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ABSTRACT 

Roller Compacted Concrete is one of the important developments in the field of 
concrete technology that emerged during the last quarter of the last century. It is a 
concrete of non slump concrete placed using asphalt paving machines or bulldozers and 
compacted roller by vibrators or rollers with rubber wheel on successive layers. The 
layers thickness ranges from 300 to 900 mm in concrete mass dams structures and 
between 150 to 250 mm in paving concrete of heavy operating and roads. The saving in 
save cost is between 15-30% compared with conventional concrete and traditional 
placement methods. 

Despite of all the developments in the field of roller compacted concrete its 
applications are limited in Arab world in general and Libya in particular. Like the 
developments of any other technology, this encourages the application of this concrete 
using local materials, and in order to achieve the desired objectives of this research, a 
laboratory study was conducted intending to make of concrete mixtures by using low 
cement concrete following the theory of soil compaction concept plus grinded powder 
residual of brick as an alternative of the fine materials with different proportions, due to 
the availability of these residuals which makes it necessary to study, and the possibility 
to take its advantage of improving the compressive strength and density properties of 
concrete from one hand and minimize the environmental damage resulting from the 
other hand. 

The study concluded with a number of proposals and recommendations, the most 
important was to encourage the relevant authorities to take advantage of the features 
exibited by this technique in some local applications like mass constructions and paving 
as well as focusing on the follow-up laboratory and site study of the local materials and 
their impact on the properties of these concretes.  
 

˜ƒÜ¾a˜ƒÜ¾a˜ƒÜ¾a˜ƒÜ¾a@ @@ @@ @@ @
pba‹�bi@ ò×ìß‡¾a@ òãb‹©a Roller Compacted Concrete)(@@paŠìnÛa@ ô‡yg@ ïç

ïšb¾a@æ‹ÔÛa@åß@?‚þa@Éi‹Ûa@Þý‚@pŒ‹i@EÛa@òãb‹©a@òîäÔm@Þbª@À@òßb�aN@@åß@ÊìäÛa@a‰ç
òãb‹©a@@òînÜÐa@ òãb‹©a@Ñ–Š@ òÛe@âa‡ƒnbi@•‹Ðm@âaìÔÛa@ òÏbu@éj’@òãb‹‚@åÇ@ñŠbjÇ

ÜÇ@ òî b¾a@ pývÈÛa@ ëˆ@‘a‹�a@ ëc@ Œa�a@‘a‹�a@ òaìi@ Ùß‡mëó@@ëa[í@ òîÛbnnß@ pbÔj 
µi@ bèØ^ 300 @¶g900 µië@†ë‡Ûb×@òîÜnØÛa@ òãb‹©a@pf“äß@À@áß 150 ¶g 250 @À@áß

Ñ–Š@ òãb‹‚@Ö‹Ûaë@ ÝîÔrÛa@ ÝîÌ“nÛa@ paˆ@ ÉÓaì¾aN@@ Œbn¸ÊìäÛa@ a‰ç @òí‡îÜÔnÛa@ òãb‹©a@ åÇ
µibß@ bèÐîÛbØm@fbÐ¯bi 15 ¶g@30% [2] òãŠbÔß@i¶g@ òÏbšbi@ ð‡îÜÔnÛa@ lìÜþb@@òÇ‹
‰îÐänÛa@òÛìèë@Œb−üaN@ÜÇó@paŠìnÛa@Ý×@åß@áË‹Ûa@EÛa@@ò×ìß‡¾a@òãb‹©a@Þbª@À@oÜ—y

@ æbÏ@ pba‹�biÜÇ@ ïi‹ÈÛa@ å ìÛa@ À@ ñ†ë‡«@ bèÔîjm@ pübªó@ÜÇ@ bîjîÛë@ âìàÈÛa@ éuëó@@éuë
@ ô‹‚þa@ òîäÔnÛa@ paŠìnÛa@ æd’@ bèãd’@™ì—©að‰Ûa@ ‹ßþa@ð‡y@@ sybjÛbiÜÇó@@À@ Ša‹ànüa
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òãb‹©a@ê‰ç@Õîjm@òaŠ† òîÜra@†aì¾a@âa‡ƒnbiN@@Òa‡çþa@ÕîÔznÛëñìu‹¾a@@szjÛa@a‰ç@åß
pbÜ‚@ ‰îÐäm@ bèäß@Ò‡�a@ æb×@ òîÜàÈß@ òaŠ†@ õa‹ug@u @ ôìn«@paˆEä^g@@Êbjmhi@Ðƒäß

òàÇbäÛa@ †aìàÜÛ@ Ýí‡j×@ ‹uþa@ pbÐÜ¬@ Öìzß@ bèîÛg@ bÏb›ß@ òi[Ûa@ Ùß†@ áîçbÐß@ òí‹Äã@I@paˆ
‹ÔÛa åß@ÝÓa 0.125 áßH@@bènaŠ†@án±@ b¿@ñ‹rØi@pbÐÜƒ¾a@ ê‰ç@ ‹ÏìnÛ@ÙÛˆë@ òÐÜn¬@käi

@ òîãbØßgëñ†bÐnüa@@åß@ ÝîÜÔnÛaë@ òèu@ åß@ òãb‹ƒÜÛ@ òÏbrØÛaë@ òßëbÔ¾a@Eî–b‚@µ¥@À@ bèäß
ô‹‚c@òèu@åß@bèäÇ@ò¤bäÛa@òî÷îjÛa@Ša‹šþaN@ @

¶g@ òaŠ‡Ûa@o—Ü‚@‡Óë@@ Éîv“m@ bèàçc@åß@æb×@pbî–ìnÛaë@pby[Ô¾a@åß@ òÜ»@pbè§a
@òîÜra@ pbÔîjnÛa@ Èi@ À@ òîäÔnÛa@ ê‰ç@ bèi@ Énànm@ EÛa@ paîà¾a@ åß@ ñ†bÐnýÛ@ òÓýÈÛa@ paˆ

ÜÇ@î×[Ûa@ÙÛ‰×ë@Ñ–‹Ûa@ÞbàÇcë@ òîÜnØÛa@pf“ä¾b×ó@@óÜÇ@ bç?qdmë@ òîÜra@†aì¾a@ òaŠ†@ òÈibnß
bîÜÔyë@bîÜàÈß@òãb‹©a@ê‰ç@™aì‚N 

  
òîybnÐ¾a@pbàÜØÛaòîybnÐ¾a@pbàÜØÛaòîybnÐ¾a@pbàÜØÛaòîybnÐ¾a@pbàÜØÛaZZZZ@@ò×ìß‡¾a@òãb‹©apba‹�bi@[‹uþa@pbÐÜ¬@Öìzß@[òîãüëŒìi@†aìß@ @

  

òß‡Ô¾aòß‡Ô¾aòß‡Ô¾aòß‡Ô¾a@ @@ @@ @@ @
pba‹�bi@ò×ìß‡¾a@òãb‹©a  (Roller Compacted Concrete))RCC (@paˆ@òãb‹‚@ïç

ë@ Òbu@ éj’@ âaìÓbèäØÛ@ òí‡îÜÔnÛa@ òãb‹©a@ pbãìØß@Ðäi@@sîy@ åß@ òí‡îÜÔnÛa@ òãb‹©a@ Ýqb¸
bèäÇ@ÑÜn¦@ bèãg@üg@ @ bèmbãìØß@òjäÛbi@âa‡ƒnü@@ òàÇbäÛa@ †aì¾aIoä^a@Òý‚@HÝ—m@EÛaë 

¶g@‹r×c@åß@20 %Œ�íë@Òýn‚üa@@âa‡ƒnbi@òãb‹©a@ê‰ç@•‹Ðm@sîy@‰îÐänÛa@òÔí‹ @À@b›íc
@òî b¾a@pývÈÛa@ëˆ@‘a‹�a@ëc@Œa�a@‘a‹�a@òaìi@Ùß‡më@Òa‹�a@ëc@oÜÐa@@Ñ–Š@òÛe

åß@bèäß@Ý×@Ù^@ëa[í@pbÔj @óÜÇ  300¶g  900@bß@ëa[íë@òîÜnØÛa@†ë‡Ûa@òãb‹‚@À@áß
µi  150¶g 300 Ö‹Ûaë@ÝîÔrÛa@ÝîÌ“nÛa@paˆ@ÉÓaì¾a@Ñ–Š@òãb‹‚@À@áßN@@Ñí‹Èm@Úbäç@îÛ

@ Ñí‹ÈnÛa@ ÑÜn²@ oîy@ pba‹�bi@ ò×ìß‡¾a@ òãb‹ƒÜÛ@ †‡«Òýn‚bi@òÏ‹È¾a@ òè§a@@‡èÈ¾bÏ
òãb‹ƒÜÛ@ ïØí‹ßþa )ACI( ‹í‹Ôm@ À )116R-90( @òaìi@ ò×ìß‡¾a@ òãb‹©a@ bèãc@ ïÜÇ@ bèÏ‹Èí

@‡äÇ@‘a‹�a@æŒë@Ýà¥@ïÜÇ@ñŠ†bÓ@æìØm@æc@k°@ñ‡Ü—n¾a@?Ë@bènÛby@À@òãb‹©a@ê‰çë@‘a‹�a
‡Ûa@òîÜàÈi@òßbîÓLÙß@òîã‹ÐÛa@tb¢þa@ò÷îç@bàäîiL )Ba Ca Ra( @Ò‡�a@òãb‹‚@bèãdi@ bènÏ‹Ç

@òîÜàÇë@Lñ?jØÛa@òîÜnØÛa@pf“ä¾a@õb“ãg@bèäß@ÞbàÇc@À@òß‡ƒn¾a@püa@âa‡ƒnbi@æìØm@bènÛëbäß
†‹Ûa@ÞbàÇcë@Ö‹Ûa@â[3]. 

  

òaŠ‡Ûa@Òa‡çcòaŠ‡Ûa@Òa‡çcòaŠ‡Ûa@Òa‡çcòaŠ‡Ûa@Òa‡çc@ @@ @@ @@ @
ê‰îÐäm@c‡i@ÝßbØnß@wßbã‹i@åß@aõu@òaŠ‡Ûa@ê‰ç@�nÈm@bîjîÛ@À@@òîjîÜÛa@òybÛa@ôìnß@óÜÇ

@†aì¾a@âa‡ƒnbi@†ë‡Ûa@Þbª@À@bèmbÔîjmë@pba‹�bi@ò×ìß‡¾a@òãb‹©a@™aì‚@óÜÇ@Ò‹ÈnÜÛ
òèu@åß@òîÜra ]1،2،4،5[ @‹íìm@À@ïib°g@?qdm@åß@òîã‡È¾a@pbÏbšÛ@b¾@a‹Äã@ô‹‚c@òèu@åßë

@ òàÇbäÛa@ †aì¾a@˜Ôã@íìÈni@ òãb‹©a@ ê‰çò¤bäÛa@@ òÜÓ@åÇ@ûîànÛa@ ñŠa‹y@À@Ð‚ë@oä^a
ë�îj¨a@Þb—Ðãüa@òßëbÔß@ë@ÙÛˆë@ LòÐÜØnÛa@ÝîÜÔmë@òãbn¾a@µ¥âa‡ƒnbi@‹ua@lì @Öìzß 
)Burnt Clay( ¶g@Òb›m@òîãüëŒìi@†aìà×@pba‹�bi@ò×ìß‡¾a@òîãb‹©a@pbÜ©a@@b–ì—‚ëæg@

a‰ç@Öìz¾a@@oä^üa@†ìuë@À@òia‹Ûa@ñ†b¾a@™aì‚@b�@EÛaë@òîãüëŒìjÛa@†aì¾a@™aì£@Énàní
@ïöbîàîØÛa@ÝîÜznÛa@ojqa@sîy@õb¾aëæg@@ê‰ç@À@ñ‹Ïìn¾a@‡îb×üa@òjãñ†b¾a@@òÐ–aì¾a@pbjÜn·@ïÐm

òîØí‹ßþa  [6] [ASTM]ˆa@pòÓýÈÛa@òÏbšbi@¶g@æc@@òÔib@pbaŠ†@åß@bèîÜÇ@Ý—zn¾a@wöbnäÛa
@òÈv“ß@oãb×]7،8[ @ÕÜä¾a@a‰ç@åßëäà›nmo@òîÛbnÛa@ÂbÔäÛa@òaŠ‡Ûa@ê‰ç@Òa‡çcZ 
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• @lì @pbÐÜ¬@åß@˜ÜƒnÛa‹ua@ô‹‚c@ñ‹ß@õbäjÛa@†aìß@ñŠë‡Û@b�b‚†g@Õí‹ @åÇ. 

• @ Ýí‡j×@ ‹ua@Öìzß@ òÏbšhi@ÙÛˆë@pba‹�bi@ ò×ìß‡¾a@ òãb‹©a@™aì‚@µ¥@ïöu
òàÇbäÛa@†aìàÜÛN 

• @æë†@ òÛìÜî¨aë@ ‹ua@ lì @ pbÐÛb¬@ åß@ ñ†bÐnüa@ òîãbØßhi@ òÓýÈÛa@ paˆ@ pbè§a@ éîjäm
ÜÇ@òjm[¾a@òî÷îjÛa@Ša‹šþaë@òí‡îÜÔnÛa@Ö‹Ûbi@bèäß@˜ÜƒnÛaó@ÙÛˆN 

• i@pbãbîi@ñ‡ÇbÓ@ÝàÇÞb�a@a‰ç@À@òîÜjÔn¾a@òîÜàÈÛa@tb¢ÿÛ@ÕÜäß@õbäjN 
• ¾a@òîãb‹©bi@Ñí‹ÈnÛabèäß@ñ†bÐnüa@òîãbØß@ÙÛˆë@bèmbÔîjmë@pba‹�bi@ò×ìß‡N 
• @À@òîi‹ÈÛa@Éua‹¾a@òÜÔÛ@ÙÛˆë@pba‹�bi@ò×ìß‡¾a@òãb‹©bi@ánèí@òîi‹ÈÛa@òÌÜÛbi@Éu‹ß@ÝàÇ

Éîšaì¾a@ê‰ç@ÝrßN 
  

ïÜàÈÛa@wßbã�ÛaïÜàÈÛa@wßbã�ÛaïÜàÈÛa@wßbã�ÛaïÜàÈÛa@wßbã�Ûa@ @@ @@ @@ @
@òaŠ‡Ûa@ê‰ç@Òa‡çc@ÕîÔznÛÜÇ@ïÜàÈÛa@wßbã�Ûa@åà›mó@@åß@paì‚@ñ‡ÇbèàçcZ@ @

• @lì @pbÐÜ¬@lývna@‹uabèäz ë@@bèÜíì¥ëïÛg@òàÇbã@†aìßN@ 
• õa‹ug@òîãb‹©a@òÜ©a@À@òÜ‚a‡Ûa@†aìàÜÛ@òîÜàÈ¾a@paŠbjn‚üaN  
• õa‹ug@ò×ë‡ß@òîãb‹‚@pbÜ‚ êŒa�a@òÓ‹¾aŒbèu@âa‡ƒnbi )Vibration Hammer(.  
• õa‹ug@ÜÇ@lŠb¤ó@@òj ‹Ûaë@ òÏb§a@ òÏbrØÛa@ ‡í‡znÛ@ òjÜ—n¾a@ bènÛby@À@òîãb‹©a@pbäîÈÛa

@?qdm@ð‡ßë@™b—nßüa@òjãë@ÁÌ›Ûa@òßëbÔßëòÏbšg@@Öìzß‹ua@ÜÇó@ê‰ç@@™aì©a 
@u@bîÜàÈßõa‹ug@@@@@@@†aìàÜÛ@òîØîãbØî¾aë@òîöbíîÐÛa@™aì©a@‡í‡znÛ@lŠb¤@ñ‡Ç

@@ba‹�bi@ò×ìß‡¾a@òãb‹©a@åíìØm@À@òÜ‚a‡Ûa@p@wöbnã@oãb×ëê‰ç@@òÔibß@paŠbjn‚üa
@òîãbí�Ûa@pbÐ–aìàÜÛ )BS-1377( @ÝØ“Ûa@|šìíë )1( @@@@âb×‹ÜÛ@ïÜƒä¾a@ÝîÜznÛa@wöbnã
ÝØ“Ûa@|šìí@bà×@å“©a )2( @áÇbäÛa@âb×‹ÜÛ@ïÜƒä¾a@ÝîÜznÛa@wöbnã@ @

Ø’Ø’Ø’Ø’ÝÝÝÝ1 : å“©a@âb×‹ÜÛ@ÁîÜ©a@òäîÈÛ@�îj¨a@xŠ‡nÛa@óäzäßå“©a@âb×‹ÜÛ@ÁîÜ©a@òäîÈÛ@�îj¨a@xŠ‡nÛa@óäzäßå“©a@âb×‹ÜÛ@ÁîÜ©a@òäîÈÛ@�îj¨a@xŠ‡nÛa@óäzäßå“©a@âb×‹ÜÛ@ÁîÜ©a@òäîÈÛ@�îj¨a@xŠ‡nÛa@óäzäß  
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Ø’Ø’Ø’Ø’ÝÝÝÝ2 : @xŠ‡nÛa@óäzäß@xŠ‡nÛa@óäzäß@xŠ‡nÛa@óäzäß@xŠ‡nÛa@óäzäßáÇbäÛa@âb×‹ÜÛ@ÁîÜ©a@òäîÈÛ@�îj¨aáÇbäÛa@âb×‹ÜÛ@ÁîÜ©a@òäîÈÛ@�îj¨aáÇbäÛa@âb×‹ÜÛ@ÁîÜ©a@òäîÈÛ@�îj¨aáÇbäÛa@âb×‹ÜÛ@ÁîÜ©a@òäîÈÛ@�îj¨a  
  

@@@@@@@@@@@@@pbÐÜ¬@åß@pbîà×@‰‚a@óÜÇ@òaŠ‡Ûa@ê‰ç@p‡ànÇa@‡ÔÏ@òàÇbäÛa@ñ†b¾bi@ÕÜÈní@bàîÏ
@@@@@‡í‡¨a@Éä—ß@åyb·@pbÐÜƒ¾a@ê‰ç@åz @uë@‹ua@lì @òÇbä—Û@óãaìÛa@Éä—ß

åß@ÝÓa@òßìÈã@òuŠ†@¶g@éma‹—ß@kÜ—Ûaë 75 ÝØ’@[ßë‹Øîß )3(N  
  

  
  

Ø’Ø’Ø’Ø’ÝÝÝÝ3 ZZZZ@@@@@Öìzß@Öìzß@Öìzß@Öìzß‹ua@pbÐÜ¬‹ua@pbÐÜ¬‹ua@pbÐÜ¬‹ua@pbÐÜ¬  
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Þý‚@åß@@õb¾a@ë@oä^a@ë@âb×‹Ûa@kã@æhÏ@òîÜàÈ¾a@lŠbvnÛa@éîÛg@oÜ–ìm@bß
@@òàÇbäÛa@†aì¾aëI@@‹ua@lì @Öìzß@H@@@@pba‹�bi@ò×ìß‡¾a@òãb‹©a@òÜ‚@À

òß‡ƒn¾a@ïÛbnÛa@ìzäÛa@óÜÇ@oãb×@òaŠ‡Ûa@ê‰ç@ÀZ@ @

• å“©a@âb×‹Ûa@òjã 65% @À@âb×‹ÜÛ@ïÜØÛa@Êìà�a@åßòÜ©aN 
• •ë‹�a@âb×‹Ûa@òjã 21% òÜ©a@À@âb×‹ÜÛ@ïÜØÛa@Êìà�a@åßN 
• ïÈîjÛa@Ýß‹Ûa@òjã 14% òÜ©a@À@âb×‹ÜÛ@ïÜØÛa@Êìà�aN 
• oä^þa@òjã 5.5 %òÜ©a@À@Òb§a@âb×‹Ûa@æŒë@åßN 
• õb¾a@òjã )4% ،5% ،6% ،7(% òÜ©a@æŒë@åß@Êbjm@@òÔí‹ òi[Ûa@áîçbÐß@I@òÓýÈÛa

ØÛa@µiïöb¾a@ðìnraë@òÏbrHN 
• @ òàÇbäÛa@ †ì¾a@ òjãIlì @ Öìzß@‹ua@ Hoãb×@ oä^üa@ æŒë@ åß@ òjä×@ òÏb›ß 

)0% ،10% ،20% ،30 (%Þë‡§aë )1( pbÜ©a@åß@†‡Ç@æaŒëc@|šìíN  
  

Þë‡uÞë‡uÞë‡uÞë‡u 1: pbÜ©a@pbãìØß@æaŒëcpbÜ©a@pbãìØß@æaŒëcpbÜ©a@pbãìØß@æaŒëcpbÜ©a@pbãìØß@æaŒëc   

†aì¾a†aì¾a†aì¾a†aì¾a@ @@ @@ @@ @òÜ‚òÜ‚òÜ‚òÜ‚@ @@ @@ @@ @òÜ‚òÜ‚òÜ‚òÜ‚ òÜ‚òÜ‚òÜ‚òÜ‚ òÜ‚òÜ‚òÜ‚òÜ‚@ @@ @@ @@ @
@oä^a@oä^a@oä^a@oä^aIIIIáv×áv×áv×áv×HHHH 120  120  120 120 

âb×Šâb×Šâb×Šâb×Š 1 IIII‘bÔß‘bÔß‘bÔß‘bÔß 20 áßáßáßáß@H@H@H@H
IIIIáv×áv×áv×áv×HHHH 

709.1 709.1 709.1 709.1 

âb×Šâb×Šâb×Šâb×Š 2 IIII‘bÔß‘bÔß‘bÔß‘bÔß 14 áßáßáßáß@H@H@H@H
IIIIáv×áv×áv×áv×HHHH 

709.1 709.1 709.1 709.1 

@•ë‹ª@âb×Š@•ë‹ª@âb×Š@•ë‹ª@âb×Š@•ë‹ª@âb×ŠIIIIáv×áv×áv×áv×HHHH 458.16 458.16 458.16 458.16 

@@ïÈîj @ÝßŠ@@ïÈîj @ÝßŠ@@ïÈîj @ÝßŠ@@ïÈîj @ÝßŠIIIIáv×áv×áv×áv×HHHH 305.47 305.47 305.47 305.47 

õb¾a@òjãõb¾a@òjãõb¾a@òjãõb¾a@òjã (%)  4% 5% 6% 7% 

õbßõbßõbßõbß @@@@IIIIáv×áv×áv×áv×HHHH 92.22 115.092 138.12 161.123  

@òjã@òjã@òjã@òjãÖìzßÖìzßÖìzßÖìzß@ @@ @@ @@ @
@lì @lì @lì @lì ‹uþa‹uþa‹uþa‹uþa 

% IIIIáv×áv×áv×áv×HHHH IIIIáv×áv×áv×áv×HHHH IIIIáv×áv×áv×áv×HHHH IIIIáv×áv×áv×áv×HHHH 
0  
10  
20  
30  

0  
12  
24  
36  

  0  
12  
24  
36  

0  
12  
24  
36  

0  
12  
24  
36  

  
pbäîÈÛa@†a‡ÇgpbäîÈÛa@†a‡ÇgpbäîÈÛa@†a‡ÇgpbäîÈÛa@†a‡Çg@ @@ @@ @@ @

@kÛaìÔÛa@îè¤@áníòîãaìüa@òîbîÔÛa )150×300( @bèz@oîímë@ bèÐîÄäni@ÙÛˆë@áß
òÔji@ïÜ‚a‡Ûa@òÐîÐ‚@ãŒë@‡í‡¥ë@oíÛa@åßbè@òãaìüa@Ùß‡Ûa@Šbjn‚ü@òËŠbÏ@@@‡Èiõbènãüa@@åß

@ kÛbÔÛa@ À@ òãb‹©a@ Éšë@ ání@ ÁÜ©a@ òîÜàÇïãaìüa@@ pbÔj @ týq@ óÜÇë@ÁîÜ©a@ ÉíŒìm@ u
@À@òãaìüa@Ý‚a†@âbÄnãbi@òÔj @Ý×âbÄnãbi@@ání@ÙÛˆ@‡Èi@LïÜ‚a‡Ûa@|Ûa@Þý‚âa‡ƒna@Œbèu 

m@ání@ ë@ òÔjÛa@|@óÜÇ@Ùßa‡Ûa@ ñ‡ÇbÓ@ Éšìm@sîy@Ùß‡Ûa@ ñ‡¾@ Œbè§a@ÝîÌ“60 @ òîãbqI@bÔj 
òîãbí�Ûa@ òÐ–aìàÜÛ 1377BS ] (9[@ LkÛbÔÛa@ Ša‡u@µi@ òînä^a@ òäîvÈÛa@ xë‹‚@óny @ñ‡ÇbÓë

Ùßa‡ÛaL@@‡äÇëõbènãüa@@Éß@òãb‹©a@|@ôìíë@ñ‡öaÛa@òãb‹©a@Á“×@ání@Œbè§bi@Ùß‡Ûa@åß
@kÛbÔÛa@æŒìíë@kÛbÔÛaøÜn¿@ë@?Ìm@Éß@òÜ‚@Ý×@Éß@òîÜàÈÛa@Ðã@†bÈm@u@LæŒìÛa@æë‡íë@òãb‹©a@éi
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òÜ‚@Ý×@À@õb¾a@ôìnra@N@åØÛë@Lóènãa@‡Ó@pbäîÈÛa@†a‡Çg@æìØí@òÔibÛa@paì©biñ†bÐnýÛ@@åß
@õa‹u@pbäîÈÛaŠbjn‚a@Ú‹m@ání@bèîÜÇ@ÁÌ›Ûa@pbäîÈÛa@ñ‡¾@24 òÇb@@õb¾a@À@Éšìm@áq@kÛaìÔÛa@À

@ ñ‡¾@kÛaìÔÛa@À@ bè×‹m@ ò§bÈ¾a@f‹ÌÛ24 òÇb@@ÙÛˆë@pbäîÈÛa@ áîÓ‹m@ ë@kÛaìÔÛa@ÙÏ@ání@ bç‡Èi
@õb¾a@ôìn«@ÐäÛ@ÁÌ›Ûa@òßëbÔß@Éß@òÏbrØÛa@wöbnã@òãŠbÔß@f‹ÌÛ@ @

  

bèn“Óbäßë@òãb‹©a@paŠbjn‚a@wöbnãbèn“Óbäßë@òãb‹©a@paŠbjn‚a@wöbnãbèn“Óbäßë@òãb‹©a@paŠbjn‚a@wöbnãbèn“Óbäßë@òãb‹©a@paŠbjn‚a@wöbnã@ @@ @@ @@ @
òaŠ‡Ûa@ê‰ç@Þý‚@åß@u@ïÜÇ@Þì—¨a@u@Ïbr×@ó—Óc@‡äÇ@ÁÌš@òßëbÔß@ó—Ócë@òÏbu@ò

â@òjã�� 5% @ìç@òaŠ‡Ûa@ ê‰ç@À@õbàÜÛ@Ýrßþa@ôìnra@ïÛbnÛbië@püb¨a@Ý×@À@ïÜØÛa@æŒìÛa@åß
5%، @�@bà×‹qûm@@p†c@bèäØÛë@óÜr¾a@õb¾a@òjã@óÜÇ@‹uþa@Öìzß@åß@òjã@òÏbšg¶g@@À@˜Ôã

@òÏbrØÛa@ À@ ‹qûm@ áÇìäÛa@ òjã@ æþ@ÙÛˆë@ ‹uþa@ Öìzß@ ñ†bíi@ †a†í@˜ÔäÛa@ a‰ç@ òÏbrØÛa@ òàîÓ
òÏb§a@æc@üg@‹ua@lì @Öìzß@ñ†bíi@†a†m@ÁÌ›Ûa@òßëbÔß@ë§aÞë‡ )2( òÏbša@kã@µjí 

ë@òÐÜnƒ¾a@ôìnra@‡äÇ@òÏb§a@òÏbrØÛaïöb¾a@a���� 5% ÝØ“Ûaë )4( @@òÓýÈÛaµjí@òÏbša@kã 

ë@òÐÜnƒ¾aòÏb§a@òÏbrØÛaN@@ bàäîiÞë‡§a )3( ÝØ“Ûaë )5( äîjíb@@ÁÌ›Ûa@òßëbÔ¾@áîÓ‹àÈÛ 7 ë 28 
‡äÇ@âìí ôìnra@ïöb¾a@Ýrßþa@5%N  

  

Þë‡uÞë‡uÞë‡uÞë‡u 2 :òÏbša@kãòÏbša@kãòÏbša@kãòÏbša@kã@@@@IIII‹ua@Öìzß‹ua@Öìzß‹ua@Öìzß‹ua@ÖìzßHHHH@@@@ë@òÐÜnƒ¾aë@òÐÜnƒ¾aë@òÐÜnƒ¾aë@òÐÜnƒ¾aáîÓáîÓáîÓáîÓ@@@@@ôìnra@‡äÇ@òÏb§a@òÏbrØÛa@ôìnra@‡äÇ@òÏb§a@òÏbrØÛa@ôìnra@‡äÇ@òÏb§a@òÏbrØÛa@ôìnra@‡äÇ@òÏb§a@òÏbrØÛaïöb¾aïöb¾aïöb¾aïöb¾a@@@@ÝrßþaÝrßþaÝrßþaÝrßþa 5%  

  

òÏbša@òjãòÏbša@òjãòÏbša@òjãòÏbša@òjã 
IIIIa@Öìzßa@Öìzßa@Öìzßa@Öìzß‹u‹u‹u‹uHHHH % 

@òÏb§a@òÏbrØÛa@òÏb§a@òÏbrØÛa@òÏb§a@òÏbrØÛa@òÏb§a@òÏbrØÛa 
áv×áv×áv×áv×OOOOââââ3  

@EÛa@òÜ©a@¶g@˜ÔäÛa@òjã@EÛa@òÜ©a@¶g@˜ÔäÛa@òjã@EÛa@òÜ©a@¶g@˜ÔäÛa@òjã@EÛa@òÜ©a@¶g@˜ÔäÛa@òjã@ @@ @@ @@ @
‹ua@óÜÇ@ôìn¥@ü‹ua@óÜÇ@ôìn¥@ü‹ua@óÜÇ@ôìn¥@ü‹ua@óÜÇ@ôìn¥@ü %  

0  2325.24  0  
10  2298.295  1.16  
20  2280.314  1.39  
30  2280.314  1.39  

  
  

  

ÝØ’ÝØ’ÝØ’ÝØ’ 4: òÏb§a@òÏbrØÛaë@òÐÜnƒ¾a@òÏbša@kã@µjí@òÓýÈÛaòÏb§a@òÏbrØÛaë@òÐÜnƒ¾a@òÏbša@kã@µjí@òÓýÈÛaòÏb§a@òÏbrØÛaë@òÐÜnƒ¾a@òÏbša@kã@µjí@òÓýÈÛaòÏb§a@òÏbrØÛaë@òÐÜnƒ¾a@òÏbša@kã@µjí@òÓýÈÛa@ @@ @@ @@ @
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Þë‡uÞë‡uÞë‡uÞë‡u 3: òÏbša@kãòÏbša@kãòÏbša@kãòÏbša@kã@@@@IIII@Öìzß@Öìzß@Öìzß@Öìzß‹ua‹ua‹ua‹uaHHHH@@@@@ôìnra@‡äÇ@ÁÌ›Ûa@òßëbÔ¾@áîÓ@óÜÇcë@òÐÜnƒ¾a@ôìnra@‡äÇ@ÁÌ›Ûa@òßëbÔ¾@áîÓ@óÜÇcë@òÐÜnƒ¾a@ôìnra@‡äÇ@ÁÌ›Ûa@òßëbÔ¾@áîÓ@óÜÇcë@òÐÜnƒ¾a@ôìnra@‡äÇ@ÁÌ›Ûa@òßëbÔ¾@áîÓ@óÜÇcë@òÐÜnƒ¾aïöb¾aïöb¾aïöb¾aïöb¾a@@@@ÝrßþaÝrßþaÝrßþaÝrßþa 5%  
  

?@ABCا ?EFG 
 % )اIJFKLMNق (

�� ����� ������  
  TK2/ن  أAPم 7 

����� ������ �� 28 

 TK2/ن

 ��� ��������  ! "���#��$�% 

 $�& '�(�( )  (�� ���*��

��+�%  

0  13.29  15.07  0  
10  13.46  16.33  8.36  
20  13.34  16.84  11.74  

30  15.88  17.77  17.92  

@ @@ @@ @@ @
ÝØ’ÝØ’ÝØ’ÝØ’ 5: òÐÜnƒ¾a@òÏbša@kãë@ÁÌ›Ûa@òßëbÔß@ó—Óc@µi@òÓýÈÛaòÐÜnƒ¾a@òÏbša@kãë@ÁÌ›Ûa@òßëbÔß@ó—Óc@µi@òÓýÈÛaòÐÜnƒ¾a@òÏbša@kãë@ÁÌ›Ûa@òßëbÔß@ó—Óc@µi@òÓýÈÛaòÐÜnƒ¾a@òÏbša@kãë@ÁÌ›Ûa@òßëbÔß@ó—Óc@µi@òÓýÈÛa@ @@ @@ @@ @

  

@òjã@lby@áq™b—nßüa@ò×ìß‡¾a@òãb‹ƒÜÛ@Þë‡§a@sîy )4( ÝØ“Ûaë )6( äîjíb@@wöbnã
üa@ Šbjn‚a@ ôìnra@ ‡äÇ@ ™b—nßïöb¾a@Ýrßþa@5% òãb‹‚@ åÇ@ �Èm@ òàîÔÛa@ ê‰çë@@òìnß
™b—nßüa ]10[ @òjã@æc@ÅyìÛ@bà×™b—nßüa@‹uþa@Öìzß@ñ†bíi@ÝÔmN  

 

Þë‡uÞë‡uÞë‡uÞë‡u@@@@4: @Šbjn‚a@wöbnã@Šbjn‚a@wöbnã@Šbjn‚a@wöbnã@Šbjn‚a@wöbnã™b—nßüa™b—nßüa™b—nßüa™b—nßüa@@@@@ôìnra@‡äÇ@ôìnra@‡äÇ@ôìnra@‡äÇ@ôìnra@‡äÇïöb¾aïöb¾aïöb¾aïöb¾a@@@@ÝrßþaÝrßþaÝrßþaÝrßþa 5% 

òjãòjãòjãòjã   

òÏbšaòÏbšaòÏbšaòÏbša % 

@æŒë@æŒë@æŒë@æŒëòãaìüaòãaìüaòãaìüaòãaìüa@@@@òÈj“ßòÈj“ßòÈj“ßòÈj“ß@ @@ @@ @@ @
ÑîÐvnÛa@ÝjÓ@õb¾biÑîÐvnÛa@ÝjÓ@õb¾biÑîÐvnÛa@ÝjÓ@õb¾biÑîÐvnÛa@ÝjÓ@õb¾bi@@@@

IIIIáv×áv×áv×áv×HHHH 

@æŒë@æŒë@æŒë@æŒëòãaìüaòãaìüaòãaìüaòãaìüa@@@@@‡Èi@‡Èi@‡Èi@‡Èi@ @@ @@ @@ @
ÑîÐvnÛaÑîÐvnÛaÑîÐvnÛaÑîÐvnÛa 48 òÇbòÇbòÇbòÇb@@@@IIIIáv×áv×áv×áv×HHHH  

òjãòjãòjãòjã 

 ™b—nßüa™b—nßüa™b—nßüa™b—nßüa %  

0  13.1  12.65  3.43  
10  12.75  12.4  2.75  
20  12.75  12.35  3.14  
30  13.05  12.65  3.07  
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ÝØ’ÝØ’ÝØ’ÝØ’ 6 :@òjã@µi@òÓýÈÛa@òjã@µi@òÓýÈÛa@òjã@µi@òÓýÈÛa@òjã@µi@òÓýÈÛaòÏbšaòÏbšaòÏbšaòÏbša@@@@™b—nßüa@òjãë™b—nßüa@òjãë™b—nßüa@òjãë™b—nßüa@òjãë  

 

@pbaŠ†@Éß@òaŠ‡Ûa@wöbnã@òãŠbÔß@pbaŠ†@Éß@òaŠ‡Ûa@wöbnã@òãŠbÔß@pbaŠ†@Éß@òaŠ‡Ûa@wöbnã@òãŠbÔß@pbaŠ†@Éß@òaŠ‡Ûa@wöbnã@òãŠbÔßð‹‚cð‹‚cð‹‚cð‹‚c  
@†ë‡Ûa@Èi@ òãb‹‚@wöbnäi@ bènãŠbÔßë@ òaŠ‡Ûa@ ê‡ç@À@ bèîÜÇ@ Ý—zn¾a@ wöbnäÛbi@ òãŠbÔ·

ñ‰Ðä¾a@Þë‡§bi@|šìß@ìç@bà× )5(N 
 

Þë‡uÞë‡uÞë‡uÞë‡u 6: pba‹�bi@ò×ìß‡¾a@òãb‹©a@†ë‡@ÈjÛ@ÁÌ›Ûa@òßëbÔßpba‹�bi@ò×ìß‡¾a@òãb‹©a@†ë‡@ÈjÛ@ÁÌ›Ûa@òßëbÔßpba‹�bi@ò×ìß‡¾a@òãb‹©a@†ë‡@ÈjÛ@ÁÌ›Ûa@òßëbÔßpba‹�bi@ò×ìß‡¾a@òãb‹©a@†ë‡@ÈjÛ@ÁÌ›Ûa@òßëbÔß [3].  

  

‡Ûa‡Ûa‡Ûa‡Ûa  oä^üaoä^üaoä^üaoä^üa@ @@ @@ @@ @
)(kg/m3 

bãüëŒìibãüëŒìibãüëŒìibãüëŒìi@ @@ @@ @@ @
)(kg/m3  

ÁÌ›Ûa@òßëbÔßÁÌ›Ûa@òßëbÔßÁÌ›Ûa@òßëbÔßÁÌ›Ûa@òßëbÔß MPa)(  

7 âìíâìíâìíâìí  28 âìíâìíâìíâìí   90âìíâìíâìíâìí  180 âìíâìíâìíâìí  365 âìíâìíâìíâìí  

Camp dyer 82 81 6.1 10.1 - - 25.4 
Middle fork  66 0  -  8.8 11.4  -   -  
Santa Cruz 76 75 7.5  18.8 22.2  -  30.5 

Stacy spillway  125 62  -  18.1 21.4  -   -  
Stagecoach 71 77 1.5 2.4 - 6.8 8.6 
Urugua  60 0  -  6.4 8.1  -  9.6 

Willow creek 104  0  6.9 12.8 18.3  -  26.1 

òîÛb¨a@òaŠ‡ÛaòîÛb¨a@òaŠ‡ÛaòîÛb¨a@òaŠ‡ÛaòîÛb¨a@òaŠ‡Ûa 120 36 15.9 17.8  -  -   - 
  

pbubnänüapbubnänüapbubnänüapbubnänüa  

@o—n‚a@òîãbØßhi@òaŠ‡Ûa@ê‡çòÏbšg@@‹uþa@Öìzß¶g@pbÜ©a@ðìnra@paˆ@òîãb‹©a@
Eä^þa@µ›Ðƒä¾a@ïöb¾aë@@òÛëb«@ÉßõbäÌnüa@@†bß‹Ûaë@bØîÛa@Ýrß@ñ†Šìn¾a@òàÇbäÛa@†aì¾a@åÇ
@‹íbn¾aë@Þý‚@åß@ê‰ç@Ý–ìnÛa@u@òaŠ‡Ûa¶g@@pbubnänüaòîmaZ@ @

• @òãb‹©a@™aì‚@µ¥@åØºpba‹�bi@ò×ìß‡¾a@‡äÇ 28 @âìíI@åßŒòaŠ‡Ûa@H@òÛìè×
�îj¨a@Þb—Ðãüa@òßëbÔßë@ÁÌ›Ûa@òßëbÔßë@ãbvnÛaë@Ùß‡Ûa@‹ua@Öìzß@òÏbšhiN 

• òãb‹©a@òßëbÔß@†a†m@òÐîÐ @ñ†bíŒ@@‹ua@Öìzß@òjã@ñ†bíi@òînä^a@òãì¾a@ðìn«ë
ß@‹ua@Öìzß@�nÈí@sîyb†ñ@òia‹Ûa@†aì¾a@òî–b‚@b�@òîãüëŒìi@òÏbšg@¶g@@À@énàçbß

@òãì¾a@ðìn«@ñ†bíŒòînä^þa@oä^üa@òîà×@pbjq@ÉßN 
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• @†ë‡Ûa@Èi@òãb‹‚@wöbnäi@òaŠ‡Ûa@ê‰ç@À@bèîÜÇ@Ý—zn¾a@wöbnäÛa@òãŠbÔ·ñ‰Ðä¾a@@|›ní
@†aì¾a@òîÛbÈÏòÏb›¾a@I‹ua@Öìzß@HòîãüëŒìi@†aìà×N 

• @Àç@ê‰ÜÇ@Þì—¨a@u@òaŠ‡Ûaó@ï—Óc@@òÏbr×ï—Ócë@@õbß@òjã@‡äÇ@ÁÌš@òßëbÔß5%@@åß
püb¨a@Ý×@À@ïÜØÛa@æŒìÛaN 

• ï÷îjÛa@tìÜnÛaë@êì“nÛa@ÝîÜÔm@À@õbäi@ñ†bà×@‹ua@pbÐÜ¬@âa‡ƒna@òîÜàÇ@áçbmN 
 

pbî–ìnÛapbî–ìnÛapbî–ìnÛapbî–ìnÛa@ @@ @@ @@ @
bèàçc@pbî–ìnÛa@åß@òÜ»@a[Óa@u@òaŠ‡Ûa@ê‰ç@wöbnã@óÜÇ@bäiZ  

• @ k°ñ†bÐnüa@@Èi@ À@ pba‹�bi@ ò×ìß‡¾a@ òãb‹©a@ bèi@ Énànm@ EÛa@ paîà¾a@ åß
ÝîÔrÛa@ÝîÌ“nÛa@pbyb@ë@Ñ–‹Ûa@ë@òîÜnØÛa@pf“ä¾b×@ò–b©a@pbÔîjnÛaN 

• @pba‹�bi@ ò×ìß‡¾a@ òãb‹©a@ òaŠ‡Û@ �í‹¤@ ÊbÓ@ óÜÇ@ òÜßbØnß@ òîÜÔy@ òaŠ†@ õa‹ug
Éaë@ÖbäiN 

• @Öìzß@åß@ñ†bÐnüa@òaŠ†@À@ÉìnÛa@oä^a@@òîàØÛ@ïöu@Ýí‡j×@‹ua@lì @pbÐÜ¬
òîãüëŒìjÛa@†aì¾a@™aì£@Énànm@bèãc@ò–b‚ë@pba‹�bi@ò×ìß‡¾a@òãb‹©biN 

• @pbaŠ‡Ûa@åß@‡í¾a@õa‹ugâa‡ƒnbi@Éaë@Öbã@óÜÇ@òîÜra@†aì¾aN 
• –ìíó@âa‡ƒnbi@@ôìnraïöb¾a@òaŠ‡Ûa@ê‰�@ÝrßþaN 
• �@EÛa@òãb‹©a@™aì‚@òaŠ†@@?Ëë@‹’bj¾a@‡“Ûa@òßëbÔß@òaŠ‡×@szjÛa@a‰ç@À@‘Š‡m

@åß@bç?Ëë@‹’bj¾apaŠbîn‚üaN 
• @òãb‹ƒÜÛ@ÁÌ›Ûa@ òßëbÔß@óÜÇ@‹ua@lì @åß@Öìz¾a@åß@ òÏb›¾a@käÛa@?qdm@ òaŠ†

@ÝíìÛa@ô‡¾a@óÜÇ@pba‹�bi@ò×ìß‡¾aBÖìÏ@bàÏ@bßìí@µÈmNB 
• @‘a‹�a@åÇ@ò¤bäÛa@Þb¼þa@?qdm@òaŠ†òíìÜÈÛa@pbÔjÛa@Ùß†@òvînã@òîÜÐÛa@pbÔjÜÛN 
  

�������  
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