊęทĊęđปŨนดĉนúĎกøĆงǰ ซċęงดĉนúĎกøĆงöĊ
คüćöÿćöćøถĔนกćøĂčšöนĚĈĕดšนšĂ÷öćกǰ đพøćąดĉนúĎกøĆงöĊกøüด ĀøČĂđýþĀĉนปąปน ทĈĔĀšนĚĈđกĉดกćøซċöĕดšĂ÷Šćง
øüดđøĘüĒนüทćงกćøĒกšปŦญĀćทĊęöĊปøąÿĉทธĉõćพทćงĀนċęงคČĂกćøปøĆบปøčงดĉนบøĉđüณพČĚนผĉüÿøąĔĀšöĊคŠćคüćöซċöนĚĈ
úดúงจนĂ÷ĎŠĔนđกณฑŤทĊę÷ĂöøĆบĕดšǰกćøúดกćøøĆęüซċöดĆงกúŠćüÿćöćøถทĈĕดšĀúć÷üĉธĊǰǰđชŠนǰกćøปĎดšü÷ĒผŠนพúćÿตĉกǰกćø
ดćดดšü÷ดĉนซĊđöนตŤǰ(Jin et al., 2018)ǰกćøดćดดšü÷ดĉนēคúนǰ(Bouwer et al., 2001)ǰกćøดćดดšü÷ผšćĔบคĂนกøĊตǰ
(Donjadee et al., 2017)ǰกćøĔชšนĚĈ÷ćงธøøöชćตĉǰ(Nakasun et al., 2007) ĒúąกćøปøĆบปøčงดĉนĔĀšöĊคčณÿöบĆตĉĔน
กćøđพĉęöปøąÿĉทธĉõćพúดกćøøĆęüซċöขĂงนĚĈǰđชŠนǰกćøบดĂĆดดĉนǰ(Bouwer et al., 2001; Kolawole et al., 2005)ǰ
ēด÷ผÿöüĆÿดčบćงชนĉดđขšćĕปĔนดĉนǰ đชŠนǰ đบนēทĕนทŤ (Gleason et al., 1997; Malusis et al., 2009) ปĎนซĊđöนตŤǰ
(Tipmontree, 2009)ǰ đปŨนตšนǰ Ă÷ŠćงĕøกĘตćöĀúć÷üĉธĊöĊคŠćĔชšจŠć÷คŠĂนขšćงÿĎงǰ ÿŠงผúĔĀšÿøąđกĘบนĚĈđĀúŠćนĆĚนĕöŠĕดšøĆบ
กćøปøĆบปøčงÿõćพดĉนจćกđกþตøกøǰ ดĆงนĆĚนงćนüĉจĆ÷นĊĚจċงĕดšนĈđÿนĂüĉธĊกćøúดกćøøĆęüซċöēด÷ĔชšüĆÿดčจćกธøøöชćตĉǰ
ĕดšĒกŠ öĎúüĆüǰขĊĚđถšćĒกúบǰĒúąขĊĚđถšćถŠćนǰซċęงüĆÿดčđĀúŠćนĊĚöĊøćคćถĎกĒúąÿćöćøถĀćĕดšēด÷ทĆęüĕปǰงćนüĉจĆ÷นĊĚöĊüĆตถčปøąÿงคŤ
đพČęĂýċกþćคüćöÿćöćøถĔนกćøúดĂĆตøćÿŠüนกćøøĆęüซċöขĂงüĆÿดčทĊęนĈöćผÿöกĆบดĉนทúĎกøĆงǰ ēด÷พĉจćøณćคŠćคüćöนĈ
ชúýćÿตøŤกĆบĂĆตøćÿŠüนผÿöขĂงüĆÿดčđĀúŠćนĆĚนǰ ēด÷นĈöćทดÿĂบĔนĀšĂงปฏĉบĆตĉกćøดšü÷ĔชšüĉธĊคüćöดĆนคงทĊęǰ ซċęงจąđปŨน
ปøąē÷ชนŤตŠĂกćøĔชšงćนกĆบÿøąđกĘบนĚĈĔนĕøŠนćตŠĂĕป 
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1.2.üĆตถčðøąÿงคŤ 

üĆตถčปøąÿงคŤĀúĆกขĂงēคøงกćøüĉจĆ÷นĊĚคČĂđพČęĂýċกþćคüćöÿćöćøถĔนกćøúดĂĆตøćÿŠüนกćøøĆęüซċöขĂงüĆÿดčทĊęนĈöć
ผÿöกĆบดĉนúĎกøĆงēด÷พĉจćøณćคŠćคüćöนĈชúýćÿตøŤกĆบĂĆตøćÿŠüนผÿöขĂงüĆÿดčđĀúŠćนĆĚนēด÷นĈöćทดÿĂบĔน
ĀšĂงปฏĉบĆตĉกćøดšü÷ĔชšüĉธĊคüćöดĆนคงทĊęซċęงจąđปŨนปøąē÷ชนŤตŠĂกćøĔชšงćนกĆบÿøąđกĘบนĚĈĔนĕøŠนć 
 

1.3.ขĂïđขตกćøýċกþć 

1.ดĉนúĎกøĆงทĊęนĈöćĔชšงćนüĉจĆ÷นĊĚöćจćกดĉนúĎกøĆงขนćดคúąกĆนดĊตćöćตøฐćนǰASTM  
2.öĎúüĆüจćกôćøŤöคćüบĂ÷ĒúนดŤǰđกþตøǰĔนöĀćüĉท÷ćúĆ÷đกþตøýćÿตøŤüĉท÷ćđขตกĈĒพงĒÿนǰĂĈđõĂ
กĈĒพงĒÿนǰจĆงĀüĆดนคøปฐöǰ 
3.ขĊĚđถćถŠćนĒúąขĊĚđถćĒกúบทĊęนĈöćĔชšĔนกćøผÿöđพČęĂúดกćøซċöĕดšöćจćกĒปúงทดúĂงõćคüĉýüกøøö
ชúปøąทćนĔนöĀćüĉท÷ćúĆ÷đกþตøýćÿตøŤüĉท÷ćđขตกĈĒพงĒÿนǰĂĈđõĂกĈĒพงĒÿนǰจĆงĀüĆดนคøปฐö 
4.ปøĉöćณขĂงüĆÿดčทĊęĔชšĔนกćøทดÿĂบตšĂงĕöŠđกĉนøšĂ÷úąǰ20ǰตŠĂปøĉöćตø 

 

1.4.ðøąē÷ชîŤทĊęคćดüŠćจąĕดšøĆï 

1.ทĈĔĀšทøćบคüćöĀนćĒนŠนøąĀüŠćงĂĆตøćÿŠüนทĊęđĀöćąÿöขĂงÿŠüนผÿöǰÿćöćøถนĈöćĔชšปøĆบปøčงดĉนĔĀš
ÿćöćøถĂčšöนĚĈĕดšดĊขċĚนĔนพČĚนทĊęทĊęđปŨนดĉนúĎกøĆง 
2.ÿćöćøถนĈขšĂöĎúทĊęĕดšจćกกćøทดúĂงĕปĔชšđพČęĂđพĉęöปøąÿĉทธĉõćพกćøกĆกđกĘบนĚĈǰĒúąúดกćøÿĎญนĚĈđนČęĂงจćก

กćøซċöúงดĉน 
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ïททĊęǰ2 
ทùþฎĊทĊęđกĊę÷üขšĂง 

 
กćøĕĀúซċöขĂงนĚĈผŠćนöüúดĉนǰđปŨนĒบบǰĶLaminarǰFlowķǰผŠćนชŠĂงคดđคĊĚ÷üøąĀüŠćงđöĘดดĉนǰĔนขณąđดĊ÷üกĆน

ĒøงดĆนขĂงนĚĈกĘจąđÿĊ÷ĕปđพøćąĒøงđÿĊ÷ดทćนขĂงผĉüชŠĂงđöĘดดĉนǰDarcy นĆกüĉท÷ćýćÿตøŤชćüฝøĆęงđýÿĕดšđÿนĂกฎĒĀŠงกćø
ĕĀúซċöĕüšüŠćǰĶคüćöđøĘüขĂงกćøĕĀúซċöขĂงขĂงđĀúüผŠćนตĆüกúćงพøčนǰ(đชŠนöüúดĉน)ǰจąđปŨนปฏĉõćคกĆบกĆบĕăดøĂúĉค
đกøđดĊ÷นǰ(HydraulicǰGradient)ķ 

 
øĎปทĊęǰ2.1ǰกćøĕĀúซċöขĂงนĚĈผŠćนöüúดĉน 

 
V α i 

ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ ǰǰǰĀøČĂǰ ǰǰǰǰǰǰv = ki                                                            (1) 
đöČęĂǰǰ      v = คüćöđøĘüขĂงกćøĕĀúǰ(LT-1) 
       i = ĕăดúĂúĉคđกøđดĊ÷นǰ= ∆

∆
 

       k = คüćöซċöนĚĈขĂงตĆüกúćงǰซċęงđปŨนคŠćคงทĊęǰ(LT-1) 
           ∆ℎǰ= คüćöตŠćงขĂงøąดĆบนĚĈǰ(Head Difference) ĔนชŠüงคüćö÷ćüขĂงกćøซċö ∆𝐿 
       
  จćกÿöกćøทĊęǰ1 นĊĚจąนĈĕปĔชšĔนงćนüĉđคøćąĀŤปŦญĀćทćงกćøĕĀúซċöขĂงนĚĈผŠćนชĆĚนดĉนǰĕดšđกČĂบทčกĒบบǰÿĉęงÿĈคĆญǰ

คČĂǰคŠćคงทĊęทĊęđปŨนคčณÿöบĆตĉđฉพćąขĂงชĆĚนดĉนทĊęđøĊ÷กüŠć คŠćคüćöซċöîĚĈ (Permeability) ซċęงจąขċĚนĂ÷ĎŠกĆบĂĉทธĉพúขĂงÿĉęง
ตŠĂĕปนĊĚ 

1.ขนćดĒúąøĎปøŠćงขĂงđöĘดดĉนǰ(Grain Size and Shape) ĒทšทĊęจøĉงĒúšüคŠćคüćöซċöนĚĈคüøจąขċĚนĂ÷กĆบขนćด
ĒúąøĎปøŠćงขĂงชŠĂงüŠćงøąĀüŠćงđöĘดดĉนöćกกüŠćĒตŠคčณÿöบĆตĉทĆĚงÿĂงขĂงöüúดĉนöĊคüćöÿĆöพĆนธŤกĆนĂ÷ŠćงĔกúšชĉดǰđชŠนǰดĉนทĊę
öĊđöĘดđúĘกบćงĒúąđปŨนĒผŠนǰชŠĂงüŠćงทĊęนĚĈซċöผŠćนกĘöĆกจąöĊúĆกþณąđชŠนđดĊ÷üกĆนǰAllen Hazen ĕดšđÿนĂüŠćĔนทøć÷Ēúą
กøüดǰคŠćคüćöซċöนĚĈÿöćøถÿĆöพĆนธŤกĆบขนćดđöĘดดĆงนĊĚ 

                  
  K    =   100 D102             ซö./üĉนćทĊǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(2)ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ 

 
2. คüćöĀนČดขĂงขĂงđĀúüทĊęซċöผŠćนǰ(Viscousity of Pore Fluid) Ĕนทćงüĉýüกøøöē÷ธćöĆกđกĊę÷üขšĂงกĆบนĚĈ

đทŠćนĆĚนǰĒตŠคüćöĀนČดขĂงนĚĈกĘĂćจđปúĊę÷นĒปúงĕดšđนČęĂงจćกĂčณĀõĎöĉǰĒúąöĆกจą÷ċดถČĂđĂćคüćöĀนČดทĊęĂčณĀõĎöĉǰ 20°cǰ
đปŨนđกณฑŤǰđöČęĂĂčณĀõĎöĉÿĎงขċĚนǰคüćöĀนČดจąúดúงǰทĈĔĀšนĚĈซċöผŠćนĕดšงŠć÷ǰดĆงนĆĚนǰคŠćคüćöซċöนĚĈǰณ.ǰĂčณĀõĎöĉตŠćงǰėǰĂćจ
öĊคüćöÿĆöพĆนธŤกĆบทĊęǰ20°cǰดĆงนĊĚ 
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                        kT = k20 x 
ఎଶ
ఎ்

                                                                                                                  (3) 

đöČęĂǰ       ߟ , 20ߟ𝑇 đปŨนคüćöĀนČดขĂงนĚĈทĊęĂčณĀõĎöĉǰ20°cǰĒúąǰT°cǰตćöúĈดĆบ 
  

 3. ĂĆตøćÿŠüนขĂงชŠĂงüŠćงǰ(Void Ratio) คČĂĂĆตøćÿŠüนขĂงชŠĂงüŠćงøąĀüŠćงดĉนตŠĂปøĉöćตøđöĘดดĉนǰđชŠนĔนทøć÷
ĀúüöǰนĚĈ÷ŠĂöĕĀúÿąดüกกüŠćทøć÷ĂĆดĒนŠนǰöĊผĎ šพ÷ć÷ćöคšนคüšćĀćคüćöÿĆöพĆนธŤขĂงคŠćคüćöซċöนĚĈǰกĆบĂĆตøćÿŠüน
ชŠĂงüŠćงǰđชŠน 

           

                   k = C x  య

ଵା
                                                                                                                   (4) 

 
4. คüćöĂĉęöตĆüขĂงöüúดĉนǰ(Degree of Saturation) đöČęĂöüúดĉนĕöŠĂĉęöตĆüǰ÷ŠĂöจąöĊôĂงĂćกćýคĂ÷กĆĚนชŠĂงüŠćงǰ

ทĈĔĀšนĚĈĕĀúซċöĕöŠÿąดüกǰดĆงนĆĚนĔนกćøทดúĂงĔนĀšĂงปฏĉบĆตĉกćøจċงöĆกĔชšตĆüĂ÷ŠćงดĉนทĊęĂĉęöตĆüǰđพČęĂĀúĊกđúĊę÷งĂĉทธĉพúนĊĚ 
          ĔนกćøทดúĂงĀćคŠćคüćöซċöนĚĈĂćจทĈĕดšĀúć÷üĉธĊǰđชŠนǰĒบบคüćöดĆนนĚĈคงทĊęǰ(Constant head) ĀøČĂคüćö

ดĆนนĚĈđปúĊę÷นĕปǰ(Variable head) ĀøČĂĒöšĒตŠทดÿĂบĔนÿนćöǰดĆงนĆĚนกćøđúČĂกĔชšüĉธĊทดúĂงจċงöĊÿŠüนÿĈคĆญǰซċęงพĂจą
ĒนąนĈĕดšดĆงนĊĚ 

ตćøćงทĊęǰ2.1ǰüĉíĊทดÿĂïĀćคŠćคüćöซċöîĚĈทĊęđĀöćąÿö 
úĆกþณąดĉî ชŠüงคŠćคüćöซċöîĚĈ 

ซ.ö.ǰ/ǰüĉîćทĊ 
üĉíĊทĊęคüøĔชš 

ดĉนđĀนĊ÷üคงÿõćพ 10-5 - 10-9 Variable head Consolidometer 
ดĉนทøć÷ 10-1 - 10-4 Constant head 

ดĉนúĎกøĆงบดĂĆด 10-3 - 10-8 Constant head ēด÷ĔชšคüćöดĆนđขšćชŠü÷ 
ดĉนđĀนĊ÷üบดĂĆด 10-4 - 10-9 Constant head ĀøČĂǰConsolidometer 

 

ǰǰǰǰǰǰǰǰǰǰǰ 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰĔนบทนĊĚจąกúŠćüถċงøć÷úąđĂĊ÷ดđฉพćąüĉธĊĔชšคüćöดĆนคงทĊęǰ (Constant head) ĒúąüĉธĊคüćöดĆนนĚĈ

đปúĊę÷นĕปǰ(Variable head) đทŠćนĆĚน 
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øĎðทĊęǰ2.2ǰกćøทดÿĂบคüćöซċöนĚĈēด÷üĉธĊคüćöดĆนคงทĊę 

 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰøĎปทĊęǰ1 ĒÿดงกćøทดúĂงĀćคŠćคüćöซċöนĚĈēด÷üĉธĊคüćöดĆนคงทĊęǰจćกÿöกćøทĊęǰ1 ถšćพČĚนทĊęĀนšćตĆดขĂง

ตĆüĂ÷ŠćงดĉนđทŠćกĆบǰA ดĆงนĆĚนปøĉöćณนĚĈทĊęĕĀúผŠćนตĆüĂ÷ŠćงดĉนจąđทŠćกĆบ           
     

 
øĎðทĊęǰ2.3ǰĂĆตøćกćøĕĀúซċöขĂงนĚĈผŠćนöüúดĉนǰ 

 
                          Q = vA = kiA                                                                                                                (5) 
đöČęĂǰǰǰǰǰǰǰǰǰǰK = คŠćคüćöซċöนĚĈขĂงตĆüĂ÷ŠćงดĉนǰซċęงตšĂงกćøทøćบ 
                i = ĕăดúĂúĉคđกøđดĊ÷นǰ= 


 

đöČęĂĒทนคŠćǰi ĒúšüĀćคŠćǰk ĔนđทĂöตĆüĒปøตŠćงǰėǰจąĕดš 
 
                          kT = k20 x 

ொ


ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ(6) 
 
đöČęĂǰǰǰǰǰǰǰǰǰǰǰǰǰQ = ปøĉöćณนĚĈทĊęüĆดøąĀüŠćงกćøทดÿĂบǰ,ซö.3 / üĉนćทĊ 
                    L = คüćö÷ćüขĂงตĆüĂ÷Šćงดĉนǰ, ซö. 
                   A = พČĚนทĊęĀนšćตĆดตĆüĂ÷Šćงดĉนǰ, ซö.2 
ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰh  =ǰคüćöตŠćงขĂงøąดĆบนĚĈǰ(ดĆงøĎปทĊęǰ1 ) , ซö. 
ĔนกøณĊทĊęĔชšคüćöดĆนđขšćชŠü÷   h = 

ఊೢ
    ดĆงนĆĚนÿöกćøǰ6ǰจąđปŨน 

                              
                              K  =  ொఊೢ

  
                                                                                                             (7)       
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øĎðทĊęǰ2.4ǰกćøทดÿĂบคüćöซċöนĚĈǰēด÷üĉธĊคüćöดĆนđปúĊę÷น 
 
ǰǰǰǰǰøĎปทĊęǰ2 ĒÿดงกćøทดúĂงĀćคŠćคüćöซċöนĚĈēด÷üĉธĊคüćöดĆนđปúĊę÷นǰēด÷ĔชšคüćöดĆนจćกคüćöÿĎงขĂงøąดĆบนĚĈĔน

ĀúĂดĒกšüǰ(Burette) ซċęงöĊพČĚนทĊęĀนšćตĆดǰa ĒúąøąดĆบนĚĈจąúดúงđøČęĂ÷ǰėǰĔนøąĀüŠćงกćøทดúĂงǰถšćđøćพĉจćøณćทĊę
ชŠüงđüúćĔดėǰdt ēด÷øąดĆบนĚĈĔนĀúĂดĒกšüúงúงǰdt จćกÿöกćøǰ1  

 

  

 

 

 

 

 
ĀøČĂǰ  

 
 đöČęĂ a, A = พČĚนทĊęĀนšćตĆดขĂงĀúĂดĒกšüĒúąตĆüĂ÷ŠćงดĉนǰตćöúĈดĆบ, ซö.2 
  L = คüćö÷ćüขĂงตĆüĂ÷Šćงดĉน, ซö. 
  T  = đüúćทĊęทĈกćøทดúĂงปúŠĂ÷ĔĀšøąดĆบนĚĈตกจćกǰøąดĆบǰh1 ถċงøąดĆบǰh2 , üĉนćทĊ 
  h11,h2 = øąดĆบนĚĈđöČęĂđøĉęöจĆบđüúćǰĒúąøąดĆบนĚĈđöČęĂđüúćผŠćนĕปǰ0 ĒúąǰT üĉนćทĊǰตćöúĈดĆบ, ซö 
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ïททĊę3 

øąđïĊ÷ïกćøüĉจĆ÷ 
3.1ǰÿööตĉฐćî 

 งćนüĉจĆ÷คøĆĚงนĊĚöĊüĆตถčปøąÿงคŤđพČęĂđปøĊ÷บđทĊ÷บĀćคüćöĀนćĒนŠนøąĀüŠćงĂĆตøćÿŠüนขĂงดĉนúĎกøĆงตŠĂǰöĎú
üĆüǰขĊĚđถšćĒกúบǰขĊĚđถšćถŠćนĒúąดĉนđĀนĊ÷üบดúąđĂĊ÷ดǰทĊęđĀöćąÿöĔนกćøúดĂĆตøćกćøซċöขĂงนĚĈผŠćนดĉนúĎกøĆงǰจċงĕดš
ตĆĚงÿööตĉฐćนกćøทดÿĂบđพČęĂปøĆบปøčงดĉนĔĀšöĊคüćöÿćöćøถĂčšöนĚĈĕดšดĊขċĚนēด÷กćøĀćĂĆตøćÿŠüนขĂงÿćøผÿöĒúąคüćö
ĀนćĒนŠนทĊęđĀöćąÿööćĔชšúดĂĆตøćกćøซċöขĂงนĚĈผŠćนดĉนúĎกøĆงǰđพČęĂชŠü÷ĔĀšđกþตøกøทĊęตšĂงกćøขčดÿøąđกĘบนĚĈทĊęĔชšĔนกćø
đพćąปúĎกđพČęĂđพĉęöปøąÿĉทธĉõćพĔนกćøกĆกđกĘบนĚĈขĂงÿøą 

 จćกÿööตĉฐćนขšćงตšนĕดšÿøšćงกøĂบĒนüคĉดĔนกćøทดúĂงĀćĂĆตøćÿŠüนĒúąคüćöĀนćĒนŠนทĊęđĀöćąÿöกćøซċö
ขĂงนĚĈผŠćนผĉüดĉนúĎกøĆงēด÷üĉธĊทĊęđĀöćąÿöĒúąทดÿĂบĕดšงŠć÷คČĂǰĶกćøทดúĂงĀćคüćöซċöนĚĈขĂงดĉนķǰēด÷ĔชšüĉธĊǰĶøąดĆบ
นĚĈคงทĊęķ 

 
3.2ǰđคøČęĂงöČĂทĊęĔชšĔîกćøüĉจĆ÷ 
 3.2.1 üĆÿดčทĊęĔชšĔนกćøüĉจĆ÷ 
  3.2.1.1ǰดĉนúĎกøĆง 
  3.2.1.2ǰขĊĚđถšćถŠćน 
  3.2.1.3ǰขĊĚđถšćĒกúบ 
  3.2.1.4ǰöĎúüĆü 
  3.2.1.5ǰนĚĈปøąปć 
 3.2.2 ĂčปกøณŤทĊęĔชšĔนกćøüĉจĆ÷ 
  3.2.2.1ǰđคøČęĂงđพĂøŤđöĊ÷öĉđตĂøŤ 
  3.2.2.2 đคøČęĂงชĆęงดĉจĉตĂú 
  3.2.2.3ǰคšĂนบดĂĆดดĉน 
  3.2.2.4ǰปøĂทüĆดĂčณĀõĎöĉ 
  3.2.2.5ǰđคøČęĂงöČĂทĊęĔชšĔนกćøผÿö 
3.3ǰขĆĚîตĂîĒúąüĉíĊกćøüĉจĆ÷ 

 ขĆĚนตĂนกćøดĈđนĉนงćนüĉจĆ÷คøĆĚงนĊĚปøąกĂบĕปดšü÷ขĆĚนตĂนĀúĆกėทĆĚงÿĉĚนǰ 7  ขĆĚนตĂนǰöĊøĎปปøąกĂบĒÿดง
ขĆĚนตĂนกćøดĈđนĉนงćนĒúąöĊøć÷úąđĂĊ÷ดĒตŠúąขĆĚนตĂนดĆงนĊĚǰ 

1)ǰǰǰøüบøüöขšĂöĎúĒúąงćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 
2)ǰǰǰǰýċกþćøć÷úąđĂĊ÷ดüĉธĊÿøšćงĒúąจĆดđตøĊ÷öĂčปกøณŤĔนกćøทดúĂง 
 2.1) กøąบĂกǰPVC ขนćดǰ4ǰนĉĚüǰÿĎงǰ30ǰđซนตĉđöตø 
 2.2)ǰถĆงนĚĈทøงกøąบĂกǰขนćดǰ200ǰúĉตø 
 2.3)ǰđทĂøŤēööĉđตĂøŤ 
 2.4)ǰđคøČęĂงนĚĈĀนĆกĒบบดĉจĉตĂú 
 2.5)ǰüćúŤüนĚĈǰǰ 
3)ǰǰǰทĈกćøทดÿĂบĀćขนćดขĂงดĉนúĎกøĆง 
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4)ǰǰǰทĈกćøทดúĂงĀćĂĆตøćกćøซċöขĂงดĉนกĆบÿŠüนผÿöทĊęกĈĀนดดĆงนĊĚ 
 4.1)ǰǰดĉนúĎกøĆงǰขนćดคúąดĊ 
 4.2)ǰǰöĎúüĆü 
 4.3)ǰǰขĊĚđถšćĒกúบ 
 4.4)ǰǰขĊĚđถšćถŠćน 

 5.)ǰǰǰüĉđคøćąĀŤขšĂöĎúทĊęĕดšจćกกćøทดúĂง 
 6.)ǰǰǰÿøčปĒúąđปøĊ÷บđทĊ÷บคüćöĒตกตŠćงขĂงผúกćøทดúĂง 
 7.)ǰǰǰÿøčปĒúąจĆดทĈøć÷งćน 

8.)ǰǰǰจĆดđตøĊ÷öตšนฉบĆบĒúąนĈđÿนĂบทคüćöĔนกćøปøąชčöüĉชćกćø 
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øĎðทĊęǰ3.1ǰĒผนผĆงกćøทĈงćนüĉจĆ÷ 

เกĽบผลการทดสอบ 

สรุปและวเิคราะห łข Ŀอมูล 

รวบรวมข Ŀอมูลทีŕเกีŕยวข Ŀอง 

ทŃาการทดสอบอตัราการซมึ 

ทดสอบผสมมูลววั ทดสอบขี Ŗเถ Ŀาแกลบ 

สิ Ŗนสุด 

สรุปและจดัทŃารายงาน 

ทดสอบดนิลูกรงั 

เร ิŕม 

ทดสอบขี Ŗเถ Ŀาถľาน 
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øć÷úąđĂĊ÷ดกćøทดÿĂï 
กćøทดÿĂบĀćคŠćคüćöนĈชúýćÿตøŤจąĔชšđพĂøŤđöĊ÷öĉđตĂøŤ (permeameter) ĒบบคüćöดĆนคงทĊęđปŨนđคøČęĂงöČĂทĊę

đúĊ÷นĒบบöćจćกกćøทดúĂงขĂงดćøŤซĊęǰ (Figure 1)ǰซċęงชčดđคøČęĂงöČĂดĆงกúŠćüǰทĆýชĆ÷ĒúąคณąĄǰ(2562)ǰĕดšĔชšĔนกćøýċกþć
đøČęĂงกćøúดคŠćคüćöนĈชúýćÿตøŤขĂงดĉนทøć÷ēด÷ผÿöกĆบปĎนขćüĒúąปĎนซĊđöนตŤǰซċęงĂčปกøณŤจąปøąกĂบดšü÷õćชนą
ทøงกøąบĂกขนćดđÿšนผŠćýĎน÷Ťกúćงõć÷Ĕนǰ10ǰcm üćงĔนĒนüตĆĚงǰÿĎงǰ30ǰcm ซċęงตĆüĂ÷ŠćงทĊęจąทĈกćøทดÿĂบจąถĎกบøøจč
Ă÷ĎŠĔนทøงกøąบĂกนĊĚǰทŠĂขนćดđÿšนผŠćนýĎน÷Ťกúćงǰ1.5ǰcm ĕดšถĎกตĉดตĆĚงพøšĂöüćúŤüคüบคčöĕüšดšćนบนđพČęĂĔĀšนĚĈĕĀúđขšć
ĒúąดšćนúŠćงđพČęĂĔĀšนĚĈĕĀúĂĂกจćกตĆüĂ÷ŠćงทดÿĂบǰถĆงนĚĈขนćดǰ200ǰliters ĕดšถĎกตĉดตĆĚงĕüšดšćนบนēด÷öĊøąบบคüćöคčö
øąดĆบĔĀšคงทĊęตúĂดกćøทดúĂงǰđนČęĂงจćกđพĂøŤđöĊ÷öĉđตĂøŤĔนกćøýċกþćคøĆĚงนĊĚĕöŠöĊöćนĂöĉđตĂøŤÿĈĀøĆบüĆดđăดคüćöดĆนทĊęจčดǰ
2ǰจčดตćöĒนüกćøĕĀúจċงĂนčēúöĔĀšĔชšøąดĆบđขšćกĆบøąดĆบนĚĈĂĂกĒทนĒúąถČĂđĂćตúĂดคüćö÷ćüขĂงตĆüĂ÷ŠćงđปŨนøą÷ą
กćøĕĀúǰL ซċęงöĊคŠćđทŠćกĆบǰ30 cm ÿŠüนคŠćđăดคงทĊęǰh đทŠćกĆบǰ400ǰcm 

Figure 1. Permeameter 

ตĆüĂ÷ŠćงทĊęĔชšĔนกćøทดÿĂบ 
ดĉนúĎกøĆงทĊęขčดขċĚนจćกธøøöชćตĉĕดšถĎกนĈöćทดÿĂบĔนคøĆĚงนĊĚǰจćกกćøüĉđคøćąĀŤĀćขนćดđöĘดดĉนดšü÷ตąĒกøงøŠĂนǰ

(sieve analysis) ÿćöćøถĒÿดงขนćดคúąกĆนขĂงđöĘดดĉนĕดšĔนǰFigure 2ǰēด÷öĊคŠćǰd10 ,d30 Ēúąd60 đทŠćกĆบǰ0.612 , 
1.641ǰĒúąǰ3.850 mm ตćöúĈดĆบǰöĊคŠćÿĆöปøąÿĉทธĉĝคüćöÿöęĈđÿöĂǰ(coefficient of uniformity, Cu) đทŠćกĆบǰ6.292ǰ
ĒúąÿĆöปøąÿĉทธĉ ĝคüćöēคšงǰ(coefficient of curvature, Cc) đทŠćกĆบǰ1.144ǰซċ ęงđปŨนดĉนúĎกøĆงöĊขนćดคúąกĆนดĊตćö
öćตøฐćนขĂงǰASTM D422 ĔนกćøทดúĂงนĊĚĕดšนĈดĉนúĎกøĆงĕปตćกĒดดĔĀšĒĀšงกŠĂนนĈöćทĈกćøทดúĂงพบüŠćดĉนúĎกøĆงöĊ
คüćöชČĚนđøĉęöตšนøšĂ÷úąǰ5.77ǰĒúąđöČęĂทดÿĂบคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงบดĂĆดพบüŠćöĊคŠćđทŠćกĆบǰ1.76 cm day-

1ǰซċęงöĊคŠćคŠĂนขšćงÿĎงǰทĈĔĀšĕöŠöĊคčณÿöบĆตĉทĊęđĀöćąÿöĔนกćøขĆงนĚĈǰēด÷ÿøąนĚĈคüøöĊคŠćคüćöนĈชúýćÿตøŤĕöŠđกĉนǰ0.86 
cm day-1 (Srithawat et al., 1999) 

 
ǰ 
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Figure 2. Grain size distributions 

 
 

ÿĈĀøĆบกćøúดกćøคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงǰงćนüĉจĆ÷นĊĚĕดšĔชšขĊĚđถšćĒกúบǰขĊĚđถćถŠćนǰĒúąöĎúüĆüผÿöกĆบดĉน
úĎกøĆงĔนĂĆตøćÿŠüนทĊęĕöŠđกĉนøšĂ÷úąǰ20ǰēด÷นĚĈĀนĆกǰǰēด÷öĊĂĆตøćÿŠüนดĆงนĊĚǰดĉนúĎกøĆง:üĆÿดčผÿöǰ(ขĊĚđถšćĒกúบǰขĊĚđถšćถŠćนǰĀøČĂ
öĎúüĆü)ǰคČĂǰ80:20, 85:15, 90:10 Ēúąǰ95:5ǰกćøผÿöüĆÿดčĕดšดĈđนĉนกćøĔนขณąทĊęดĉนúĎกøĆงĒúąüĆÿดčผÿöĂ÷ĎŠĔนÿถćนą
ปกตĉǰēด÷üĆÿดčöĊคŠćคüćöชČĚนขĂงöĎúüĆüǰขĊĚđถšćถŠćนǰĒúąขĊĚđถšćĒกúบǰöĊคŠćøšĂ÷úąđทŠćกĆบǰ4.87,ǰ0.60ǰĒúą26.02ǰตćöúĈดĆบǰ
ēด÷คúčกđคúšćจนöĆęนĔจĔนคüćöđปŨนđนČĚĂđดĊ÷üกĆนǰđöČęĂผÿöกĆนĒúšüüĆÿดčดĆงกúŠćüจąถĎกบøøจčĔนกøąบĂกตĆüĂ÷Šćงดšü÷üĉธกćø
บดĂĆดǰจąดĈđนĉนกćøบดĂĆดüĆÿดčผÿöดšü÷คšĂนบดĂĆดดĉนǰēด÷กćøบดĂĆดจąĒบŠงđปŨนǰ5ǰชĆĚนǰĒúąบดĂĆดชĆĚนúąǰ25ǰคøĆĚงǰทĈĔน
กøąบĂกทดÿĂบตŠĂĀนċęงกøąบĂกตŠĂĀนċęงตĆüĂ÷ŠćงǰđพČęĂĔĀšĒตŠúąตĆüĂ÷ŠćงทดúĂงöĊคüćöĀนćĒนŠนทĊęđทŠćกĆนǰจćกนĆĚนนĈöć
ทดÿĂบĀćคŠćคüćöÿćöćøถĔนกćøúดคüćöซċöนĚĈขĂงดĉนĀøČĂคŠćคüćöนĈชúýćÿตøŤǰ(hydraulic conductivity, K) ǰēด÷
ĔชšüĉธĊคüćöดĆนคงทĊęǰ(constant head)ǰซċęงđปŨนüĉธĊทĊęöĊคüćöđĀöćąÿöกĆบดĉนทĊęöĊคüćöÿćöćøถĔนกćøซċöผŠćนขĂงนĚĈĕดšงŠć÷ǰ
ĒúąÿćöćøถคĈนüณĀćคćคüćöนĈชúýćÿตøŤĕดšดĆงÿöกćøทĊęǰ1ǰซċęงจąđปŨนĕปตćöกฎขĂงดćøŤซĊęǰ(Darcyĳsǰlaw)ǰซċęงÿćöćøถ
đขĊ÷นđปŨนÿöกćøĕดšดĆงนĊĚ 

Ah

QL
K =                         (1) 

ēด÷ǰK คČĂǰคŠćคüćöนĈชúýćÿตøŤ(cm day-1), L คČĂǰøą÷ąĀŠćงขĂงจčดüĆดคüćöดĆนǰ(h) ĔนĒนüกćøĕĀúǰ(cm), H 
คČĂǰคüćöตŠćงøąดĆบนĚĈ (cm), A คČĂǰพČĚนทĊęĀนšćตĆด(cm2), QǰคČĂǰĂĆตøćกćøĕĀúǰ(cm3 s-1)  
 

üĉธĊกćøทดÿĂบ 
กøąบĂกทดÿĂบทĊęบøøจčดĉนúĎกøĆงผÿöกĆบüĆÿดčทĊęชŠü÷úดคŠćคüćöนĈชúýćÿตøŤซċęงจąถĎกđøĊ÷กüŠćกøąบĂกตĆüĂ÷ŠćงǰจąถĎก

นĈöćตĉดตĆĚงบนตąĒกøงúüดĔนĒนüดĉęงǰđøĊ÷งđปŨนĒถüดĆงøĎปทĊęǰ3ǰøąดĆบนĚĈจąถĎกคüบคčöĔĀšöĊคŠćคŠćงทĊęดšü÷ถĆงǰ200ǰ Liters 
ĒúąคüบคčöøąดĆบนĚĈĔĀšคงทĊęดšü÷ทŠĂøąบć÷นĚĈดĆงǰFigure 1 กćøทดÿĂบĀćคŠćคüćöนĈชúýćÿตøŤĕดšดĈđนĉนกćøปúŠĂ÷นĚĈ
đขšćĕปĔนถĆงǰ200ǰLiters ซċęงĕดšöĊกćøคüบคčöøąดĆบนĚĈĔĀšÿĎงกüŠćøąดĆบนĚĈทĊęĕĀúĂĂกจćกตĆüĂ÷Šćงǰ400 cm จćกนĆĚนทĈกćø
üĆดปøĉöćณนĚĈทĊęĕĀúĂĂกจćกกøąบĂกตĆüĂ÷ŠćงพøšĂöทĆĚงจĆบđüúćตćöชŠüงđüúćทĊęกĈĀนดǰēด÷ĒตŠúąคøĆĚงทĊęทĈกćøตøüจüĆดจą
ทĈซĚĈĕöŠนšĂ÷กüŠćǰ4ǰคøĆĚงǰซċęงÿćöćøถĀćคŠćĂĆตøćกćøĕĀúขĂงนĚĈทĊęĕĀúผŠćนตĆüĂ÷ŠćงĔนĒตŠúąคøĆĚงĕดšǰกćøทดÿĂบจąĀ÷čด
đöČęĂพบüŠćĂĆตøćกćøĕĀúĔนกćøตøüจüĆดǰ3ǰคøĆĚงúŠćÿčดöĊคŠćคงทĊęǰĒúąถČĂüŠćคŠćđฉúĊę÷ǰ3ǰคøĆĚงÿčดทšć÷đปŨนคŠćĂĆตøćกćøĕĀúทĊęจą
นĈöćคĈนüณĀćคŠćคüćöนĈชúýćÿตøŤขĂงตĆüĂ÷ŠćงนĆĚนǰėǰĒúšüจċงบĆนทċกĂčณĀõĎöĉขĂงนĚĈǰ 
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Figure 3. Flow rate measuremen 
 
 
กćøคĈนüณคŠćคüćöนĈชúýćÿตøŤ 

คŠćคüćöนĈชúýćÿตøŤÿćöćøถĀćĕดšจćกÿöกćøทĊęǰ1ǰđöČęĂöĊĂĆตøćกćøĕĀúđฉúĊę÷ǰQ ทĊęĕดšจćกกćøทดÿĂบĒตŠúą
ตĆüĂ÷ŠćงǰซċęงöĊคŠćǰL คČĂคüćö÷ćüขĂงตĆüĂ÷ŠćงđทŠćกĆบǰ30ǰcm ÿŠüนǰA คČĂพČĚนทĊęĀนšćตĆดขĂงกćøĕĀúöĊคŠćđทŠćกĆบǰ78.54ǰ
cm2ǰĒúąǰh đปŨนคŠćคüćöĒตกตŠćงøąĀüŠćงđăดขĂงöćนĂöĉđตĂøŤทĊęตŠĂđชČęĂöกĆบõćชนąบøøจčตĆüĂ÷Šćงǰ2ǰจčดǰĀŠćงกĆนǰL ตćö
ทĉýทćงกćøĕĀúǰĒตŠđนČęĂงจćกđพĂøŤđöĊ÷öĉđตĂøŤĔนกćøýċกþćคøĆĚงนĊĚĕöŠöĊöćนĂöĉđตĂøŤจċงถČĂđĂćคüćöĒตกตŠćงĔนĒนüดĉęงขĂง
øąดĆบนĚĈđขšćĒúąĂĂกđปŨนคŠćǰh ซċęงöĊคŠćđทŠćกĆบǰ400 cm ทĈĔĀšÿöกćøทĊęǰ2ǰÿćöćøถđขĊ÷นĕดšđปŨน 

KT = 9.55x10-4 Q                 (3) 
ēด÷ǰQ đปŨนĂĆตøćกćøĕĀúĔนĀนŠü÷ǰm3 s-1ǰจąĕดšǰKT ทĊęĂčณĀõĎöĉตøüจüĆดǰT ĔนĀนŠü÷ǰcm s-1ǰđนČęĂงจćกคŠćǰK 

ĒปøผĆนตćöคŠćคüćöĀนČดǰ(viscosity) ขĂงนĚĈǰซċęงคüćöĀนČดĒปøผĆนตćöĂčณĀõĎöĉǰดĆงนĆĚนđพČęĂĔĀšกćøđปøĊ÷บđทĊ÷บöĊคüćö
ถĎกตšĂงǰจċงตšĂงปøĆบคŠćǰK ĔĀšđปŨนคŠćทĊęĕดšจćกกćøĕĀúขĂงนĚĈทĊęĂčณĀõĎöĉđดĊ÷üกĆนปกตĉĔชšǰ20ǰĂงýćđซúđซĊ÷ÿǰดĆงÿöกćø
ตŠĂĕปนĊĚ 

T

20

η
η

T
K

20
K =        (4)  

ēด÷ǰ
20

K ǰĒúąǰ
T

K คŠćคüćöĀนČดขĂงนĚĈทĊęĂčณĀõĎöĉǰ20ǰĂงýćđซúđซĊ÷ÿĒúąทĊęĂčณĀõĎöĉǰT Ĕดė 
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ïททĊęǰ4 
ñúĒúąüĉจćøณŤ 

จćกกćøýċกþćĀćคüćöÿćöćøถĔนกćøúดกćøøĆęüซċöขĂงนĚĈĔนดĉนúĎกøĆงทĊęผÿöขĊĚđถšćĒกúบǰขĊĚđถšćถŠćนǰĒúąöĎúüĆüǰ
จąđปŨนปøąē÷ชนŤĔนกćøนĈĕปĔชšĔนกćøปøĆบปøčงผĉüดĉนทĊęทĈกćøขčดÿøąนĚĈĔนพČĚนทĊęทĊęöĊúĆกþณąđปŨนดĉนúĎกøĆงđชŠนǰĔนพČĚนทĊę
ทćงõćคตąüĆนĂĂกđฉĊ÷งđĀนČĂǰทĈĔĀšđกþตøกøทĊęöĊปŦญĀćĔนกćøกĆกđกĘบนĚĈĔนÿøąĔนชŠüงùดĎĒúšงÿćöćøถđกĘบกĆกนĚĈĕดšöĊ
ปøąÿĉทธĉõćพöćกขċĚนǰซċęงกćøทดÿĂบĀćคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงĀúĆงจćกทĊęทĈกćøบดĂĆดĒúšüēด÷üĉธĊคüćö
ดĆนคงทĊęǰพบüŠćöĊคŠćคüćöนĈชúýćÿตøŤǰ(K) đฉúĊę÷Ă÷ĎŠทĊęǰ1.76 cm day-1 đöČęĂทĈกćøđปøĊ÷บđทĊ÷บǰK ขĂงÿćøผÿöǰดĉน
úĎกøĆงผÿöกĆบขĊĚđถšćĒกúบǰขĊĚđถšćถŠćนǰĒúąöĎúüĆüǰจąöĊคŠćǰK úดúงđöČęĂÿĆดÿŠüนขĂงขĊĚđถšćĒกúบǰĒúąöĎúüĆüǰöćกขċĚนǰ
Ă÷ŠćงĕøกĘตćöÿĈĀøĆบขĊĚđถšćถŠćนพบüŠćǰđöČęĂÿŠüนผÿöขĂงขĊĚđถšćถŠćนđพĉęöขċĚนจąทĈĔĀšคŠćǰKǰđพĉęööćกขċĚนดšü÷ǰēด÷öĊ
คüćöÿĆöพĆนธŤĒÿดงĔนǰFigure 4ǰĒúąÿćöćøถÿøšćงÿöกćøคüćöÿĆöพĆนธŤĕดšดĆงÿöกćøทĊęǰ5ǰÿöกćøทĊęǰ6ǰĒúąÿöกćøทĊęǰ7ǰ
ÿĈĀøĆบǰดĉนúĎกøĆงผÿööĎúüĆüǰขĊĚđถšćถŠćนǰĀøČĂขĊĚđถšćĒกúบตćöúĈดĆบ 

 
 

Figure 4. Hydrualic Conductivity of Sandy soil mixed with Cement (or Lime) 
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      Kcd = 1.3193Pcd0.1002                  (5) 
      Ka = 0.2538Pa0.3321       (6) 
      Kra = 1.2389Pra-0.826      ǰ(7) 

 
ēด÷ǰKcd, Ka ĒúąǰKra คČĂคüćöนĈชúýćÿตøŤĔนĀนŠü÷ǰ(cm day-1)ǰPcd, PaǰĒúąPra คČĂǰđปĂøŤđซĘนตŤöĎúüĆüทĊę

ĔชšผÿöĔนดĉนúĎกøĆงǰตĆüĀšĂ÷ǰcd, đปĂøŤđซĘนตŤขĊĚđถšćถŠćนทĊęĔชšผÿöĔนดĉนúĎกøĆงǰตĆüĀšĂ÷ǰa, đปĂøŤđซĘนตŤขĊĚđถšćĒกúบทĊęĔชšผÿöĔนดĉน
úĎกøĆงǰตĆüĀšĂ÷ǰra 

จćกǰFigure4 ĒÿดงคŠćǰK ขĂงดĉนúĎกøĆงผÿöกĆบöĎúüĆüǰēด÷ตĆüĂ÷ŠćงทĊęนĈöćทดÿĂบöĊคŠćคüćöĀนćĒนŠนđöČęĂทĈกćø
บดĂĆดĂ÷ĎŠøąĀüŠćงǰ1.16 g cm-3 ถċง 1.81 g cm-3ǰǰēด÷ดĉนทĊęöĊÿŠüนผÿöขĂงöĎúüĆüøšĂ÷úą15ǰöĊคŠć K đทŠćกĆบǰ1.59ǰcm 
day-1ǰđปŨนĂĆตøćÿŠüนผÿöขĂงöĎúüĆüตŠĂนĚĈĀนĆกทĊęöĊคŠćนšĂ÷ทĊęÿčดǰĒúąđöČęĂđพĉęöĂĆตøćÿŠüนผÿöĕปđปŨนøšĂ÷úąǰ20ǰจąทĈĔĀšคŠćǰ
K ขĂงตĆüĂ÷ŠćงđพĉęöขċĚนēด÷đพĉęöขċĚนđปŨนǰ1.912 cm day-1ǰ 
คŠćǰK ขĂงดĉนúĎกøĆงผÿöกĆบขĊĚđถšćถŠćนǰēด÷ตĆüĂ÷ŠćงทĊęนĈöćทดÿĂบöĊคŠćคüćöĀนćĒนŠนđöČęĂทĈกćøบดĂĆดĂ÷ĎŠøąĀüŠćงǰ1.5 g 
cm-3 ถċง 2.0 g cm-3ǰǰēด÷ดĉนทĊęöĊÿŠüนผÿöขĂงขĊĚđถšćถŠćนøšĂ÷úąǰ10ǰöĊคŠć K đทŠćกĆบǰ0.426 ǰcm day-1ǰđปŨนĂĆตøćÿŠüนผÿö
ขĂงขĊĚđถšćถŠćนทĊęöĊคŠćนšĂ÷ทĊęÿčดǰĒúąđöČęĂđพĉęöĂĆตøćÿŠüนผÿöĕปđปŨนøšĂ÷úąǰ20ǰจąทĈĔĀšคŠćǰK ขĂงตĆüĂ÷ŠćงđพĉęöขċĚนēด÷
đพĉęöขċĚนđปŨนǰ0.778 cm day-1 

คŠćǰK ขĂงดĉนúĎกøĆงผÿöกĆบขĊĚđถšćĒกúบǰēด÷ตĆüĂ÷ŠćงทĊęนĈöćทดÿĂบöĊคŠćคüćöĀนćĒนŠนđöČęĂทĈกćøบดĂĆดĂ÷ĎŠøąĀüŠćงǰ1.46 
g cm-3 ถċง 1.65 g cm-3ǰǰēด÷ดĉนทĊęöĊÿŠüนผÿöขĂงขĊĚđถšćĒกúบøšĂ÷úą10ǰöĊคŠć K đทŠćกĆบǰ0.092ǰcm day-1ǰđปŨนĂĆตøć
ÿŠüนผÿöขĂงขĊĚđถšćĒกúบöĊคŠćนšĂ÷ทĊęÿčดǰĒúąđöČęĂđพĉęöĂĆตøćÿŠüนผÿöĕปđปŨนøšĂ÷úąǰ20ǰจąทĈĔĀšคŠćǰK ขĂงตĆüĂ÷ŠćงđพĉęöขċĚน
ēด÷đพĉęöขċĚนđปŨนǰ0.238 cm day-1 
 

Figure5. Best Hydralic Konductivity 
 

õćพทĊęǰFigure 5ǰĒÿดงĔĀšđĀĘนถċงĂĆตøćÿŠüนผÿöขĂงüĆÿดčทĊęดĊทĊęÿčดĔนĒตŠúąชนĉดซċęงจćกกćøทดúĂงพบüŠćดĉนúĎกøĆงđปúŠć
ทĊęผŠćนกćøบดĂĆดǰขĊĚđถšćĒกúบøšĂ÷úąǰ10ǰขĊĚđถšćถŠćนøšĂ÷úąǰ10 ĒúąöĎúüĆüøšĂ÷úą15 ēด÷นĚĈĀนĆกǰēด÷öĊคŠćǰKǰคČĂǰ2.048ǰ
cm day-1, 0.092 cm day-1 , 0.426 cm day-1 Ēúąǰ1.578 cm day-1 ǰēด÷öĊÿŠüนđบĊę÷งđบนöćตøฐćน (standard 
deviation : SD) đทŠćกĆบǰ0.302,ǰ1.699x10ିଵ, 0.108ǰĒúąǰ0.311ǰตćöúĈดĆบǰ 
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ïททĊęǰ5 
ÿøčð 

กćøúดคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงทĊęĕดšēด÷กćøผÿööĎúüĆüđปŨนüĉธĊĀนċęงทĊęĕดšผúดĊøĂงจćกขĊĚđถšćĒกúบǰĒúąขĊĚđถšć
ถŠćนซċęงÿćöćøถúดคŠćคüćöนĈชúýćÿตøŤúงĕดšǰēด÷ทĊęคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงทĊęผÿöกĆบöĎúüĆüøšĂ÷úą15ǰēด÷
นĚĈĀนĆกǰöĊคŠćǰK Ă÷ĎŠทĊęǰ1.578 cm day-1 ซċęงđปŨนคŠćทĊęนšĂ÷ทĊęÿčดǰđöČęĂöĊกćøđพĉęöĂĆตøćÿŠüนผÿöúงĕปคŠćคüćöนĈชúýćÿตøŤจą
đพĉęöขċĚนĂ÷ŠćงตŠĂđนČęĂงēด÷ทĊęคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงทĊęผÿööĎúüĆüøšĂ÷úąǰ25ǰēด÷นĚĈĀนĆกöĊคŠć K Ă÷ĎŠทĊęǰ1.821ǰ
cm day-1ǰซċęงđปŨนĕปตćöÿöกćøทĊęǰ5 

กćøúดคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงēด÷กćøผÿöขĊĚđถšćถŠćนđปŨนüĉธĊĀนċęงทĊęĕดšผúดĊÿćöćøถúดคŠćคüćöนĈชúýćÿตøŤ
úงĕดšǰจćกกćøýċกþćคøĆĚงนĊĚพบüŠćคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงöĊคŠćúดúงđöČęĂöĊกćøผÿöขĊĚđถšćถŠćนǰēด÷ทĊęคŠćคüćöนĈ
ชúýćÿตøŤขĂงดĉนúĎกøĆงทĊęผÿöกĆบขĊĚđถšćถŠćนøšĂ÷úą10 ēด÷นĚĈĀนĆกöĊคŠćǰK Ă÷ĎŠทĊęǰ0.426ǰcm day-1 ซċęงđปŨนคŠćทĊęนšĂ÷ทĊęÿčดǰ
đöČęĂöĊกćøđพĉęöĂĆตøćÿŠüนผÿöúงĕปคŠćคüćöนĈชúýćÿตøŤจąđพĉęöขċĚนĂ÷ŠćงตŠĂđนČęĂงēด÷ทĊęคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆง
ทĊęผÿöขĊĚđถšćถŠćนøšĂ÷úą25ǰēด÷นĚĈĀนĆกǰöĊคŠćǰK Ă÷ĎŠทĊęǰ0.739ǰcm day-1ǰซċęงđปŨนĕปตćöÿöกćøทĊęǰ6ǰ 

กćøúดคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงēด÷กćøผÿöขĊĚđถšćĒกúบđปŨนüĉธĊĀนċęงทĊęÿćöćøถúดคŠćคüćöนĈชúýćÿตøŤúงĕดš
ดĊทĊęÿčดจćกüĆÿดčผÿöทĆĚงĀöดǰēด÷จćกกćøýċกþćคøĆĚงนĊĚพบüŠćǰคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงöĊคŠćúดúงđöČęĂöĊกćøผÿö
ขĊĚđถšćĒกúบǰǰēด÷ทĊęคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงทĊęผÿöกĆบขĊĚđถšćĒกúบøšĂ÷úą10ǰēด÷นĚĈĀนĆกöĊคŠćǰK Ă÷ĎŠทĊęǰ0.092 
cm day-1ǰซċęงđปŨนคŠćทĊęนšĂ÷ทĊęÿčดǰđöČęĂöĊกćøđพĉęöĂĆตøćÿŠüนผÿöúงĕปคŠćคüćöนĈชúýćÿตøŤจąöĊคŠćúดúงĂ÷ŠćงตŠĂđนČęĂงǰēด÷
ทĊęคŠćคüćöนĈชúýćÿตøŤขĂงดĉนúĎกøĆงทĊęผÿöขĊĚđถšćĒกúบøšĂ÷úą25ǰēด÷นĚĈĀนĆกǰöĊคŠć K Ă÷ĎŠทĊęǰ0.084 cm day-1 ซċęงđปŨนĕป
ตćöÿöกćøทĊęǰ7 

đöČęĂนĈคŠćคüćöนĈชúýćÿตøŤขĂงÿćøผÿöทĆĚงÿćöชนĉดöćđปøĊ÷บđทĊ÷บกĆนจąđĀĘนüŠćกćøúดคŠćคüćöนĈชúýćÿตøŤขĂง
ดĉนúĎกøĆงดšü÷ขĊĚđถšćĒกúบǰขĊĚđถšćถŠćนǰĒúąöĎúüĆüǰนĆĚนöĊปøąÿĉทธĉõćพđøĊ÷งจćกöćกĕปนšĂ÷ตćöúĈดĆบ 

จćกกćøýċกþćพบüŠćกćøนĈüĆÿดčผÿöǰöćผÿöกĆบดĉนúĎกøĆงđพČęĂúดคŠćคüćöนĈชúýćÿตøŤนĆĚนขĊĚđถšćĒกúบđĀöćąÿöทĊęÿčด
จćกüĆÿดčทĆĚงĀöดǰēด÷คŠćคüćöนĈชúýćÿตøŤทĊęđĀöćąÿöทĊęจąĔชšขčดÿøąĕüšÿĈĀøĆบกćøกĆกđกĘบทĊęđĀöćąÿöคüøöĊคŠćĕöŠđกĉนǰ
0.86 cm day-1 (Srithawat et al., 1999)ǰซċęงกćøýċกþćคøĆĚงนĊĚพบüŠćคŠćคüćöนĈชúýćÿตøŤจćกกćøทดÿĂบēด÷ทĊę
ĂĆตøćÿŠüนขĊĚđถšćĒกúบøšĂ÷úą10ǰēด÷นĚĈĀนĆกǰทĊęöĊคŠćคüćöนĈชúýćÿตøŤนšĂ÷ทĊęÿčดĂ÷ĎŠทĊęǰ0.092ǰcm day-1ǰĒúąขĊĚđถšćถŠćน
øšĂ÷úąǰ10 ēด÷นĚĈĀนĆกǰทĊęöĊคŠćคüćöนĈชúýćÿตøŤĂ÷ĎŠทĊęǰ0.426ǰcm day-1ǰซċęงöĊคŠćนšĂ÷กüŠćคŠćคüćöนĈชúýćÿตøŤทĊęđĀöćą
ทĊęĕöŠคüøđกĉนǰ0.86 cm day-1ǰทĆĚงนĊĚÿćöćøถđúČĂกĔชšขĊĚđถšćĒกúบĒúąขĊĚđถšćถŠćนǰĂĆตøćÿŠüนผÿöøšĂ÷úą5 ēด÷นĚĈĀนĆกǰöĊคŠćǰ
K Ă÷ĎŠทĊęǰ0.240ǰcm day-1ǰĒúąǰ0.490ǰcm day-1ǰตćöúĈดĆบǰđพČęĂปøąĀ÷ĆดตšนทčนđนČęĂงจćกคŠćǰK ทĊęøšĂ÷úą5ǰēด÷นĚĈĀนĆกǰ
ĒúąøšĂ÷úą10ǰēด÷นĚĈĀนĆกคŠćกćøซċöผŠćนขĂงนĚĈĔนดĉนตŠćงกĆนĕöŠöćกĒúąöĊคŠćĕöŠđกĉนคŠćคüćöนĈชúýćÿตøŤทĊęđĀöćąÿöĔน
กćøชčดÿøą 
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õćคñîüกǰก.1ǰขšĂöĎúöĎúüĆü 
ตćøćงñîüกทĊęǰก1.1ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿööĎúüĆüกĆบดĉนúĎกøĆงǰ(day 1) 

 
 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 1ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 409.1 120 16 0.1333 0.000116439 0.000100976 0 6.4 26.000
5 2ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 3 409.1 120 16 0.1333 0.000116439 0.000100976 0 6.4 26.000
5 3ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 409.1 120 16 0.1333 0.000116439 0.000100976 0 6.4 26.000

10 1ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 409.1 120 16 0.1333 0.000116439 0.000100976 0 6.4 26.000
10 2ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4596 3510 1.39 5 409.1 120 10 0.0833 7.27746E-05 6.31097E-05 0 6.4 26.000
10 3ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1114 4420 3306 1.31 5 409.1 120 7.52 0.0627 5.47265E-05 4.74585E-05 0 6.4 26.000
15 1ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1070 4433 3363 1.33 5 409.1 120 38 0.3167 0.000276543 0.000239817 0 6.4 26.000
15 2ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4433 3353 1.33 5 409.1 120 120 1 0.000873295 0.000757317 0 6.4 26.000
15 3ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4417 3337 1.32 5 409.1 120 58 0.4833 0.000422092 0.000366037 0 6.4 26.000
20 1ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1084 4447 3363 1.33 5 408.2 120 27 0.225 0.000196925 0.000170772 1 5.3 26.000
20 2ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4366 3285 1.30 5 408.2 120 21 0.175 0.000153164 0.000132823 1 5.3 26.000
20 3ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4393 3312 1.31 5 408.2 120 20 0.1667 0.00014587 0.000126498 1 5.3 26.000

จĞćนüนชĆĚนบดĂĆด H TQ K KปøĆบĒก้Time Volume
Áป°ร์ÁซÈน

ต์

day1

ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d ĕö่
øüöฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

Wt.Laterite
+Cow dung

Density
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ตćøćงñîüกทĊęǰก1.2ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿööĎúüĆüกĆบดĉนúĎกøĆงǰ(day 2) 

 
 

 

 

 

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 1ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 2 409.8 120 2 0.0167 1.453E-05 1.17796E-05 0 5.7 29.000
5 2ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 3 409.8 120 2 0.0167 1.453E-05 1.17796E-05 0 5.7 29.000
5 3ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 4 409.8 120 2 0.0167 1.453E-05 1.17796E-05 0 5.7 29.000

10 1ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 409.8 120 2 0.0167 1.453E-05 1.17796E-05 0 5.7 29.000
10 2ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4596 3510 1.39 5 409.8 120 9 0.075 6.53852E-05 5.3008E-05 0 5.7 29.000
10 3ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1114 4420 3306 1.31 5 409.8 120 10 0.0833 7.26502E-05 5.88978E-05 0 5.7 29.000
15 1ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1070 4433 3363 1.33 5 409.8 120 34 0.2833 0.000247011 0.000200253 0 5.7 29.000
15 2ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4433 3353 1.33 5 409.8 120 139 1.1583 0.001009838 0.00081868 0 5.7 29.000
15 3ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4417 3337 1.32 5 409.8 120 41 0.3417 0.000297866 0.000241481 0 5.7 29.000
20 1ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1084 4447 3363 1.33 5 408.9 120 21 0.175 0.000152901 0.000123958 1 4.6 29.000
20 2ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4366 3285 1.30 5 408.9 120 10 0.0833 7.28102E-05 5.90275E-05 1 4.6 29.000
20 3ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4393 3312 1.31 5 408.9 120 13 0.1083 9.46532E-05 7.67357E-05 1 4.6 29.000

ēöú

day2

Wt.Mol
d ĕö่
øüöฝć

H TTime
Wt.Laterite
+Cow dung

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Áป°ร์ÁซÈน

ต์

ค้ćĕม้

บøøทĆด

บนถĆง

ถĆงKปøĆบĒก้KQVolumeVLADđฉúĊę÷

D

จĞćนüนชĆĚนบดĂĆดDensity
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ตćøćงñîüกทĊęǰก1.3ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿööĎúüĆüกĆบดĉนúĎกøĆงǰ(day 3) 

 
 

 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 1ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.2 180 17 0.0944 8.22567E-05 6.97021E-05 0 5.3 27.000
5 2ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.2 180 17 0.0944 8.22567E-05 6.97021E-05 0 5.3 27.000
5 3ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.2 180 17 0.0944 8.22567E-05 6.97021E-05 0 5.3 27.000

10 1ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.2 180 17 0.0944 8.22567E-05 6.97021E-05 0 5.3 27.000
10 2ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4596 3510 1.39 5 410.2 180 8 0.0444 3.8709E-05 3.2801E-05 0 5.3 27.000
10 3ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1114 4420 3306 1.31 5 410.2 180 7 0.0389 3.38704E-05 2.87009E-05 0 5.3 27.000
15 1ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1070 4433 3363 1.33 5 410.2 180 38 0.2111 0.000183868 0.000155805 0 5.3 27.000

15 2ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4433 3353 1.33 5 410.2 180 229 1.2722 0.001108046 0.000938929 0 5.3 27.000
15 3ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4417 3337 1.32 5 410.2 180 47 0.2611 0.000227415 0.000192706 0 5.3 27.000
20 1ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1084 4447 3363 1.33 5 409.2 300 11 0.0367 3.2013E-05 2.7127E-05 1 4.3 27.000
20 2ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4366 3285 1.30 5 409.2 300 11 0.0367 3.2013E-05 2.7127E-05 1 4.3 27.000
20 3ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4393 3312 1.31 5 409.2 300 12 0.04 3.49233E-05 2.9593E-05 1 4.3 27.000

Áป°ร์ÁซÈน

ต์ ēöú

D

Wt.Mol
d ĕö่
øüöฝć

K KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

TจĞćนüนชĆĚนบดĂĆด H Time Volume QDđฉúĊę÷ A L V Density

day3
Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Cow dung
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ตćøćงñîüกทĊęǰก1.4ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿööĎúüĆüกĆบดĉนúĎกøĆงǰ(day 4) 

 

 
 
 
 
 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 1ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.4 300 13 0.0433 3.77229E-05 2.92736E-05 0 5.1 31.000
5 2ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.4 300 13 0.0433 3.77229E-05 2.92736E-05 0 5.1 31.000
5 3ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.4 300 13 0.0433 3.77229E-05 2.92736E-05 0 5.1 31.000

10 1ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.4 300 13 0.0433 3.77229E-05 2.92736E-05 0 5.1 31.000
10 2ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4596 3510 1.39 5 410.4 300 8 0.0267 2.32141E-05 1.80145E-05 0 5.1 31.000
10 3ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1114 4420 3306 1.31 5 410.4 300 8 0.0267 2.32141E-05 1.80145E-05 0 5.1 31.000
15 1ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1070 4433 3363 1.33 5 410.4 300 95 0.3167 0.000275667 0.000213922 0 5.1 31.000
15 2ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4433 3353 1.33 5 410.4 300 274 0.9133 0.000795083 0.000616997 0 5.1 31.000
15 3ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4417 3337 1.32 5 410.4 300 91 0.3033 0.00026406 0.000204915 0 5.1 31.000
20 1ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1084 4447 3363 1.33 5 409.2 300 36 0.12 0.00010477 8.1303E-05 1 4.3 31.000
20 2ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4366 3285 1.30 5 409.2 300 9 0.03 2.61924E-05 2.03257E-05 1 4.3 31.000
20 3ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4393 3312 1.31 5 409.2 300 9 0.03 2.61924E-05 2.03257E-05 1 4.3 31.000

TQ K KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d ĕö่
øüöฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Cow dung

Density จĞćนüนชĆĚนบดĂĆด H Time Volume

day4
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ตćøćงñîüกทĊęǰก1.5ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿööĎúüĆüกĆบดĉนúĎกøĆงǰ(day 5) 

 
 

 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 1ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.6 300 12 0.04 3.48042E-05 2.82159E-05 0 4.9 29.000
5 2ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.6 300 12 0.04 3.48042E-05 2.82159E-05 0 4.9 29.000
5 3ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.6 300 12 0.04 3.48042E-05 2.82159E-05 0 4.9 29.000

10 1ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.6 300 12 0.04 3.48042E-05 2.82159E-05 0 4.9 29.000
10 2ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4596 3510 1.39 5 410.6 300 7 0.0233 2.03024E-05 1.64593E-05 0 4.9 29.000
10 3ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1114 4420 3306 1.31 5 410.6 300 9 0.03 2.61031E-05 2.11619E-05 0 4.9 29.000
15 1ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1070 4433 3363 1.33 5 410.6 300 80 0.2667 0.000232028 0.000188106 0 4.9 29.000
15 2ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4433 3353 1.33 5 410.6 300 132 0.44 0.000382846 0.000310375 0 4.9 29.000
15 3ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4417 3337 1.32 5 410.6 300 70 0.2333 0.000203024 0.000164593 0 4.9 29.000
20 1ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1084 4447 3363 1.33 5 409.5 300 65 0.2167 0.000189029 0.000153247 1 4 29.000
20 2ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4366 3285 1.30 5 409.5 300 10 0.0333 2.90814E-05 2.35764E-05 1 4 29.000
20 3ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4393 3312 1.31 5 409.5 300 9 0.03 2.61732E-05 2.12187E-05 1 4 29.000

ค้ćĕม้

บøøทĆด

บนถĆง

TVolume Q K KปøĆบĒก้ ถĆง

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d ĕö่
øüöฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Cow dung Density จĞćนüนชĆĚนบดĂĆด H Time

day5
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ตćøćงñîüกทĊęǰก1.6ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿööĎúüĆüกĆบดĉนúĎกøĆงǰ(day 6) 

 
 

 

 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 1ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.4 300 8 0.0267 2.32141E-05 1.84056E-05 0 5.1 30.000
5 2ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.4 300 8 0.0267 2.32141E-05 1.84056E-05 0 5.1 30.000
5 3ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.4 300 8 0.0267 2.32141E-05 1.84056E-05 0 5.1 30.000

10 1ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.4 300 8 0.0267 2.32141E-05 1.84056E-05 0 5.1 30.000
10 2ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4596 3510 1.39 5 410.4 300 8 0.0267 2.32141E-05 1.84056E-05 0 5.1 30.000
10 3ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1114 4420 3306 1.31 5 410.4 300 8 0.0267 2.32141E-05 1.84056E-05 0 5.1 30.000
15 1ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1070 4433 3363 1.33 5 410.4 300 63 0.21 0.000182811 0.000144944 0 5.1 30.000
15 2ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4433 3353 1.33 5 410.4 300 58 0.1933 0.000168302 0.000133441 0 5.1 30.000
15 3ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4417 3337 1.32 5 410.4 300 54 0.18 0.000156695 0.000124238 0 5.1 30.000
20 1ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1084 4447 3363 1.33 5 409.5 300 75 0.25 0.00021811 0.000172932 1 4 30.000
20 2ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4366 3285 1.30 5 409.5 300 17 0.0567 4.94384E-05 3.91979E-05 1 4 30.000
20 3ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4393 3312 1.31 5 409.5 300 17 0.0567 4.94384E-05 3.91979E-05 1 4 30.000

ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

TTime Volume Q K KปøĆบĒก้

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d ĕö่
øüöฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Cow dung

Density จĞćนüนชĆĚนบดĂĆด H

day6
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ตćøćงñîüกทĊęǰก1.7ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿööĎúüĆüกĆบดĉนúĎกøĆงǰ(day 9) 

 

 
 
 
 
 

 

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 1ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
5 2ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
5 3ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000

10 1ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
10 2ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4596 3510 1.39 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
10 3ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1114 4420 3306 1.31 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
15 1ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1070 4433 3363 1.33 5 410.5 300 10 0.0333 2.90105E-05 2.25126E-05 0 5 31.000
15 2ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4433 3353 1.33 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
15 3ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4417 3337 1.32 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
20 1ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1084 4447 3363 1.33 5 409.5 300 23 0.0767 6.68872E-05 5.19055E-05 1 4 31.000
20 2ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4366 3285 1.30 5 409.5 300 8 0.0267 2.32651E-05 1.80541E-05 1 4 31.000
20 3ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4393 3312 1.31 5 409.5 300 8 0.0267 2.32651E-05 1.80541E-05 1 4 31.000

KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

TH Time Volume Q K
Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d ĕö่
øüöฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Cow dung Density จĞćนüนชĆĚนบดĂĆด

day9
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ตćøćงñîüกทĊęǰก1.8ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿööĎúüĆüกĆบดĉนúĎกøĆงǰ(day 10) 

 
 
 
 
 

 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 1ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.96662E-05 0 5 27.000
5 2ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.96662E-05 0 5 27.000
5 3ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.96662E-05 0 5 27.000

10 1ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.96662E-05 0 5 27.000
10 2ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4596 3510 1.39 5 410.5 300 8 0.0267 2.32084E-05 1.96662E-05 0 5 27.000
10 3ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1114 4420 3306 1.31 5 410.5 300 8 0.0267 2.32084E-05 1.96662E-05 0 5 27.000
15 1ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1070 4433 3363 1.33 5 410.5 300 8 0.0267 2.32084E-05 1.96662E-05 0 5 27.000
15 2ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4433 3353 1.33 5 410.5 300 7 0.0233 2.03074E-05 1.72079E-05 0 5 27.000
15 3ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4417 3337 1.32 5 410.5 300 7 0.0233 2.03074E-05 1.72079E-05 0 5 27.000
20 1ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1084 4447 3363 1.33 5 409.5 300 10 0.0333 2.90814E-05 2.46428E-05 1 4 27.000
20 2ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4366 3285 1.30 5 409.5 300 8 0.0267 2.32651E-05 1.97142E-05 1 4 27.000
20 3ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4393 3312 1.31 5 409.5 300 7 0.0233 2.0357E-05 1.725E-05 1 4 27.000

ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d ĕö่
øüöฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Cow dung Density จĞćนüนชĆĚนบดĂĆด H Time Volume Q

Áป°ร์ÁซÈน

ต์ K KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

T

day10
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ตćøćงñîüกทĊęǰก1.9ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿööĎúüĆüกĆบดĉนúĎกøĆงǰ(day 11) 

 
 
 
 
 

 
  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 1ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
5 2ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
5 3ü5% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000

10 1ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4657 3571 1.42 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
10 2ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1086 4596 3510 1.39 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
10 3ü10% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1114 4420 3306 1.31 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
15 1ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1070 4433 3363 1.33 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
15 2ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4433 3353 1.33 5 410.5 300 7 0.0233 2.03074E-05 1.57588E-05 0 5 31.000
15 3ü15% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1080 4417 3337 1.32 5 410.5 300 8 0.0267 2.32084E-05 1.80101E-05 0 5 31.000
20 1ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1084 4447 3363 1.33 5 409.5 300 8 0.0267 2.32651E-05 1.80541E-05 1 4 31.000
20 2ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4366 3285 1.30 5 409.5 300 7 0.0233 2.0357E-05 1.57973E-05 1 4 31.000
20 3ü20% 103.6 103.1 103.5 10.340 83.971 30 2519.14 1081 4393 3312 1.31 5 409.5 300 7 0.0233 2.0357E-05 1.57973E-05 1 4 31.000

TQ K KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d ĕö่
øüöฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Cow dung Density จĞćนüนชĆĚนบดĂĆด H Time Volume

day11
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õćคñîüกǰก.2ǰขšĂöĎúขĊĚđถšćถŠćî 
ตćøćงñîüกทĊęǰก2.1ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 1 đøĉęöđกĘบคŠć) 

 
  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409.5 300 30 0.1 8.72442E-05 6.77029E-05 0 6 31.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409.5 300 24 0.08 6.97953E-05 5.41623E-05 0 6 31.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409.5 300 23 0.0767 6.68872E-05 5.19055E-05 0 6 31.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409.5 300 52 0.1733 0.000151223 0.000117352 0 6 31.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409.5 300 29 0.0967 8.4336E-05 6.54461E-05 0 6 31.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409.5 300 53 0.1767 0.000154131 0.000119608 0 6 31.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409.5 300 17 0.0567 4.94384E-05 3.8365E-05 0 6 31.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409.5 300 31 0.1033 9.01523E-05 6.99596E-05 0 6 31.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 408 300 37 0.1233 0.000107997 8.38072E-05 1 5.5 31.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 408 300 10 0.0333 2.91883E-05 2.26506E-05 1 5.5 31.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 408 300 39 0.13 0.000113834 8.83373E-05 1 5.5 31.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 408 300 28 0.0933 8.17273E-05 6.34216E-05 1 5.5 31.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 408 300 29 0.0967 8.46461E-05 6.56867E-05 1 5.5 31.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 408 300 31 0.1033 9.04837E-05 7.02168E-05 1 5.5 31.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 408 300 31 0.1033 9.04837E-05 7.02168E-05 1 5.5 31.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 408 300 36 0.12 0.000105078 8.15421E-05 1 5.5 31.000

ค้ćĕม้

บøøทĆด

บนถĆง

Volume T
Áป°ร์ÁซÈน

ต์

day1 0.00

K KปøĆบĒก้ ถĆงēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes

Density จĞćนüนชĆĚนบดĂĆด H QTime
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ตćøćงñîüกทĊęǰก2.2ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 1 ĀúĆงđกĘบคŠćĒøกǰ15ǰนćทĊ) 

 
 

 
 
 

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409.5 300 28 0.0933 8.14279E-05 6.31893E-05 0 6 31.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409.5 300 29 0.0967 8.4336E-05 6.54461E-05 0 6 31.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409.5 300 34 0.1133 9.88767E-05 7.67299E-05 0 6 31.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409.5 300 61 0.2033 0.000177396 0.000137662 0 6 31.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409.5 300 26 0.0867 7.56116E-05 5.86758E-05 0 6 31.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409.5 300 62 0.2067 0.000180305 0.000139919 0 6 31.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409.5 300 14 0.0467 4.07139E-05 3.15947E-05 0 6 31.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409.5 300 30 0.1 8.72442E-05 6.77029E-05 0 6 31.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 408 300 37 0.1233 0.000107997 8.38072E-05 1 5.5 31.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 408 300 14 0.0467 4.08636E-05 3.17108E-05 1 5.5 31.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 408 300 37 0.1233 0.000107997 8.38072E-05 1 5.5 31.000

15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 408 300 27 0.09 7.88084E-05 6.11566E-05 1 5.5 31.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 408 300 29 0.0967 8.46461E-05 6.56867E-05 1 5.5 31.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 408 300 26 0.0867 7.58896E-05 5.88915E-05 1 5.5 31.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 408 300 31 0.1033 9.04837E-05 7.02168E-05 1 5.5 31.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 408 300 33 0.11 9.63214E-05 7.47469E-05 1 5.5 31.000

KปøĆบĒก้V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes

Density จĞćนüนชĆĚนบดĂĆด H Time Volume Q K
Áป°ร์ÁซÈน

ต์

day1.2 จĆบĀúĆงøĂบĒøกǰ15 นćทĊ

ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

Tēöú

D

DđฉúĊę÷ A L
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ตćøćงñîüกทĊęǰก2.3ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 1 ĀúĆงđกĘบคŠćĒøกǰ30ǰนćทĊ) 

 
 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409.5 300 31 0.1033 9.01523E-05 6.99596E-05 0 6 31.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409.5 300 26 0.0867 7.56116E-05 5.86758E-05 0 6 31.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409.5 300 39 0.13 0.000113417 8.80137E-05 0 6 31.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409.5 300 52 0.1733 0.000151223 0.000117352 0 6 31.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409.5 300 18 0.06 5.23465E-05 4.06217E-05 0 6 31.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409.5 300 57 0.19 0.000165764 0.000128635 0 6 31.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409.5 300 13 0.0433 3.78058E-05 2.93379E-05 0 6 31.000

10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409.5 300 29 0.0967 8.4336E-05 6.54461E-05 0 6 31.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 408 300 36 0.12 0.000105078 8.15421E-05 1 5.5 31.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 408 300 14 0.0467 4.08636E-05 3.17108E-05 1 5.5 31.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 408 300 35 0.1167 0.000102159 7.92771E-05 1 5.5 31.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 408 300 26 0.0867 7.58896E-05 5.88915E-05 1 5.5 31.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 408 300 29 0.0967 8.46461E-05 6.56867E-05 1 5.5 31.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 408 300 25 0.0833 7.29708E-05 5.66265E-05 1 5.5 31.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 408 300 30 0.1 8.75649E-05 6.79518E-05 1 5.5 31.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 408 300 32 0.1067 9.34026E-05 7.24819E-05 1 5.5 31.000

K KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

TจĞćนüนชĆĚนบดĂĆด H Time Volume Q
Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A

day1.3 จĆบĀúĆงøĂบĒøกǰ30 นćทĊ

L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes

Density
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ตćøćงñîüกทĊęǰก2.4ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 1 ĀúĆงđกĘบคŠćĒøกǰ1ǰช.ö.) 

 
 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409.5 600 28 0.0467 4.07139E-05 3.15947E-05 0 6 31.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409.5 600 27 0.045 3.92599E-05 3.04663E-05 0 6 31.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409.5 600 39 0.065 5.67087E-05 4.40069E-05 0 6 31.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409.5 600 52 0.0867 7.56116E-05 5.86758E-05 0 6 31.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409.5 600 19 0.0317 2.76273E-05 2.14392E-05 0 6 31.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409.5 600 39 0.065 5.67087E-05 4.40069E-05 0 6 31.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409.5 600 11 0.0183 1.59948E-05 1.24122E-05 0 6 31.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409.5 600 27 0.045 3.92599E-05 3.04663E-05 0 6 31.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 408 600 32 0.0533 4.67013E-05 3.62409E-05 1 5.5 31.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 408 600 10 0.0167 1.45942E-05 1.13253E-05 1 5.5 31.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 408 600 36 0.06 5.25389E-05 4.07711E-05 1 5.5 31.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 408 600 22 0.0367 3.21071E-05 2.49156E-05 1 5.5 31.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 408 600 25 0.0417 3.64854E-05 2.83132E-05 1 5.5 31.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 408 600 24 0.04 3.5026E-05 2.71807E-05 1 5.5 31.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 408 600 29 0.0483 4.2323E-05 3.28434E-05 1 5.5 31.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 408 600 31 0.0517 4.52419E-05 3.51084E-05 1 5.5 31.000

ค้ćĕม้

บøøทĆด

บนถĆง

TVolume Q K KปøĆบĒก้ ถĆง

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes

Density จĞćนüนชĆĚนบดĂĆด H Time

day1.4 จĆบĀúĆงøĂบĒøกǰ60 นćทĊ
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ตćøćงñîüกทĊęǰก2.5ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 1 ĀúĆงđกĘบคŠćĒøกǰ2ǰช.ö.) 

 
 
 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409.5 300 42 0.14 0.000122142 9.4784E-05 0 6 31.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409.5 300 27 0.09 7.85197E-05 6.09326E-05 0 6 31.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409.5 300 29 0.0967 8.4336E-05 6.54461E-05 0 6 31.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409.5 300 35 0.1167 0.000101785 7.89867E-05 0 6 31.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409.5 300 11 0.0367 3.19895E-05 2.48244E-05 0 6 31.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409.5 300 18 0.06 5.23465E-05 4.06217E-05 0 6 31.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409.5 300 12 0.04 3.48977E-05 2.70811E-05 0 6 31.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409.5 300 19 0.0633 5.52546E-05 4.28785E-05 0 6 31.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 408 300 28 0.0933 8.17273E-05 6.21257E-05 1 5.5 32.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 408 300 12 0.04 3.5026E-05 2.66253E-05 1 5.5 32.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 408 300 35 0.1167 0.000102159 7.76571E-05 1 5.5 32.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 408 300 23 0.0767 6.71331E-05 5.10318E-05 1 5.5 32.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 408 300 28 0.0933 8.17273E-05 6.21257E-05 1 5.5 32.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 408 300 15 0.05 4.37825E-05 3.32816E-05 1 5.5 32.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 408 300 29 0.0967 8.46461E-05 6.43444E-05 1 5.5 32.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 408 300 28 0.0933 8.17273E-05 6.21257E-05 1 5.5 32.000

ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

TTime Volume Q K KปøĆบĒก้

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes

Density จĞćนüนชĆĚนบดĂĆด H

day1.5 จĆบĀúĆงøĂบĒøกǰ120 นćทĊ



33 
 

ตćøćงñîüกทĊęǰก2.6ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 1 ĀúĆงđกĘบคŠćĒøกǰ4ǰช.ö.) 

 
 
 
 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409.5 300 35 0.1167 0.000101785 7.73726E-05 0 6 32.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409.5 300 23 0.0767 6.68872E-05 5.08449E-05 0 6 32.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409.5 300 22 0.0733 6.39791E-05 4.86342E-05 0 6 32.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409.5 300 33 0.11 9.59686E-05 7.29513E-05 0 6 32.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409.5 300 10 0.0333 2.90814E-05 2.21065E-05 0 6 32.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409.5 300 12 0.04 3.48977E-05 2.65278E-05 0 6 32.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409.5 300 11 0.0367 3.19895E-05 2.43171E-05 0 6 32.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409.5 300 17 0.0567 4.94384E-05 3.7581E-05 0 6 32.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 408 300 23 0.0767 6.71331E-05 5.10318E-05 1 5.5 32.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 408 300 10 0.0333 2.91883E-05 2.21877E-05 1 5.5 32.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 408 300 33 0.11 9.63214E-05 7.32195E-05 1 5.5 32.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 408 300 26 0.0867 7.58896E-05 5.76881E-05 1 5.5 32.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 408 300 19 0.0633 5.54578E-05 4.21567E-05 1 5.5 32.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 408 300 10 0.0333 2.91883E-05 2.21877E-05 1 5.5 32.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 408 300 26 0.0867 7.58896E-05 5.76881E-05 1 5.5 32.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 408 300 24 0.08 7.00519E-05 5.32506E-05 1 5.5 32.000

KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

TH Time Volume Q K
Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes Density จĞćนüนชĆĚนบดĂĆด

day1.6 จĆบĀúĆงøĂบĒøกǰ240 นćทĊ
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ตćøćงñîüกทĊęǰก2.7ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 1 ĀúĆงđกĘบคŠćĒøกǰ8ǰช.ö.) 

 
 
  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409.5 420 24 0.0571 4.98538E-05 3.95273E-05 0 6 30.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409.5 420 21 0.05 4.36221E-05 3.45864E-05 0 6 30.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409.5 420 20 0.0476 4.15448E-05 3.29394E-05 0 6 30.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409.5 420 26 0.0619 5.40083E-05 4.28212E-05 0 6 30.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409.5 420 10 0.0238 2.07724E-05 1.64697E-05 0 6 30.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409.5 420 11 0.0262 2.28497E-05 1.81167E-05 0 6 30.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409.5 420 10 0.0238 2.07724E-05 1.64697E-05 0 6 30.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409.5 420 8 0.019 1.66179E-05 1.31758E-05 0 6 30.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 408 420 21 0.05 4.37825E-05 3.47135E-05 1 5.5 30.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 408 420 9 0.0214 1.87639E-05 1.48772E-05 1 5.5 30.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 408 420 39 0.0929 8.13103E-05 6.4468E-05 1 5.5 30.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 408 420 24 0.0571 5.00371E-05 3.96726E-05 1 5.5 30.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 408 420 17 0.0405 3.54429E-05 2.81014E-05 1 5.5 30.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 408 420 11 0.0262 2.29337E-05 1.81833E-05 1 5.5 30.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 408 420 29 0.069 6.04615E-05 4.79378E-05 1 5.5 30.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 408 420 22 0.0524 4.58673E-05 3.63666E-05 1 5.5 30.000

ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes Density จĞćนüนชĆĚนบดĂĆด H Time Volume Q

Áป°ร์ÁซÈน

ต์ K KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

T

day1.7 จĆบĀúĆงøĂบĒøกǰ480 นćทĊ
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ตćøćงñîüกทĊęǰก2.8ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 2) 

 
 

 
  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409.5 600 13 0.0217 1.89029E-05 1.56619E-05 0 6 28.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409.5 600 8 0.0133 1.16326E-05 9.63807E-06 0 6 28.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409.5 600 13 0.0217 1.89029E-05 1.56619E-05 0 6 28.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409.5 600 22 0.0367 3.19895E-05 2.65047E-05 0 6 28.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409.5 600 8 0.0133 1.16326E-05 9.63807E-06 0 6 28.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409.5 600 8 0.0133 1.16326E-05 9.63807E-06 0 6 28.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409.5 600 9 0.015 1.30866E-05 1.08428E-05 0 6 28.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409.5 600 8 0.0133 1.16326E-05 9.63807E-06 0 6 28.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 408 600 8 0.0133 1.16753E-05 9.67351E-06 1 5.5 28.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 408 600 8 0.0133 1.16753E-05 9.67351E-06 1 5.5 28.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 408 600 43 0.0717 6.27549E-05 5.19951E-05 1 5.5 28.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 408 600 30 0.05 4.37825E-05 3.62757E-05 1 5.5 28.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 408 600 14 0.0233 2.04318E-05 1.69286E-05 1 5.5 28.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 408 600 11 0.0183 1.60536E-05 1.33011E-05 1 5.5 28.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 408 600 27 0.045 3.94042E-05 3.26481E-05 1 5.5 28.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 408 600 10 0.0167 1.45942E-05 1.20919E-05 1 5.5 28.000

ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes Density จĞćนüนชĆĚนบดĂĆด H Time Volume Q

Áป°ร์ÁซÈน

ต์ K KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

T

day2
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ตćøćงñîüกทĊęǰก2.9ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 3) 

 
 
 
 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 407.5 900 8 0.0089 7.7931E-06 5.92399E-06 0 8 32.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 407.5 900 8 0.0089 7.7931E-06 5.92399E-06 0 8 32.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 407.5 900 12 0.0133 1.16896E-05 8.88599E-06 0 8 32.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 407.5 900 8 0.0089 7.7931E-06 5.92399E-06 0 8 32.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 407.5 900 8 0.0089 7.7931E-06 5.92399E-06 0 8 32.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 407.5 900 9 0.01 8.76724E-06 6.66449E-06 0 8 32.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 407.5 900 10 0.0111 9.74137E-06 7.40499E-06 0 8 32.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 407.5 900 8 0.0089 7.7931E-06 5.92399E-06 0 8 32.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 407 900 7 0.0078 6.82734E-06 5.0816E-06 1 6.5 33.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 407 900 8 0.0089 7.80267E-06 5.80754E-06 1 6.5 33.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 407 900 50 0.0556 4.87667E-05 3.62971E-05 1 6.5 33.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 407 900 22 0.0244 2.14573E-05 1.59707E-05 1 6.5 33.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 407 900 9 0.01 8.77801E-06 6.53348E-06 1 6.5 33.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 407 900 9 0.01 8.77801E-06 6.53348E-06 1 6.5 33.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 407 900 26 0.0289 2.53587E-05 1.88745E-05 1 6.5 33.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 407 900 10 0.0111 9.75334E-06 7.25942E-06 1 6.5 33.000

TQ K KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes Density จĞćนüนชĆĚนบดĂĆด H Time Volume

day3
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ตćøćงñîüกทĊęǰก2.10ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 4) 

 
  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409 1200 12 0.01 8.73508E-06 7.40188E-06 0 6.5 27.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409 1200 11 0.0092 8.00716E-06 6.78506E-06 0 6.5 27.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409 1200 12 0.01 8.73508E-06 7.40188E-06 0 6.5 27.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409 1200 7 0.0058 5.09546E-06 4.31776E-06 0 6.5 27.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409 1200 10 0.0083 7.27924E-06 6.16823E-06 0 6.5 27.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409 1200 8 0.0067 5.82339E-06 4.93459E-06 0 6.5 27.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409 1200 8 0.0067 5.82339E-06 4.93459E-06 0 6.5 27.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409 1200 7 0.0058 5.09546E-06 4.31776E-06 0 6.5 27.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 408 1200 8 0.0067 5.83766E-06 4.83675E-06 1 5.5 28.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 408 1200 8 0.0067 5.83766E-06 4.83675E-06 1 5.5 28.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 408 1200 42 0.035 3.06477E-05 2.5393E-05 1 5.5 28.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 408 1200 22 0.0183 1.60536E-05 1.33011E-05 1 5.5 28.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 408 1200 10 0.0083 7.29708E-06 6.04594E-06 1 5.5 28.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 408 1200 8 0.0067 5.83766E-06 4.83675E-06 1 5.5 28.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 408 1200 27 0.0225 1.97021E-05 1.6324E-05 1 5.5 28.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 408 1200 12 0.01 8.75649E-06 7.25513E-06 1 5.5 28.000

KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

TH Time Volume Q K
Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes

Density จĞćนüนชĆĚนบดĂĆด

day4
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ตćøćงñîüกทĊęǰก2.11ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 5) 

 
 

 
  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409.5 1800 28 0.0156 1.35713E-05 1.15E-05 0 6 27.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409.5 1800 11 0.0061 5.33159E-06 4.51785E-06 0 6 27.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409.5 1800 9 0.005 4.36221E-06 3.69642E-06 0 6 27.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409.5 1800 9 0.005 4.36221E-06 3.69642E-06 0 6 27.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409.5 1800 10 0.0056 4.8469E-06 4.10713E-06 0 6 27.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409.5 1800 8 0.0044 3.87752E-06 3.28571E-06 0 6 27.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409.5 1800 9 0.005 4.36221E-06 3.69642E-06 0 6 27.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409.5 1800 8 0.0044 3.87752E-06 3.28571E-06 0 6 27.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 408.2 1800 8 0.0044 3.88987E-06 3.22292E-06 1 5.3 28.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 408.2 1800 9 0.005 4.3761E-06 3.62579E-06 1 5.3 28.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 408.2 1800 48 0.0267 2.33392E-05 1.93375E-05 1 5.3 28.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 408.2 1800 34 0.0189 1.65319E-05 1.36974E-05 1 5.3 28.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 408.2 1800 15 0.0083 7.2935E-06 6.04298E-06 1 5.3 28.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 408.2 1800 8 0.0044 3.88987E-06 3.22292E-06 1 5.3 28.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 408.2 1800 48 0.0267 2.33392E-05 1.93375E-05 1 5.3 28.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 408.2 1800 11 0.0061 5.34857E-06 4.43152E-06 1 5.3 28.000

ค้ćĕม้

บøøทĆด

บนถĆง

TVolume Q K KปøĆบĒก้ ถĆง

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes

Density จĞćนüนชĆĚนบดĂĆด H Time

day5
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ตćøćงñîüกทĊęǰก2.12ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćถŠćนกĆบดĉนúĎกøĆงǰ(day 6) 

 
 
  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5588 4231 1.68 5 409.6 1800 10 0.0056 4.84571E-06 4.10613E-06 0 5.9 27.000
5 5ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5538 4185 1.66 5 409.6 1800 11 0.0061 5.33029E-06 4.51674E-06 0 5.9 27.000
5 5ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1350 5560 4210 1.67 5 409.6 1800 8 0.0044 3.87657E-06 3.2849E-06 0 5.9 27.000
5 5ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5572 4216 1.67 5 409.6 1800 7 0.0039 3.392E-06 2.87429E-06 0 5.9 27.000

10 10ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5388 4035 1.60 5 409.6 1800 18 0.01 8.72229E-06 7.39104E-06 0 5.9 27.000
10 10ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5367 4002 1.59 5 409.6 1800 10 0.0056 4.84571E-06 4.10613E-06 0 5.9 27.000
10 10ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1357 5449 4092 1.62 5 409.6 1800 8 0.0044 3.87657E-06 3.2849E-06 0 5.9 27.000
10 10ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 356 5387 5031 2.00 5 409.6 1800 18 0.01 8.72229E-06 7.39104E-06 0 5.9 27.000
15 15ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5306 3946 1.57 5 409.6 1800 7 0.0039 3.392E-06 2.87429E-06 1 3.9 27.000
15 15ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1351 5321 3970 1.58 5 409.6 1800 8 0.0044 3.87657E-06 3.2849E-06 1 3.9 27.000
15 15ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1347 5297 3950 1.57 5 409.6 1800 52 0.0289 2.51977E-05 2.13519E-05 1 3.9 27.000
15 15ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5288 3935 1.56 5 409.6 1800 24 0.0133 1.16297E-05 9.85471E-06 1 3.9 27.000
20 20ขถ1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5165 3809 1.51 5 409.6 1800 10 0.0056 4.84571E-06 4.10613E-06 1 3.9 27.000
20 20ขถ2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5197 3836 1.52 5 409.6 1800 11 0.0061 5.33029E-06 4.51674E-06 1 3.9 27.000
20 20ขถ3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1361 5212 3851 1.53 5 409.6 1800 56 0.0311 2.7136E-05 2.29943E-05 1 3.9 27.000
20 20ขถ4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5144 3781 1.50 5 409.6 1800 14 0.0078 6.784E-06 5.74858E-06 1 3.9 27.000

ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

TTime Volume Q K KปøĆบĒก้

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+Ashes

Density จĞćนüนชĆĚนบดĂĆด H

day6
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õćคñîüกǰก.3ǰขšĂöĎúขĊĚđถšćĒกúï 
ตćøćงñîüกทĊęǰก3.1ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćĒกúบกĆบดĉนúĎกøĆงǰ(day 1 đøĉęöđกĘบคŠć) 

 
 
  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5533 4169 1.65 5 409.5 120 40 0.3333 0.000290814 0.00021213 0 6 34.000
5 5ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5480 4121 1.64 5 409.5 120 65 0.5417 0.000472573 0.000344711 0 6 34.000
5 5ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5458 4105 1.63 5 409.5 120 29 0.2417 0.00021084 0.000153794 0 6 34.000
5 5ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1366 5472 4106 1.63 5 409.5 120 21 0.175 0.000152677 0.000111368 0 6 34.000

10 10ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5213 3857 1.53 5 409.5 120 70 0.5833 0.000508924 0.000371227 0 6 34.000
10 10ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5211 3853 1.53 5 409.5 120 17 0.1417 0.000123596 9.01552E-05 0 6 34.000
10 10ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5420 4062 1.61 5 409.5 120 183 1.525 0.001330474 0.000970494 0 6 34.000
10 10ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5468 4108 1.63 5 409.5 120 25 0.2083 0.000181759 0.000132581 0 6 34.000
15 15ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5365 4001 1.59 5 408.2 120 96 0.8 0.000700176 0.000521142 1 5.3 33.000
15 15ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5285 3922 1.56 5 408.2 120 82 0.6833 0.000598067 0.000445142 1 5.3 33.000
15 15ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5390 4025 1.60 5 408.2 120 87 0.725 0.000634535 0.000472285 1 5.3 33.000
15 15ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1362 5364 4002 1.59 5 408.2 120 109 0.9083 0.000794992 0.000591713 1 5.3 33.000
20 20ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5040 3681 1.46 5 408.2 120 18 0.15 0.000131283 9.77141E-05 1 5.3 33.000
20 20ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5030 3670 1.46 5 408.2 120 239 1.9917 0.001743147 0.001297426 1 5.3 33.000
20 20ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5230 3872 1.54 5 408.2 120 55 0.4583 0.000401143 0.000298571 1 5.3 33.000
20 20ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5055 3695 1.47 5 408.2 120 183 1.525 0.001334711 0.000993427 1 5.3 33.000

ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

ค้ćĕม้

บøøทĆด

บนถĆง

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+ Rice hull 

Ashes
Density จĞćนüนชĆĚนบดĂĆด H Time TVolume Q K KปøĆบĒก้ ถĆง

Áป°ร์ÁซÈน

ต์

day1



41 
 

ตćøćงñîüกทĊęǰก3.2ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćĒกúบกĆบดĉนúĎกøĆงǰ(day 1 ĀúĆงđกĘบคŠćĒøกǰ30ǰนćทĊ) 

 
 
 
 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5533 4169 1.65 5 409.5 120 33 0.275 0.000239921 0.000175007 0 6 34.000
5 5ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5480 4121 1.64 5 409.5 120 52 0.4333 0.000378058 0.000275769 0 6 34.000
5 5ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5458 4105 1.63 5 409.5 120 17 0.1417 0.000123596 9.01552E-05 0 6 34.000
5 5ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1366 5472 4106 1.63 5 409.5 120 14 0.1167 0.000101785 7.42454E-05 0 6 34.000

10 10ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5213 3857 1.53 5 409.5 120 34 0.2833 0.000247192 0.00018031 0 6 34.000
10 10ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5211 3853 1.53 5 409.5 120 12 0.1 8.72442E-05 6.3639E-05 0 6 34.000
10 10ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5420 4062 1.61 5 409.5 120 28 0.2333 0.00020357 0.000148491 0 6 34.000
10 10ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5468 4108 1.63 5 409.5 120 14 0.1167 0.000101785 7.42454E-05 0 6 34.000
15 15ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5365 4001 1.59 5 408.2 120 17 0.1417 0.00012399 9.22856E-05 1 5.3 33.000
15 15ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5285 3922 1.56 5 408.2 120 22 0.1833 0.000160457 0.000119428 1 5.3 33.000
15 15ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5390 4025 1.60 5 408.2 120 22 0.1833 0.000160457 0.000119428 1 5.3 33.000

15 15ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1362 5364 4002 1.59 5 408.2 120 24 0.2 0.000175044 0.000130285 1 5.3 33.000
20 20ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5040 3681 1.46 5 408.2 120 16 0.1333 0.000116696 8.6857E-05 1 5.3 33.000
20 20ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5030 3670 1.46 5 408.2 120 13 0.1083 9.48155E-05 7.05713E-05 1 5.3 33.000
20 20ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5230 3872 1.54 5 408.2 120 29 0.2417 0.000211512 0.000157428 1 5.3 33.000
20 20ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5055 3695 1.47 5 408.2 120 8 0.0667 5.8348E-05 4.34285E-05 1 5.3 33.000

Áป°ร์ÁซÈน

ต์

day1.2 จĆบĀúĆงøĂบĒøกǰ30 นćทĊ

ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+ Rice hull 

Ashes
Density จĞćนüนชĆĚนบดĂĆด H

ค้ćĕม้

บøøทĆด

บนถĆง

TTime Volume Q K KปøĆบĒก้ ถĆง
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ตćøćงñîüกทĊęǰก3.3ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćĒกúบกĆบดĉนúĎกøĆงǰ(day 1 ĀúĆงđกĘบคŠćĒøกǰ1ǰช.ö.) 

 
 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5533 4169 1.65 5 409.5 120 32 0.2667 0.000232651 0.000169704 0 6 34.000
5 5ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5480 4121 1.64 5 409.5 120 29 0.2417 0.00021084 0.000153794 0 6 34.000
5 5ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5458 4105 1.63 5 409.5 120 12 0.1 8.72442E-05 6.3639E-05 0 6 34.000
5 5ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1366 5472 4106 1.63 5 409.5 120 11 0.0917 7.99738E-05 5.83357E-05 0 6 34.000

10 10ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5213 3857 1.53 5 409.5 120 23 0.1917 0.000167218 0.000121975 0 6 34.000
10 10ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5211 3853 1.53 5 409.5 120 11 0.0917 7.99738E-05 5.83357E-05 0 6 34.000
10 10ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5420 4062 1.61 5 409.5 120 22 0.1833 0.000159948 0.000116671 0 6 34.000

10 10ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5468 4108 1.63 5 409.5 120 18 0.15 0.000130866 9.54584E-05 0 6 34.000
15 15ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5365 4001 1.59 5 408.2 120 13 0.1083 9.48155E-05 7.05713E-05 1 5.3 33.000
15 15ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5285 3922 1.56 5 408.2 120 18 0.15 0.000131283 9.77141E-05 1 5.3 33.000
15 15ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5390 4025 1.60 5 408.2 120 18 0.15 0.000131283 9.77141E-05 1 5.3 33.000
15 15ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1362 5364 4002 1.59 5 408.2 120 19 0.1583 0.000138577 0.000103143 1 5.3 33.000
20 20ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5040 3681 1.46 5 408.2 120 10 0.0833 7.2935E-05 5.42856E-05 1 5.3 33.000
20 20ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5030 3670 1.46 5 408.2 120 9 0.075 6.56415E-05 4.88571E-05 1 5.3 33.000
20 20ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5230 3872 1.54 5 408.2 120 27 0.225 0.000196925 0.000146571 1 5.3 33.000
20 20ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5055 3695 1.47 5 408.2 120 8 0.0667 5.8348E-05 4.34285E-05 1 5.3 33.000

ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

TTime Volume Q K KปøĆบĒก้

day1.3 จĆบĀúĆงøĂบĒøกǰ1 ชม.

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+ Rice hull 

Ashes
Density จĞćนüนชĆĚนบดĂĆด H
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ตćøćงñîüกทĊęǰก3.4ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćĒกúบกĆบดĉนúĎกøĆงǰ(day 2) 

 
 
  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5533 4169 1.65 5 409.2 600 19 0.0317 2.76476E-05 2.01671E-05 0 6.3 34.000
5 5ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5480 4121 1.64 5 409.2 600 9 0.015 1.30962E-05 9.55284E-06 0 6.3 34.000
5 5ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5458 4105 1.63 5 409.2 600 8 0.0133 1.16411E-05 8.49141E-06 0 6.3 34.000
5 5ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1366 5472 4106 1.63 5 409.2 600 8 0.0133 1.16411E-05 8.49141E-06 0 6.3 34.000

10 10ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5213 3857 1.53 5 409.2 600 25 0.0417 3.63784E-05 2.65357E-05 0 6.3 34.000
10 10ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5211 3853 1.53 5 409.2 600 16 0.0267 2.32822E-05 1.69828E-05 0 6.3 34.000
10 10ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5420 4062 1.61 5 409.2 600 8 0.0133 1.16411E-05 8.49141E-06 0 6.3 34.000
10 10ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5468 4108 1.63 5 409.2 600 8 0.0133 1.16411E-05 8.49141E-06 0 6.3 34.000
15 15ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5365 4001 1.59 5 407.9 600 8 0.0133 1.16782E-05 8.51848E-06 1 5.6 34.000
15 15ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5285 3922 1.56 5 407.9 600 8 0.0133 1.16782E-05 8.51848E-06 1 5.6 34.000
15 15ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5390 4025 1.60 5 407.9 600 8 0.0133 1.16782E-05 8.51848E-06 1 5.6 34.000
15 15ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1362 5364 4002 1.59 5 407.9 600 9 0.015 1.3138E-05 9.58329E-06 1 5.6 34.000
20 20ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5040 3681 1.46 5 407.9 600 13 0.0217 1.8977E-05 1.38425E-05 1 5.6 34.000
20 20ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5030 3670 1.46 5 407.9 600 8 0.0133 1.16782E-05 8.51848E-06 1 5.6 34.000
20 20ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5230 3872 1.54 5 407.9 600 9 0.015 1.3138E-05 9.58329E-06 1 5.6 34.000
20 20ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5055 3695 1.47 5 407.9 600 8 0.0133 1.16782E-05 8.51848E-06 1 5.6 34.000

KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

TH Time Volume Q K
Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+ Rice hull 

Ashes
Density จĞćนüนชĆĚนบดĂĆด

day2
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ตćøćงñîüกทĊęǰก3.5ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćĒกúบกĆบดĉนúĎกøĆงǰ(day 3) 

 
 

  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5533 4169 1.65 5 408.8 3600 13 0.0036 3.15588E-06 2.30201E-06 0 6.7 34.000
5 5ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5480 4121 1.64 5 408.8 3600 7 0.0019 1.69932E-06 1.23954E-06 0 6.7 34.000
5 5ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5458 4105 1.63 5 408.8 3600 6 0.0017 1.45656E-06 1.06247E-06 0 6.7 34.000
5 5ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1366 5472 4106 1.63 5 408.8 3600 6 0.0017 1.45656E-06 1.06247E-06 0 6.7 34.000

10 10ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5213 3857 1.53 5 408.8 3600 148 0.0411 3.59285E-05 2.62075E-05 0 6.7 34.000
10 10ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5211 3853 1.53 5 408.8 3600 6 0.0017 1.45656E-06 1.06247E-06 0 6.7 34.000
10 10ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5420 4062 1.61 5 408.8 3600 6 0.0017 1.45656E-06 1.06247E-06 0 6.7 34.000
10 10ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5468 4108 1.63 5 408.8 3600 6 0.0017 1.45656E-06 1.06247E-06 0 6.7 34.000
15 15ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5365 4001 1.59 5 407.7 3600 6 0.0017 1.46049E-06 1.1102E-06 1 5.8 32.000
15 15ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5285 3922 1.56 5 407.7 3600 6 0.0017 1.46049E-06 1.1102E-06 1 5.8 32.000
15 15ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5390 4025 1.60 5 407.7 3600 15 0.0042 3.65122E-06 2.77551E-06 1 5.8 32.000
15 15ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1362 5364 4002 1.59 5 407.7 3600 7 0.0019 1.7039E-06 1.29524E-06 1 5.8 32.000
20 20ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5040 3681 1.46 5 407.7 3600 42 0.0117 1.02234E-05 7.77142E-06 1 5.8 32.000
20 20ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5030 3670 1.46 5 407.7 3600 8 0.0022 1.94732E-06 1.48027E-06 1 5.8 32.000
20 20ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5230 3872 1.54 5 407.7 3600 17 0.0047 4.13805E-06 3.14558E-06 1 5.8 32.000
20 20ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5055 3695 1.47 5 407.7 3600 8 0.0022 1.94732E-06 1.48027E-06 1 5.8 32.000

ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+ Rice hull 

Ashes
Density จĞćนüนชĆĚนบดĂĆด H Time Volume Q

Áป°ร์ÁซÈน

ต์ K KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

T

day3



45 
 

ตćøćงñîüกทĊęǰก3.6ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćĒกúบกĆบดĉนúĎกøĆงǰ(day 4) 

 
 

 
  

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5533 4169 1.65 5 409.5 3600 10 0.0028 2.42345E-06 1.76775E-06 0 6 34.000
5 5ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5480 4121 1.64 5 409.5 3600 8 0.0022 1.93876E-06 1.4142E-06 0 6 34.000
5 5ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5458 4105 1.63 5 409.5 3600 6 0.0017 1.45407E-06 1.06065E-06 0 6 34.000
5 5ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1366 5472 4106 1.63 5 409.5 3600 6 0.0017 1.45407E-06 1.06065E-06 0 6 34.000

10 10ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5213 3857 1.53 5 409.5 3600 260 0.0722 6.30097E-05 4.59615E-05 0 6 34.000
10 10ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5211 3853 1.53 5 409.5 3600 6 0.0017 1.45407E-06 1.06065E-06 0 6 34.000
10 10ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5420 4062 1.61 5 409.5 3600 6 0.0017 1.45407E-06 1.06065E-06 0 6 34.000
10 10ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5468 4108 1.63 5 409.5 3600 6 0.0017 1.45407E-06 1.06065E-06 0 6 34.000
15 15ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5365 4001 1.59 5 408.1 3600 6 0.0017 1.45906E-06 1.10912E-06 1 5.4 32.000
15 15ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5285 3922 1.56 5 408.1 3600 6 0.0017 1.45906E-06 1.10912E-06 1 5.4 32.000
15 15ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5390 4025 1.60 5 408.1 3600 28 0.0078 6.80894E-06 5.17587E-06 1 5.4 32.000
15 15ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1362 5364 4002 1.59 5 408.1 3600 6 0.0017 1.45906E-06 1.10912E-06 1 5.4 32.000
20 20ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5040 3681 1.46 5 408.1 3600 34 0.0094 8.26799E-06 6.28499E-06 1 5.4 32.000
20 20ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5030 3670 1.46 5 408.1 3600 6 0.0017 1.45906E-06 1.10912E-06 1 5.4 32.000
20 20ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5230 3872 1.54 5 408.1 3600 14 0.0039 3.40447E-06 2.58794E-06 1 5.4 32.000
20 20ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5055 3695 1.47 5 408.1 3600 6 0.0017 1.45906E-06 1.10912E-06 1 5.4 32.000

TQ K KปøĆบĒก้ ถĆง

ค้ćĕม้

บøøทĆด

บนถĆง

Áป°ร์ÁซÈน

ต์ ēöú

D

DđฉúĊę÷ A L V
Wt.Mol
d øüö
ฝć

Wt.Mold
ǰĕö่øüö

ฝćǰ+ 
mixed 
material

Wt.Laterite
+ Rice hull 

Ashes
Density จĞćนüนชĆĚนบดĂĆด H Time Volume

day4
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ตćøćงñîüกทĊęǰก3.7ǰขšĂöĎúกćøทดÿĂบขĂงüĆÿดčผÿöขĊĚđถšćĒกúบกĆบดĉนúĎกøĆงǰ(day 5) 

 
 

D1 D2 D3

% mm mm mm cm cm.2 cm. cm.3
g. g. g.

g/cm3

ชĆĚน cm. sec. cm3 cm3/s cm./s cm./s
นĂก=0 
Ĕน=1

นĂก>=
4cm. 
Ĕน>=
2cm.

Ăงýć

đซúđซĊยÿ

5 5ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5533 4169 1.65 5 409.3 3600 96 0.0267 2.32765E-05 1.73247E-05 0 6.2 33.000
5 5ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5480 4121 1.64 5 409.3 3600 16 0.0044 3.87941E-06 2.88745E-06 0 6.2 33.000
5 5ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1353 5458 4105 1.63 5 409.3 3600 6 0.0017 1.45478E-06 1.08279E-06 0 6.2 33.000
5 5ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1366 5472 4106 1.63 5 409.3 3600 6 0.0017 1.45478E-06 1.08279E-06 0 6.2 33.000

10 10ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1356 5213 3857 1.53 5 409.3 3600 545 0.1514 0.000132143 9.83538E-05 0 6.2 33.000
10 10ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5211 3853 1.53 5 409.3 3600 6 0.0017 1.45478E-06 1.08279E-06 0 6.2 33.000
10 10ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5420 4062 1.61 5 409.3 3600 6 0.0017 1.45478E-06 1.08279E-06 0 6.2 33.000
10 10ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5468 4108 1.63 5 409.3 3600 6 0.0017 1.45478E-06 1.08279E-06 0 6.2 33.000
15 15ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1364 5365 4001 1.59 5 408 3600 6 0.0017 1.45942E-06 1.13253E-06 1 5.5 31.000
15 15ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1363 5285 3922 1.56 5 408 3600 6 0.0017 1.45942E-06 1.13253E-06 1 5.5 31.000
15 15ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1365 5390 4025 1.60 5 408 3600 8 0.0022 1.94589E-06 1.51004E-06 1 5.5 31.000
15 15ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1362 5364 4002 1.59 5 408 3600 6 0.0017 1.45942E-06 1.13253E-06 1 5.5 31.000
20 20ขก1 103.6 103.1 103.5 10.340 83.971 30 2519.14 1359 5040 3681 1.46 5 408 3600 25 0.0069 6.0809E-06 4.71887E-06 1 5.5 31.000
20 20ขก2 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5030 3670 1.46 5 408 3600 6 0.0017 1.45942E-06 1.13253E-06 1 5.5 31.000
20 20ขก3 103.6 103.1 103.5 10.340 83.971 30 2519.14 1358 5230 3872 1.54 5 408 3600 6 0.0017 1.45942E-06 1.13253E-06 1 5.5 31.000
20 20ขก4 103.6 103.1 103.5 10.340 83.971 30 2519.14 1360 5055 3695 1.47 5 408 3600 6 0.0017 1.45942E-06 1.13253E-06 1 5.5 31.000
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ตćøćงñîüกทĊęǰข.1ǰĒÿดงขนćดคúąดĉนúĎกøĆง 

Sieve NO. % finer 
3/8 100.000 
4 70.550 
8 42.528 

16 21.080 
30 9.869 
50 6.532 

100 1.781 
200 0.778 
Pan 0.000 

 

 

õćóñîüกทĊęǰข.1ǰGrain size distribution curveǰǰǰǰ

0

10

20

30

40

50

60

70

80

90

100

0.010.1110

pe
rc

en
t f

in
er

 b
y 

w
ei

gh
t

Diameter mm.

Grain size distribution curve



49 
 

ตćøćงñîüกทĊęǰข.2ǰผúกćøทดÿĂบคŠćนĈชúýćÿตøŤทĊęดĊทĊęÿčดขĂงĒตŠúąüĆÿดčทĊęนĈöćผÿö 

ร»ป 
ค่µนÎµชลศµµตร์ตÎÉµ»ด 

Rice hull ashes 10% 1.06864E-06 cm/s 0.09233 cm/day 
Ashes 5% 5.67233E-06 cm/s 0.490089 cm/day 
Cow dung 20% 1.8266E-05 cm/s 1.578183 cm/day 
Lateritic soil 2.37025E-05   2.047895 cm/day 
Áกณณ์     0.86 cm/day 

 

 
õćóñîüกทĊęǰข.2ǰHydrualic Conductivity of Sandy soil mixed with Cement (or Lime) 
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ตćøćงñîüกทĊęǰข.3ǰĒÿดงคŠćÿŠüนđบĊę÷งđบนöćตøฐćนขĂงกćøทดúĂง 

 

 

 

 

 

 

õćóñîüกทĊęǰข.3 Best Hydralic Konductivity 

 

 

 

 

 
 
 

 
  

S.D.
10% Rice hull ashes 10% 1.7E-17
5% Ashes 5% 0.107812
15% Cow dung 20% 0.310886

Lateritic soil 0.301949

ว́ด»
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ตćøćงñîüกทĊęǰข.4ǰđปøĊ÷บđทĊ÷บทĊęǰ10% ēด÷นĚĈĀนĆกขĂงüĆÿดčผÿö  
กรµฟท̧É 10% S.D. 

Rice hull ashes 0.092330186 cm/day 1.7E-17 
Ashes  0.426458209 cm/day 0.045351 
Cow dung 1.603769602 cm/day 2.72E-16 
Lateritic soil 2.047894646 cm/day 0.301949 

 
  

õćóñîüกทĊęǰข.4ǰHydraulic conductivity with 10 percentage by weigth 
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õćคñîüกǰค. 
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õćóñîüกทĊęǰค.1ǰดĉนúĎกøĆง õćóñîüกทĊęǰค.2ǰขĊĚđถćถŠćน 
  

õćóñîüกทĊęǰค.3ǰขĊĚđถćĒกúบ õćóñîüกทĊęǰค.4ǰöĎúüĆü 
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õćóñîüกทĊęǰค.5ǰคšĂนบดĂĆดดĉน õćóñîüกทĊęǰค.6ǰกøąบĂกทดúĂง 
  

õćóñîüกทĊęǰค.7ǰĒúปทดúĂง õćóñîüกทĊęǰค.8ǰกćøđกĘบคŠćตĆüĂ÷Šćง 
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õćóñîüกทĊęǰค.9ǰขĆĚนตĂนกćøชĆęงÿüนผÿö õćóñîüกทĊęǰค.10ǰขĆĚนตĂนกćøผÿö 
  

õćóñîüกทĊęǰค.11ǰขĆĚนตĂนกćøบøøจčดĉนđพČęĂทĈกćø
บดĂĆด 

õćóñîüกทĊęǰค.12ǰกćøบดĂĆดดĉน 
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õćóñîüกทĊęǰค.13ǰกćøปŗดปŗดกøąบĂกตĆüĂ÷Šćง õćóñîüกทĊęǰค.14ǰกćøทćซĉúĉēคนปŗดøĂ÷ตŠĂ 
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