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Abstract²7KLV VWXG\ LQYHVWLJDWHV WKH HIIHFW RI 

WZR LPSRUWDQW 

SDUDPHWHUVOHQJWK RI FXULQJ SHULRG DQG 

SHUFHQWDJH RI WKH DGGHG ELQGHU RQ WKH 

VWUHQJWK RI VRLO WUHDWHG ZLWK 23& $Q 

LQWHUPHGLDWH 

SODVWLFLW\VLOW\FOD\H\VRLOZLWKPHGLXPRUJDQLF

FRQWHQWZDVXVHGLQ 

WKLVVWXG\7KLVVRIWVRLOZDVWUHDWHGZLWKGLIIH

UHQWSHUFHQWDJHVRID 

FRPPHUFLDOO\DYDLODEOHFHPHQWW\SH1ODERUDWR

U\H[SHULPHQWV 

ZHUHFDUULHGRXWRQWKHVRLOWUHDWHGZLWKDQG2

3& 

E\WKHGU\ZHLJKWWRGHWHUPLQHWKHHIIHFWRI23&RQ

WKHFRPSDFWLRQ SDUDPHWHUV FRQVLVWHQF\ 

OLPLWV DQG WKH FRPSUHVVLYH VWUHQJWK 

8QFRQILQHG FRPSUHVVLYH VWUHQJWK8&6 WHVW ZDV 

FDUULHG RXW RQ FHPHQWWUHDWHG VSHFLPHQV 

DIWHU H[SRVLQJ WKHP WR GLIIHUHQW FXULQJ 

SHULRGVDQGGD\V7KHUHVXOWVRI8&6WHVWZHUH 

XVHG WR GHYHORS D QRQOLQHDU 

PXOWLUHJUHVVLRQ PRGHO WR ILQG WKH 

UHODWLRQVKLS EHWZHHQ WKH SUHGLFWHG DQG 

WKH PHDVXUHG PD[LPXP FRPSUHVVLYH VWUHQJWK RI 

WKHWUHDWHG VRLOTX7KH UHVXOWVLQGLFDWHG 

WKDW WKHUH ZDV D VLJQLILFDQW 

LPSURYHPHQWLQWKH LQGH[ RI SODVWLFLW\ 

,3E\WUHDWLQJZLWK23&,3ZDVGHFUHDVHGIURPWRE\ 

XVLQJRI23&WKLVSHUFHQWDJHZDVHQRXJKWRLQFUHD

VHWKH8&6 RI WKH WUHDWHG VRLO XS WR  N3D DIWHU  

GD\V RI FXULQJ :LWK 

UHVSHFWWRWKHVWDWLVWLFDOPRGHORIWKHSUHGL

FWHGTXWKHUHVXOWVVKRZHG WKDW WKH 

UHJUHVVLRQ FRHIILFLHQWV5 ZDV HTXDO WR  ZKLFK 

LQGLFDWHVDJRRGUHSURGXFLELOLW\IRUWKHFRQVW

UXFWHGPRGHO 

 

 Keywords²&HPHQWDGPL[WXUHVVRIWVRLO

 VWDELOLVDWLRQ 

JHRWHFKQLFDO SDUDPHWHUV XQFRQILQHG 

FRPSUHVVLYH VWUHQJWK PXOWL 

UHJUHVVLRQPRGHO 

8(WRWKHUDSLGGHYHORSPHQWRIXUEDQL]DWLRQW

KHUHLVD 

PRVWDFFHSWHGPHWKRGWRPLWLJDWHWKHXQZDQ

WHGVRLOSURSHUWLHV 

 

+0-DIHU3RVWJUDGXDWH5HVHDUFK6WXGHQW/LYHUSRRO-

RKQ0RRUHV 

8QLYHUVLW\6FKRRORIWKH%XLOW(QYLURQPHQW+HLVDOVRZ

LWKWKH'HSDUWPHQW 
RI&LYLO(QJLQHHULQJ)DFXOW\RI(QJLQHHULQJ8QLYHUVLW\RI

%DE\ORQ,UDTH 
PDLO+0-DIHU#OMPXDFXN 

.KDOLG6+DVKLPDQG$OL:$ODWWDELDUH3K'VWXGHQWLQ

WKH6FKRRORI 7KH%XLOW(QYLURQPHQW/LYHUSRRO-

RKQ0RRUHV8QLYHUVLW\8.7KH\DUHDOVR 

ZLWKWKH'HSDUWPHQWRI&LYLO(QJLQHHULQJ)DFXOW\RI(QJL

QHHULQJ8QLYHUVLW\ RI%DE\ORQ,UDT 

'U:$WKHUWRQ%(QJ+RQV3K')+($3URJUDPPH/HDGHULVZLWKW

KH 'HSDUWPHQWRI&LYLO(QJLQHHULQJ/LYHUSRRO-RKQ0RRUH 

V8QLYHUVLW\3HWHU 
-RVW(QWHUSULVH&HQWUH%\URP6WUHHW/LYHUSRRO/$)8. 

&HPHQW VWDELOLVDWLRQ LV WKH FODVVLFDO 

PHWKRG IRU FKHPLFDO VWDELOLVDWLRQ ZKLFK LV 

DWWULEXWHG WR WKH DJJORPHUDWLRQ DQG 

IORFFXODWLRQSKHQRPHQRQWDNHSODFHZLWKLQ

WKHVRLOVWUXFWXUH IRU ERWK RI VKRUW DQG 

ORQJ WHUP DORQJ ZLWK WKH K\GUDWLRQ 

UHDFWLYLW\KDSSHQVDPRQJWKHZDWHUFHPHQWD

QGVRLOSDUWLFOHV 7KH K\GUDWLRQ UHDFWLRQ 

SURGXFHV FHPHQWLWLRXV FRPSRXQGV ZKLFK DUH 

FDOOHG HLWKHU 

FDOFLXPVLOLFDWHK\GUDWHG&6+ RU 

FDOFLXPDOXPLQLXPK\GUDWHG&$+ GHSHQGDQW RQ 

WKH 

DYDLODEOHW\SHRISR]]RODQLFFRPSRXQGLQWKHW

UHDWHGVRLODQG 

WKHVHFHPHQWLWLRXVFRPSRXQGVDUHUHVSRQVL

EOHWRLPSURYHVRLO 

SURSHUWLHVDQGLQFUHDVHWKHVRLOVWUHQJWK

>@+RZHYHUFHPHQW VWDELOLVDWLRQ 

WHFKQLTXH LV YHU\ FRPSOH[ DQG LW FDQ EH 

LQIOXHQFHGE\VHYHUDODVSHFWVVXFKDVWKHH[L

VWHQFHRIIRUHLJQ PDWHULDOV VXFK DV WKH 

RUJDQLF PDWWHU WKH DPRXQW RI QDWXUDO 

PRLVWXUHZKLFKDIIHFWVWKHZDWHUFHPHQWUDW

LRWKHSHUFHQWDJH RI WKH FHPHQW DGGHG WR 

WKH VWDELOLVHG VRLO DQG WKH FXULQJ 

FRQGLWLRQ VXFK DV WKH GHJUHH RI 

WHPSHUDWXUH DQG WKH FXULQJ 

SHULRG>@7KHGHYHORSPHQWLQWKHVWUHQJWKRI

VWDELOLVHGVRLOLV 

GHSHQGDQWPDLQO\RQWKHSK\VLFDODQGFKHPLFD

OSURSHUWLHVRI 

WKHWUHDWHGVRLODQGWKHW\SHRILWVPLQHUDO

V7KHH[SHULPHQWDO ZRUNV FRQGXFWHG WR 

PHDVXUH WKH FRPSUHVVLYH VWUHQJWK RI 

FHPHQWVWDELOLVHGVRLOLVYHU\HVVHQWLDOWR

' 
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SUHGLFWWKHVLQVLWX 

VRLOVWUHQJWKDIWHUWUHDWLQJZLWKFHPHQW+R

ZHYHUWKHHIIHFWRI 

WKHFHPHQWW\SHRQWKHLPSURYHPHQWSURFHVVZ

DVLJQRUHGLQ 

7KLV SDSHU IRFXVHV RQ WKH LQYHVWLJDWLRQ 

RI JHRWHFKQLFDO SURSHUWLHV RI 

FHPHQWVWDELOLVHG VRIW VRLO ZLWK GLIIHUHQW 

SHUFHQWDJHVDQGRIWKHGU\ZHLJKWDQG FXUHG 

IRU GLIIHUHQW SHULRGV RI FXULQJ ZLWK VKRUW 

DQG ORQJ 

SHULRGVDQGGD\V$GGLWLRQDOO\WKLVSDSHU 

SUHVHQWVWKHGHYHORSPHQWRIDVWDWLVWLFDO 

PRGHOXVLQJPXOWL 

UHJUHVVLRQPRGHOOLQJWRHYDOXDWHWKHUHOD

WLRQVKLSEHWZHHQWKH PHDVXUHG DQG WKH 

SUHGLFWHG RI 8&6 YDOXH XVLQJ 6366 SURJUDP 7KH 

HIIHFW RI 23& WUHDWPHQW RQ WKH FRQVLVWHQF\ 

OLPLWVDQGWKHFRPSDFWLRQSDUDPHWHUVRIWKH

VWDELOLVHGVRLOLQ 

WKLVVWXG\ZHUHDOVRLQYHVWLJDWHG 

,,0$7(5,$/6 

A.Soil Sample  

7KHWUHDWHGVRLOZDVH[SRUWHGIURPWKHEDQN

RIWKH5LYHU 

$OWZKLFKLVORFDWHGLQ+LJKWRZQWRWKHQRUWK

RI/LYHUSRROLQ WKH 8. 7KLV W\SH RI VRLO FRYHUV 

D YHU\ ODUJH DUHD RI WKH 

+LJKWRZQDVZHOODVWKHFRDVWDODUHDRIWKHUL

YHUZKLFKFDQEH 

XVHGDVIXOOPDWHULDOVLQGLIIHUHQWFRQVWUXF

WLRQSURMHFWV)LJ 

VKRZVWKHPDSVRI/LYHUSRRODQGWKHFRUUHVSRQ

GLQJVLWHZKHUH 

WKHVRLOVDPSOHVXVHGLQWKLVVWXG\ZHUHH[WU

DFWHG 

7DEOH,LOOXVWUDWHVWKHPDLQSK\VLFDODQGF

KHPLFDORIWKHVRIW 

VRLOXVHGLQWKLVVWXG\,WFDQEHVHHQWKDWWK

HVRLOLVFRPSRVHG 

IURPVDQGVLOWDQGFOD\/LTXLGOLPLW 

//DQG,3ZHUHPHDVXUHGDQGWKH\ZHUHIRXQGWREH

HTXDOWR  DQG  UHVSHFWLYHO\ )URP YDOXHV RI 

WKH SDUDPHWHUV LOOXVWUDWHG LQ 7DEOH , DQG 

DFFRUGLQJ WR WKH 8QLILHG 6RLO 

&ODVVLILFDWLRQ6\VWHP86&6WKHVRIWVRLOXVHG

LQWKLVVWXG\ 

LVDQLQWHUPHGLDWHSODVWLFLW\VLOW\FOD\ZLW

KVDQG&, 

 

)LJ6DWHOOLWHLPDJHVRIWKHVLWHRIH[WUDFWLRQRI

WKHVRIWVRLOXVHGLQ 

WKHVWXG\ 

 
7$%/(, 

0$,13+<6,&$/$1'(1*,1((5,1*3523(57,(62)7+(62)762,/ 

3URSHUW\ 9DOXH 

1DWXUDO0RLVWXUH&RQWHQW  

//  

3ODVWLFLW\,QGH[3,  

6DQG  

6LOW  

&OD\  

0D[LPXP'U\'HQVLW\0''JFP  

2SWLPXPPRLVWXUHFRQWHQW20&  

S+  

2UJDQLF0DWWHU&RQWHQW  

8QFRQILQHG&RPSUHVVLYH6WUHQJWKIRU 

8QGLVWXUEHG6RLOTXN3D 
 

JFP JUDPFXELFFHQWLPHWHUN3D NLORSDVFDO 

B.OPC  

7KH23&XVHGLQWKLVVWXG\ZDVDFRPPHUFLDOO\DY

DLODEOH FHPHQW W\SH &(0,,$// 1 DQG LW ZDV 

EURXJKW IURP 

&HPH[4XDOLW\'HSDUWPHQW:DUZLFNVKLUH8.)LJVK

RZV WKH SDUWLFOH VL]H GLVWULEXWLRQ FXUYH 

RI WKH 23& XVHG LQ WKLV VWXG\ ZKLFK ZDV 

REWDLQHG IURP XVLQJ WKH ODVHU SDUWLFOH 

DQDO\VHU7KHPDMRUR[LGHVRIWKHXVHG23&DUHO

LVWHGLQ7DEOH 

,,ZKLFKZHUHPHDVXUHGE\FRQGXFWLQJWKH;5D\)OR

UHVFHQFH 

6SHFWURPHWU\WHVW;5) 
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)LJ3DUWLFOHVL]HGLVWULEXWLRQFXUYHRIWKHFHPH

QWXVHGLQWKLVVWXG\ 

 

)URP)LJLWFDQEHVHHQWKDWWKHSDUWLFOHVRI

WKH23& 

XVHGLQWKLVVWXG\DUHUDQJLQJEHWZHHQDQGDSS

UR[LPDWHO\  PLFURPHWUHV ZKLFK ZRXOG 

HQKDQFH WKH SR]]RODQLF 

 
7$%/(,, 

0$,12;,'(6,17+(23&86(',17+(678'< 

 2[LGH6\PERO &D2 6L2 $O2 )H2 0J2 62 

3HUFHQWDJH       

C.Statistical Program  

$ PXOWL UHJUHVVLRQ IXQFWLRQDO RI WKH 

VWDWLVWLFDO SURJUDP 

6366ZDVXVHGLQWKLVVWXG\7KHUHVXOWVRI8&6W

HVWZDV XWLOLVHG LQ WKLV SURJUDP WR ILQG D 

UHODWLRQVKLS EHWZHHQ WKH PHDVXUHG DQG 

SUHGLFWHG TX RI WKH VRLO WUHDWHG ZLWK 

GLIIHUHQW SHUFHQWDJHV RI 23& DQG H[SRVHG 

WRGLIIHUHQW FXULQJSHULRG 

6366ZDVXVHGWRGHYHORSDQHZVWDWLVWLFDOPR

GHOWRHYDOXDWH 8&6 GHSHQGDQW RQ WZR 

IDFWRUVSHUFHQWDJH RI WKH DGGHG 

FHPHQWDQGWKHOHQJWKRIFXULQJSHULRG 

,,, (;3(5,0(17$/:25.6 

A.Methodology  

$IWHUWKHLGHQWLILFDWLRQRIWKHPDWHULDOV

XVHGLQWKLVVWXG\ 

VRLOVDPSOHVZHUHDLUGULHGWKHQSXOYHULVHG

WRVPDOOSDUWLFOHV XVLQJ ZRRGHQ KDPPHU WR 

EH UHDG\ IRU H[SHULPHQWDO ZRUNV 

7KH LQYHVWLJDWHG JHRWHFKQLFDO 

SDUDPHWHUV RI WKH FHPHQW 

VWDELOLVHGVRLOXVHGLQWKLVVWXG\ZHUHFRPSD

FWLRQSDUDPHWHUV 

7KHVSHFLPHQVRI8&6WHVWZHUHSUHSDUHGE\SUH

VVLQJWKH VRLOFHPHQW SDVWH LQ IL[HG YROXPH 

PRXOG XVLQJ PDQXDO 

K\GUDXOLFMDFNWRSURGXFHVSHFLPHQVZLWKVWD

QGDUGGLPHQVLRQ 

PPLQGLDPHWHUDQGPPLQKHLJKWDVVKRZQLQ)LJ 

7KHQ WKH VSHFLPHQV ZHUH ODEHOOHG DQG 

ZUDSSHG ZLWK FOLQJ 

ILOPWKHQVWRUHGLQKXPLGLW\FDELQHWIRUFXUL

QJXQGHU�R& 

LQWHPSHUDWXUHDQGKXPLGLW\8&6WHVWZDVFRQ

GXFWHG XVLQJ D WULD[LDO WHVWLQJ PDFKLQH E\ 

PDLQWDLQLQJ WKH ODWHUDO SUHVVXUH WR EH 

HTXDO WR ]HUR DQG LQ DFFRUGDQFH WR %ULWLVK 

)LJ3UHSDULQJRI8&6WHVWVSHFLPHQV 

,95(68/76$1'',6&866,21 

A.Results of Experimental Works  

7KH HIIHFW RI FHPHQW VWDELOLVDWLRQ RQ WKH 

FRPSDFWLRQ 

SDUDPHWHUVRIWKHVRLOWUHDWHGLQWKLVVWXG

\LVVKRZQLQ)LJ 

,WFDQEHVHHQWKDWWKH0''GHFUHDVHGDQGWKH20

&LQFUHDVHG 

ZLWKWKHLQFUHDVHRIWKHDPRXQWRIWKHDGGHGF

HPHQWWRWKH VRLO 7KLV LV DWWULEXWHG WR 

WKH IORFFXODWLRQ DQG WKH 

DJJORPHUDWLRQWRRNSODFHEHWZHHQFOD\SDUWL

FOHVLQWKHVRLODQG FHPHQW )LJ  VKRZV WKH 

UHODWLRQVKLS EHWZHHQ WKH DGGHG 

SHUFHQWDJHRI23&DQGWKHFRQVLVWHQF\OLPLWVR

IWKHVWDELOLVHG 

VRLO,WFDQEHVHHQWKDWWKHYDOXHRI//LQFUHDV

HGILVWZLWK 

UHVXOWVRI8&6WHVWLQGLFDWHGWKDWVRLOVW

UHQJWKZDVLPSURYHG 

VLJQLILFDQWO\HVSHFLDOO\IRUWKH23&SHUFHQWD

JHVEH\RQG 

+RZHYHUQRVLJQLILFDQWLPSURYHPHQWLQ8&6ZHU

HREVHUYHG 

IRUFXULQJSHULRGORQJHUWKDQGD\VIRUDOOSHUFH

QWDJHVRI 

23&2YHUDOOWKH8&6RIWKHVRIWVRLOXVHGLQWKL

VVWXG\ZDV LPSURYHG VLJQLILFDQWO\ ZLWK WKH 

FHPHQW WUHDWPHQW ZKHQ LW 

LQFUHDVHGIURPN3DIRUXQWUHDWHGVRLOWRN3DZ

LWKWKH 

XVHRI23&DQGDIWHUGD\VRIFXULQJ 

H[SHULPHQWDO ZRUN 7KLV PRGHO KDV EHHQ 

GHYHORSHG XVLQJ PXOWLSOH UHJUHVVLRQ 

WHFKQLTXH 7KH ODWWHU FDQ EH GHILQHG DV 

SDFN RI WHFKQLTXHV WKDW KHOSV WR GHYHORS D 

UHODWLRQVKLS EHWZHHQ D GHSHQGHQW 

YDULDEOH ZLWK VHW RI LQGHSHQGHQW 

YDULDEOHV >@ ,Q IDFW PXOWLSOH UHJUHVVLRQ 

WHFKQLTXH LV QRW 

DSSOLFDEOHIRUVPDOOVHWVRIGDWDDQGWKHUHP

RUHWKDQRQHNH\ DVVXPSWLRQ PXVW EH FKHFN 

EHIRUH SHUIRUPLQJ WKLV WHFKQLTXH 
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ZKHUH>@UHFRPPHQGHGWKHIROORZLQJIRUPXODW

RFDOFXODWH 

WKHPLQLPXPUHTXLUHGGDWDVL]H 

 

)LQDOO\WKHFRQWULEXWLRQRIHDFKLQGHSHQGH

QWYDULDEOHWRWKH FRQVWUXFWHG PRGHO KDV 

EHHQ LQYHVWLJDWHG E\ FDOFXODWLQJ LWV 

VWDWLVWLFDO VLJQLILFDQWSig. DQG Beta YDOXH 

7KH WHUP Sig.  

LQGLFDWHVZKHWKHUWKHVWXGLHGLQGHSHQGHQ

WYDULDEOHFRQWULEXWHV 

WRWKHPRGHORUQRWDQ\LQGHSHQGHQWYDULDEO

HZLWKSig. YDOXH 

PRUHWKDQZLOOQRWFRQWULEXWHWRWKHPRGHOE

XWLWSOD\DQ 

LPSRUWDQWUROHLQWKHSUHGLFWLRQSURFHVVZK

HQLWVSig.YDOXHLV OHVV WKDQ  >@ :KLOH Beta 

YDOXH LQGLFDWHV WKH UHODWLYH LPSRUWDQFH 

RI HDFK LQGHSHQGHQW YDULDEOH ZLWKLQ WKH 

FRQVWUXFWHG PRGHO WKH KLJKHU WKH Beta 

YDOXH WKH KLJKHU 

UHODWLYHLPSRUWDQFH>@$FFRUGLQJWRWKHUHV

XOWVRI7DEOH,,, DOO WKH VWXGLHG SDUDPHWHUV 

VLJQLILFDQWO\ FRQWULEXWH WR WKH 

FRQVWUXFWHGPRGHODVWKHLUSig. 

YDOXHVDUHOHVVWKDQ$W WKH VDPH WLPH LW 

FDQ EH VHHQ WKDW WKH 23&LQGHSHQGHQW 

YDULDEOHSOD\VWKHPRVWLPSRUWDQWUROHLQWK

HPRGHODVLWVBeta 

YDOXH LV DERXW WKUHH WLPHV WKDW RI DJH )LJ  

VKRZV KLJK 

 

)LJ([SHULPHQWDO8&6YV3UHGLFWHG8&6 

9&21&/86,216 

7KLVVWXG\HYDOXDWHVWKHJHRWHFKQLFDOSDUD

PHWHUVRIFHPHQW 

VWDELOLVHGVRIWVRLOWKURXJKFRQGXFWLQJWK

HH[SHULPHQWDOZRUNV IRU FRPSDFWLRQ 

SDUDPHWHUV FRQVLVWHQF\ OLPLWV DQG 8&6 

$GGLWLRQDOO\WKLVSDSHUSURYLGHVDVWDWLVW

LFDOPRGHOWRSUHGLFW WKH FRPSUHVVLYH 

VWUHQJWK RI WKH VWDELOLVHG VRLO IRU 

GLIIHUHQW 

SHUFHQWDJHVRI23&DQGOHQJWKVRIFXULQJSHULR

GGHSHQGDQWRQ WKH PHDVXUHG GDWD IURP WKH 

H[SHULPHQWV $FFRUGLQJ WR WKH 

ILQGLQJVRIWKLVUHVHDUFKVWXG\WKHIROORZLQJ

FRQFOXVLRQVFDQ EHGUDZQ 

x 7KH UHVXOWV RI FRPSDFWLRQ WHVW LQGLFDWHG 

WKDW 0'' 

GHFUHDVHGZLWKLQFUHDVHRIWKHDGGHGSHUF

HQWDJHRI23& 

 2QWKHRWKHUKDQGWKH20&LQFUHDVHGZLWKWK

HLQFUHDVH 

RI23&GXHWRWKHLQFUHDVHRIZDWHUGHPDQGIRUF

HPHQW K\GUDWLRQ 

x &HPHQWVWDELOLVDWLRQZDVIRXQGYHU\HIIHFWL

YHWRLPSURYH 

$WWHUEHUJOLPLWVRI+LJKWRZQ¶VVRIWVRLO%RW

KRI//DQG 3/ LQFUHDVHG ZLWK LQFUHDVH RI 23& 

EXW WKH LQFUHPHQWV RFFXUUHG LQ // ZHUH 

OHVV WKDQ WKRVH IRU 3/ WKXV WKH YDOXHV RI ,3 

GHFUHDVHG ZKLFK OHDG WR HQKDQFH WKH VRLO 

VWUHQJWK DJDLQVW WKH VWUHVVHV RI 

VZHOOLQJ DQG VKULQNDJH 

2YHUDOO,3ZDVGHFUHDVHGIURPWRE\XVLQJ 23& 

x 7KHUHVXOWVRI8&6WHVWLQGLFDWHGDQLQFUHD

VHLQWKHVRLO 

VWUHQJWKZLWKFRQWLQXRXVLQFUHDVHLQ23&D

VZHOODVLQWKH 

LQFUHDVHRIFXULQJWLPH$GGLWLRQDOO\WKHUHV

XOWVRI8&6 

WHVWUHYHDOHGWKDWWKHUHZDVFOHDUGHYHO

RSPHQWLQWKHVRLO 

VWUHQJWKEH\RQGRI23&+RZHYHUWKHPRVWRIWKH 

GHYHORSPHQWV JDLQHG LQ VRLO VWUHQJWK 

ZHUH DFKLHYHG 

EHWZHHQDQGGD\VRIFXULQJ 

x :LWK UHVSHFW WKH HDUO\ DJH VWUHQJWK DQG  

GD\V WKH UHVXOWV LQGLFDWHG WKDW 

VLJQLILFDQW LPSURYHPHQW ZDV 

DFKLHYHGIRUVRLOWUHDWHGZLWKDQGDERYHRI2

3& 

x 7KH FRQVWUXFWHG PRGHO VKRZHG D YHU\ JRRG 

UHSURGXFLELOLW\ ZLWK 5 RI  ,Q DGGLWLRQ WKH 

FRPSDULVRQ EHWZHHQ WKH SUHGLFWHG DQG WKH 

H[SHULPHQWDO UHVXOWV LQGLFDWHG WKDW 

WKH FRQVWUXFWHG PRGHO FDQ EH 

UHDVRQDEO\DSSOLHGWRH[SODLQWKHLQIOXHQFH

VRIWKH23& 

DQGWKHOHQJWKRIFXULQJSHULRGRQWKH8&6ZKLF

KLQWXUQ HQDEOHV WKH XVHUV WR GHVLJQ QHZ 

PL[WXUHV XVLQJ WKH 

PHQWLRQHG PDWHULDOV ZLWKRXW WKH QHHG 

IRU H[SHULPHQWDO ZRUN 

$&.12:/('*0(17 

7KHILUVWFRUUHVSRQGLQJVHFRQGDQGIRXUWKD

XWKRUVZRXOG 

OLNHWRH[SUHVVWKHLUDFNQRZOHGJPHQWWRWKH

,UDTLPLQLVWU\RI KLJK HGXFDWLRQ DQG 

VFLHQWLILF UHVHDUFK WKH 8QLYHUVLW\ RI 

%DE\ORQ  FROOHJH RI HQJLQHHULQJ%DE\ORQ ± ,UDT 

DQG WKH 

8QLYHUVLW\RI:DVLW)DFXOW\RIHQJLQHHULQJ:DVLW

,UDTIRU WKH ILQDQFLDO VXSSRUW IRU WKLV VWXG\ 

$OVR WKH ILUVW DXWKRU ZRXOG OLNH WR 

H[SUHVV KLV GHHS JUDWLWXGH WR WKH WKLUG 

DXWKRU 

'U:LOOLDP$WKHUWRQIRUKLVVXSHUYLVLRQDQGVX

SSRUWIRUWKLV 

Journal of Functional Materials
ISSN: 1001-9731

Volume 31 | Issue 3 | Year 2024
https://journaloffunctionalmaterials.com/

© 2024 Journal of Functional Materials. All Rights Reserved. Page 30



ZRUN 

5()(5(1&(6 

 6DULRVVHLUL)

 0XKXQWKDQ%(IIHFWRI&HPHQW7UHDWPHQWRQ 

*HRWHFKQLFDO3URSHUWLHVRI6RPH:DVKLQJWRQ6WDWH6RL

OVEngineering  
Geology  

 0RGDUUHV$DQG1RVRXG\<0&OD\6WDELOLVDWLRQ8VLQJ&RDO 

:DVWHDQG/LPH±7HFKQLFDODQG(QYLURQPHQWDO,PSDFWAppli

ed Clay ScienceSS 

 -DIHU+0$WKHUWRQ:5XGGRFN)0 /RIILO($VVHVVLQJ 

WKH3RWHQWLDORID:DVWH0DWHULDOIRU&HPHQW5HSODFHP

HQWDQGWKH 

(IIHFWRI,WV)LQHQQHVLQ6RIW6RLO6WDELOLVDWLRQ,QWHUQ

DWLRQDO-RXUQDORI (QYLURQPHQWDO &KHPLFDO 

(FRORJLFDO *HRORJLFDO DQG *HRSK\VLFDO (QJLQHHULQJ 

 -DXEHUWKLH 5 5HQGHOO ) 5DQJHDUG ' DQG 0ROH] /  

6WDELOLVDWLRQRIHVWXDULQHVLOWZLWKOLPHDQGRUFHP

HQW$SSOLHG&OD\ 6FLHQFH 

 )DURXN$DQG6KDKLHQ00*URXQGLPSURYHPHQWXVLQJVRLO± 
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