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ϣϛук ϽтϽϳϧЮϜ 

 

˗ɀ˗˰˭ǁä ƕ˫˹ǉ ˙ Əî 

  ǈǂǁä åƑƜ ˗˹Ƹ˴ǁä ˕˶Ɵà .ì 
ûîƑ˳Ǆ íƑ˭ƨà 

ìäʕ ˶ǁä ýˤǂƳĀ ƕ ɚ ǆƑɚ ˶ǁä ƕƨ˕˷Ǌǁä üƑ˯Ǆ Ǐƺ 
 ƕ ˷ƾ˭ǁä ˓˲ȸäìˤƓ ƕƴǄƑƜ ˣǄı ˗˯˶ǁä ƕǁĀì  

à. Ʉ˹ˬǆï ˗ǉƑ˞ǁä ˕˹˶˰ǁä ˕ˬƳ 
 ˕ƳƑ˲Ǆ íƑ˭ƨäı  . ƕɀ˗˳ȸ ìîäˤǄ Ɉ ˞˱Ɨ 

Ƒ ǂƴǁä çƑƨäî˕ǂǁ Ɉ ˞˱˭ǁä ˕Ǌƴ˶ǁä 
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ϸϹЛЮϜ ϣгЯЪ 

 Ɠ˹ǀƼā ā Ɠ˹˸ǌǃá ā Ɠ˹˻ǄƵ Ɠǌƕ ǊǄǃå ʕƶǈá Ǒ˯ǃå Ǌ˯˸ƶǈ ǏǄƵ Ąå̇˰˻Ḫ Ąå̠˸ơ ǊǄǃ ̠˸ ǃ˲å
 ïå˗ƮǗ˗˳Ƴ ƲȸƑ˲ǁä ì˕ƴǁä  ˥ǆÊĪĞĎÎĕÃģ ėĤĖĂĖĕ ÊĪĕģàĕÃ ÊĖÖĚĕÃ  ā

 Ɨ˹ǀ˯ǃå ā Ɨʿ ˮɣ˯ǃåā Ɨƪ̠ǌ˹ǃå þ˦Ǆƶǃå ýƓ˱ǆ ǑƼ ˥˻˸˯ǌ˸ǃå éƓĊ˲Ǆǃ ëƓƙá ɏ̆ǃå
ÜƗǄ˱˸ǃå ǉ˘ǋ èƓ˲ƽƮ ǏǄƵ ˤǌƛƓ˲Ⱥá ˙˵ǈ  ā ˤȻ˗ǀ˯ǃ ƓǌǃǚƤ ˥ǆ Ǐƶ˴ǈ Ǒ˯ǃåā

 æǚˠǃ Ɨ˲ ˲˶ǃå Ɨ ˸Ǆƶǃå èåïƓ ˯ƤǙå ƝƑƓ˯ǈā èƓǈƓ ˮǃå ā èƓǆ˦Ǆƶ˸ǃå ˙˻Ƽ˦ƙ
 ǏǄƵ ˤǌƛƓ˲Ⱥå ā ˤǌƙƓƪåïí ýƓ˸ḧ˯ƪå ˤǌ˹ɜ˸Ȼ Ǐ˯ơ Ɨ ʿ ˮˠ˯ǃå ā Ɨ ƪ˗˹ǌǃå þ˦Ǆƶǃå

.Ɨ ˸ǄƵ ˛ƪå 
 ǏǄƵ ˤƑå˗ǃå ƓǌƮ̇ ơ í˗˱ƙ ƗǄ˱˸ǃå ˙ɂ̇ ˲ƙ Ɨ˭˻ǋ ÿƎƼ ɖǄˠ˹˸ǃå å˘ǋ ˥ǆ ā

å ïā˗Ʈ Ɨɂïå̇ ˸˯ƪå ÷Ɠ ƙƎȺ ˣǃîā Ǒ˸Ǆƶǃå ˖˲ ǃå ǑƼ Ɨ ˱ǌ˹ǆ ā ƗǈƓƮ̇ ƕ ƗǄ˱˸ǃ
 ā ç̆ƙƓƪǕå ˥ǆ Ɨǆ̠ǀ˸ǃå Ɨ˸Ǆƶǃå é˦ ǃ˲å ʕ ǀ˻ƙ ǑƼ Ɨ˸Ċɜ˲ ǃ˸å Ɨ˸Ǆƶǃå ̝ ǃ˻ƓƪǕå
  ÜƗ˹ǀ˯ǃå ā þ˦Ǆƶǃå ÷ā̇Ƽ ƴ˸ƞ ǑƼ ˥˻˶˶˳ ǆ˯ ç̆ƙƓƪá úå̇ƬƎȺ éƓĊ˲ǃå
 å̆ǋ ǑƼ Ɨǀɂ̇ƶǃå Ɨ˸Ǆƶǃå èǚ˱ ǃ˸å ǑƼ Ɨƶ˯ ǃ˸å û̇ ǃɣå ïƓ˯ƵǙå ǑƼ ˥ǒ̆Ƥà

ýƓ˱˸ǃå. 
 ƴ˸ƞ í˦ǌƞ ĄƓǃƓƵ ˥˸˰ƙ ÿá ƗǄ˱˸ǃƓȺ ̇ɂ̇˲ ǃ˯å Ɨ˭˻ǋ ̇ Ȼ˴ ƗƪƓ˹˸ǃå ǉ̆ǌɁā
 ̇˵ ǃ˹ ƗǄ˱˸ǃå ǉ̆ǋ èƓ˲ƽƮ åāïƓ˯Ƥå ˥ǒ̆ǃå ˥˻˸˯ǌ˸ǃå ç̆ƙƓƪǕå ā éƓĊ˲ǃå
 ˥ǆ Ɇḧǃ ÿƓƼ̇ ƶǃå ā ˙ɜ˵ǃå Ɇɂ̊ ˱Ⱥ þ˗ǀ˯ƙ Ɠǌǈá Ɠ˸Ḫ ÜƗ ˸Ǆƶǃå ˤǌƿåïāá ā ˤǌƛƓ˲Ⱥá

 ˤȻ˗ǀƙā  ƗǄ˱˸Ǆǃ Ɨǆ˗ǀ˸ǃå é˦˲ ǃå  Ɨƶƞå̇ ǆ ā ˙ɂ̇ ˲ƙ ǑƼ ˤǋƓƪ ë̇ ˶ǃå å˘ǋ
 í˦ƞ˦Ǆǃ Ǒ˸Ǆƶǃå 

äĩäÚÎĕÃ ÊÂĪġ 
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 ƕȹƑ˶Ɵ ƕǄˤˠ˷Ǆ ˢ ˶˴Ɨƕ ˰˵˶ǁä çäìˤǆǓä ƕƾɀ˗˞ȸ ƕȹìˤƙƑḨ 

ƕƬƑ ʼ ˕˹˯˶ǁä˕ˬƳ ˕˶˰Ǆ1  ƕƬƑ ʼ îƑ˭˱˶ǁä éƑ˯˰ǁä  Û2  ǏƨĀ˗ƴǁä Ǐ˵ ʺ ɔƺˤǄ   Û2  
1  Ɨɂāå̊ ǃå / Ɨ ˹ǀ˯ǃå ā þ˦ǄƶǄǃ ǑǃƓƶǃå ˗ǌƶ˸ǃåĲ  Ɠ ˮ˻ǃ 

2  èǚ˻˱ƶǃå / Ɨɂāå̊ ǃå ƗƶǆƓƞ / Ɨ ʹ ˮˠǃå íïå˦ ˸ǃå Ɨ ǄḪĲ     Ɠ ˮ˻ǃ 
Gabbasa80@gmail.com  

˛˱ǂ˶ǁä  : 
 Ɠ˹˻ǄƵ ˔ƞ˦˯ƪå å˘ǌǃ Ɨ ˮ˻Ǆǃå Ɨǃā˗Ǆǃ ˗˻ơ˦ǃå Ɠ˸Ɂïā ˤǌ˸ǃå ɆƤ˗ǃå ï˗˶ǆ þƓ˳ǃå Ɋƽ˹ǃå ˙ˮ˯ƶȻ
 Ɨ˸ƞƓ˹ǃå ïå̇ ưǕå ˥ǆ Ɠǌ˯ǒƓƿāā Ɠǌ˻ǄƵ ɋƓƽ˲Ǆǃ Ɨ ˠƽ˹ǃå èƉ˵˹˸ǃƓȺ þƓ˸˯ǋǙå ˥˻˰ơƓ ǃå ˥˲ǈ
 ǏǄƵ ßƓ˹Ɂā Ɨ ˠƽǈ çƋ˵˹ǆ ɏá ˥ǆ ǑƪƓƪǕå ß̊ ˱ǃå Ǒǋ èƓǈå̊ ˳ǃå ÿá Ɠ˸Ɂā .ɆǂƉ˯ǃå ˥Ƶ

 ɏïā̇˷ ǃå ˥ǆ ÿƓḪ Ɠǌ˯˻ ǋ˸á  ïå̇ ưǕå ˔˹˱˯ǃ ˣǃîā ɆǂƉ˯ǃå ˥ǆ Ɠǌ˯ǒƓƿ˦ǃ Ɨǀɂ̇ ˟ ǏǄƵ ˖˲ ǃå
 ÿƋƼ ˣǃ˘ǃ .èƓǈå̊ ˳ǃå ǉ˘ǋ ɆǂƋ˯ǃ Ɨ˱ ˯ǈ é˗˲ƙ ˗ƿ Ǒ˯ǃå ˙ƑƓ˴˳ǃåā Ǒǋ ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå

 íå̇ ˸ǃå èå˗ƶ˸ǃå Ɇƶ˱ǃ Ɨ ƑƓ ˸ Ḫā˙ǌḧǃå óå˦˳ǃå þ˗˳˯˴ƙ ɆǂƉ˯ǃå ˥ǆ ƗȻƓ˸˲Ǆǃ ƗǃƓƶƼ Ɨ ˹ǀƙ
 ā˙˯ḧǃǙå Ɨ Ǆ˳Ǆǃ (í˦ƛƓǂ) ˔ƞ˦˸ǃå ˔ˠǀǃå Ɠǌ˯ǒƓ˸ơ ˔ǃƓ˴ǃå ˔ˠǀǃå ˦ǋ ˙ƤǕå ú̇ ˠǃåā Ɨ ˯˻ǃ

 Ɇ˻Ǆǀƙ Ɨ ʽ Ḫ ˦ǋ Ɨ ˸ ˸˶˯ǃå Ɨƪåï˗ǃå ǉ˘ǋ ˥ǆ ô̇ ƺǃå ÿƋƼ ˔ˮ˴ǃå å˘ǌǃā .(í˦ǈǙå) Ɨ Ǆ˳Ǆǃ
 ÿå̊ ˳ǃ Ɠǌ˯ƪåïí ˤƙ Ǒ˯ǃå ƗǃƓ˲ǃƓƼ .ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå þå˗˳˯ƪƓȺ Ɨ ǈ˗ƶ˸ǃå ˔˻ǂå̇ ˯Ǆǃ ɆǂƉ˯ǃå

˴ƙ þƓ˳ǃå Ɋƽ˹ǃå çíƓǆ ˥ǆ Ɨ ǄḪ Ɨƶ˴Ⱥ Ǒˠƽ˹ǃå ßƓƼ˦ǃå Ɇǀơ ǑƼ í˦ƞ˦ǆ ɏāƓ3m 16000 
 ƗȻƓ˸˲ǃå ǑƼ Ɨ˸ǌ˸ǃå ɉƓǀ˹ǃå ƗƼƓḪ æƓ˴ơā ˤ ˸˶ƙ ˖˲ ǃå å˘ǋ ˥˸˷˯ɂā ˔ƶɜǆ ˙˯ǆ
 þ˦˻ǈ˦˸ǃǕå ÷˦ ǈ ˥ǆ Ɨ ˲˷˸ǃå èåí˦ǈǙå Ɨǀɂ̇ ˟ ýƓ˸ƶ˯ƪƓȺ ÿå̊ ˳ǃå ç˗ƵƓǀǃ Ɨ ǄƤå˗ǃå ƗȻí˦ƛƓḧǃå

) Ʉ˹ƮAL- 1- 23H .( Ɨǀɂ̇ ˠǃå å˘ǋ ÿá ˤ ˸˶˯ǃå å˘ǋ ƝƑƓ˯ǈ ýǚƤ ˥ǆ Ɠ˹ǃ Ơ˷ƙá ˗ƿā
Ɠ Ǆˠ˯ǆ ƴǆ ˔ƪƓ˹˯˯ǃ ˕˸˸Ʈ ç̇ ˯ƽǃå ǑƼ ƴɂ̇ ƪ ï˦ˠƙ ǑƼ ˕ǈƓḪ Ǒ˯ǃå þƓ˳ǃå Ɋƽ˹ǃå ƗƵƓ˹Ʈ è

  .ç̇ ˻ƤǕå 

mailto:Gabbasa80@gmail.com
mailto:Gabbasa80@gmail.com
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 : ƕǁä˕ǁä çƑ˶ǂḥǁä 
 Ɨùùùùùùùùùùù Ǆ˳ǃå ÜƗ ˲ùùùùùùùùùùù˷˸ǃå èåí˦ùùùùùùùùùùùǈǙå ÜƗùùùùùùùùùùù ƑƓ ˸ Ḫā˙ǌḧǃå óå˦ùùùùùùùùùùù˳ǃå ÜƗùùùùùùùùùùùȻí˦ƛƓḧǃå ƗùùùùùùùùùùùȻƓ˸˲ǃå

  .í˦ǈá Üí˦ƛƓḪ ÜƗ ˯˻ǃā˙˯ḧǃǙå 
Abstract :  

Crude oil is important and perhaps the sole source of income for 

the Libyan state, so we researchers have to pay attention to the oil 

installations to preserve and protect them from damage caused by 

corrosion. As reservoirs are the main part of any oil facility, and 

because of their importance, it necessary to search for a method to 

prevent corrosion, in reservoirs. In order to avoid the damage and 

losses that may occur as a result of the erosion of these reservoirs. 

Cathodic protection is an effective corrosion protection technique 

that uses the electrochemical properties for equipment protection. 

The protection is achieved via the cathode of the electrolytic cell 

whereby the other end is the anode of the cell. The purpose of this 

design study is to how reduce erosion of metal structures using 

cathodic protection. The study examined the design and 

calculation of all important points in the internal cathodic 

protection of the base of the reservoir using the method of AL-1-

23H-Type Aluminum anodes. It has been revealed through the 

results of the design this method was designed to suitable 

requirements of the crude oil industry which was rapidly 

development in the recent period.  

: ƕǄ˕ƾ˶ǁä 
Ǒǃã ÷˦ ƞ̇ Ǆǃ Ɨ˹˻ƶǆ úā˙ˡ ǑƼ ÿ˗ƶǆ ɏá Ɠǌǃ ô̇ ƶ˯ǒ Ɨ ʹ ˮ˟ ç̇ ǋƓˡ ɆǂƉ˯ǃå ˙ˮ˯ƶȻ  Ǌ˯ǃƓơ

 ƓǌƙïƓ˴Ƥā çíƓ˸ǃå ɄǄƙ Ǐǃã ɏí˓ǒ ɏ˘ǃåā Ɠǌˠ ˲ǆ ƴǆ çíƓ˸ǃ Ǒ˲ˠƪ ɆƵƓƽƙ ˦ǋā .Ɨ ǄƮǕå
 ˙˻ƺƙ āá (ÿ˗ƶ˸ǃå)çíƓ˸ǃå ýǚ˲˸ưå ǊǈƋȺ ɆǂƉ˯ǃå ú̇ ƶȻ Ɠ˸Ḫ .Ɋ ˲˸ǃå ɆƤåí Ɠǋí̇ ˵˯ƕ ˣǃîā
 ˥Ƶ çïƓ ʸ Ǒǋ ɆǂƋ˯ǒ ǊǄƶ˱ƙ Ǒ˯ǃå ƗƶƼå˗ǃå ç˦ ǀǃå ÿã .Ɠǌˠ ˲ǆ ƴǆ ɆƵƓƽ˯ǃå Ɨ˱ ˯ǈ ǊƮå˦Ƥ
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å ˗˻ƶƙ Ɨ ʹ ˮ˟ Ɨ Ǆ˸Ƶ þƓ˳ǃå ƗǃƓ˲ǃå ɏá Ɨƶ ˮˠǃå ǑƼ Ɠǌ˻ǄƵ ˗ƞ˦ǒ Ǒ˯ǃå ƗǃƓ˲ǃå Ǐǃã ÿ˗ƶ˸ǃ
 ˗ǒ˗˲ǃå ˗˻˴Ḫāá Ǒǋ þƓƤ çíƓ˸Ḫ Ɨƶ ˮˠǃå ǑƼ ˗ƞ˦ǒ ˗ǒ˗˲ǃå ÿá ˣǃî ǑǄƵ ýƓ˰ǆ)3O2(Fe  ÿá

ǋ èƓƿāǕå ˤˢƶǆ ǑƼ ˦ǋ ˗ǒ˗˲ǃå ɆǂƋƙ ƝƙƓǈ. .Ǌ˴ƽǈ ˗˻˴ḪāǕå å˘[1]  ïå̇ ưǕå ˔ˮ˴Ɂā
 ̇˟ ǏǄƵ ̟ ǃ˲å ɏïā̇˷ ǃå ˥ǆ ÿƓḪ ɆǂƉ˯ǃå ˥Ƶ Ɨ˸ƞƓ˹ǃå ɆƮ˦ ǃ˯å ʕƙā ɆǂƉ˯ǃå ˥ǆ ƗȻƓƿ˦Ǆǃ û

 Ɠǌ˹˸ư ˥ǆ Ǒ˯ǃåā ɆǂƉ˯ǃå ˥ǆ Ɇ˻Ǆǀ˯ǃå āá ƴ˹ǆ ǑƼ ʕǋƓ˴ƙ û̇  ˟ç̠ƶǃ ˥˻˰ơƓǃå Ɇˮƿ ˥ǆ
.ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå[1] 

 Ɨ ƞïƓ˳ǃå ƠˠƪǕå ˥Ƶ á˗˶ǃåā ɆǂƉ˯ǃå ƴ˹˸ǃ Ɨǀɂ̇ ˟ ƓǌǈƋȺ ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå ú̇ ƶƙā
Ⱥ ßƓ˸ǃƓȺ çï˦˸ƺ˸ǃå āá Ɨǈ˦Ƽ˗˸ǃå ƗȻ˗ǒ˗˲ǃå Ɨ ǈ˗ƶ˸ǃå èå˗ƶ˸Ǆǃ ç̇ Ƒåí ˥ǆ Ɨ ǃƓƪ æƓˠƿá ƓǌǄƶ˱

Ɨ ƑƓɁ̇ ǌǂ . Ɠ˷Ȼá Ǒǋā óå˦˳ǃå þ˗˳˯˴ƙ Ǒ˯ǃå ɆǂƉ˯ǃå ˥ǆ ƗȻƓ˸˲Ǆǃ ƗǃƓƶƼ Ɨ ˹ǀƙ
˸ǃå èå˗ƶ˸ǃå Ɇƶ˱ǃ ÿíƓƶ˸Ǆǃ Ɨ ƑƓ ˸ Ḫā˙ǌḧǃåå̇Ɨ ˯˻ǃā˙˯ḧǃǙå Ɨ Ǆ˳ǃå í˦ƛƓḪ Ɠǌ˯ǒƓ˸ơ í.  ā

 ƗȻîǙ˦ ƽǃå ɆǂƓ ǌǃåā èƓǈå̊ ˳ǃåā ƗȻîǙ˦ ƽǃå ˔˻ƕƓǈǕå ɉ˦ˠƤ ƗȻƓ˸˲ǃ ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå Ɇ˸ƶ˯˴ƙ
 ˣǃîā Ɋƽ˹ǃå ïƓȺǕ Ɨ ǈ˗ƶ˸ǃå èƓǈƓˠ ǃåā Ɛ˟å˦˵ǃå ˥Ƶ ç˗˻ƶ ǃå Ɋƽ˹ǃå Ɇ˻˸˲ƙ ƗƽƮïáā ˥ƽ˴ǃåā
 / Ɨˠ ˲˸ǃå ƗɁ̇ ˯Ǆǃ Ɨ ˴˹ǃƓȺ ˔ǃƓƪ í˦ƛƓḪ ɆǂƉ˯ǃå ˥ǆ Ǌ˯ǒƓ˸ơ æ˦Ǆˠ˸ǃå Ǒǈ˗ƶ˸ǃå ˤ˴˱ǃå Ɇƶ˱Ⱥ

 ̇ ˯ḧǃǕå / ƗɁ̇ ˯ǃå ˙ˮƵ (í˦ǈǕå) ˔ƞ˦˸ǃå ˔ˠǀǃå ˥ǆ ǑƑƓɁ̇ ǌḧǃå ïƓ ˯ǃå ïā˙˸Ɂā Ɋ ˲˸ǃå ˕ǒǙā
 Ǒ˸ Ȼ˲ xǃ̆Ɂā ƗƑƓɁ̇ǌḧǃå ç̇Ƒå̠ǃå Ɇ˸ɜǃ ÿ˦Ƽ̠˸ǃå ɏîǙ˦ƽǃå ʕ˴ ǃ˱ƓȺ Ɋ˲ ǃ˸å ̞ǒǙā̇˯ḧǃǕå

.ɆǂƉ˯ǃå ˥ǆ îǙ˦ ƽǃå ÿ˗ƶǆ[2] 
å˦ơ ƴǀȻ ɏ˘ǃåā Ǒˠƽ˹ǃå ßƓƼ˦ǃå Ɇǀơ ǑƼ çí˦ƞ˦ǆ Ɠǌ˯ƪåïí ˤ˯˯ƪ Ǒ˯ǃå èƓǈå̊ ˳ǃå ƗǃƓơā Ǐǃ

540   Ǒǃå˦˲Ⱥ ˗ƶ ɂā ˛Ǆƕå̇ ˟ Ɨ ǈ˗ǆ æ̇ ƹ æ˦˹ƞ ˙˯ǆ˦Ǆ˻Ḫ160 æ˦˹ƞ ˙˯ǆ˦Ǆ˻Ḫ   Ɨ ǈ˗ǆ
 Ɨ ˟ ˦ǋ Ǒˠƽ˹ǃå ßƓƼ˦ǃå Ɇǀơ ˥˸ɜǆ .Ɨɂ̇ Ƒå̊ ˱ǃå Ɨ ˮ˻Ǆǃå íā˗˲ǃå ý˦˟ ǏǄƵ ˗˯˸ɂā ˛ǆå˗ƹ

ç̠˻ ǆ˶ ˥Ƶ çïƓy ˦ǋā ǑɁ̇ƺǃå ýƓ˸˵ǃå ǉƓ˱ƙƓȺ Ąǚ˻Ǆƿ ú̇˲˹ƙ Ɇ˻˸ǃå ƗȻíƓơá  Ɨǀ ư Ɨ ʿ ˟
ʸ ˦ǋā ǑǄǆ̇ ǃå ˙˱˲ǃå ˥ǆ Ɨǈ˦ḧ˯ǆ ˗ƿā .Ɋƽ˹ǃå ˥ǆ Ɇ˻Ǆƿā èƓƽ˰ɜ˸ǃåā ðƓƺǄǃ ˥˸ɜǆ ˥Ƶ çïƓ

 ˙ƽơ Ǐǃã ßƓƼ˦ǃå Ɇǀơ ˙ɂ˦ˠƙ ƗˠƤ ˕Ƶí37  êƓ˯ǈǗå ƗǄơ̇ ǆ ˕ǄƤí Ǒ˯ǃåā ðƓƹā Ɋƽǈ ˙˭ƕ
˙ǌƬ ǑƼ  Ɨ˹ƪ ˥ǆ ˙ˮ˸˯ˮƪ2004 .þ[3] 
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1. :ɄǀƇ˭ǁä ƕ ǂ˶Ƴ ɂƬĀ 
 ̇ˮ ƶ˯ƙ Ǒ˯ǃå ɆǂƉ˯ǃå ƓȻǚƤ ÿ˦ḧƙ Ɨ˱ ǈ˯ é̠ ƙ˲ Ɨ˭˻ǃˮå ǑƼ Ɨ́ ˮ˟ ƗǄ˸Ƶ ɆǂƉ˯ǃå ƗǄ˸Ƶ ̇ˮ ƶ˯ƙ

 ï Ɇɜ˵ƙ ǉ˘ǋā ßƓǆ āá ƗɁ̇ ˯ǃå ˥ǆ Ɨ ƑƓ ˸ Ḫ íå˦˸Ⱥ Ɨ˟Ɠ˲˸ǃå ÿíƓƶ˸Ǆǃ ǑƑƓ ˸ Ḫā˙ǌḪ ɆƶƼ í
 Ɨǀɣ˹ ǃ˸å Ǐǃã ƗȻí˦ǈǕå Ɨǀɣ˹ ǃ˸å ˥ǆ èƓǈā̇˯ḧǃǗå ǉƓ˱ƙå ÿ˦ḧƙā) ßƓɁ̇ǌḧǃå ̠ǃ˦ƙ Ɇ˻Ʈ˦ƙ ƓȻǚƤ
 ̇˰ǂǕå ÿ̠ƶ˸ǃå ÿƓɁāî Ǌ˹Ƶ Ɲ˯˹ǒ ɏ̆ǃåā ÿíƓƶ˸ǃå ˥ƕ˻ Ǒƶˮ ǃɣå ̠ǌ˱ǃå û̇Ƽ Ɨ˱ ǈ˯ (ƗȻí˦ƛƓḧǃå

ǃå Ǐ˸ ɂ˴ā ĄƓ˟Ɠ˵ǈïƓ ˯ǃå Ǌ˹ǆ ê̇ ˳Ȼ ɏ˘ǃå ˔ˠǀ " ïƓ ˯ǃå Ɇˮǀ˯˴Ȼ ɏ˘ǃå ˔ˠǀǃå Ǐ˸˴ɂā Ü"í˦ǈá
 Ǐǀ ǒ Ɠ˸˹˻ƕ í˦ǈǕå ǏǄƵ ɆǂƋƙ éā˗ơ Ɨ Ǆ˳ǃå ǑƼ ïƓ ˯ǃå ÿƓɂ̇ ƪ ǏǄƵ ˔ƙ̇ ˯ɂā Ü"í˦ƛƓǂ"

ǃå ā  ˤ Ǆƪ í˦ƛƓḧǃå) ˤƿï Ɇɜ˵1   .ɆǂƉ˯ǃå Ɨ Ǆ˸Ƶ Ʉ˶Ȼ ( 
 

 
) ɆɜƬ1 (ɆǂƉ˯ǃå Ɨ Ǆ˸Ƶ ɄƮā 

 
 Ǒƶˮ ǃɣå ̠ǌ˱ǃå û̇Ƽ ̠˸ ƶ˯Ȼ ã ĄíƓ˸˯Ƶ  ˥Ƶ çïƓ ʸ Ǒǋ Ǒ˯ǃåā Ɨ ƑƓ ˸ Ḫā˙ǌḧǃå ƗǄ˴Ǆ˴ǃå ǏǄƵ Ɠ ǄḪ

 Ǒǋ āá ̇ƺƮǖǃ ̇ǂˮǕå ˥ǆ Ɠǌǃ Ǒƶˮ ǃɣå ǑɁ̇ǌḧǃå ̠ǌ˱Ǆǃ ĄƓǀ˟ ƗƽǄ˯˳ ǃ˸å ÿíƓƶ˸ǃå ̝ ƙ˻̇ƙ
 ǉ̆ǋ ǑƼ ÿ̠ƶǆ ɆḪā Ɨ˹˻ƶǆ úā̇l  ǑƼ ɆǂƉ˯Ǆǃ Ɠǌ˯ǆāƓǀǆ Ɏ̠ ǃ˸ ĄƓǀ˟ ÿíƓƶ˸ǃå ̝ ƙ˻̇ƙ

 ýā̠˱ ǃåā ƗǄ˴Ǆ˴ǃå ǑƼ Ǌǃ ƗǀȺƓ˴ǃå ÿíƓƶ˸Ǆǃ ̠ƶ˶ǆ ÿ˦ɜȻ ƗǄ˴Ǆ˴ǃå) ˤƿï1 ƗǄ˴Ǆ˴ǃå Ơư˦ǒ (
 .ÿíƓƶ˸Ǆǃ Ɨ ƑƓ ˸ Ḫā˙ǌḧǃå 
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) üĀ˕Ɯ1 (ƕ ƏƑ ˶ ḨĀ˗Ǌḥǁä ƕǂ˲ǂ˲ǁä  þìƑƴ˶ǂǁ 

˗˴˷ƴǁä ˗˴˷ƴǁä ˘Ǆî  ǏƨƑ ʽǁä ˒˞ƾǁä ˕ǊƜ
) ˓ǁˤƻǁƑȸV( 

Ɇɜ ǈ Nickel Ni -0.23 
óƓƮï Lead Pb -0.13 
˥˻ƞāï˗˻ǋ Hydrogen H ˙ƽƮ 
ñƓ˲ǈ Cupper Cu +0.34 
Ɨ˷Ƽ Silver Ag +0.80 
þ˦ǒíǚƕ Palladium Pd +0.83 
ɖˮƑð Mercury Hg +0.85 
˥˻ƙǚƕ Platinum Pt +1.21 
˔ǋî Gold Au +1.42 

 

2. : ƕȹìˤƙƑḥǁä ƕȹƑ˶˰ǁä 
1.2 :ƑǊƗƑƾ ˬ˞Ɨ Ā ƕȹìˤƙƑḥǁä ƕȹƑ˶˰ǁä à˕ˬǄ 
˯ƶƙˮ ɆǂƉ˯ǃå Ɨ˲ƼƓɜ˸ǃ Ɨǀɂ̇ ˟ Ǒǋ ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå ˙(Corrosion Inhibitor)  ˥ǆ Ǒǋā

 ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå ú̠ǌƙā ýƓǂǕå Ɋƪ˦ǃå ̠ǌƞ ̇˻˻ƺƙ û̇˟(Cathodic Protection) 
 ˣǃ˘Ɂā í˦ƛƓḪ Ǐǃã Ǌ˯ǒƓ˸ơ íå̇ ˸ǃå Ơˠ˴ǃå Ɇɂ˦˲ƙ Ǐǃã ú˗ǌƙ Ǒ˯ǃåā Ɨ Ɂ̇ ǌḪ ç̇ Ƒåí ˥ɂ˦ḧƙ Ǐǃã
 ɊǄ˴˸ǃå ïƓ˯ǃå ̇ˮ˯ƶƙā èƓǈā̇˯ḧǃã ̠ǀƼ ̨ ǃā Ɠ˸Ƒåí èƓǈā̇˯ḧǃã æƓ˴˯ǂå ƴưā ǑƼ ÿ˦ɜȻ

(Impressed Current)  Ɨ ˲˷˸ǃå èåí˦ǈǕåā(Sacrificial Anodes)  Ɠ˸ǋ
 ƗȻƓ˸˲ǃå èƓǀˮɣ ƙ Ǐǃã û̇ˠ˯ǃå Ɇˮƿā .ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå ǑƼ ˥˻˯˻ƪƓƪǕå ˥˻˯ǀɂ̇ɣǃå
 ƗȻƓ˸˲ǃåā ƗǆƓƶǃå ƗȻƓ˸˲ǃå Ǐ˸˴Ȼ Ɠǆ Ǒǋā èƓ˲Ǆˠ˶ǆ ç˗Ƶ ƗƼ̇ ƶǆ ˥ǆ ˗ƕǙ ÜƗȻí˦ƛƓḧǃå

 ƗǄǆƓ˵ǃå)General & Complete Protection.([4] 
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 èƓƪƓ ʾ ˘Ƥå ƗǃƓơ ǑƽƼ ˕ǈƓḪ åîƎƼ Ɠǌǃå˦˟á ˥ǆ Ɇ˻ǆ Ʉ˶ǈ āá ˙˯ǆ˦Ǆ˻Ḫ ɆḪ ˔˻ƕƓǈǕå ˗ǌƞ
) ˥Ƶ Ɇǀƙ Ǚ èƓƪƓ ʿǃå0.85 ƗǆƓƵ ƗȻƓ˸ơ ˔˻ƕƓǈǕå ǏǄƵ ÿã ý˦ǀǃå ˥ɜ˸Ȼ ˕ǃ˦Ƽ (

)General Protection ɊǀƼ ɖǀ˲˯ƙ ǉ˘ǌƼ ƗǄǆƓƬ ƗȻƓ˸ơ Ɠǌ˻ǄƵ ÿá Ǒ˹ƶȻ Ǚ ˥ḧǃā (
Ḫ˸ .æ˦Ǆɣ˸ǃå Ɏ˦˯˴˸ǃå ǑƼ æ˦ ǈˮǕå Ơɣƪ ǏǄƵ Ɨɣǀǈ ɆḪ ̠ǌƞ ÿ˦ɜȻ Ɠǆ̠˹Ƶ ˥ǆ ˗ƕǙ Ǌǈå Ɠ

 Ɨ˴ǈƓ˱˯˸ǃå ƗɁ̇ ˯ǃå Ɠ˸ǋā ƗɁ̇ ˯ǃå ˥ǆ ˥˻Ƶ˦ǈ üƓ˹ǋ ÿá ƗƼ̇ ƶǆ(Homogeneous Soil) 
 Ɨ˴ǈƓ˱˯ǆ ˙˻ƺǃå ƗɁ̇ ˯ǃåā(Non- Homogeneous Soil)  ßƓ˸ǃå āá Ɨ˴ǈƓ˱˯˸ǃå ƗɁ̇ ˯ǃå ǑƽƼ

 å̇ ˢǈ ƗǆƓƶǃå ƗȻƓ˸˲ǃå Ǌ ǄƵ è̇ Ƽ˦ƙ ÿã æ˦ˮǈǕå ǏǄƵ ƗǄǆƓƬ ƗȻƓ˸ơ üƓ˹ǋ ÿƋȺ þ̊ ˱ǃå ˥ɜ˸Ȼ
ǑƼ æ˦ˮǈǕå ˗ǌƞ ÿǕ  ƗȻƓ˸˲ǃå Ɨˠ˲ǆ ˥ǆ ˗ƶ ǃå ƴǆ æƓ ˴ǈƓȺ ǏƬǚ˯ǒ ˥˻˯˭˻ˮǃå ˥˻ƙƓǋ

 ˥ Ƽ˸ æ˦ ǈˮǕå íå̠˯ǆå ǏǄƵ ˥˻˯ɣǀǈ ̠˹Ƶ æ˦Ǆɣ˸ǃå ƗȻƓ˸˲ǃå Ɏ˦˯˴ǆ ̇Ƽ˦ƙ åîã ǊǈƋƼ ǊǄƵā
 ˙˻ƹ ƗɁ̇ ˯ǃå ǑƼ Ɠǆá æ˦ˮǈǕå Ơˠƪ ˥ǆ Ɨˠǀǈ ɆḪ ǏǄƵ Ɨ ʼƓḪ ƗȻƓ˸ơ üƓ˹ǋ ÿá Ơưå˦ǃå

ïƓ ˯ǃå ˔˱ơ ç̇ ǋƓˡ í˦ƞ˦ǃ ˣǃ˘ƕ þ̊ ˱ǃå ˥ɜ˸Ȼ ǚƼ Ɨ˴ǈƓ˱˯˸ǃå(Current Veil)  ˥Ƶ
 ƗǄǆƓ˵ǃå ƗȻƓ˸˲ǃå Ɏ˦˯˴ǆ ÿāí Ɠǌ˻Ƽ æ˦ ǈˮǕå ̠ǌƞ Ɇƶ˱Ȼ Ɠ˸ǆ ƴƿå˦˸ǃå ˞ ƶȺ ǑƼ ɉ˦ˠ˳ǃå
 ˣǃ˘ǃā ßǑƬ ˙ǆǕå ˥ǆ ˙˻ƺȻ ˥ǃ ƴƿ˦˸ǃå å˘ǌǃ çïāƓ˱˸ǃå èƓˠ˲˸ǃå ǑƼ ïƓ ˯ǃå çíƓɂð ÿáā
 Ɇɜ˵Ȼ Ǚ ßƓ˸ǃå ǑƼ āá Ɨ˴ǈƓ˱˯ǆ ƗɁ̇ ƙ ǑƼ ˔˻ƕƓǈá ɊƤ ǏǄƵ ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå ɖ˻ˮˠ˯Ƽ

˹ǋ ˥ḧǃā ƗɁ˦ƶƮ Ɨɂ̇ ˳˶ǃåā Ɨɂāå̇ ˲˶ǃå ǑưåïǕå ǑƼ Ɠǌǀ ˮˠƙ ǑƼ ƗƺǃƓȺ ƗɁ˦ƶƮ üƓ
 Ɠǌ˯ǃƓơ ˕ǈƓḪā Ɨɂðå˦˯ǆ ˔˻ƕƓǈá ç˗Ƶ üƓ˹ǋ ÿƓḪ åîã ƓƮ˦˶Ƥā (Ɨ˴ǈƓ˱˯ǆ ˙˻ƺǃå ƗɁ̇ ˯ǃå)

.ƗƙāƓƽ˯ǆ[4]  :ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå ǑƼ ƗƶƑƓ˵ǃå èƓǀ ˮˠ˯ǃå ˥ǆā 
1- .ôïǕå (ƗɁ̇ ˯ǃå) ˕˲ƙ Ɨǈ˦Ƽ˗˸ǃå èƓǈå̊ ˳ǃå 
2-  (ƗɁ̇˯ǃå) û˦Ƽ Ɨ˯ˮ˰˸ǃå èƓǈå̊˳ǃå.ôïǕå 
3- .ßƓ˸ǃå āá ƗɁ̇ ˯Ǆǃ Ɠǌơ˦ˠƪ ô̇ ƶƙ ˗˹Ƶ ɆǂƉ˯ǃå ˥ǆ í˦ƿ˦ǃå ˔˻ƕƓǈá ƗȻƓ˸ơ 
4-  .èƓǈå̊ ˳Ǆǃ Ɨ ǄƤå˗ǃå ƠˠƪǕå 
5- æïå˦ǀǃåā ˥ƽ˴ǃå ɆǂƓ ˀ  ā   .Ɨɂ̇ ˲ ǃå Ɋƽ˹ǃå èƓ˶˹ǆ 
2.2 .: ƕȹìʕƙƑḥǁä ƕȹƑ˶˰ǁä ú̠˝ 

 :˥˻˯˻˴ Ƒï ˥˻ ǀ˯ɂ̇˟ Ǐǃã ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå û̇  ˟˴ʕ ǀ˹ƙ-  
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1.2.2 . :Ɉǂ˲˶ǁä îƑ ˭ǁä ƕƾɀ˗˝IMPRESSED CURRENT)( 
 Ɇɂ˦˲ƙ ɖɂ̇ ˟ ˥Ƶ Ǌ ǄƵ ý˦˶˲ǃå ˤ˯ǒ ˙˸˯˴ǆ ïƓ ƙ ï˗˶ǆ í˦ƞā ǏǄƵ Ɨǀɂ̇ ˠǃå ǉ˘ǋ ˗˸˯ƶƙ

) ɖɂ̇ ˟ ˥Ƶ ˙˸˯˴ǆ ïƓ ƙ Ǐǃã íí̇ ˯˸ǃå ïƓ ˯ǃå ï˗˶ǆ (Transformer Rectifier ˖˻˲Ⱥ
 Ɇ˻Ʈ˦ƙ ˤ˯ɂā ïƓ ˯ǃå ï˗˶˸ǃ ˔ǃƓ˴ǃå ú̇ ˠǃƓȺ Ǌ˯ǒƓ˸ơ íå̇ ˸ǃå ÿ˗ƶ˸ǃå ˤ˴ƞ Ɇ˻Ʈ˦ƙ ˤ˯ǒ

 ̇ ˟ ˥Ƶ ˔ƞ˦˸ǃå ú̇ ˠǃåɖɂ(Ground bed)  ˥Ƶ ̠ƶƙā Ǒǈ˦ɜǄ˴ǃå ̠ǒ̠˲ǃå ˥ǆ ÿ˦ḧƙā
 íā˗ơ ǑƼ ïƓ ˯ǃå ï˗˶ǆ100Ĳ 50 ïƓ ˯ǃå ÷˦ ˹ǃå ˥ǆ ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå þå˗˳˯ƪå ˤ˯ɂā þ

 ç̇ ˻ˮḧǃå ƠˠƪǕå èåî èƓǈå̊ ˳ǃå ˗Ƶå˦ƿā ˔˻ƕƓǈǕå ɉ˦ˠƤ ƗȻƓ˸˲ǃ ƗƞƓ˲ǃå ƗǃƓơ ǑƼ ɊǄ˴˸ǃå
ǆ ǏǄƵ ˗˯˸ƙ ƗǄɂ˦˟ èå̇ ˯ƽǃā ǑǃƓƵ ƗȻƓ˸ơ ïƓ ƙ ˔Ǆˠ˯ƙ Ǒ˯ǃåā í˦ƶƙ Ǒ˯ǃå èƉ˵˹˸ǃå ˙˸Ƶ Ɏ˗

) Ɠǌ˻ǃã20  ƗȻƓ˸˲ǃå ǏǄƵ ç̇ ˠ ˴ǃå Ɨ ǈƓɜǆã èƓǆ˦ˢ˹˸ǃå ǉ˘ǋ ǑƼ ˙Ƽ˦˯ǒ Ǌǈå Ɠ˸Ḫ (˙˰ǂƋƼ Ɨ˹ƪ
. ç̇ ˸˯˴˸ǃå Ɠǌ˯ˮƿå̇ ǆā[5] ) Ɇɜ˵ǃå ā2.ɊǄ˴˸ǃå ïƓ ˯ǃå Ɨǀɂ̇ ˟ Ơư˦ǒ ( 

    

 
) ɆɜƬ2( ɊǄ˴˸ǃå ïƓ ˯ǃå Ɨǀɂ̇ ˟ 
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2.2.2 . :ƕ ˰˵˶ǁä çäìˤǆǓä ƕƾɀ˗˝(SACRIFICIAL ANODES) 
 Ɨ ˲˷˯ǃå æƓˠƿá þå˗˳˯ƪƓȺ ƗȻƓ˸˲ǃå èƓǆ˦ˢ˹ǆSacrificial Anodes  å˘ǋ ˗˸˯ƶȻ

ǃå Ɨ ǃƓƶƽǃå ǏǄƵ æ˦ǄƪǕå˱ Ɨ ǈƓƽǄGalvanic Action  æƓˠƿáā Ǌ˯ǒƓ˸ơ íå̇ ˸ǃå ÿ˗ƶ˸ǃå ˥˻ƕ
 ƗǄ˴Ǆ˴ǃå Ɨǆ˗ǀǆ ǑƼ ǑƙƋƙ ÿíƓƶǆ ˥ǆ Ɨ ˲˷ƙ æƓˠƿá þ˗˳˯˴ƙ ˖˻ơ ÜƗǆ˗˳˯˴˸ǃå Ɨ ˲˷˯ǃå

íå̇ ˸ǃå ÿ˗ƶ˸ǃƓȺ ƗǈïƓǀǆ Ɨ ƑƓ ˸ Ḫā˙ǌḧǃå  ƗǈïƓǀǆ Ɠ Ǆƪ ˙˰ǂá Ǒƶ ˮ˟ ˗ǌƞ èåî Ɠǌǈá ɏá Ǌ˯ǒƓ˸ơ
. Ǌ˯ǒƓ˸ơ íå̇ ˸ǃå ÿ˗ƶ˸ǃå ˗ǌ˱Ⱥ[6] ) ɆɜƬā3.Ɨ ˲˷˸ǃå èåí˦ǈǕå Ɨǀɂ̇ ˟ Ơư˦ǒ ( 

 

 
) ɆɜƬ3 (Ɨ ˲˷˸ǃå èåí˦ǈǕå Ɨǀɂ̇ ˟    

  
3.2.2.: ƕȹìˤƙƑḥǁä ƕȹƑ˶˰ǁä Ɉƾǆ ˕ǊƜ ðƑ ʼ 

ßå˦ƪ Ąå̠ƞ ʕǌǆ Ɠǌƕ Ɨɣ ˲˸ǃå ƗɁ̇˯ǃåā ɉ˦ˠ˳ǃå ˥ƕ˻ ̠ǌ˱ǃå û̇Ƽ ñƓʾ ÿã  ɆǂƉ˯ǃå ˙˻ƛƋƙ ǑƼ
 Ɋ˳ǃå ÿ̠ƶǆ ˥ƕ˻ ̠ǌ˱ǃå û̇Ƽ ñƓʾ ʕ˯ɂā .Ǌǃ ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå Ɏ˦˯˴ǆ ǑƼ āá Ɋ˳ǃå ǏǄƵ

) Ɨ Ǆ˳ǃåāHalf- Cell ˥ǆ ˔ˠƿ ˥Ƶ çïƓ ʸ Ǒǋ Ɨ Ǆ˳ǃåā ÜƗɁ̇ ˯ǃå ǑƼ ƴư˦ƙ Ǒ˯ǃå (
ñƓ˲˹ǃå)Copper-Pole(  ñƓ ʾ ˔ˠǀḪ þ˗˳˯˴ƙā ñƓ˲˹ǃå èƓ˯ɂ̇ ˮḪ ǑƼ ï˦˸ƺǆ



 

ϸϹЛЮϜ  17Volume  

ϽϠϜ Эт2019 April  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мп 

 
 

(Referance Pole)  ɆɜƬā .˙˯ǆ˦ƼǕƓȺ Ɠ˷Ȼá ú̇ ƶɂā ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå çßå̇ ƿ Ɇ˻˱˴˯ǃ
)4 ǊƙƓǈ˦ɜǆā ˙˯˻ǆ˦ƼǕå ðƓǌƞ Ơư˦ǒ (.[7] 

 
) ɆɜƬ4 ( ǊƙƓǈ˦ɜǆā ˙˯˻ǆ˦ƼǕå ðƓǌƞ 

 

3.   : ƕȹìˤƙƑḥǁä ƕȹƑ˶˰ǁä ƕǄˤˠ˷Ǆ 
 ˔˻ƕƓǈǕåā ƗȻ˗ǒ˗˲ǃå Ɨ ǈ˗ƶ˸ǃå ɆǂƓ ǌǃå ƗȻƓ˸˲ǃ Ɨǀɂ̇ ˟ Ǒǋ ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå

˥ǆ ɆǂƉ˯ǃå ßƓ˸ǃå ƴǆ āá ƗɁ̇ ˯ǃå ƴǆ ñƓ˸ƙ Ǐǃã Ɠǌơ˦ˠƪ ô̇ ƶƙ ßå̇ ƞ . ë˦ ˠ˴ǃå ɆǂƉ˯ƙ
 ƗɁ̇ ˯ǃå Ɠǌơ˦ˠƪ ˛˸ƙ ˗˹Ƶ Ɠǆ˦˸Ƶ ƗȻ˗ǒ˗˲ǃå èå˗ƶ˸ǃåā ˔˻ƕƓǈǕåā Ɨ ǈ˗ƶ˸ǃå ɆǂƓ ǌǄǃ ƗȻ˗ǒ˗˲ǃå

˯ǈ ßƓ˸ǃå āáéā˗˲ǃ Ɨ˱ Ɨ ƑƓ ˸ Ḫ èǚƵƓƽƙ  ÿƓɂ̇ ƪ ɏá) èƓǈā˙˯ḧǃǗå ÿƓɂ̇ ˴Ⱥ ƗɁ˦˲˶ǆ
(ǑƑƓɁ̇ ǌḧǃå ïƓ ˯Ǆǃ.[8]  Ɨ Ǆ˸Ƶ ÿƋȺ ý˦ǀǃå ˥ɜ˸Ȼ å˘ǃ ɆǂƉ˯ǃå  ɏí˓ƙ Ɨ ƑƓ ˸ Ḫā˙ǌḪ Ɨ Ǆ˸Ƶ Ǒǋ

 āá ƗɁ̇ ˯Ǆǃ ô̇ ƶ˸ǃå Ơˠ˴ǃå ɆǂƉƙ ǑǃƓ˯ǃƓɁā ˗ǒ˗˲ǃå ÿ˗ƶǆ ˥ǆ ßå̊ ƞá ÿå˗ǀƼ Ǐǃã Ɨ˱ ˯˹ǃƓȺ
Ǆǃ ô̇ ƶ˸ǃå Ǐ˯ơ āá ßƓ˸ǃå ÿ˦ḧ˯ƙ ̟ ơ˻ ̝˟̇ǃå ˦˱ Ɨ ǈƓƽǄƞ Ɨ ǄƤ Ɨ ƑƓɁ̇ ǌǂ ā .) ýā˗˱ǃå2 (

˸ Ḫā˙ǌḧǃå Ɨ ǈƓƽǄ˱ǃå Ɨ Ǆ˳ǃå ǑƼ Ɨ ˲˷˸ǃå èåí˦ǈǚǃ Ɨ Ɂ̇ ǌḧǃå ƗǆāƓǀ˸ǃå Ơư˦ǒƗ ƑƓ . 
 
 

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AA%D8%A2%D9%83%D9%84
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AA%D8%A2%D9%83%D9%84
https://ar.wikipedia.org/wiki/%D8%AA%D9%81%D8%A7%D8%B9%D9%84_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%AA%D9%81%D8%A7%D8%B9%D9%84_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%AA%D8%A2%D9%83%D9%84_%D8%AC%D9%84%D9%81%D8%A7%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%AA%D8%A2%D9%83%D9%84_%D8%AC%D9%84%D9%81%D8%A7%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%AE%D9%84%D9%8A%D8%A9_%D9%83%D9%84%D9%81%D8%A7%D9%86%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%AE%D9%84%D9%8A%D8%A9_%D9%83%D9%84%D9%81%D8%A7%D9%86%D9%8A%D8%A9
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) üĀ˕Ɯ2ìˤǆǔǁ ƕ ȿ̠ Ǌḥǁä ƕǄĀƑƾ˶ǁä åƑ˲Ɵ ( [5] 

Resistance Formula Anode Type 

Ὑ ÌÎ ρ (Modified Dwight) 
Long Slender standoff 

L Ó 4r 

Ὑ
”

ς“ὒ
ÌÎ
ςὒ

ὶ
ρ ρ

ὶ

ςὒ

ὶ

ςὒ
ρ

ὶ

ςὒ
 

Long Slender standoff 

L Ò 4r 

Ὑ    (Lloyds) 
Long flush mounted L 

Ó 4Ĭ width and length 

Ὑ
Ȣ

Ѝ
   (McCoy) 

Short flush mounted, 

bracelet and other 

flush mounted shapes 

 
  ƗǆāƓǀ˸ǃå ˙ˮ˯ƶƙā ɆǂƉ˯ǃå Ɋƪā Ɇɜ˵Ȼ ɏ˘ǃå Ɋ ˲˸ǃå āá ƗɁ̇ ˯Ǆǃ Ɨ ʸ˦˹ǃå ƗǆāƓǀ˸ǃå ˙ˮ˯ƶƙā

 ïƓ ƙ ƗƼƓ˰Ḫ èå̇ ǒ˗ǀ˯ǃ Ɨ ǃāá ƝƑƓ˯ǈ Ǐǃã ɆƮ˦˯Ǆǃ ɏí˓ƙ Ǒ˯ǃå ƗǆƓǌǃå ɉƓǀ˹ǃå ˥ǆ Ɨ ʸ˦˹ǃå
 ÷˦ ˹˶˸ǃå ÿ˗ƶ˸ǃå ˗ǌƞā í˦ǈǕå ˗ǌƞā Ɨ Ǆḧǃå ïƓ ˯ǃå èå̇ ǒ˗ǀƙ Ǐǃã ǑǃƓ˯ǃƓɁā æ˦Ǆˠ˸ǃå ƗȻƓ˸˲ǃå

ǃå āá ÿå̊ ˳ǃå Ǌ˹ǆ Ǌ˯ǒƓ˸ơ íå̇ ˸ǃå ˤ˴˱.[9] ) ýā˗˱ǃå ǑƼ Ơư˦ǆ ˦ǋ Ɠ˸Ḫā3 úǚ˯Ƥå (
 .ˤ ˸˶˯ǃå Ɨ Ǆ˸Ƶ ǑƼ ƗǄƤå˗ǃå ÿíƓƶ˸ǃå ǉ˘ǋ ǊȺ çí˦ƞ˦˸ǃå Ɋ ˲˸ǃå úǚ˯ƤƓȺ ïƓ ˯ǃå ƗƼƓ˰ǂ 

) üĀ˕Ɯ3 Ɉ ˰˶ǁä ùǘ˭ƢƑȸ îƑ ˭ǁä ƕƺƑˮḨ ùǘ˭Ƣä ([7] 
Current density (µA/cm2) Environment 

2.152-3.228 Well aerated neutral soil 

2.691-6.456 Wet soil 

5.38-16.14 Highly acidic soil 

Up to 45.190 Sulfate-reducing bacteria 

5.38-26.90 Heated soil 

Up to  5.38 Stationary fresh water 

5.38-16.14 Moving fresh water containing dissolved oxygen 

5.38-26.91 Seawater 
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1.3.: ƕȹìˤƙƑḥǁä ƕȹƑ˶˰ǁä ƕƾɀ˗˝ Ǐƺ ˢ ˶˴˭ǁä ƕ ǂ˶Ƴ çƑ ƨƑƨà 
 Ɨ Ǆƶƽǃå ā Ɨ ˴ Ƒ̇ ǃå ɉƓǀ˹ǃå ïƓ ˯ƵǙå ǑƼ ˘ƤǕå ˔Ǆˠ˯ǒ ƗȻí˦ƛƓḪ ƗȻƓ˸ơ Ɨǆ˦ˢ˹ǆ ˤ ˸˶ƙ ˗˹Ƶ

: Ɨ ǃƓ˯ǃå  
1.   Ǌ˯ǒƓ˸ơ æ˦Ǆˠ˸ǃå ÿ˗ƶ˸ǃåā Ƌ˵˹˸ǃå ÷˦ ǈ 
2.  ɆǂƉ˯ǃå ˥ǆ Ǌ˯ǒƓ˸ơ æ˦Ǆˠ˸ǃå Ƌ˵˹˸Ǆǃ Ɨ ˲ˠ˴ǃå ƗơƓ˴˸ǃå 
3.  ā í˦ǈǖǃ Ɨ Ɂ̇ ǌḧǃå ƗǆāƓǀ˸ǃå í˦ǈǙå ïƓ ˯ǃå ƗƼƓ˰Ḫ 
4.     Ǌ˯ǒƓ˸ơ æ˦Ǆˠ˸ǃå Ơˠ˴ǃå Ɨ ˠƺƙ ǑƼ þ˗˳˯˴˸ǃå ˃ Ǆƺ˯ǃå ÷˦ ǈ 
2.3 .: ýˤ˹ǆˤ˶ǁǓä ˣǄ ƕ ˰˵Ɨ åƑ˞ƽà ýä˕˱˭ƨƑȸ ƕȹìˤƙƑḥǁä ƕȹƑ˶˰ǁä ƕǄˤˠ˷Ǆ 

) ˤ ˸˶˯ǃå ǑƼ þ˗˳˯˴˸ǃå ÷˦ ˹ǃåā þ˦˻ǈ˦˸ǃǕå í˦ǈá ˥ǆ ÷å˦ǈǕå ˞ƶȺ èƓƽƮå˦ǆAL- 1- 23H( : 
ýā˗˱ǃå ā )4 å˘ǋ ƴǆ Ɠ˯ǈïƓǀǆā þ˦˻ǈ˦˸ǃǙå èåí˦ǈá ƴ ˸˱ǃ Ɨ ƪƓ ʿǃå èƓƽƮå˦˸ǃå Ơư˦ǒ (

.Ɨ ƪƓƪǕå ˤ ˸˶˯ǃå èƓȺƓ˴ơ .ˤ ˸˶˯ǃå å˘ǋ ǑƼ þ˗˳˯˴˸ǃå ÷˦ ˹ǃå 
) üĀ˕Ɯ4 ýˤ˹ǆˤ˶ǁǓä ìˤǆà çƑƻƬäˤǄ ([5] 

Standard Dimensions 

Nominal 

anode net WT 

(kg) 

Nominal dimensions (mm) 

Config. 

Type 
Anode type 

MNTG. 

BRACKETS 
T W L 

CW CL 

4.5 32 152 32 165 356 B AA-2-10H 

5.4 38 64 57 114 356 A AA-1-12H 

7 32 292 38 127 546 B A-2-15H 

9.1 38 64 57 114 610 A AA-1-20H 

10.4 32 64 51 127 610 A A-1-23H 

13.2 38 64 64 127 610 A A-1-2H 

154. 38 254 51 254 508 B AA-2-32H 
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 ɖɂ̇ ˟ ˥Ƶ ɆǂƉ˯ǃå ˥ǆ þƓƤ Ɋƽǈ ÿå̊ ˳ǃ ƗȻƓ˸˲ǃå Ɨǆ˦ˢ˹˸ǃ ˤ ˸˶˯ǃå Ɨ Ǆ˸Ƶ ßå̇ ƞã ˗˹Ƶ
) ýā˗˱ǃåā : Ɨ ǃƓ˯ǃå èå˦ˠ˳ǃå ÷Ɠ ƙá ˤ˯˻ƪ Ɨ ˲˷˸ǃå èåí˦ǈǕå þå˗˳˯ƪå5 ƴ ˸ƞ Ơư˦ǒ (

 .ˤ ˸˶˯ǃå èƓȺƓ˴ơ ǑƼ Ɨǆ˗˳˯˴˸ǃå Ɨ ƪƓƪǕå ˤ ʿǃå 
 

) üĀ˕Ɯ6 (ˢ ˶˴˭ǁä çƑȸƑ˲Ɵ Ǐƺ ƕǄ˕˱˭˲˶ǁä ˢ ʽǁä 
ƕ ˶ ˶˴˭ǁä çä̠ ˹Ƹ˭˶ǁä 

) ÿå̊ ˳ǃå ˙ˠƿD( 39þ 
) ßƓ˸ǃå Ɏ˦˯˴ǆ ÷Ɠƽƙïåh( 1˙˯ǆ 
) ˕˻ǃā˙Ǆ˯ḧǃǗå ƗǆāƓǀǆP( 100ˤƪ.þāå 
) Ɨ ˸ ˸˶˯ǃå ïƓ ˯ǃå ƗƼƓ˰ǂI( 0.02þ/˙˻ˮǆå2 
) Ǒ˸ ˸˶˯ǃå ˙˸ƵfL( 10˥˻˹ƪ 
) ̠ơå˦ǃå í˦ǈǕå ÿðāW( 10.4ˤ˱ǂ 
) í˦ǈá Ɇḧǃ ïƓ ˯ǃå ƗƶƪcapacityI( 3.5Ɨ˹ƪ .˙˻ˮǆá/ˤ˱ǂ 
) í˦ǈá Ɇḧǃ ïƓ ˯ǃå çßƓƽǂeffI( %90 
) þå˗˳˯ƪǙå ɆǆƓƶǆfU( %65 
) í˦ǈǕå ô̇ Ƶb( 12.7ˤƪ 
) í˦ǈǕå ý˦˟L( 61ˤƪ 
) í˦ǈǕå ˣ˸ƪt( 5.1ˤƪ 

 
1.2.3. : þä̆ ˱ǁä ƕƟƑ˲Ǆ åƑ˲Ɵ 

ǃå ƗơƓ˴˸ǃå æƓ˴˲ǃ) ÿå̊ ˳Ǆǃ Ɨ Ǆḧtotal A:Ɨ ǃƓ˯ǃå ƗǃíƓƶ˸ǃå þå˗˳˯ƪå ˤ˯ǒ ( 
! ! !                    (1) 
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:ÿá ˖˻ơ 
shellA   .ÿå̊ ˳ǃå úǚƹ ƗơƓ˴ǆ Ɇ˰˸ƙ 

BottomA   .ÿå̊ ˳ǃå ÷Ɠƿ ƗơƓ˴ǆ Ɇ˰˸ƙ 
:Ɨ ǃƓ˯ǃå ƗǃíƓƶ˸ǃå þå˗˳˯ƪå ˤƙ ÿå̊ ˳ǃå úǚƹ ƗơƓ˴ǆ æƓ˴˲ǃ 

! ʌ $ Ὤ                           (2) 
: ÿá ˖˻ơ 

 D.ÿå̊ ˳ǃå ˙ˠƿ Ɇ˰˸ƙ 
 h  ǑƼ ßƓ˸ǃå Ɏ˦˯˴ǆ ÷Ɠƽƙïå Ɇ˰˸ƙ.ÿå̊ ˳ǃå 
-:Ɨ ǃƓ˯ǃå ƗǃíƓƶ˸ǃå þå˗˳˯ƪå ˤ˯ǒ ÿå̊ ˳ǃå ÷Ɠƿ ƗơƓ˴ǆ æƓ˴˲ǃ 

!                              (3) 
 ǉ̇ ˠƿ þ˗˳˯˴˸ǃå ÿå̊ ˳ǃå ÿá Ɠ˸Ⱥ39 ÿå̊ ùùùùùùùùùùùùùùùùùùùùù˳Ǆǃ Ɨ Ǆḧǃå ƗơƓ˴˸ǃå ÿƋƼ ˗ơåā ˙˯ǆ ǊƵƓƽƙïåā þ

)totalA (   ɏāƓ˴ƙ1316.445  .ƴɁ̇ ǆ ˙˯ǆ 
 

2.2.3 .: åˤǂ˞˶ǁä Ǐǂḥǁä îƑ ˭ǁä 
) ÿå̊ ˳ǃå ƗȻƓ˸˲ǃ æ˦Ǆˠ˸ǃå ǑǄḧǃå ïƓ ˯ǃå æƓ˴˲ǃtotal I:Ɨ ǃƓ˯ǃå ƗǃíƓƶ˸ǃå þå˗˳˯ƪå ˤƙ ( 

Ὅ ὃ Ὅ                     (4) 
 ˖˻ơdI ) ɏāƓ˴ƙ Ǒǋā Ɨ˸ ˸˶ ǃ˯å ïƓ˯ǃå ƗƼƓ˰Ḫ Ɇ˰˸ƙ0.02 þ/˙˻ˮǆá2.( 

ïƓ ƙ Ǌ˹Ƶ Ɲ˯˹ǒ ƗǀȺƓƪ ƗǃíƓƶ˸ǃå þå˗˳˯ƪå ) ǉï˗ƿ ǑǄḪ26.33 .(˙˻ˮǆá 
 

3.2.3 . : çäìʕǆǓä þïĀ 
) ƗǃíƓƶǆ þå˗˳˯ƪå ˤƙ5.4) ƗɁ˦Ǆɣ˸ǃå èåí˦ǈǕå ÿðā æƓ˴˲ ǃ (W:( 

7                      (5) 
˖˻ơ: 

fL        Ɨ˹˴ǃƓȺ Ǒ˸ ˸˶˯ǃå ˙˸Ƶ Ɇ˰˸ƙ 
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capacityI  Ǒǋā ïƓ ˯ǃå Ɨƶƪ Ɇ˰˸ƙ )3.5Ɨ˹ƪ .˙˻ˮǆá/ˤ˱ǂ( 
effI       %) Ǒǋā í˦ǈǕå ïƓ ƙ çßƓƽḪ Ɇ˰˸ƙ90( 

fU       ) Ǒǋā þå˗˳˯ƪǗå ɆǆƓƶǆ Ɇ˰˸ƙ0.65( 
         ) ǉï̠ƿ ÿðā Ǌ˹Ƶ Ɲ˯˹ǒ å̆ǋā1575.23(ˤ˱ǂ 

 
4.2.3 . : ƕȿˤǂ˞˶ǁä çäìˤǆǓä ì˕Ƴ 

) ƗɁ˦Ǆˠ˸ǃå èåí˦ǈǕå í˗Ƶ æƓ˴˲ǃN) ƗǃíƓƶǆ þå˗˳˯ƪå ˤƙ (6.4(: 
ὔ                                (6) 

 :˖˻ơanodW    Ǒǋā ̠ơå˦ǃå í˦ǈǕå ÿðā Ɇ˰˸ƙ10.4 ˤ˱ǂ 
 ǏǄƵ ƗɁ˦Ǆˠ˸ǃå èåí˦ǈǕå í˗Ƶ Ơ ˶Ȼ ƗǀȺƓ˴ǃå ƗǃíƓƶ˸ǃå þå˗˳˯ƪƓȺ152 .í˦ǈá 

 
5.2.3 . ìˤǆà Ʉḥǁ ƕ ˶˰˶ǁä ƕƟƑ˲˶ǁä : 

) í˦ǈá ɆḪ Ɇˮƿ ˥ǆ Ɨ ˸˲˸ǃå ƗơƓ˴˸ǃå ƗƼ̇ ƶ˸ǃanodeA  ƗǃíƓƶ˸ǃå þ˗˳˯˴ǈ (:Ɨ ǃƓ˯ǃå 
!                            (7) 

 Ɠǋï˗ƿ Ɨ ˸˲ǆ ƗơƓ˴ǆ Ǌ˹Ƶ Ɲ˯˹ǒ å˘ǋā8.66þ2  í˦ǈá Ɇḧǃ 
) èåí˦ǈǕå ˥˻ƕ ƗƼƓ˴ǆ Ǒǈíá æƓ˴˲ǃāmin L) ƗǃíƓƶǆ þ˗˳˯˴ǈ (8.4 ( 
) í˦ǈá ɆḧǄǃ ƗȻƓ˸˲ǃå ˙ˠƿ æƓ˴˲ǃāanode D) ƗǃíƓƶǆ þ˗˳˯˴ǈ (9.4( 

  ὒ !                        (8) 

Ὀ                        (9) 
 Ɠǋï˗ƿ ƗƼƓ˴ǆ Ǐǈíá ˤǌ˹Ƶ Ɲ˯˹ǒ ˥˻˯ǀȺƓ˴ǃå ˥˻˯ǃíƓƶ˸ǃå2.94 ƗȻƓ˸ơ ˙ˠƿā þ1.66.þ 

 
6.2.3 . : ùˤƻƬ ˣ˹Ɠ ƕƺƑ˲˶ǁä 

) ƗǃíƓƶǆ ˕ǆ˗˳˯ƪå10.4) èåí˦ǈǕå ú˦ƽ˶ǃå ˥˻ƕ ƗƼƓ˴˸ǃå æƓ˴˲ǃ (rowL .( 
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ὒ                            (10) 
 Ɠǋï˗ƿ ƗƼƓ˴ǆ Ǌ˹Ƶ Ɲ˯˹ǒ å˘ǋā5.2 Ʉ˶ǃåā ÿå̊ ˳ǃå ïå˗ƞ ˥˻ƕ ƗƼƓ˴˸ǃå ˝˳Ȼ Ɠ˸ ʼā .þ

 ɏá ɄƮ ɆḪ ˕˻ƕ ƗƼƓ˴˸ǃå Ʉ˶ǈ Ǌư̇ Ƽ ˤƙ ýāǙå2.6.þ 
 

7.2.3 . : ɍìˤǆǓä ˓˹ǁĀ˗˭ḥǁǓä ƕǄĀƑƾǄ 
) ɏí˦ǈǕå ˕˻ǃā˙˯ḧǃǖǃ Ɨ ƑƓɁ̇ ǌḧǃå ƗǆāƓǀ˸ǃå æƓ˴˲ǃR˗˳˯ƪå ˤƙ (:Ɨ ǃƓ˯ǃå ƗǃíƓƶ˸ǃå þå 

Ὑ
 

ὰὲ ρ              (11) 
: ÿå ˖˻ơ 

P  Ǒǋā ˕˻ǃā˙˯ḧǃǗå ƗǆāƓǀǆ Ɇ˰˸Ȼ100  ˤƪ/þāå 
L   Ǒǋā í˦ǈǕå ý˦˟ Ɇ˰˸Ȼ61 ˤƪ 
r  : Ɨ ǃƓ˯ǃå ƗǃíƓƶ˸ǃƓȺ ˔˴˲ƙā ýíƓƶ˸ǃå ˙ˠǀǃå Ʉ˶ǈ Ɇ˰˸ƙ 

ὶ                                   (12) 
) ˖˻ơbɆ˰˸ƙ (  Ǒǋā í˦ǈǕå ô̇ Ƶ12.7) ā ˤƪt Ǒǋā ˣ˸˴ǃå Ɇ˰˸ƙ (5.1   ˤƪ 

 Ơ ˶ƙ ƗǀȺƓ˴ǃå èǙíƓƶ˸ǃå þå˗˳˯ƪƓȺ Ɨ ƑƓɁ̇ ǌḧǃå ƗǆāƓǀ˸ǃå1.06 .þāå 
 

8.2.3 . : ìˤǆà Ʉḥǁ éîƑ˱ǁä îƑ ˭ǁä 
:Ɨ ǃƓ˯ǃå ƗǃíƓƶ˸ǃå þå˗˳˯ƪå ˤƙ í˦ǈá ɆḪ ˥ǆ êïƓ˳ǃå ïƓ ˯ǃå æƓ˴˲ǃ 

Ὅ                                          (13) 
 ˖˻ơV  Ǒǋā ̠ǌ˱ǃå û̇Ƽ Ɇ˰˸ƙ0.97  ǉï˗ƿ ïƓ ƙ Ǌ˹Ƶ Ɲ˯˹ǒ å˘ǋā ˕ǃ˦Ƽ1.75  Ɇḧǃ ˙˻ˮǆá

 ǑƼ ˗ơåā í˦ǈá ˥ǆ êïƓ˳ǃå ïƓ ˯ǃå æ̇ ư ˤ˯ǒ ƗǄǆƓḧǃå Ɨǆ˦ˢ˹˸Ǆǃ êïƓ˳ǃå ïƓ ˯ǃå æƓ˴˲ǃā í˦ǈá
 ǉï˗ƿ ǑǄḪ ïƓ ƙ Ǌ˹Ƶ Ɲ˯˹ǒ ɏ˘ǃåā ˤǋí˗Ƶ266 .˙˻ˮǆá 

4.  : ƛƏƑ˭˷ǁä 
 ƗǀȺƓ˴ǃå Ɨ ˸ ˸˶˯ǃå ƝƑƓ˯˹ǃå ˙˶ơ ˥ɜ˸Ȼ   :ǑǃƓ˯ǃå ýā˗˱ǃå ǑƼ 
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) üĀ˕Ɯ7ˢ ˶˴˭ǁä çƑȸƑ˲˰ǁ ƕ ƏƑǊ˷ǁä ƛƏƑ˭ǆ ( 

ˢ ˶˴˭ǁä ɄǄƑƳ ƕ˯ ˭˷ǁä 
) ǈ˭ǐƑ˶Ɵ ìä̠ ˶ǁä þä̆ ˱ǁä öƑƽ ƕƟƑ˲ǄBottomA ( 1193.99 ý2 
 Ĉ) ǈ˭ǐƑ˶Ɵ ìä̠ ˶ǁä þä̆ ˱ǁä ùǘƷ ƕƟƑ˲ǄshellA ( 122.46 ý2 
) ƑǊ˭ǐƑ˶Ɵ ìä̠ ˶ǁä ƕ ǂḥǁä ƕƟƑ˲˶ǁätotalA ( 1316.45 ý2 

Ǐǂḥǁä îƑ ˭ǁä ) þä̆ ˱ǁä ƕȹƑ˶˰ǁ åˤǂ˞˶ǁätotalI ( 26.33 ˗˹ˬǄà 
) ƕȿʕǂ˞˶ǁä çäìʕǆǓä þïĀW( 1575.23 ˢ˯Ḩ 
) ƕȿˤǂ˞˶ǁä çäìˤǆǓä ì˕ƳN( 152 ìˤǆà 
) ìˤǆà ɄḨ Ʉˬƽ ˣǄ ƕ ˶˰˶ǁä ƕƟƑ˲˶ǁäanodeA ( 8.66 ý2 
) çäìˤǆǓä ˣ˹Ɠ ƕƺƑ˲Ǆ ǍǆìàminL ( 2.94 ý 
) ìˤǆà Ʉḥǁ ƕȹƑ˶˰ǁä ˗˞ƽanode D( 1.66 ý 
) ùˤƻ˴ǁä ˣ˹Ɠ ƕƺƑ˲˶ǁärow L(  5.2 ý 

çäìˤǆǓä ˣǄ üĀǓä ɂ˴ǁäĀ þä̆ ˱ǁä îä˕Ɯ ˣ˹Ɠ ƕƺƑ˲˶ǁä 2.6 ý 
) ìˤǆǓä ƕǄĀƑƾǄR(  1.06 ýĀà 

) ìˤǆà Ʉḥǁ éîƑ˱ǁä îƑ ˭ǁäI( 1.75 ˗˹ˬǄà 
Ǐǂḥǁä éîƑ˱ǁä îƑ ˭ǁä 266 ˗˹ˬǄà 

 ǑǄƽ˴ǃå Ơɣ ǃ˴åā ÿå̊˳Ǆǃ ɏ˦Ǆƶǃå Ơɣ ǃ˴å = ÿå̊˳ǃå ÷Ɠƿ ƗơƓ˴ǆ :Ɨsơǚǆ*.ÿå̊ ˳Ǆǃ 
            .Ɨˠǀǈ Ɇƽƪá Ǒǃã Ɨˠǀǈ ǑǄƵá ˥ǆ ÿå̊ ˳ǃå ɖ˸Ƶ = ÿå̊ ˳ǃå úǚƹ ƗơƓ˴ǆ 

 
 èåí˦ǈǕå ˥ǆ ɄƮ ɆḪ ˙ˠƿā èåí˦ǈǕå í˗Ƶ Ơư˦ǒ ǑǃƓ˯ǃå ýā˗˱ǃå Ơư˦ǆ ˦ǋ Ɠ˸Ḫ ā

 Ɇɜ˵ǃå ǑƼ)5 ( Ɇɜ˵ǃåā ÿå̊ ˳ǃå ÷Ɠƿ ǏǄƵ èåí˦ǈǕå ƴɂð˦ƙ Ơư˦ǒ ˦ǋā)3-2 ( Ơư˦ǒ
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 .ˤ ˸˶˯ǃå ǑƼ Ɨǆ˗˳˯˴˸ǃå èåí˦ǈǕå ýƓɜƬá þå˗˳˯ƪƓȺ Ɇɜ˵ǃå å˘ǌƕ èåí˦ǈǕå ƴɂð˦ƙ ˤƙā
:Ɨ ǃƓ˯ǃå ƗǃíƓƶ˸ǃå 

.  
   

         (13)        
 
 

 
) ɆɜƬ5 ( & ÿå̊ ˳ǃå ÷Ɠƿ ǑƼ èåí˦ǈǕå ƴɂð˦ƙ) ɆɜƬ3-2( þ˦˻ǈ˦ǆ˦ǃǕå èåí˦ǈá ÷å˦ǈá ˗ơá 

 
) üĀ˕Ɯ8Ƴ  (çäìˤǆǓä ˣǄ ɂƬ ɄḨ ˗˞ƽĀ çäìˤǆǓä ì˕ 

ɂ˴ǁä ˢƽî çäìˤǆǓä ì˕Ƴ æ̠ Əä˕ǁä ˗˞ƽ (ý) 
1 38 36.4 
2 33 31.2 
3 27 26.1 
4 22 20.8 
5 16 15.6 
6 11 10.4 
7 5 5.2 

 ˣǄ Ǐǂḥǁä ì˕Ƴ
çäìˤǆǓä 

152  
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5.  : çƑƜƑ˭˷˭ƨǗä 
 ˤ ˸˶˯ǃå èƓȺƓ˴ơ ˥ǆ Ɨ ƑƓǌ˹ǃå ƝƑƓ˯˹ǃå ˥ǆ Ɠǌ˻ǄƵ ý˦˶˲ǃå ˤƙ Ǒ˯ǃå Ɨ ƑƓǌ˹ǃå èƓƞƓ˯˹˯ƪǙå

: ǑƙǓƓḪ Ǒǋā ) ˤ ˸˶˯ǃå ˔Ǆˠ˯ǒ152 ā ˗ơå˦ǃå í˦ǈǕå ˥ǆ êïƓ˳ǃå ïƓ ˯ǃå Ɨ˸ ʾ Üí˦ǈá (
)1.75) Ǒǋ èåí˦ǈǕå ˥˻ƕ ƗƼƓ˴ǆ Ɇƿá ā ˙˻ˮǆá (2.94 Ɠǋ̇ Ƽ˦ǒ Ǒ˯ǃå ƗȻƓ˸˲ǃå ˙ˠƿ ā˙˯ǆ (

) í˦ǈǕå1.66) êƓ˯˲ǈ Ɠ˹ǈá ɏá .˙˯ǆ (152 ˗ơå˦ǃå í˦ǈǕå ý˦˟ þ˦˻ǈ˦˸ǃǕå ˥ǆ í˦ǈá (
)61) Ǌư̇ Ƶā ˤƪ (12.7) Ǌɜ˸ƪā ˤƪ (5.10ƪ ( ǑƼ ˘ƤǕå ˔˱ɂā .ÿå̊ ˳ǃå ƗȻƓ˸˲ǃ ˤ

 ˣǃîā æ˦Ǆˠ˸ǃå èåí˦ǈǕå í˗Ƶ ǑǃƓ˸ƞã Ǐǃã Ɨ ʼƓưǗå ƴˠǀǃå ˞ƶȺ ƗƼƓưã ïƓ ˯ƵǙå
 ˗˹Ƶ āá ˥ɂ̊ ˳˯ǃåā Ɇǀ˹ǃå ˗˹Ƶ ƴˠǀǃå ˗ơá ǑƼ ˔ˠƵ ɏá éā˗ơ ƗǃƓơ ǑƼ Ɠǌǆå˗˳˯ƪǙ
 ˞ ʽ˳ƙā ɆǂƉ˯ǃå ˥ǆ èƓǈå̊ ˳ǃå ƗȻƓ˸ơ ƴ ˠ˯˴ǈ å˘ɜǋā .ÿå̊ ˳ǃå ÷Ɠƿ ǑƼ èåí˦ǈǕå ˔˻Ḫ̇ ƙ

ǃå ˃ ǃƓḧƙ æ̇ ˴ƙ Ɨ˱ ˯ǈ ˤ˱˹ƙ ˗ƿ ɖƑå̇ ơ éā˗ơ ˔˹˱ƙ Ǐǃã ƗƼƓưǗƓȺ ýå˗ˮ˯ƪǙå āá ƗǈƓ ˶
 ÿå̊ ˳ǃå êā˙Ƥ ˔˹˱ƙ Ǐǃã ƗƼƓưǗƓȺ ˙ˠ˳Ǆǃ ˥˻ǄǆƓƶǃå çƓ ơ ô̇ ƶƙ ˗ƿā ÿå̊ ˳ǃå ˥ǆ Ɋƽ˹ǃå

 .ƗḪ̇ ˵ǃå êƓ˯ǈã Ʉƿ˦ƙ Ǐǃã ÿƓ ơǕå ˞ƶȺ ǑƼ ɏí˓ǒ Ɠ˸ǆ Ɇ˸ƶǃå ˥Ƶ ƝƑƓ˯˹ǃå ýǚƤ ˥ǆā
 ǑƼ Ɨ ˲˷˸ǃå èåí˦ǈǕå ˤ ˸˶ƙ Ɨǀɂ̇ ˠǃ ƗǀȺƓ˴ǃå ǉ˘ǋ ÿá Ơ˷˯ǒ ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå Ɨǀɂ̇ ˟

 ǑƼ ˕ǈƓḪ Ǒ˯ǃå Ǒƶ ˮˠǃå ðƓƺǃåā Ɋƽ˹ǃå ƗƵƓ˹Ʈ èƓ Ǆˠ˯ǆ ƴǆ þßǚ˯˯ǃ ˕˸˸Ʈ Ɨǀɂ̇ ˠǃå
 Ɨǀ ïʾ ƗȻîǙ˦ Ƽ ˔˻ƕƓǈá þå˗˳˯ƪå ƓȻå̊ ǆ ˥ǆ çíƓƽ˯ƪǙå ˤƙ ˗ƿā ç̇ ˻ƤǕå ç̇ ˯ƽǃå ǑƼ ƴɂ̇ ƪ ï˦ˠƙ

 .þƓ˳ǃå Ɋƽ˹ǃå èƓǈå̊ Ƥā Ɨǈ˦Ƽ˗˸ǃå ˔˻ƕƓǈǕå ǑƼ 

 ̠ ˶ǁä : ƲƜä 
]1.[  ˥˻˴ơ .í) ÿā̇Ƥà ā ̇ƿƓȺ1990 ë˦ ˠƪ ƗȻƓ˸ơā ɆǂƉ˯ǃå Ɨƪ˗˹ǋ Ü(þ

 .ûå̇ ƶǃå Ü íå˗ƺȺ ƗƶǆƓƞ ÜÿíƓƶ˸ǃå 
]2.[ ) Üÿā̇Ƥà ā ÿƓ˵ǋ̠ǃå ̊Ƶ ̠˸˲ǆ .í1422 ā ɆǂƉ˯ǃå ˤǄƵ ɍíƓ ǆ Ü(Ā

. ûå̇ ƶǃå ÜƗɂ̇ ˶˹˯˴˸ǃå ƗƶǆƓƞ Üç˗˴ǂǕå 
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]3.[ ) ÜˤǈƓƹ ˖˻ǃ .í2001 ƗƶǆƓ˱ǃå ÜɆǂƉ˯ǃå ˥ǆ ƗȻƓ˸˲ǃå ˛ƪá æƓ˯Ḫ Ü (
Ɠɂï˦ƪ Ü˝˸ơ ÜƗɂï˦˴ǃå 2001 . 

]4.[ ) Ü ÿā̇Ƥà ā ̠˸ ǆ˲ ɄǄƤ ÿƓɣ˲ ƿ.í1988 ā ǊȺƓ ƪá :ɆǂƉ˯ǃå ˥ǆ ƗȻƓ˸˲ǃå Ü(
 íå̠ƺȺ ƗƶǆƓƞ ÜǊ˹ǆ ƗȻƓ˸˲ǃå û̇  ˟ā ǊƵå˦ǈá1988 .þ 

]5.[ ) Ü ÿā̇Ƥàā ̠˻ ǃ˴å ƠǆƓƪ.í2010 Ü ç̇ ǋƓǀǃå ƗƶǆƓƞ Ü ƗȻí˦ƛƓḧǃå ƗȻƓ˸˲ǃå Ü (
 ˙˶ǆ2010  . þ 

]6.[ ) ǑǄǀ˲ǃå Ɇ˻ǃ˗ǃå Ü Ǒˠƽ˹ǃå ßƓƼ˦ǃå Ɇǀơ2001 ÜÿðƓ˳˸ǃƓȺ óƓ˳ǃå ̝˻˯ḧǃå Ü (
 Ɠ ˮ˻ǃ ÜɊƽ˹Ǆǃ Ɨ ˹˟˦ǃå Ɨ˴ƪ˓˸ǃå. 

]7.[ ) Ü ïƓǀ˶ǃå ˗˸ơá.í2000 Ü ǑƑƓ˸ḧǃå Ɇ˻Ǆ˲˯ǃå ǑƼ ƗǃǗå û̇ ǃɣå æƓ˯Ḫ Ü (
 ˙˶ǆ Ü Ɨɂï˗˹ɜƪǗå ƗƶǆƓƞ ÜƗ ǈƓ˰ǃå Ɨƶ ˠǃå1998     . þ 

]8.[ ) Ü ÿā̇Ƥàā xȻƓ˲ǃå ̇ƮƓǈ.í1989 Ɨƶ ˠǃå Ü ë˦ ˠ˴ǃå ßƓ ˸ Ḫ Ǒǃå ɆƤ˗ǆ Ü (
 ˙Ƒå̊ ˱ǃå Ü ƗǄƿïā ƗƶǆƓƞ Ü ǑǃāǕå1989   .þ 

]9.[ ) ɏíƓƬïǙå Ɇ˻ǃ˗ǃå ˔˻˯Ḫ Ü Ǒˠƽ˹ǃå ßƓƼ˦ǃå Ɇǀơ2003 óƓ˳ǃå ˔˻˯ḧǃå Ü (
 .Ɠ ˮ˻ǃ ÜɊƽ˹Ǆǃ Ɨ ˹˟˦ǃå Ɨ˴ƪ˓˸ǃå Ü Ɇǀ˲ǃå ɆƤåí Ɨ ʸƓ˹˶ǃå Ɨǀˠ˹˸ǃƓȺ 
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 ˜ƴȸ ǏǂƳ þ˕ǂ˶Ḩ Ʉ˶ƴ˭˲˶ǁä çäîƑ ˲ǁä çƑḨ˗˰Ǆ ˓ɀï ýä˕˱˭ƨä ˗˹ƙƉƗ ƕƨäîì
ƕɀ˗˞ǁä Ā ƕ ǂ˴ǁä ƕǁƑ˰ǁä Ǐƺ ƕȹìƑƴǁä ƕǆƑƨ˗˱ǁä òäˤƢ 

Ƒ˶ ǂƨ Ǐ˷ˬǁ .ý.à˗ǉƑ˝ ˣƓ þ 

Ɨ ǈ˗˸ǃå Ɨƪ˗˹ǌǃå ˤ˴ǀȺ ˙ưƓ˲ǆ-Ɨƪ˗˹ǌǃå Ɨ Ǆǂ-  ɏðƓƺ˹ƕ ƗƶǆƓƞ 
lubna.bentaher@uob.edu.ly 

˛˱ǂ˶ǁä 
 ƴ˸˱˸ǃå ā Ɇ˸ƶ˯˴˸ǃå ) èåïƓ ˴ǃå èƓḪ̇ ˲ǆ ˕ɂð þå˗˳˯ƪå ˙˻ƛƋƙ Ɨƪåïí ˤƙ ˖˲ ǃå å˘ǋ ǑƼ

 (èƓḪ̇ ˲ǆ è˦ɂð ˙˻˻ƺƙ òïā ˥ǆ ˞ƶȺ ǑǄƵóå˦Ƥ ƗǈƓƪ̇ ˳ǃå  Ɨ Ǆ˶ǃå ƗǃƓ˲ǃƓȺɆ˰ǆ 
ƗǆāƓǀǆ ɉƓƺ˷ǈǙå ā  ƗǆāƓǀǆ  ƗǃƓ˲ǃƓȺ ƓǌƮå˦Ƥ ā óƓ˶˯ǆǙå Ɨ ˴ǈ ā ƗƼƓ˰ḧǃå ā ˗˵ǃå

ɊȺƓǌǃå ā ǑƑƓǌ˹ǃå ā ǑƑå˗˯ƕǙå ˣ˵ǃå ˥ǆð Ɇ˰ǆ Ɨɂ̇ ˠǃå. ˕ǆ˗˳˯ƪå ƗˠǄƤ  Ɨ ǃƓƤ Ɨ ʹƞ̇ ǆ
ɂ̞̊ǃå  ǑǄƵ ɏ˦˯˲ƙ ɏ̇Ƥå ā úƓ˷ǆ ɏá ˥ǆ  ̞˹˸ƪǙå ÿðā ˥ǆ ƗƽǄ˯˳ǆ ̝ ǈ˴ ƴ˴Ⱥ

) Ɠǋï˗ƿ0.2 Ü0.4,0.6 Ü0.8 Ü1 Ü1.5ā Ü2% ˕˹˸ƪǙå) ɊǄ˳ǃå íå˦ǆ ÿåðāå ˕˻ˮ˰ƙ ƴǆ (
ā ˙˻ˮḧǃå þƓḪ̇ ǃå ā þƓḪ̇ ǃå  ƝƑƓ˯˹ǃå è̇ ǌˡá .(˙˻ƺ˶ǃå èƓḪ̇ ˲˸ǃå ˕ɂð þå˗˳˯ƪå ÿá

) Ɨ ˴˹ƕ ɊȺƓǌǃå íåð Ɇ˸ƶ˯˴˸ǃå225.2 % Ɨ˸ ʿȺ ǑƑå˗˯ƕǙå ˣ˵ǃå ˥ǆð ˥ǆ íåð ˗ƿ Ɠ˷Ȼåā (
1:10ñ  Ɨ˸ ʿȺ ǑƑƓǌ˹ǃåā1:05  ˗ƞā .ñ ÿá ˕ǈƓḪ ɉƓƺ˷ǈǙå ƗǆāƓǀ˸ǃ Ɨ˸ ʾ Ɇ˷Ƽá

 úƓ˷˸ǃå Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð Ɨ ˴ǈ èåî ƗˠǄ˳Ǆǃ0.6%  ǑƼ ˙˻˻ƺ˯ǃå ÿƓḪ ˖˻ơ
 Ɨ ˴˹ƕ ƗǆāƓǀ˸ǃå Ɨ˸ ʾ4.65%˥ǆā . ǃå ƝƑƓ˯˹ ˕ɂð þå˗˳˯ƪå ÿå ˝Ǆ˳˯ƪå Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå

˳ǃå Ɨ Ǆ˻ƺ˵ƙ ˥˻˴˲ƙ ǑƼ ïāí Ǌǃ Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ÜǑɜ ˯ƪǚƕ þå˦ƿ ƓǌƕƓ˴ǂåā Ɨ ǈƓƪ̇
 ˣ˵Ǆǃ Ɨ˭ˠ ˸ǃå íå˦˸ǃå ˥ǆ ǉïƓ ˯Ƶå ˥ɜ˸ɂā Ɠǌ˯ƼƓ˰Ḫ ā Ɠǌǈðā ˥ǆ ɆǄǀɂā ā ƓǌƮƓ˶˯ǆå Ɨ ˴ǈā

.ßƓ˸Ǆǃ  ā Ɇɜ˵ǃƓȺ ˥ḧƙ ˤǃ Ɨ˶ƿƓ˹˯˸ǃå ˗˵ǃåā Ɋƺ˷Ǆǃ ƗǈƓƪ̇ ˳ǃå ƗǆāƓǀǆ ˤ ʾ ƗǆƓƵ Ɨƽ˶Ⱥ
 Ɠ˸ǆ ˙˻ˮḧǃåǙ Ɇ˸ƶ˯˴˸ǃå ˕ɂ̊ ǃå þå˗˳˯ƪƓȺ ˖˻ơ .Ɨ˱˯˹˸ǃå ƗǈƓƪ̇ ˳ǃå çí˦ƞ ǑǄƵ ýí  Ɇ˶˲ǈ

 çíƓƵƎȺ Ɨ˭˻ˮǃå ǑǄƵ ɋƓƽ˲ǃå ǑǄƵ ˗ƵƓ˴ǈ Ɠ˷Ȼá Ɇƕ ǑǈƓ˱ǆ Ǌ Ƭ ˙ƶ˴Ɂā ˗˻ƞ ÿ˗Ǆǆ ǑǄƵ ɊǀƼ

mailto:lubna.bentaher@uob.edu.ly
mailto:lubna.bentaher@uob.edu.ly
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 Ɨ ƑƓ˵ǈǙå ˙ƮƓ˹ƶǃƓȺ Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð þå˗˳˯ƪƓȺ Ɨ Ʈ˦˯ǃå ˥ɜ˸Ȼ ā .Ǌǆå˗˳˯ƪå
 ÿá ÿ˦Ḫ èƓƪƓƪǕå ÜǑ˲ ǃ˶å ú̇ ǃ˶å èƓǈå̊Ƥ ÜǉƓ˸ǃå èƓǈå̊Ƥ ā ÜƗǈ˦Ƽ̠˸ǃå ç̠˸ƵǙå Ɇ˰ǆ

˶˯ǆǙå Ɨ ˴ǈ ˥ǆ ɆǄƿ ˕ɂ̊ ǃå Ɨư̇ ƶ˸ǃå Ɨ ƑƓ˵ǈǙå ˙ƮƓ˹ƶǃƓȺ ǊǃƓ˸ƶ˯ƪå ˔˹˱ƙā ßƓ˸Ǆǃ óƓ
.íïƓ ǃå ˦˱ǃƓȺ ɊǄ˳ǃå ā ˔˶ǃå ßƓ˹ƛå Ǌǆå˗˳˯ƪå ˔˹˱ƙ ā ˗˵Ǆǃ 

ƕǁäì çƑ˶ǂǀ :  Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð(UEO) ƗƞðƓˠǃå ƗǈƓƪ̇ ˳ǃå ÜƗ Ǆ˶ǃå ƗǈƓƪ̇ ˳ǃå Ü
 Ɨ Ǆ˻ƺ˵˯ǃå Ü ɊȺƓǌǃå Ü Ɋƺ˷Ǆǃ ƗǈƓƪ̇ ˳ǃå ƗǆāƓǀǆ Ü ˗˵Ǆǃ ƗǈƓƪ̇ ˳ǃå ƗǆāƓǀǆ Ü 

 
Abstract 

In the modern construction, industrial wastes are largely used as 

raw materials in concrete. It conveys encouraging environmental 

effect because the waste materials are not released to the 

environment; thus, this paper presents a study on the fresh and 

hardened properties of concrete containing used engines oil. 

Slumps, setting time were determined for the fresh properties and 

compressive strength, density change in weight ,tensile strength 

and water absorption of concrete were determined for the hardened 

properties. The dosage of used engine are 0.2, .04, 0.6, 0.8, 1, 1.5, 

2% of the cement weight in the concrete mixes. Results showed 

that performance of used engine oil acted as a chemical plasticizer 

by improving the fluidity and the slump of the concrete mix. The 

used engine oil increases the initial and final setting time and 

increases the consistency.  Moreover the effects of engine oil on 

the concrete compressive and tensile strength were not damaging 

with respect to the control mixes.  

 

1- ƾ˶ǁä ƕǄ˕  
 ƓǌƮå˦˳Ⱥ û˦ƛ˦ǆ ƗǈƓƪ̇Ƥ ̠˻˻˵˯ǃ ç̠ǒ̠ƞ ÷å˦ǈå êƓ˯ǈƎȺ å̇ˮ˻Ḫ åï˦ɣ ƙ ƗǈƓƪ̇ ǃ˳å ƗƵƓ˹Ʈ è̠ǌƬ
 þå˗˳˯ƪƓȺ ˣǃîā ˘˻ƽ˹˯ǃƓȺ Ɨǃ˦ǌ˴ǃå ā Ɨǆ˦˸Ȼ˗ǃå ā Ɋƺ˷ǃå Ɇ˸˲ƙ ǑǄƵ çï˗ǀǃå ˖˻ơ ˥ǆ

ú̇ ƶƙ ā .ƗǈƓƪ̇ ˳Ǆǃ èƓƼƓ˷ǆ  Ɨ Ǆ˸Ƶ ýǚƤ ƗǈƓƪ̇ ˳ǃå Ǒǃå úƓ˷ƙ íå˦ǆ ƓǌǈƓȺ èƓƼƓ˷˸ǃå
 ýǚƤ āå Ɨɂ̇˟ ƗǃƓ˲Ⱥ ÿ˦ḧƙ Ɠǆ̠˹Ƶ óå˦Ƥ ˥ǆ í̠Ƶ āå Ɨ˹˻ƶǆ ƗƮƓƤ ˥˻˴˲ ǃ˯ ɊǄ˳ǃå
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 ˥ǆā .ƓǌǃƓ˸ƶ˯ƪå ˥ǆ Ǒ˴ Ƒ̇ ǃå ô̇ ƺǃå ˔˴ơ Ʉ˹˶ƙ ā Ɨ˱ǃƓƶ˸ǃå āå ˗Ǆ˶˯ǃå ƗǄơ̇ ǆ
Ǒǋ ā ÜèƓǈ˗Ǆ˸ǃå Ǒǋ èƓƼƓ˷˸ǃå ǉ˘ǋ ˙ǌƬåā íå˦ǆ ˙˻ƹ Ɇǆ̇ ǃå ˕˹˸ƪǗåā ßƓ˸ǃåā úƓ˷ƙ 

Ǐǃã ƗˠǄ˳ǃå Ɨ ǈƓƪ̇ ˳ǃå ßƓ˹ƛá Ɨ Ǆ˸Ƶ ɊǄ˳ǃå èƓ ˸ɜȺ ç̇ ˻ƺƮ  Ąå̠ƞ ßƓˠƵã ô̇ ƺȺ ƗǈƓƪ̇ ˳ǃå 
ƗƞðƓˠǃå āá ƗǈƓƪ̇ ˳ǃå Ɨ Ǆ˶ǃå óå˦Ƥ Ɨ˹˻ƶǆ .ƗɁ˦Ǆˠǆ  Ǒǃå ˥˻˰ơƓ ǃå ˥ǆ ˗ǒ˗ƶǃå Ǒƶ˴Ȼ ā

 ɋƓƽ˯ơǙå ƴǆ Ɨɂ̇ ˠǃå ā Ɨ Ǆ˶ǃå ˥˻˯ǃƓ˲ǃå ǑƼ ç˗˻ƞ èƓƽƮå˦˸Ⱥ ƗǈƓƪ̇ ˳ǃå êƓ˯ǈå ˥˻˴˲ƙ
˯ƪå ɖɂ̇ ˟ ˥Ƶ Ɨˠ ˴Ⱥ ƗƽǄɜȺ Ɨ ư̇ ƶǃå Ɲƙå˦˹ǃå ˥ǆ ç˗ǒ˗Ƶ ÷å˦ǈå üƓ˹ǌƼ ÜèƓƼƓ˷˸ǃå þå˗˳

 ˙˻ˮḪ ˙˻ƛƓƙ çƓ˱ƙǙå å˘ǌǃā ƗǈƓƪ̇ ˳ǃå ā ˕˹˸ƪǙå ƴǆ Ɨ ǃāå íå˦˸Ḫ èƓȻƓƽ˹ǃå ā Ɨ ʸƓ˹˶ǃå
 Ǌ˱ƙå ˖˻ơ .èƓȻƓƽ˹ǃå ˥ǆ ˝Ǆ˳˯ǃå ˥ǆ ƗǄ˻ƪ˦Ḫ Ɨƽ ˢǈ Ɨ˭˻ƕ ǑǄƵ ɋƓƽ˲ǃå ǑǄƵ ǑƕƓ˱Ȼå

ǑǄƵ Ɨɂ˦˯˲˸ǃå ƗǈƓƪ̇ ˳ǃå óå˦Ƥ Ɨƪåïí ˦˲ǈ éƓ˲ ǃå ˥ǆ ˙˻˰ḧǃå  ˥ǆ ā èƓḪ̇ ˲˸ǃå ˕ɂð
: Ǒǋ é˦˲ ǃå ˣǄƙ 

  Ü˗˸ơå ā ɏ˗˻Ɂ̊ ǃå2008 ˕ɂð þå˗˳˯ƪå ˙˻ƛƋƙ Ɨƪåïí ˤƙ ˤǌǄˮƿ ˥ǆ þ˗ǀ˸ǃå ˖˲ ǃƓȺ Ü
 Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå(UEO)  ā Ɨɂ̇ ˠǃå ƗǈƓƪ̇ ˳ǃå óå˦ Ƥ ǑǄƵ ƗǈƓƪ̇ ˳Ǆǃ ÿ˗Ǆǆ ɆǆƓƶǂ

 ƝƑƓ˯˹ǃå ˥˻ˮƙ ā ÜƗ ǃƓƵ çïå̇ ơ èƓƞï˗ǃ Ɨ Ǆ˶ǃå ƗǈƓƪ̇ ˳ǃå ô̇ ƶƙ ˗˹Ƶ ˣǃî ˙˻ƛƋƙā Ɨ Ǆ˶ǃå
 ǏǄƵ ā ǑƑƓǌ˹ǃå ā ǑƑå˗˯ƕǙå ˣ˵ǃå ˥ǆð ǏǄƵ ˙ƛ˓ǒ Ɇ˸ƶ˯˴˸ǃå ˕ɂ̊ ǃå ÿá Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå

Ƶ˯Ǚå ƗǈƓƪ̇ ǃ˳ƓȺ ƗǈïƓǀǆ ǑƑå˦ǌǃå Ɏ˦˯˲˸ǃå ā ƗǈƓƪ̇ ǃ˳å ɊȺƓǋ å˘ǋ ýāƓ˹ƙ ˤƙ Ɠ˷Ȼá ā .ƗȻíƓ
 Üÿā̇Ƥåā ̠˸ơ ̟ơƓǃå Ɇˮƿ ˥ǆ ÷˦ư˦ ǃ˸å2004 èƓḪ̇ ˲˸ǃå ˕ɂð ƗƼƓưã ˙˻ƛƋƙ Ɨƪåï˗ƕ Ü

 ƗǆāƓǀǆ) ƗǄ˶˯˸ǃåā (ǑƑå˦ǌǃå Ɏ˦˯˲˸ǃå ÜɊȺƓǌǃå) Ɨɂ̇ɣǃå ƗǈƓƪ̇ ǃ˳å óå˦Ƥ ˞ ƶȺ ǏǄƵ
 þå̠˳ ƪ˯å ʕƙ îã (Ɨǆ˦ƶ˹ǃå ̇ǒƓƶǆÜ ßƓ˹˰ǈǙå ƗǆāƓǀǆ ÜɏïƓɣ˵ ǈǙå ̠˵ ǃå ƗǆāƓǀǆ ÜɉƓƺ˷ǈǙå

 Ɨƛǚƛ úƓ˷ǆā Ü˗ǒ˗ƞ èƓḪ̇ ˲ǆ ˕ɂð ÜɆ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð) èƓƼƓ˷˸ǃå ˥ǆ ÷å˦ǈá
 ɏāƓ˸ǂSika èƓḪ̇˲ ǃ˸å ̞ ɂð ßåíá ÿá ÿ˦ơ˰Ɠǃå Ɲ˯˹ ƪ˯å ̠ƿ ā ƗƽǄ˯˳ǆ ïƓ˸ƵǕā (

 Ǐǃã Ɏíá îã ƗɂāƓ˸ ḧǃå èƓƼƓ˷˸ǃå ú̇ ˶˯ǃ ɆƛƓ˸ǆ ā ˥˻ǄƛƓ˸˯ǆ ƓǈƓḪ ˗ǒ˗˱ǃå ā Ɇ˸ƶ˯˴˸ǃå
å Ǐǃã ƗǈƓƪ̇ ˳ǃå ɊȺƓǋ íåðā ƗǈƓƪ̇ ˳ǃå Ɨǃ˦˻ƪ çíƓɂð Ɏ˦˯˲˸ǃå Ɨ˸  ʾèíåðā ā ĄƓɂ̇ǀƙ Ʉƶ˷ǃ

 ǏǄƵ ̞ ƼsƓơ ̠ǀƼ ɉƓƺ˷ǈǙå ƗǆāƓǀ˸ǃ Ɨ˴ ǃ˹ƓȺ Ɠǆá Ʉƶ˷ǃå Ǐǃã ĄƓ˷Ȼá ƗǈƓƪ̇ Ǆ˳ǃ ǑƑå˦ǌǃå
 Üÿā̇Ƥå ā ɖ˻ƽƬ ˥ǆ þ̠ǀ˸ǃå ̟ ǃ˲å Ɠǆå .̇˻ Ḫˮ ôƓƽ˳ǈå ÿā̠ƕ Ɠǌ˯˸ ʾ2016 å˦ ǆƓƿ ˖˻ơ Ü
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 ˔˴ơ .Ɨɂ̇ ˠǃå ā Ɨ Ǆ˶ǃå ƗǈƓƪ̇ ˳ǃå óå˦Ƥ ǑǄƵ èƓḪ̇ ˲ǆ ˕ɂð ƗƼƓưå ˙˻ƛƋƙ Ɨƪåï˗ƕ
˯ǈ ˥Ƶ íåð ßå˦ǌǃå Ɏ˦˯˲ǆ ā Ɨɂ̇ɣǃå ƗǈƓƪ̇ ǃ˳ƓȺ ɊȺƓǋ ÿå åā̠ƞā ̞ɂ̇ƞå Ǒ˯ǃå èåïƓ˯ƤǙå ƝƑƓ

 Ɠ˷Ȼå Ɍơ˦ǃ ā ˕Ǆƿ ƓǌǈƋƼ ƗǈƓƪ̇ ˳ǃå ƗȻîƓƽǈ ā Ɨ ǆƓ˴ǆ Ǐǃå Ɨ ˴˹ǃƓȺ Ɠǆå .Ɨ ʹƞ̇ ˸ǃå ƗˠǄ˳ǃå
 Ɠ˷Ȼå .ɊǄ˳Ǆǃ Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð ƗƼƓưå ˥ǆ Ɠ ɂ̇ ǀƙ ˙ƛƋ˯ƙ ˤǃ ƗǈƓƪ̇ ˳ǃå ƗǆāƓǀǆ ÿå

Ü ÿā̇Ƥåā Ü ˥˻˴ơ þƓƿ2016 ā ˗ǒ˗˱ǃå èƓḪ̇ ˲ǆ ˕ɂð ýƓ˸ƶ˯ƪå ˙˻ƛƋƙ Ɨƪåïí Ɇ˸ƶȺ Ü
 ÿå Ǌ˰˲ ƕ Ɲ˯˹˯ƪå .Ɨɂ̇ ˠǃå ā Ɨ Ǆ˶ǃå ƗǈƓƪ̇ ˳ǃå óå˦Ƥ ǑǄƵ ǉ˗ơ ǑǄƵ ɆḪ Ɇ˸ƶ˯˴˸ǃå
 ā Ɇ˸ƶ˯˴˸ǃå ˕ɂ̊ ǃå ˥ǆ ˙˰ǂå Ɨ˟˦Ǆ˳˸ǃå ƗǈƓƪ̇ ˳ǃå Ɨ Ǆ˻ƺ˵ƙ ˥ǆ íåð ˗ǒ˗˱ǃå ˕ɂ̊ ǃå þå˗˳˯ƪå

Ǆ˳ǃå ƴǆ ƗǈïƓǀǆ ƗǈƓƪ̇ ˳Ǆǃ Ɨ Ǆ˻ƺ˵ƙ íåð Ɇ˸ƶ˯˴ǆ ˕ɂ̊ ǃå ÿƓḪ ÿå ˕ˠǄƤ Ǒ˯ǃå Ɨ ʹƞ̇ ˸ǃå Ɨˠ
 ̞ɂð  Ɨ˟ Ǆ˦˸˳ǃå ƗǈƓƪ̇ ǃ˳å ÿå Ǌ˰˲ ƕ êƓ˯˯˹ƪå ʕƙ Ɠ˷Ȼå .úƓ˷ǆ ɏá þå̠˳ ƪ˯å ÿāí

 . ƗƼƓ˷ǆ íå˦ǆ ɏƓȺ ɊǄ˳ƙ ˤǃ Ǒ˯ǃå ˣǄƙ ˥ǆ Ɇƿå ˣǆí ɆǆƓƶǆ èåî èƓḪ̇ ˲˸ǃå 

 ˕ɂ̊ ƕ ƗˠǄ˳˸ǃå Ɨɂ̇ ˠǃå ā Ɨ Ǆ˶ǃå ƗǈƓƪ̇ ˳ǃå ˝ƑƓ˶Ƥ Ɨƪåïí Ǒǃå ˖˲ ǃå å˘ǋ ú˗ǌǒ
)Ɇ˸ƶ˯˴˸ǃå èåïƓ ˴ǃå èƓḪ̇ ˲ǆUEOḪ () ˔˴˹ƕ Ɠǌ˯˻Ǆ˻ƺ˵ƙ ˥˻˴˲˯ǃ úƓ˷˸0.2 Ü0.4 Ü

0.6 Ü0.8 Ü1 Ü1.5 Ü2%  ƗǄ˲˸ǃå íå˦˸Ǆǃ ɊǄ˳ǃå ̝ ǈ˴ ̞˻ˮ˰ƙ ƴǆ (̞˹˸ƪǙå ÿðā ˥ǆ
 ā .ƓǌɣǄ˳Ⱥ ̞ ɂ̊ǃå þå̠˳ ƪ˯å ÿāí Ɨ́ƞ̇ǆ ƗɣǄƤ ƴǆ ƝƑƓ˯˹ǃå ƗǈïƓǀǆ ʕƛ ˥ǆ ā Ɏ̇ƤǕå
 ā ǑƑå˗˯ƕǙå ˣ˵ǃå ˥ǆð ā ɊȺƓǌǃå ǑƼ ƗǄ˰˸˯ǆ Ɨɂ̇ ˠǃå ƗǈƓƪ̇ ˳Ǆǃ Ɨƪāï˗˸ǃå ˝ƑƓ˶˳ǃå

å ˗ƶȺ Ɋƺ˷Ǆǃ ƗǈƓƪ̇ ˳ǃå ƗǆāƓǀǆ ǑƼ ˝ƑƓ˶˳ǃå Ɇ˰˸˯˯Ƽ Ɨ Ǆ˶ǃå ƗǈƓƪ̇ ˳ǃå Ɠǆå ǑƑƓǌ˹ǃ28 
  .ßƓ˸Ǆǃ óƓ˶ ǆ˯Ǚå Ɨ˴ǈ ā ƗƼƓ˰ḧǃå ā ÿð˦ǃå ā ̇ƬƓǆ ̇˻ƺǃå ̠˵ǃå ā þ˦ǒ 

2- : ˔˰ ǁƑȸ ƕǄ˕˱˭˲˶ǁä ìäˤ˶ǁä 
2-1 : ˓˷˶ƨǗä 

 ûå˦ƪǕƓȺ ˙Ƽ˦˯ǆā ǑǄ˲ǆ Ɲ˯˹ǆ ˦ǋā ˥˯˻ǃð ƴ˹˶ǆ êƓ˯ǈå ˥ǆ ɎíƓƵ ɏ˗ǈǚƙï˦ƕ ˕˹˸ƪå ˦ǋ
) Ɇɜ˵ǃå ǑƼ Ɠ˸ǂ1˥˻ǃā˗˱ǃå Ơư˦ǒ .(1 ā2  ɖƼā )ǊƮå˦Ƥā Ɨ ƑƓ ˸ ḧǃå ˔˻ǂå̇ ˯ǃå

 ˤƙ ǑǃƓ˯ǃƓ ʼ èƓƽƮå˦˸ǃå íā˗ơ ˥˸ư ƴǀƙ Ǒ˯ǃåā (Ǌ˹ǆ Ǌ˹˻Ƶ ǑǄƵ ˕ɂ̇ ƞå Ǒ˯ǃå èåïƓ ˯ƤǙå
 . Ɨƪåï˗ǃƓȺ ǉíƓ˸˯Ƶå 
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) ɆɜƬ1 Ơư˦ǒ (.˖˲ ǃƓȺ Ɇ˸ƶ˯˴˸ǃå  ˕˹˸ƪǙå 

    ) üĀ˕Ɯ1.˔˰ ǁƑȸ ý˕˱˭˲˶ǁä ˣ˭˹ǁï Ʋ˷˴Ǆ ˓˷˶ƨâ ˣǄ ǈ˷˹ƴǁ ǏƏƑ ˶ ḥǁä Ʉ˹ǂ˰˭ǁä ƛƏƑ˭ǆ ( 
ϞтЪϼϦЮϜ 

ϾвϼЮϜ 
сϚϝтвтЪЮϜ 

ϣϠЂжЮϜ % 

сжϝϪ ϸтЂЪϒ 
дмЪтЯЂЮϜ 

Sio2 ннΦн% 

ϸтЂЪϒ амтжвЮцϜ Al2o3 пΦтс% 

ϸтЂЪϒ ШтϸтϸϲЮϜ Fc2o3 пΦуу% 

ϸтЂЪϒ амтЂЮϝЪЮϜ Cao соΦфо% 

ϸтЂЪϒ амтЂжОϝвЮϜ Mgo мΦфу% 

ϨЮϝϪ ϸтЂЪϒ ϤтϼϠЪЮϜ So3 нΦнр% 

 
) üĀ˕Ɯ2.ƕƨäî˕ǁƑȸ ý˕˱˭˲˶ǁä ˣ˭˹ǁï Ʋ˷˴Ǆ ˓˷˶ƨä ǏǂƳ ˓ɀ˗Ɯä Ǎ˭ǁä çäîƑ ˭ƢǗä ƛƏƑ˭ǆ ( 

ϼϝϡϧ϶ъϜ ϭϚϝϧзЮϜ BS 12 : 1978 

(ϣКϝЂ) сϚϜϹϧϠъϜ ЩЇЮϜ евϾ 2  еК ЭЧт ъ45 ϣЧуЦϸ 

(ϣКϝЂ) сϚϝлзЮϜ ЩЇЮϜ евϾ 2:30  еК ϹтϿт ъ10 ϤϝКϝЂ 

 сЂϝуЧЮϜ аϜнЧЮϜ(mm) 6.5 5  Ŷ7  mm 

сКнзЮϜ дϾнЮϜ 3.15  

ϣвнЛзЮϜ 10%  еК ϹтϿϦ ъ10 % 

АϝПЏжъϜ ϣвмϝЧв ASTM C348-02 

3 аϝтϒ 15.2  пжϸъϜ ϹϳЮϜ15 MPa 

7 аϝтϒ 23.5  пжϸъϜ ϹϳЮϜ23 MPa 
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2-  : ˗˹Ƹ˴ǁä Ā ˗˹ˬḥǁä   ýƑḨ˗ǁä 
  þƓḪ̇ǃåā ɏðƓƺ˹ƕ Ɨ˹ǒ̠ǆ û̇Ƭ æ˦ ƞ˹ ïƓƕǙå ̇ƞƓ˲ǆ ˥ǆ ̇˻ ḧˮǃå þƓḪ̇ǃå ̠ɂï˦ƙā æǚ˱ ƪ˯å ʕƙ

) Ɇɜ˵ǃå ÜÿƓˠǄƪ ˙˲Ⱥ Ɨǀˠ˹ǆ ˥ǆ (Ɇǆï)˙˻ƺ˶ǃå2 .þ˗˳˯˴˸ǃå þƓḪ̇ ǃå Ơư˦ǒ ( āýāå˗˱ǃå 
)3) ā (4 ˖˻ơ ˥ǆ (˙˻ˮḧǃå) ˥˵˳ǃå þƓḪ̇ ǃå ǏǄƵ ˕ɂ̇ ƞå Ǒ˯ǃå èåïƓ ˯ƤǙå ƝƑƓ˯ǈ Ơư˦ƙ (

) Ɇɜ˵ǃƓȺ Ɠ˸Ḫā .Ǌǃ Ǒˮ˻ˮ˲ǃå êï˗˯ǃå Ɠ˷Ȼå ā ǊƮå˦Ƥ3 ïƓ˸ǃå Ɨ ˸ǂå̇ ˯ǃå ˥˻ƕ Ɨ ˴˹ǃå Ơư˦ǒ (
 ç˗˸˯ƶ˸ǃå èƓƽƮå˦˸ǃå íā˗ơ ˥˻ƕ ƴǀƙ Ǒǋ ā ˥˵˳ǃå þƓḪ̇ Ǆǃ èƓ ˻ˮơ ˙ˠƿ ā Ɇ˳˹˸ǃå ˥ǆ

˗˯ǃå ˗˻ƞ þƓḪ̇ ǃå ÿå ý˗ǒ Ɠ˸ǆ ˙˻ˮḧǃå þƓḪ̇ ǃå óå˦˳ǃ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå ƝƑƓ˯˹ǃå ɖƼā Ɠ˷Ȼå .êï
.˖˲ ǃƓȺ ǉíƓ˸˯Ƶå ˤƙ ǑǃƓ˯ǃƓ ʼ èƓƽƮå˦˸ǃå íā˗ơ ˥˸ư ˥ǆ Ɠǌǈå ˗ƞā  Ɠǆå) ýāå˗˱ǃå5 (

)ā6 êï˗˯ǃåā (˙˻ƺ˶ǃå) ˤƵƓ˹ǃå þƓḪ̇ ǃå ǏǄƵ ˕ɂ̇ ƞå Ǒ˯ǃå èåïƓ ˯ƤǙå ƝƑƓ˯ǈ ô̇ ƶƙ (
) Ɇɜ˵ǃå Ɠ˸Ḫā .Ǌǃ Ǒˮ˻ˮ˲ǃå4˸ǂå̇ ˯ǃå ˥˻ƕ Ɨƿǚƶǃå Ơư˦˸ǃå( ˙ˠƿā Ɇ˳˹˸ǃå ˥ǆ ïƓ˸ǃå Ɨ

 ˗˻ƞ ˙˻ƺ˶ǃå þƓḪ̇ ǃå Ǌǈå ý˗ǒ Ɠ˸ǆ èƓƽƮå˦˸ǃå íā˗ơ ˥˻ƕ ƴǀƙ Ǒǋā ˙˻ƺ˶ǃå þƓḪ̇ ǃå èƓ ˻ˮơ
 ç˗˸˯ƶ˸ǃå èƓƽƮå˦˸ǃƓȺ Ɨ ƑƓɂ̊ ˻ƽǃå ˙˻ƺ˶ǃå þƓḪ̇ ǃå ˝ƑƓ˶Ƥ ƝƑƓ˯ǈ ƗǈïƓǀ˸Ⱥ ā .êï˗˯ǃå

.˖˲ ǃƓȺ ǉíƓ˸˯Ƶå ˥ɜ˸Ȼ ɏå èƓƽƮå˦˸ǃå íā˗ơ ˥˸ư ˥ǆ Ɠǌǈå ˗ƞā ˖˲ ǃƓȺ 

 
) ɆɜƬ2 ̇ ǃå Ơư˦ǒ ( ÷ā˙˵˸ǃƓȺ Ɇ˸ƶ˯˴˸ǃå ˙˻ƺ˶ǃåā ˙˻ˮḧǃå þƓḪ. 
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) üĀ˕Ɯ3. ƕƨäî˕ǁƑȸ ý˕˱˭˲˶ǁä ˣ˳˱ǁä ýƑḨ˗ǁä òäʕ Ƣ ( 
ϼϝϡϧ϶ъϜ ϼϝϡϧ϶ъϜ ϭϚϝϧж BS 812:PART 2:1975 

сКнзЮϜ дϾнЮϜ 2.69 2.5  Ŷ2.75 

ЈϝЋϧвъϜ ϣϡЃж 1% >3 

ϣгКϝзЮϜ ϸϜнгЮϜ ϣϡЃж 0.389%  пЯКцϜ ϹϳЮϜ3 % 

ϣϠнАϽЮϜ онϧϳв 0.38%  

 ϢϹϲм дϾманϯϳЮϜ 1600 1600Ŷ1800 

 
 ) üĀ˕Ɯ4 . ˣ˳˱ǁä ýƑḨ˗ǂǁ Ǐǂ˱˷˶ǁä Ʉ˹ǂ˰˭ǁä ƛƏƑ˭ǆ ( 

 ЭϷзгЮϜ ЀϝЧв

)mm( 
% ϢϼϝгЮϜ  ϣугЪϜϽϧЯЮ ϣϡЃзЮϜ 

ϣужϝГтϽϡЮϜ ϤϝУЊϜнгЮϜ ϸмϹϲ %(BS 

882:1992) 

20 98.99 100 

14 60.95 100- 90 

10 10.05 80 ï 40 

5 0.12 60 ï 30 

2.36 0 10 ï 0 

 

 
) ɆɜƬ3Ǐ˹˲˹ǆ  ( .˙˻ˮḧǃå þƓḪ̇ Ǆǃ Ǒˮ˻ˮ˲ǃå êï˗˯ǃå 
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) üĀ˕Ɯ5. ˢƳƑ˷ǁä ýƑḨ˗ǂǁ ƕ ƏƑɀ˘˹ƻǁä òäˤ˱ǁä çäîƑ ˭Ƣä ƛƏƑ˭ǆ ( 
ϼϝϡϧ϶ъϜ ϼϝϡϧ϶ъϜ ϭϚϝϧж BS 812:PART 2:1975 

сКнзЮϜ дϾнЮϜ 2.75 2.5  Ŷ2.75 

ЈϝЋϧвъϜ ϣϡЃж 1% 0.5  Ŷ2% 

анϯϳЮϜ ϢϹϲм дϾм 1720 1500  Ŷ1850 

 
) üĀ˕Ɯ6. ˢƳƑ˷ǁä ýƑḨ˗ǂǁ Ǐǂ˱˷˶ǁä Ʉ˹ǂ˰˭ǁä ƛƏƑ˭ǆ ( 

  ЭϷзгЮϜ ЀϝЧв

)mm( 

 ϣтнϛгЮϜ ϣϡЃзЮϜ  ϣугЪϜϽϧЮϜ

% ϢϼϝгЮϜ 

ϣужϝГтϽϡЮϜ ϣУЊϜнгЮϜ ϸмϹϲ %( BS 

882:1992 ) 

4.75 100 100 ï 89 

2.36 99.94 100 ï 80 

1.18 99.87 100 ï 70 

0.6 91.38 100 ï 55 

0.3 38.28 70 ï 5 

0.15 0 15 ï 0 
 

 
) ɆɜƬ4.( Ɇǆ̇ ǃå )˙˻ƺ˶ǃå þƓḪ̇ Ǆǃ Ǒˮ˻ˮ˲ǃå êï˗˯ǃå Ǐ˹˲˹ǆ ( 
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3-  : Ɉǂ˱ǁä ÞƑǄ 
ˤƙ þå˗˳˯ƪå ßƓǆ æ̇ ˵ǃå ɏíƓ ˯ƵǙå ǑƼ íå˗Ƶã ǃåƓˠǄ˳è  ǑƼˣǃ˘Ḫ Ü˖˲ ǃå å˘ǋ ʕƙ 

Ǌǆå˗˳˯ƪå ǑƼ Ɨ˱ǃƓƶǆ èƓǈå˦ˠƪå ā èƓ ʹɜǆ ˥ǆ èƓ˹˻ƶǃå.  
 

4-    (Ʉ˶ƴ˭˲˶ǁä) çäîƑ ˲ǁä çƑḨ˗˰Ǆ ˓ɀïUEO: 
  ˙Ƽ˦˯˸ǃåā Ɨ ǈƓƪ̇ ˳ǃå ƗˠǄ˳ǃå Ǐǃã úƓ˷˸Ḫ Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð þå˗˳˯ƪå ˤƙ

 Ɨ˹ǒ˗˸Ⱥ èåïƓ ˴Ǆǃ èƓḪ̇ ˲˸ǃå ˕ɂð ˙˻˻ƺƙ òïā èƓƽǄ˳ǆ ˥ǆ Ǌƶ ˸˱ƙ ˤƙā Ɨ Ǆ˲˸ǃå ûå˦ƪǕƓȺ
) Ɇɜ˵ǃå Ɠ˸Ḫ ɏðƓƺ˹ƕ5) Ǒǋ ˖˲ ǃå å˘ǋ ǑƼ Ɨǆ˗˳˯˴˸ǃåā Ɨơ̇ ˯ǀ˸ǃå ƗƵ̇ ˱ǃå Ü(0.2 Ü0.4 Ü

0.6 Ü0.8 Ü1 Ü1.5 Ü2%ƪǗå ÿðā ˥ǆ () ̞ɂ̊Ǆǃ ǑƵ˦˹ǃå ÿð˦ǃåā .̞˹˸1.2 ˤƙ ˖˻ơ (
 ßå̇ ƞå ˤƙ ˤƛ ˥ǆā ƴƿ˦ǆā ǊƬïā ˥ǆ ˙˰ǂå ˥ǆ Ɨƪåï˗ǃƓȺ Ɨǆ˗˳˯˴˸ǃå èƓ ˸ḧǃå ƴ ˸˱ƙ

) ýā˗˱Ⱥ Ơư˦ǆ ˦ǋ Ɠ˸Ḫ ǑƑƓ ˸ ḧǃå Ǌ ˻Ḫ̇ ƙ ƗƼ̇ ƶ˸ǃ Ǌ ǄƵ èåïƓ ˯ƤǙå7  .( 

 
) ɆɜƬ5) Ɨƪåï˗ǃƓȺ Ɇ˸ƶ˯˴˸ǃå ˕ɂ̊ ǃå Ơư˦ǒ (UEO.( 

 ) üĀ˕Ɯ7Ƒ ˶ ḥǁä Ʉ˹ǂ˰˭ǁä ƛƏƑ˭ǆ ƞƮˤǐ () Ʉ˶ƴ˭˲˶ǁä çƑḨ˗˰˶ǁä ˓ɀï ˣǄ ƕ˷˹ƴǁ ǏƏ(UEO. 
сϚϝугуЫЮϜ ϟуЪϽϧЮϜ сϚϝугуЫЮϜ ϿвϽЮϜ % ϣтнϛгЮϜ ϣϡЃзЮϜ 

ЩтϹтϹϳЮϜ ϹуЃЪϒ Fe2O3 0.43 

ануЃЮϝЫЮϜ ϹуЃЪϒ CaO 15.9 

ϥтϽϡЫЮϜ ϹуЃЪϒ ϩЮϝϪ SO3 37.0 

сЂϝгϷЮϜ ϼнУЂнУЮϜ ϹуЃЪϜ P2O5 8.95 

ЩжϿЮϜ ϹуЃЪϜ ZnO 17.7 

ϼнЯЪ Cl 15.9 
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3- ƛƏƑ˭ǆ   Ǐɚɀ˗ǄǗä ˕Ǌƴ˶ǁä ƕƾɀ˗˞ȸ ƕ ǆƑƨ˗˱ǁä ƕ˞ǂ˱ǁä ˢ ˶˴Ɨ211.1ACI: 
  Ɨǀɂ̇ ˟ ɖƼā Ɨ ǈƓƪ̇ ˳ǃå èƓˠǄ˳Ǆǃ ɊǄ˳ǃå íå˦ǆ ÿåðāå æƓ˴ơ ˤƙ ˖˲ ǃå ˥ǆ ß̊ ˱ǃå å˘ǋ ǑƼ

ˤƿï ýā˗˱ǃå ) Ɨ ǃƓ˯ǃå èƓ Ǆˠ˯˸ǃå Ǒƽƙ ˖˻˲Ⱥ Ǒɜɂ̇ ǆǙå ˗ǌƶ˸ǃå8:  ( 
1.  ˙˸ƶȺ ɉƓƺ˷ǈǙå ƗǆāƓǀǆ28  ) þ˦ǒ30-35 MPa .  ( 
2.  ) Ǒǃå˦ơ ɊȺƓǌǃå ïå̠ǀǆ ÿ˦ɜȻ ̟˻˲Ⱥ ÜƗɣƪ˦ǆ˯ = Ɇ˻ƺ˵ǃ˯å ƗǄƕƓƿ25-100 mm. ( 
3.  ) = ˥˵˳ǃå þƓḪ̇ Ǆǃ Ǐ˶ƿǕå ñƓǀ˸ǃå19-20 mm. ( 
4. = ɏā̠˻ǃå xǆ̠ǃƓȺ úƓ˱ǃå ÿð˦ǃå  : ˥˵˳ǃå þƓḪ̇ǃå óå˦Ƥ1600 kg/m³  ƗƼƓ˰ḧǃå Ü

 = Ɨ Ǆḧǃå Ɨ ˮ˴˹ǃå2.69= Ɨ Ǆḧǃå Ɨ ˮ˴˹ǃå ƗƼƓ˰ḧǃå : ˤƵƓ˹ǃå þƓḪ̇ ǃå óå˦Ƥ Ü2.75ǆ Ü ɆǆƓƶ
= Ɨǆ˦ƶ˹ǃå2.80 . ( 

5.  ) Ɇ˸ƶ˯˴ ǃ˸å èƓḪ̇˲ ǃ˸å ̞ɂ̊ǃ ǑƵ˦˹ǃå ÿð˦ǃå1.2 . ( 
  ƗǈƓƪ̇ ˳ǃå ˥ǆ ˔ƶɜ˸ǃå ˙˯˸Ǆǃ ƗˠǄ˳ǃå èƓǈ˦ɜǆ ˗ǒ˗˲˯ǃ Ɨ ǃƓ˯ǃå  ƗǃíƓƶ˸ǃå þå˗˳˯ƪå ˤƙā  

(1)                = 1 m³  UEO+ V c+ V Fagg+ V Cagg+ V wV 

: ÿá ˖˻ơ 
=ßƓ˸ǃå ˤ˱ơwV=˙˻ˮḧǃå þƓḪ̇ ǃå ˤ˱ơ ÜCaggV Ü=˙˻ƺ˶ǃå þƓḪ̇ ǃå ˤ˱ơFaggV ˤ˱ơ Ü
=˕˹˸ƪǙåcV=Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð ˤ˱ơ ÜUEOV. 

 

 

) üĀ˕Ɯ8˔˰ ǁƑȸ æ˕˶˭ƴ˶ǁä ƕǆƑƨ̠ ˱ǂǁ Ɉǂ˱ǁä Ǐƺ ƕǄ˕˱˭˲˶ǁä þäïĀǓä ƞƮˤǐ( . 
 FaggW

(kg/m³) 
CaggW 

(kg/m³) 

 cW

(kg/m³) 
wW 

(kg/m³) 
W/C 

 UEOW

% 

бЦϼ 

ϣГЯϷЮϜ 

702.53 1014.4 451.11 

206.3 0.45 0 1 

202.10 0.448 0.2 2 

201.20 0.446 0.4 3 

200.29 0.444 0.6 4 

199.39 0.442 0.8 5 

198.49 0.440 1 6 

196.23 0.435 1.5 7 

193.98 0.430 2 8 
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 ÿāí  çïå̇ơ èƓƞï̠ƕ ā ç̇ɣ˻ ǃ˸å ßƓ˯˵ǃå ç̇˯Ƽ ýǚƤ æïƓ˱˯ǃå ̞ɂ̇ƞå ̠ƿā 6  Ɨɂ˦˭ǆ èƓƞïí
 ɖƼā ƗɁ˦˴˲˸ǃå ÿåðāǙå Ɇǒ˗ƶƙ Ǐǃå ƗƞƓơ Ǚ Ǌǈå ɏå ƓƼƓƞ Ǌǆå˗˳˯ƪåā þƓḪ̇ ǃå ˃ ʽ˱ƙ ˤ˯Ƽ

  þƓḪ̇ ǃå óƓ˶˯ǆå Ɨ ˴ǈ 

4- ƕǆƑƨ˗˱ǁä çäîƑ ˭Ƣä Þä̠ Ɯä Ā çƑ˞ǂ˱ǁä ìä˕Ƴä :ƕ ǂ˴ǁäĀ ƕɀ˗˞ǁä ƕǁƑ˰ǁä Ǐƺ 
4-1 : ƕǆƑƨ˗˱ǁä ƕ˯ǁƑƴǄ Ā ˒ƬĀ çƑ˞ǂ˱ǁä ìä˕Ƴä 

 Ǌ˯ƶƪ ǑǀƼá ô˦˲Ⱥ ɉǚƤ þå˗˳˯ƪƓȺ ˕˸ƙ ɊǄ˳ǃå Ɨ Ǆ˸Ƶ ÿã)0.07 m³(  íƓ˸˯Ƶå ˤƙ ā
 ƗˠǄ˳ǃå ˤ˱ơ)0.0347m³(  ˔˶ǃ Ɨ ʼƓḧǃå4  èƓ ʹɜǆ150Ã150Ã150 mm  ā4 
 èƓǈå˦ˠƪå300Ã150 mm  .ç˗ơåā ƗƵ˦˸˱ǆ þƓ˸ƙǗƗƼƓưã ˤƙ þƓḪ̇ ǃå ˥˵˳ǃå ā ˤƵƓ˹ǃå 

ā ˕˹˸ƪǙå ˤǌƶưā ā ǑƼ Ɨ˟ǚ˳ǃå ˥ǆā ʕƛ ʕƙ ɊǄƤ ǉ˘ǋ íå˦˸ǃå  āǑǋ ƗƼƓƞ  āç˗˸ǃ Ʉ˶ǈ 
Ɨǀ ʾí ý˦˶˲Ǆǃ ǏǄƵ ƗˠǄƤ Ɨ˴ǈƓ˱˯ǆ ˥ǆā Üþå˦ǀǃå ʕƛ ƗƼƓưå ßƓ˸ǃå Ǐ˯ơ ˛ǈƓ˱ƙ ɊǄ˳ǃå 

å̇ ˸˯ƪå ƴǆ ˕ɂ̊ ǃå ƗƼƓưã Ɠǋ˗ƶɁāï Ǌƶɂð˦ƙ Ǐ˯ơ ɊǄ˳ǃå çï˦˶Ⱥ ç˗˻ƞ .˗ƶȺ ˣǃî ˕ˮƮ 
ƗǈƓƪ̇ ˳ǃå ǑƼ ˔ǃå˦ǀǃå ˗ƶȺ Ɠǌ˹ǋí ˥ǋ˗ƕ èƓḪ̇ ˲˸ǃå ˖˻ơ ʕƙ óï Ɇǂ Ɨǀ ˟ Ɨˠƪå˦ƕ 
ç˗˷˹ǆ  Ǒɜ ǈƓɜ ˸ǃå ðå̊ ǌǃåç˗˸ǃ 7 ÿå˦ƛ Ɇˮƿ ˔Ʈ Ɨǀ ˠǃå  Ɏ̇ƤǕå. ʕƛ  ˕˱ǃ˦ƵȺô˦˲ 
Ɨ˱ǃƓƶ˸ǃå  ç˗˸ǃ28 þ˦ǒ ˥ǆā ʕƛ Ɠǌƞå̇ Ƥã ô̇ ƺǃ ßå̇ ƞã  ÜèƓƮ˦˲ƽǃå ɆḪ ˕ɂ̇ ƞå ˖˻ơ

) ýƓɜƬǕå ā Ɨƪ̠ǌ˹ǃå ƗǄḪ ɏðƓƺ˹ƕ ƗƶǆƓƞ ɆǆƓƶǆ ǑƼ èåïƓ˯ƤǙå6) ā (7 Ơư˦ƙ (
.˔˶ǃå ā ɊǄ˳ǃƓȺ Ɨǆ˗˳˯˴˸ǃå ç̊ ǌƞǕåā ˔ǃå˦ǀǃå 

   

) ɆɜƬ6 ā Ǒɜ ǈƓɜ ˸ǃå ðå̊ ǌǃå ƴǆ ˔˶Ǆǃ Ɠǋ̊ ˻ǌ˱ƙ ā Ɠǌ˸ ˲˵ƙ ˗ƶȺ èƓ˹˻ƶǄǃ ˔ǃå˦ǀǃå Ơư˦ǒ (
.þ˗˳˯˴˸ǃå ɉǚ˳ǃå 
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) ɆɜƬ7 ƴǆā ̞ɂ̊ǃå ƗƼƓưå ÿāí  ̝ ǃ˶å ā ɊǄ˳ǃå ̠ƶȺ ǑƑƓǌ˹ǃå ƓǌǄɜƬ ǑƼ èƓ˹˻ƶǃå Ơư˦ǒ (
.˕ɂ̊ ǃå ƗƼƓưå 

 

 
 4-2 :ƕɀ˗˞ǁä ƕǆƑƨ˗˱ǁä ǏǂƳ çäîƑ ˭ƢǗä ƛƏƑ˭ǆ 

 ˖˲ ǃƓȺ ɊȺƓǌǃå ïƓ ˯Ƥå ßå̇ ƞå ˤƙ ˔˴ơ ƗƽƮ˦˸ǃå)  (ASTM C143- 78  ˕ư̇ Ƶā
) ýā˗˱Ⱥ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå ƝƑƓ˯˹ǃå9 ˗ƶȺ ƗǈƓƪ̇ ˳ǃå Ɨ ƕƓ ˴ǈåā ïƓ ǌǈǙå ýƓɜƬå Ɠ˷Ȼå ā (
) Ɇɜ˵ǃƓȺ ˕ư̇ Ƶ ïƓ ˯ƤǙå ßå̇ ƞå8 Ɠǆå .(˥Ƶ ˥ǆð ˣ˵ǃå ǑƑå˗˯ƕǙå ǑƑƓǌ˹ǃåā  ˥Ƶ ˕˴ ʾ 

èƓɜ ʼ ðƓǌƞ ɖɂ̇ ˟  ) Ɇɜ˵ǃå Ɠ˸Ḫ9ƑƓ˯˹ǃåā () ýā˗˱ǃƓȺ ˕ư̇ Ƶ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå Ɲ9.( 

) üĀ˕Ɯ9. ƕɀ˗˞ǁä ƕǁƑ˰ǁƑȸ ƕǆƑƨ˗˱ǁä çäîƑ ˭Ƣä ƛƏƑ˭ǆ ( 
ЩЇЮϜ евϾ 

 БϠϝлЮϜ  (mm) UEO % ϣГЯϷЮϜ бЦϼ сϚϝлзЮϜ 

)hr:min( 

сϚϜϹϧϠъϜ 
)hr:min( 

2:25 2:00 27 0 1 

2:35 2:20 30 0.2 2 

2:55 2:30 35 0.4 3 

3:05 2:40 37 0.6 4 

3:10 2:45 40 0.8 5 

3:15 2:55 45 1 6 

3:20 3:05 75 1.5 7 

3:30 3:10 88 2 8 
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     )ɆɜƬ8.Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð ƗƼƓưå ˗˹Ƶ ƗǈƓƪ̇ ˳ǃå èƓˠǄ˳ǃƓȺ ɊȺƓǌǃå Ơư˦ǒ ( 
 

  

) Ɇɜ˵ǃå9Ɨ˹˻ƶǃå ā ˕ɂ̊ ǃå ƴǆ Ɨ˟˦Ǆ˳˸ǃå Ɨǈ˦˸ǃå Ɨ˹˻Ƶ Ơư˦ǒ (  ̠˹Ƶ ̞ɂ̊ǃƓȺ Ɨ˟ Ǆ˦˳ǆ ̇˻ƺǃå Ɏ̇ƤǕå
.ǑƑƓǌ˹ǃå ā ǑƑå˗˯ƕǙå ˣ˵ǃå Ǐ˹ǆð ñƓ ʾ 
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 4-3 ƕ ǂ˴ǁä ƕǆƑƨ˗˱ǁä çäîƑ ˭Ƣä ƛƏƑ˭ǆ 
:ǑǃƓ˯ǃƓḪ ƗǈƓƪ̇ ˳ǃå ˔ƶɜ˸ǃ ƗƼƓ˰ḧǃå ā  Ɋƺ˷ǃå ƗǆāƓǀǆ ˕ˮ˴ơ 

 = Ɋƺ˷ǃå ǊǆāƓǀǆ╟ 

═
                                                           )2                (                                   

  
ƗǈƓƪ̇ ˳ǃ ƗƼƓ˰ǂ   =                                                           )3                                          ( 

: ÿá ˖˻ơ 
P  ) Ǐ˶ƿǕå Ɇ˸˲ǃå =Kg Ü( A) ƴˠǀ˸ǃå ƗơƓ˴ǆ =( m²Üm  ) ƗǄ˯ḧǃå =kg Ü(V   =

 ) ˤ˱˲ǃåm³ .( 

ƗǈƓƪ̇ ˳ǃå ƗǆāƓǀǆ ˔˴˲ƙ ā ˙ƬƓ ǆ ˙˻ƺǃå ˗˵Ǆǃ :Ɨ ǃƓ˯ǃå ƗǃíƓƶ˸ǃå ˔˴ơ 

= ǑǄɂðå̇ ˮǃå ˗˵ǃå ƗǆāƓǀǆ                                                   )4               ( 

: ˖˻ơ 
P  ) Ǐ˶ƿǕå Ɇ˸˲ǃå =KgÜ( D ) Ɨǈå˦ˠƪǙå ˙ˠƿ =mÜ(L ) Ɨǈå˦ˠƪǙå ý˦˟ =m .( 

 Ɨ ˴ǈ Ǐǃå Ɨ ˴˹ǃƓȺˤ˯Ƽ ßƓ˸Ǆǃ ƗǈƓƪ̇ ˳ǃå óƓ˶˯ǆå ïƓ ˯Ƥå ßå̇ ƞå ˔˴ơ ƗƽƮå˦˸ǃå Ɨ ɜɂ̇ ǆǙå 
04 -ASTM C1585  ÿƋȺ Ʉƽ˱ƙ èƓ˹˻ƶǃå  ǑƼ  ÿ̇ƽǃå Ɨƞï˗ƕ çïå̇ ơ) 0(100C ÜƓ ɂ̇ ǀƙ 
ç˗˸ǃā  24 ƗƵƓƪ , ˤƛ ʕ˯ ǒ ˗Ƥá Ɠǌǈðā ˙ˮ˯ƶɂā å˘ǋ ÜúƓ˱ǃå ÿð˦ǃå ˥ǆā ʕƛ ˙˸ƺƙ èƓ˹˻ƶǃå 
ǑƼ ßƓ˸ǃå ç˗˸ǃ  24 ƗƵƓƪ ˤ˯ɂā ˗Ƥá Ɠǌǈðā ˙ˮ˯ƶɂā å˘ǋ  ÿð˦ǃå Ü˔˟̇ ǃå ˥ǆā ýǚƤ 

ƗǃíƓƶ˸ǃå Ɨ ǃƓ˯ǃå ˥ɜ˸Ȼ æƓ˴ơ Ɨ ˴ǈ óƓ˶˯ǆǙå : 
  = óƓ˶˯ǆǙå Ɨ ˴ǈ  Ã100                                       )5( 

 ˗ƶȺ ƗǈƓƪ̇ ˳Ǆǃ ƗƼƓ˰ḧǃå Ɠǆå28  ƗƽƮå˦˸ǃå ˗˸˯Ƶå Ü þ˦ǒASTM 567- 1985 ƓǌƕƓ˴˲Ⱥ 
: ǑǃƓ˯ǃå ÿ˦ǈƓǀǃå ɖƼā 
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 = ƗǈƓƪ̇ ˳ǃå ƗƼƓ˰ǂ                                                      (6) 
   ˙ˮƶȻ Ɠǆ ˦ǋ ā Ɠǋ˗Ǆ˶ƙ ý˗ƶǆ Ǌ ʾå̇ ˸ǃ ƗǈƓƪ̇ ˳Ǆǃ Ǒǈð˦ǃå ˙˻ƺ˯ǃå ý˗ƶǆ æƓ˴˯ơå ˤƙ Ɠ˷Ȼå

 ˗ƶȺ ƗǈƓƪ̇ ˳ǃå ˗Ǆ˶ƙ Ǌ Ǆ˸Ƶ ßƓ˹ƛå ˗ǀƼ ɏ˘ǃå ßƓ˸ǃå ïå˗ǀǆ ˥Ƶ28 . þ˦ǒ 
= %ÿð˦ǃƓȺ ̇˻ƺ˯ǃå Ɨ˴ǈρππ                         )7 ( 

:ÿå ˖˻ơ 
W1 = ̝ ï˟ Ɨ˹˻ƶǃå ÿðā ( Kg),  W2 = úƓƞ Ɨ˹˻ƶǃå ÿðā (Kg), Wf =  ÿðā
Ɨɂ̇ ˟ ƗǈƓƪ̇ ˳ǃå (Kg), W28day = þ˦ǒ 28̠ƶȺ ƗǈƓƪ̇ ǃ˳å ÿðā (Kg). 

 ô̇ Ƶ ˤƙ æïƓ˱˯ǃå ßå̇ ƞå ˥ǆ ßƓǌ˯ǈǙå ˗ƶȺɊƺ˷ǃå ā ˗˵ǃå èåíƓǌƞǗ ƝƑƓ˯˹ǃå  ā ƗƼƓ˰ḧǃå ā
) ýā˗˱ǃå ǑƼ ˕ư̇ Ƶ10 ýƓɜƬǙå ā (9 ā10 ā11 .˙˴ḧǃå ˗ƶȺ èƓ˹˻ƶǃå ýƓɜƬå Ơư˦ƙ 

 

 
)ɆɜƬ9 ˗ƶȺ Ɨ˱ǃƓƶ˸ǃå èƓǈå̊ Ƥ ˥ǆ Ɠǌƞå̇ Ƥå ˗ƶȺ èƓ˹˻ƶǃå (28 .þ˦ǒ 

 
) ɆɜƬ10.˗˵Ǆǃ Ɠǌ˯ǆāƓǀǆ ā Ɋƺ˷Ǆǃ ƗǈƓƪ̇ ˳ǃå ƗǆāƓǀǆ ñƓ ʿǃ èƓ˹˻ƶǃå ƴưā ( 
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) ɆɜƬ11ïƓ ǌǈǙå ā ˙˴ḧǃå ýƓɜƬå (  ƗǈƓƪ̇ ˳Ǆǃ ˗˵ǃå ïƓ ˯Ƥå ßå̇ ƞå ˥ǆ ßƓǌ˯ǈǙå ˗ƶȺ èƓ˹˻ƶǃƓȺ

.˕ɂ̊ ǃå ǑǄƵ Ɨɂ˦˯˲˸ǃå 
 

) üĀ˕Ɯ10.ƕ ǂ˴ǁä ƕǁƑ˰ǁƑȸ ƕǆƑƨ̠ ˱ǁä  çƑ ʷɚ˶ǁ çäîƑ ˭Ƣä ƛƏƑ˭ǆ ( 

бЦϼ 

ϣГЯϷЮϜ 

UEO 

% 

 БЂнϧв

 дϾнЮϜ

 ϹЛϠ28 

ант 

Kg)( 

 БЂнϧв

 ϹЛϠ ϣТϝϫЫЮϜ

28 ант 

(Kg/m³) 

 ϣϡЃж

 сТ ϽуПϧЮϜ

 дϾм

ϣжϝЂϽϷЮϜ 

% 

 БЂнϧв

 ϸϝлϮϜ

БПЏЮϜ 

äῃc 

( MPa) 

 БЂнϧв

 ϸϝлϮϜ

ϹЇЮϜ 

ät 

(MPa) 

 ϣϡЃж

ЈϝЋϧвъϜ 

% 

1 0 8.24 2440.74 1.54 45.44 3.43 4.68 

2 0.2 8.19 2425.93 1.40 43.34 3.33 4.97 

3 0.4 8.20 2429.63 1.24 43.00 3.20 5.39 

4 0.6 8.20 2429.63 1.08 43.33 3.04 5.62 

5 0.8 7.88 2333.33 0.96 37.44 2.90 5.19 

6 1 7.75 2296.30 0.65 36.67 2.76 5.45 

7 1.5 7.78 2303.70 0.63 35.11 2.62 5.09 

8 2 7.73 2288.89 0.62 28.67 2.60 5.15 

5- : ƛƏƑ˭˷ǁä ƕ˳ƽƑ˷Ǆ 
1.  ˕ɂð ǏǄƵ ƗɂāƓ˲ǃåā ƗȻíƓ ˯ƵǙå ˕˹˸ƪǙå Ɨ˹˻˱ƶǃ ǑƑƓǌ˹ǃå ā ǑƑå˗˯ƕǙå ˣ˵ǃå ˥ǆð ñƓ ʾ ˗ƶȺ

Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ÿå Ɍơǚǈ Ü Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲ǆ ˕ɂð ˔˴ǈ Ɇḧǃ íåí̊ ǒ ˣ˵ǃå Ǒ˹ǆð
í) :ǑƑå˗˯ƕǙå ˣ˵ǃå ˥ǆ̊ ǃ Ɨ ǃƓ˯ǃå çíƓɂ̊ ǃå ïå˗ǀ˸Ⱥ0:20í) Ü(0:30í) Ü(0:40 Ü(

í)0:45í) Ü(0:55í) Ü(01:05í)Ü (ñ1:10 ǑƑƓǌ˹ǃå ˣ˵ǃå ˥ǆ̊ ǃ ā Ǒǃå˦˯ǃå ǏǄƵ (ñ
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í)ïå˗ǀ˸Ⱥ ˕ǈƓǂ0:10í) Ü(0:30í) Ü(0:40í) Ü(0:45í) Ü(0:50í) Ü(0:55 (
í)Ü1:05) Ɋˠ˳˸ǃå Ɠ˸Ḫ Ǒǃå˦˯ǃå ǏǄƵ (ñ12 ā ˕ɂ̊ ǃå Ɨ ˴ǈ ˥˻ƕ Ɨƿǚƶǃå Ơư˦ǒ ɏ˘ǃå (

. ˣ˵ǃå Ǐ˹ǆð 

 
) ɆɜƬ12 ) úƓ˷˸ǃå ˔˴ǈ ƴǆ ˣ˵ǃå ˥ǆð ˗ǒå̊ ƙ Ơư˦ǒ (UEO%.( 

 

2. ) Ǌ˯˸ ʾ ˕ǈƓḪ Ɨ ʹƞ̇ ˸ǃå Ɨ ǈƓƪ̇ ˳ǃå ƗˠǄ˳Ǆǃ ɊȺƓǌǃå ˝˲Ƽ ˗˹Ƶmm 27 ƗƼƓưã ˗˹Ƶ ā (
) Ɨ ˴˹ƕ íåíðå ɊȺƓǌǃå ÿá Ɍơǚǈ Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð11.11  Ü29.63 Ü37.63 

Ü48.15 Ü66.67 Ü177.78 Ü225.93 %  Ơư˦ǆ ˦ǋ Ɠ˸ǂÜ Ǒǃå˦˯ǃå ǏǄƵ (
) Ɋˠ˳˸ǃƓȺ13 ˥ǆ ā ƗǈƓƪ̇ ˳ǃå Ɨ Ǆ˻ƺ˵ƙ ˣǃ˘ƕ ˗ɂ̊ ƙ úƓ˷˸ǃå Ɨ ˴ǈ èíåð Ɠ˸ǄḪ ɏå .(

 ˦ǋ ƗǈƓƪ̇ ˳ǃå þå˦ƿ ÷˦ ǈ ā Ǒǀ ʿ˲ǃå Ɇɜ˵ǃå ˘˳ƙå Ǌǈå Ɍơǚǈ ɊȺƓǌǃå ýƓɜƬå ˥˻ƕ ƗǈïƓǀ˸ǃå
ˣ˯ƪǚˮǃå  ɊȺƓǌǃå ʕ  ʾÿå ÿ˦Ḫ ˥˻ƕ30  Ǐǃå90 mm. 

0:00:00

1:12:00

2:24:00

3:36:00

0 0.20.40.60.81 1.5 2
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)ɆɜƬ13) úƓ˷˸ǃå Ɨ ˴ǈ ˥˻ƕ Ɋˠ˳ǆ Ơư˦ǒ ( UEO% .ɉ˦ˮǌǃå ïå˗ǀǆ ā Ü( 

 
3. Ü ƗƙāƓƽ˯ǆ ˕ǈƓḪ ƗƼƓ˰ḧǃå ˤ ʾ ) Ɋˠ˳ǆ Ɠ˸Ḫ14ƗǈƓƪ̇ ˳ǃå ƗƼƓ˰Ḫ ˕˲ Ʈå Ü(  çíƓɂ̊ ƕ ˝ǀ˹ƙ

 ˕ɂ̊ ǃå Ɨ ˴ǈ ç̇ ˯Ƽ ƗǄ˻˟ ā ˔˶ǃå ā ɊǄ˳ǃå ßƓ˹ƛå çïå̇ ˲ǃå èƓƞïí ÿå ˙Ḫ˘ǃƓȺ ˙ǒ˗˱ǃåā
 Ǒǃå Ɇ˶ƙ ˦˱ǃå çïå̇ ơ Ɨƞïí ˕ǈƓḪ ˖˻ơ íïƓ ǃå ˦˱ǃå ǑƼ ˕ǈƓḪ Ɨ˱ǃƓƶ˸ǃå6  Ɨɂ˦˭ǆ èƓƞïí

 ā ˕˹˸ƪǙå ˥˻ƕ ɆƵƓƽ˯ǃå þƓ˸ƙå ßƓ˹ƛå ˖ƶ ˹ƙ Ǒ˯ǃå çïå̇ ˲ǃå Ɨƞïí ˙˻ƛƋƙ ˥ǆ ɄƽƤ ɏ˘ǃå ā
 èƓ ˻ˮơ Ɇ˶Ƽ ǑǄƵ ˕ɂ̊ ǃå Ɇ˸Ƶā .ɊǄ˳Ǆǃ ßƓ˸ǃå ǑǃƓ˯ˮƼ ßƓ˸ǃå ƴǆ ǊǄ˯ḧƙ ƴ˹ǆ ā ˕˹˸ƪǙå

 þƓ˸ƙå ˥˻ƕ ā Ɠǌǃ þƓḪ̇ ǃå óƓ˶˯ǆå ˥˻ƕ ÷ð˦˯ƙ ßƓ˸ǃå Ɨ ˸Ḫ ɆḧƼ ÜƗǋƓǆǙå Ɨ Ǆ˸Ƶ ˕˹˴˲ƙ
 Ǐ˯ơ Ɇ˶ƙ ƗǈƓƪ̇ ˳ǃå ƗƼƓ˰ɜȺ ÿƓ˶ǀ˹ǃå Ɨ ˴ǈ ˕ǈƓḪ ā .ɆƵƓƽ˯ǃå Ɨ Ǆ˸Ƶ6.22%  û̇ƽǃå ˦ǋā

 Ɨ ˴˹ƕ úƓ˷ǆ èåî ç̇ ˻ƤǕå ā Ɨ ʹƞ̇ ˸ǃå ƗˠǄ˳ǃå ˥˻ƕ2% Ɠ˷Ȼå ā ̞˹˸ƪǙå ÿðā ˥ǆ 
 . èƓƽƮå˦˸ǃå íā˗ơ ˥˸ư ˥ǆ ƗǈƓƪ̇ ˳ǃå ƗƼƓ˰Ḫ ˕ǈƓḪ Ɇ˸˱˸ǃƓȺ 
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) ɆɜƬ14 ) úƓ˷˸ǃå Ɨ ˴ǈ ˥˻ƕ Ɋˠ˳ǆ Ơư˦ǒ (UEO%.ƗƼƓ˰ḧǃå Ɋƪ˦˯ǆ ā ( 

 

4.  Ǒ˯ǃå èƓɣǄ˳ǃå ǑƿƓȺ ā Ɨ́ƞ̇˸ǃå ƗɣǄ˳ǃå ˥ ƕ˻ Ɠǆ ÿð˦ǃå ǑƼ ̇ ƺ˻˯ǃå Ɨ˴ǈ æƓ˴ơ ̠˹Ƶ
 úƓ˷˸ǃå ˔˴˹ƕ ˕ˠǄƤ(UEO%)  Ǐǃå Ɇ˶˯ǃ ˝ƿƓ˹˯ƙ Ɋƪ˦˯˸ǃå ǑƼ ˤ ʿǃå ˕ǈƓḪ

%)0.62%) ā (0.63)Ɋˠ˳˸ǃå Ɠ˸Ḫ Ǒǃå˦˯ǃå ǏǄƵ (15 ˤ˱ơ èƓ ƛ Ɍơǚǈ Ɠ˹ǋ ˥ǆā .(
 ǏǄƵ ˙ƛ˓ǒ ˤǃ ˕ɂ̊ ǃå ÿå ɏá ßƓ˹˻ƶǄǃ ìƓƽ˯ǈå āå Ơ˷ǈ āå Ɇ˶Ƽ é˗˲Ȼ ˤǃ ɏá ƗǈƓƪ̇ ˳ǃå

.˕˹˸ƪǙå ā ßƓ˸ǃå ˥˻ƕ ǑƑƓ ˸ ḧǃå ɆƵƓƽ˯ǃå 

 
)ɆɜƬ15 úƓ˷˸ǃå Ɨ ˴ǈ ˥˻ƕ Ɋˠ˳ǆ Ơư˦ǒ ( )(UEO%   ÿðā ǑƼ ̇˻ƺ˯ǃå Ɨ˴ǈ  Ɋƪ˦ǆ˯ā

.ƗǈƓƪ̇ ˳ǃå 
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5. )Ɇɜ˵ǃå ˥ǆ16 èåïƓ ˴ǃå ˕ɂð ˔˴ǈ çíƓɂ̊ ƕ ˝ƿƓ˹˯ƙ Ɋƺ˷ǃå ƗǆāƓǀǆ Ɨ˸ ʾ ÿá Ɍơǚǈ (
) ˕ǈƓḪ Ɋƺ˷ǃå ƗǆāƓǀ˸ǃ Ɨ ʹƞ̇ ˸ǃå Ɨ˸ ʿǃå ÿå îãÜ (Ɇ˸ƶ˯˴˸ǃå)MPa 45.44 ˕˶ƿƓ˹ƙ (

) ˔˴˹ƕ5.38Ü4.65Ü17.60Ü19.32Ü22.74Ü36.91 % úƓ˷˸ǃå çíƓɂ̊ ƕ ɏá .(
˕˲ Ʈå  ñƓ ˯ơǙ ƗǈƓƪ̇ ˳ǃƓȺ èƓǆƓ˴ǆ ā èƓƹ̇ Ƽ í˦ƞ˦ǃ ƴƞ̇ ǒ å˘ǋā Ɇǀƙ ƗǈƓƪ̇ ˳ǃå ƗǆāƓǀǆ

 ˗˹Ƶ ú˗ǌǃå ÿå Ɇ˸˱˸ǃƓȺ ˥ḧǃ .ƗǈƓƪ̇ ˳Ǆǃ ƗƼƓ˰ḧǃƓȺ ÿƓ˶ǀǈ ǑǄƵ Ɲ˯˹ǒ Ɠǆ ˦ǋ Ɠ˷Ȼåā ßå˦ǌǃå
 ƗǆāƓǀǆ ǏǄƵ ý˦˶˲ǃå ˦ǋ ˤ ˸˶˯ǃå30MPa   Ɋƺ˷ǃå ƗǆāƓǀ˸ǃ èåßå̇ ǀǃå Ɋƪ˦˯ǆ ÿƓḪ ā
 úƓ˷ǆ Ɨ ˴ǈ Ǐ˯ơ èƓ˹˻ƶǃå ƴ ˸˱ǃ1.5% ˕ǈƓḪ  ý˦Ʈ˦ǃå Ǐ˯ơ ǊƼ˗ǌ˯˴ǆ Ɨ˸ ʾ ˥ǆ ǑǄƵå

 Ǐǃå2%  Ǒǃå Ɇ˶ƙ ˕ǈƓḪ28.67 MPa. ˙ǒ˗˱ǃå ā  ˙ˢ˹ǃå ˗˹Ƶ ÿå Ɠ˷Ȼå ˙Ḫ˘ǃƓȺ
 Ɲ˯ǈ Ɠǆ ˦ǋā çí̇˱ ǃ˸å ˥ƶ˻ǃƓȺ ɏ̇ƙ Ɨ˲ưåā èƓƹå̇Ƽ ā èå˦˱Ƽ í˦ƞ ā Ɠǋ̇˴Ḫ ̠ƶȺ èƓ˹˻ƶǄǃ
 Ɠ˸ǆ .˕ɂ̊ ǃå Ɨ˸ƛ ˥ǆ ā ßƓ˸ǃå ƗƼƓưå ˤƛ ˥ǆ ā ƗƼƓ˱ǃå íå˦˸ǃå ɊǄƤ ˗ƶȺ Ǌ˯ƼƓưå ˤƙ ˕ɂð ÿå
 ā Ɋ Ǆ˳ǃå ˛ǈƓ˱ƙ ÿƓ˸˷ǃ ˕ɂ̊ ǃå ā ɊǄ˳Ǆǃ ßƓ˸ǃå ˥ǆ ˔Ǆ˲˯˴ǆ Ɇ˸Ƶ ˦ǋ Ɇ˷ƼǙå ˥ǆ ÿƓǂ

 þ˗Ƶ.çíïƓǃå ßå˦ƞǕƓȺ ʕƙ ɊǄƤ ÿå ÿ˦Ḫ ̞ɂ̊ǃå Ɇ˯ḧƙ 

 
) ɆɜƬ16 úƓ˷˸ǃå ˔˴ǈ ˥˻ƕ Ɋˠ˳ǆ Ơư˦ǒ ((UEO%) . Ɋƺ˷ǃå íƓǌƞå Ɋƪ˦˯ǆ ā 

 

6. ) Ɇɜ˵ǃå ˥ǆ17 èƓḪ̇ ˲˸ǃå ˕ɂð ˔˴ǈ çíƓɂ̊ ƕ ˝ƿƓ˹˯ƙ ˗˵ǃå ƗǆāƓǀǆ Ɨ˸ ʾ ÿá Ɍơǚǈ (
) ˕ǈƓḪ Ɨ ʹƞ̇ ˸ǃå ƗˠǄ˳ǃå ǑƼ ˗˵ǃå Ɨ˸ ʾ .(Ɇ˸ƶ˯˴˸ǃå)MPa 3.43 Ɨ˸ ʿǃå ǉ˘ǋ ˕˶ƿƓ˹ƙ (

Ⱥ) ˔˴˹ǃƓ6.07,3.09 Ü11.34 Ü15.46Ü19.59Ü23.67 Ü24.25%  ǉ˘ǋ ƴƞ̇ ƙā .(
 ßå̊ƞǙå üƓḧ˯ơå Ɇ˻Ǆǀ˯ǃ Ɠ˶ Ƥ˶ ̞ƶ˹Ʈ çíƓǆ ˦ǋ èƓḪ̇˲ ǆ ̞ɂð ÿå ÿ˦Ḫ ̋ ƿƓ˹˯ǃƓȺ ʕ ǃʿå
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 Ɨƽ˶Ⱥ ˥ḧǃ ā .ƗǈƓƪ̇ ˳Ǆǃ ˗˵ǃå ƗǆāƓǀǆ ǑƼ ôƓƽ˳ǈå é˗˲Ȼ ÿå ƴƿ˦˯˸ǃå ˥ǆ ǑǃƓ˯ˮƼ Ɨ Ǆ˶ǃå
ǃå Ɇɜ˵ǃƓȺ ˥ḧƙ ˤǃ Ɨ˶ƿƓ˹˯˸ǃå ˗˵Ǆǃ ˤ ʿǃå ƗǆƓƵ ā ƗǈƓƪ̇ ˳ǃå ˝ƑƓ˶˳Ⱥ ˙˷Ȼ ɏ˘ǃå ˙˻ˮḧ

 Ɨǈ˦ǆ ā þƓḪ̇ ǃå èƓ ˻ˮơ ˥˻ƕ Ɇ˶Ƽ üƓ˹ǋ ˥ɜȻ ˤǃ èƓ˹˻ƶǃå ïƓ ǌǈå ýƓɜƬå Ǐǃå ˙ˢ˹ǃƓȺ Ɠ˷Ȼå
.Ɠƶǆ Ɨǈ˦˸ǃå ā þƓḪ̇ ǃƓȺ ïƓˠ˵ǈǙå ÿƓḪ ā Ɨ ˯˹˸ƪǙå  

 

 
) ɆɜƬ17 úƓ˷˸ǃå ˔˴ǈ ˥˻ƕ Ɋˠ˳ǆ Ơư˦ǒ (UEO%).ƗǈƓƪ̇ ˳Ǆǃ ˗˵ǃå ƗǆāƓǀǆ Ɋƪ˦˯ǆā ( 

7. ) Ɋˠ˳ǆ ýǚƤ ˥ǆ19ā18 ˗ɂ̊ ƙ ǑǌƼ ßƓ˸Ǆǃ ƗǈƓƪ̇ ˳ǃå óƓ˶˯ǆå ˔˴˹ƕ ˙˻ƺƙ Ơư˦ƙ (
 úƓ˷ǆ Ɨ ˴ǈ ˥Ƶ ˦ǋā ˥˻ƶǆ ˗ơ Ǐ˯ơ0.6%  ˕ɂ̊ ǃå ÿå ɏå ˝ƿƓ˹˯ǃƓȺ á˗ˮƙ ˤƛ ˥ǆ ā

 ǊǃðƓƵ ǉíƓǆ Ɠǈ˦ɜǆ èƓƹå̇ ƽǃƓȺ ɆǄƺ˯ǒ Ơ Ʈå ˣǃî ˗ƶȺ ˥ḧǃ ā èƓƹå̇ Ƽ í˦ƞā ǑǄƵ Ɇ˸ƶȻ
ßƓ˸ǃå Ɠ˸Ḫ ˙˳ ˯ǒ Ǚ Ǌǈ˦Ḫ ƗǈƓƪ̇ ˳Ǆǃ˥ɜ˸Ȼ ˕ɂ̊ ǃå ÿå . þ˦ǀȻ ÿå ˥˻˴˲˯ƕ ƗǆāƓǀǆ îƓƽǈ ßƓ˸ǃå 

ƗǈƓƪ̇ ˳Ǆǃ ɂā ÿ˦ɜ Ɨǀ ˟ þ˦ǀƙ ˗˴Ⱥ þƓ˴˸ǃå ǑƼ ƗǈƓƪ̇ ˳ǃå.  
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) ɆɜƬ18 úƓ˷˸ǃå ˔˴ǈ ˥˻ƕ Ɋˠ˳ǆ Ơư˦ǒ (UEO%).ƗǈƓƪ̇ ˳ǃå óƓ˶˯ǆå Ɨ ˴ǈā ( 

 

 )ɆɜƬ24.Ɨɂ̇ ˠǃå ƗǈƓƪ̇ ˳Ǆǃ  ɊȺƓǌǃå ā ƗǈƓƪ̇ ˳Ǆǃ óƓ˶˯ǆǙå ˔˴ǈ ˥˻ƕ Ɋˠ˳ǆ Ơư˦ǒ ( 

5- ƕƬǘ˱ǁä :çƑ Ƭˤ˭ǁä Ā çƑƜƑ˭˷˭ƨǗä Ā 
˥˸˷˯ǒ å˘ǋ ˖˲ ǃå Ɨƪåïí ˙˻ƛƋƙ ǏǄƵ (Ɇ˸ƶ˯˴˸ǃå) èƓḪ̇ ˲˸ǃå ˕ɂð ƗƼƓưã ˞ƶȺ óå˦Ƥ 
ƗǈƓƪ̇ ˳ǃå  Ɨɂ̇ ˠǃå ā Ɨ Ǆ˶ǃå ƗǃƓ˲ǃƓȺ ˖˻ơ .˥˻ˮƙ  ƝƑƓ˯˹ǃå èƓḪ̇ ˲˸ǃå ˕ɂð þå˗˳˯ƪå ÿå

 Ǒɜ ˯ƪǚƕ þå˦ƿ ƓǌƕƓ˴ǂåā Ɨ ǈƓƪ̇ ˳ǃå ɊǄ˳ǃå Ɨǃ˦˻ƪ ā ɊȺƓǌǃå ˥˻˴˲ƙ ǑƼ ïāí Ǌǃ Ɇ˸ƶ˯˴˸ǃå
 ýƓ˸Ƶǖǃ ā ÜɊƪ˦˯ǆ Ơ Ǆ˴ƙ ˗ǒ˗ơ èåî Ɨ ƑƓ˵ǈǙå ˙ƮƓ˹ƶǃƓȺ Ɠǌǆå˗˳˯ƪå ˥ɜ˸Ȼ ˣǃ˘ƕ ā
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 ˥ɜ˸ɂā .èåðå̊ ǌǃå ýƓ˸ƶ˯ƪƓɁā Ơ Ǆ˴˯ǃå Ɨƽ ˰ḧǃå ƴ˟Ɠǀ˸Ǆǃ ā ÜƓɂā˗ǒ ƗƮ˦Ʈ̇ ǆ ƗȻíƓ ˯ƵǙå
˯Ƶå ǑǃƓ˯ˮƼ Ɨɂ̇ ˠǃå ƗǈƓƪ̇ ˳Ǆǃ ˣ˵Ǆǃ Ɨ˭ˠ ˸ǃå íå˦˸ǃå ˥ǆ Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð ïƓ

å .ïƓ˲ǃå ìƓ˹˸ǃƓȺ ɊǄ˳ǃå ā ˔˶Ǆǃ Ɨ ƪƓ˹ǆ ƗǈƓƪ̇ ˳ǃå ˕ˮ˴ǂå Ǌǈ˗Ǆǆ çíƓǆ Ɇ˸ƶ˯˴˸ǃå ˕ɂ̊ ǃ
 ˥ǆ ɏá Ɠǌ˯ƼƓ˰Ḫ ā Ɠǌǈðā ˥ǆ ˕ǄǄƿā èƓƹå̇ Ƽ Ɨƽ ʽƤ Ɨ ǆƓ˴ǆ ǊǈƓƪ̇ Ƥ ǑǄƵ ý˦˶˲ǃå ˥ɜ˸˸ǃå

.ƗɁ˦˟ Ǆ̇ǃ ǊǃðƓƵā ÿð˦ǃå  āǆƓƵ Ɨƽ˶Ⱥ ˥ḧƙ ˤǃ Ɨ˶ƿƓ˹˯˸ǃå ˗˵ǃåā Ɋƺ˷ǃå ƗǆāƓǀǆ ˤ ʾ Ɨ
 ƗǈƓƪ̇ ˳ǃå ˝ƑƓ˶˳Ⱥ ˙˷Ȼ ɏ˘ǃå ˙˻ˮḧǃå Ɇɜ˵ǃƓȺ .Ɨ˱˯˹˸ǃå ƗǈƓƪ̇ ˳ǃå çí˦ƞ ǑǄƵ ý˗ǒ Ɠǆā 

 ā ÜƗǈ˦Ƽ˗˸ǃå ç˗˸ƵǙå Ɇ˰ǆ Ɨ ƑƓ˵ǈǙå ˙ƮƓ˹ƶǃƓȺ Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð þå˗˳˯ƪƓȺ Ơ˶˹ǒ
ƶǃƓȺ ǊǃƓ˸ƶ˯ƪå ˔˹˱ƙā èƓƪƓƪǕå ÜǑ˲˶ǃå ú̇ ˶ǃå ā ǉƓ ˸ǃå èƓǈå̊ Ƥ ǑƼ Ɨ ƑƓ˵ǈǙå ˙ƮƓ˹

.íïƓ ǃå ˦˱ǃƓȺ ɊǄ˳ǃå ā ˔˶ǃƓȺ Ǌǆå˗˳˯ƪå ˔˹˱ƙ Ɠ˷Ȼå ā ˗˵Ǆǃ Ɨư̇ ƶ˸ǃå  ˥ǆ å̇ ˻Ƥå
 ÿå Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå èƓǈƓ ˮǃå Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå ˕ɂð ˦ǋ ɏ˘ǃå úƓ˷˸Ǆǃ Ɨ ˴ǈ Ɇ˷Ƽå

 ˕ǈƓǂ0.6  ïå̠ǀ˸Ⱥ ƗǆāƓǀǆ ƗǈƓƪ̇ ǃ˳å ̞ˮ˴ǂå ̞˹˸ƪǙå ÿðā ˥ǆ43.33MPa  ƗƼƓ˰ɜȺ ā
2429.63 3kg/m çíƓɂð ˗˹Ƶā ā  ƗǈƓƪ̇ ˳ǃå óƓ˶˯ǆå Ɨ ˴ǈ Ɇǀƙ Ɨ ˴˹ǃå ǉ˘ǋ ˥Ƶ ˕ɂ̊ ǃå

Ǐǃå Ɇ˶ƙ ˗˵ǃå ƗǆāƓǀǆ ƓǆåMPa3.04  Ǒǃå Ɇ˶Ȼ ɊȺƓǋ ïå˗ǀ˸Ⱥ40 mm ßƓǌ˯ǈǙå ˗ƶȺ .
 èƓƽǄ˳˸ǃå ˥ǆ èƓǈƓƪ̇ ˳ǃå êƓ˯ǈå ǑǄƵ ˖˲ǃåā Ɨ ʸ˦˯ǃå çíƓɂð ˥ǆ ˗ƕǙ ˖˲ ǃå å˘ǋ ˥ǆ

 Ɨ ʸƓ˹˶ǃå˔ˮ˴Ⱥ Ɠǋ̇ Ƽ˦ƙ ˝Ƥïā Ɠǌ˹˸ƛ ƗƼƓưǗƓȺ ç˗ƑƓƽǃå Ǐǃã Ɨ ˭˻ˮǃå ƗǄ˰˸˯˸ǃå ˝Ǆ˳˯ǃƓȺ 
 .Ɠǌ˹ǆ 

: ƲƜä̠ ˶ǁä 
]1.[ Ü ˤ ɜ˲ǃå˗ˮƵ Ü ˗˸ơå Ü˗˸ơå ā þƓ˴˯ƕã ÜþðƓơ Ü ɏ˗˻Ɂ̊ ǃå2009 ˕ɂð) þå˗˳˯ƪå" Ü

 " Ɨ ǃƓƵ çïå̇ ơ èƓƞï˗ǃ Ɨư̇ ƶ˸ǃå ƗǈƓƪ̇ ˳ǃå ǑƼ úƓ˷˸Ḫ (Ɇ˸ƶ˯˴˸ǃå èƓḪ̇ ˲˸ǃå Ü
 ïå˗Ʈå  Ü ˥ǒ˗Ƽå̇ ǃå ƗǄ˱ǆ17   ÜñíƓ˴ǃå  í˗ƶǃå1- 13.PP. 

[2]. Hamad, B. S., Rteil, A. A. and El-Fadel, M. (2003), Effect of 

Used Engine Oil on the Properties of Fresh and Hardened 

Concrete", Construction and Building Materials, 17, pp. 311-

318. 
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[3]. Hussen, S. S., 2016, USING OF INDUSTRIAL WASTE AS 

A GREEN CHEMICAL ADMIXTURE IN CONCRETE, 

Kufa Journal of Engineering, 7(1), PP. 104-114. 

[4]. Shafiq, N., Nuruddin, F., N. L., Kamal, M. and Sadon, S. N. 
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 ) ˢƨäʕ ƾǁä ƕƾ˞˷˶ȸNW Libya .( 
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.˗˵ƢǓä êƑ˭ƻǁä ˕ˬƳ ˢƨƑƾǁäʕ Ɠä 
 Ɨƪ˗˹ǌǃå ˤ˴ƿƗ ƞ˦ǃ˦˻˱ǃå- āíƓƞ Ɨƪ˗˹ǌǃå Ɨ ǄḪ- .è˦ǃƓǈ ƗƶǆƓƞ 

ba_w2007@hotmail.com 

˛˱ǂǄ :                                                          
  ƴˠƿ ǑƼ ÷ā˙˵ǃå Ɇˮƿ Ɨ˸ǌ˸ǃå ï˦ǆǕå ˥ǆ Ɨɂ̇ ˳˶ǃå èåï˗˲˹˸ǃå èƓ ƛ Ɇ˻Ǆ˲ƙ ˗ƶȻ

 èåï˗˲˹˸ǃå ïƓ ǌǈå ˤǌ˴ƙ Ǒ˯ǃå Ɇǆå˦ƶǃå ˥ǆ ˗ǒ˗ƶǃå ˗ƞ˦ƙ îã Üƴˠǀǃå Ɨ Ǆ˸Ƶ ˗ƶɁā  Ɨ Ǆˮ˱ǃå
 Ɨ˸ƞƓǈ èåïƓǌǈǙå ÿ˦ḧƙ ̠ƿā ÜïƓɣǆǕƓḪ (ƗɁ̇˯ǃå ÜþƓɣ˲ ǃå ï˦˳ ˶ǃå )ƓǌƙƓǈ˦ɜǆā èåï̠˲ ˹˸ǃå
 ï˦˳˶ǃåā ï˗˲˹˸ǃå èƓǈ˦ɜǆ ïƓ ǌǈå Ǐǃå ɏí˓˯Ƽ Üï˗˲˹˸ǃå ƴˠƿ Ɨɂāåð ïƓ ˯Ƥå ß˦ ƪ ˥Ƶ

ɂ̇ ˠǃå ƴưå˦˸ǃå ˣǄƙ ˥ǆā Üǉ˦ Ǆƶƙ Ǒ˯ǃå îã Üˤƪå˦ǀǃå Ɨ˹ǒ˗ǆ Ǒǃå ƗȻí˓˸ǃå ßå̇ ˸˲ǃå ǑǄˮ˱ǃå ɖ
 Ɨɂāåð ˙˻ƺƙ Ɨ˱ ˯ǈ Üǉ˦ Ǆƶƙ Ǒ˯ǃå ï˦˳˶Ǆǃā ǑƵƓ˹Ʈ ï˗˲˹˸ǃ ïƓ ǌǈå èǙƓơ éā˗ơ ˥˻ˮƙ

Ɠǌ˯˸ ʾ ƸǃƓ ǃåā ɖɂ̇ ˠǄǃ ç˘ƽ˹˸ǃåā Ɨ˸˸˶˸ǃå ƗḪ̇ Ƭ ƴˠƿ)75(± ˗ǒ˗ƞ Ɇ˻ǆ Ƌ˵ǈ ˖˻ơ Ü
Ɨˠƪ˦˯ǆ ƸǄƕ ç˗ǒ˗ƞ Ɨɂāå̊ ƕ ï˗˲˹˸Ǆǃ )40(±  ̊ ƙå Ɨƪåïí ˤƙā ÜïƓˠǆǕå ɆƶƽȺ ǑƼ ï˗˲˹˸ǃå ÿå

      ˥˻˯ɂāå̊ ǃå±)40-±75(  ƴǆ ĄƓǄ˸ƶǆ xƪƓ˸˯ǃå Ɨ˸ āʾ ǑǄƤå̠ǃå üƓḧ˯ơǙå Ɨ˸  ʾæƓ˴˲ Ɂā
 Ɨ ƑƓǆ èƓɂ˦˯˲ǆ ƴɁïá ǑƼ ˙˻ƺ˯ǃå)5,15,30,50mm(  ï˗˲˹˸ǃå Ɨɂïå̇ ǀ˯ƪå ˤ ˻ǀ˯Ɂā

 ƝǆƓǈ̇ ƕ Ɨˠƪå˦ƕ)RocPlane 0.2(  Ɨɂāåð ÿá ˥˻ˮƙ)40(±  Ɇ˷Ƽá ïå̇ ǀ˯ƪå Ɨɂāåð Ɇ˰˸ƙ
 Ɨɂāå̊ ǃå ˥ǆ±)75( ā Ü Ǒ˯ǃå ïƓ ǌǈǚǃ ƗǄǒǓå ÿǚ˻ƹ˦ƕå ˥ɂ˦ḧƙ ï˦˳Ʈ ƗǃåðƎȺ Ɨƪåï˗ǃå Ơ˶˹ƙ

 Ɨ ˻Ƭ˦ƕá ï˗˲˹ǆ ˦Ǆƶƙ 
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Abstract  

Analysis of the stability of the rock slopes is important before and 

After cutting slopes (road cut), There are many factors that 

contribute to the collapse of the slopes and their Materials such as 

rain. The collapse of an industrial slope could be as a result of an 

invalid choice of the cutting angle by the executing company. This 

may lead to the collapse of the slope and its contents(Rocks, debris 

and soil). Considering the alhamra road leading to the QAWASEM 

city, where the collapse of the industrial slope and the rocks above 

it is noticeable. The case might be attributed to changing the 

cutting angle from (75° to 40° ) as a result of the rain fall. The aim 

of the this study is to evaluate the stability of slopes of the 

angles(40 ° and 75 °), and to calculated the Friction Angle value  

(Ø) and the Cohesion at varies water contents namely 

(5,15,30,50mm). also to evaluate the stability of the slope using a 

software program (rock plane 0.2). it was found that the stability of 

the (40°) angle is better than the (75°) angle, and its recommended 

to remove the blocks of Abogelan that is prone to collapse which is 

above Abosheba slope. 

Key words: Alhamra road, slope stability, RocPlane, Abosheba 

FM.  
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1:ƕǄ˕ƾ˶ǁä. 
 ˥ùùùǆ èåï˗ùù˲˹˸ǃå ˗ùùùƶƙā Ɨùù ʹ ˮ˟ Ɇùùùǆå˦ƶȺ ˕Ǆɜùù˵ƙ Ǒùùù˯ǃå Ǒùùǋā Ɨùùù ʹ ˮ˟ Ǐùùǃå èåï˗ùùù˲˹˸ǃå ˤùù˴ǀƙ
 ɖ˟Ɠùùùùù˹˸ǃå ǑùùùùùƼ ƗùùùùùƮƓ˳Ɂā ôïǕå Ơˠùùùùùƪ ǏùùùùùǄƵ ˙ùùùùù˵˯˹ƙ Ǒùùùùù˯ǃå Ɨùùùùù ƞ˦ǃ˦Ƽï˦ǆ˦˻˱ǃå ˙ǋƓùùùùˢ˸ǃå
 ˥ùùùǆ ̇ùùùƤà ĄƓùùùƵ˦ǈ Ƌùùù˵ǈá û̇ùùùɣǃå ̠ùùù˸ǃ Ɨùùùƶˮ ǃɣå èåï̠ùùù˲˸˹ǃå ǑùùùƼ ÿƓùùù˴ǈǗå ɆƤ̠ùùùƙ ÿã ÜƗùùùǄˮ˱ǃå

ʸƓ˹ùù˶ǃå èåï˗ùù˲˹˸ǃå Ǐ˸ùù˴ǆ Ɠùùǌ˻ǄƵ ɖùùǄˠȻ èåï˗ùù˲˹˸ǃå ÿƓùùḪ ßå˦ ùùƪ ï˗ùù˲˹˸ǃå ïå̇ ǀ˯ùùƪå ˗ùùƶɂā Ɨ
Ɠùùù˸ǃ ĄƓùùùȻíƓƽƙ Ü Ɨùùù˸ǋǕå ƸǃƓùùùȺ ̇ùùùǆá ĄƓyƓ˹ùùùƮ þá ĄƓùùù́ˮ˟  èƓùùùǈ˦ɜǆ ïƓùùù ǌǈå èƓùùù Ǆ˸Ƶ Ǌ ˮùùù˴ƙ ˗ùùùƿ

.Ɠǌ˻ǆ̠˳ ˯˴ǆā ƓǌƙƓǀ˲Ǆǆā ƗǄˮ˱ǃå û̇ ǃɣå ǏǄƵ ï̇˷ǃƓȺ í˦ƶƙ éïå˦Ḫ ˥ǆ èåï̠˲ ˹˸ǃå 
 ǑùùùùƼ ɏ̇ùùùù˵Ⱥ ɆƤ̠ùùùù˯ǃ ƗùùùùǃƓơ Ɇùùùù˰˸ƙ ǑùùùùǌƼ Üßå̇ùùùù˸˲ǃå ɖùùùùɂ̇˟ ǑùùùùǄˮ˱ǃå ɖɂ̇ɣǃƓùùùùȺ Ɠùùùù˹ǋ ̠ǌùùùù˵˯ƪáā

˸ǃå  ˥˻ùùƕ ƓùùǌƵå˦ǈá ˕ùù˹ǒƓ ƙ ɖùùɂ̇ ˠǄǃ Ɨùùɂðå˦ǆ Ɨ ʸƓ˹ùùƮ èåï˗ùù˲˹ǆ ßƓùù˵ǈɀā ɖùùɂ̇ ˠǃå ɖùù˵ǃ èåï˗ùù˲˹
 ƗḪ̇ ùùùù˵ǃå ˕ùùùǃāƓơā Ü(˕ùùùǃðƓ ǃåā ˕ùùùǒǙ˦ ǈ˦ƽǃå ) ƗùùùɂïƓ˹ǃå ï˦˳ùùù˶ǃåā Ɨùùùɂ̇ ˻˱ǃå Ɨùùù Ǆǆ̇ ǃå ï˦˳ùùù˶ǃå
 éā̠ùơ ÿāí Ɨùǃ˦Ǆ˻˲Ǆǃ Ɨùƶ˯ ǃ˸å û̇ ǃɣƓùȺ ï̠˲ ˹˸ǃå èƓƛ ǏǄƵ ɋƓƽ˲ǃå ÿƓɜǆǗå ï̠ƿ Ɨ˸˸˶ ǃ˸å

ɜ˸ǃ ïƓùùù ǌǈǗå é˗ùù˲ɂā ÜïƓùù ǌǈǙå íƓùùùǌƞã ˔ˮùù˴Ⱥ ƗùùùƶƼå˗ǃå ç˦ ùùƿ ðāƓùù˱˯ƙ Ɠǆ˗ùùù˹Ƶ ï˗ùù˲˹˸ǃå èƓùùǈ˦
 ç˦ùùùǀǃå ÜýðǙ̊ùùùǃåā ïƓùùùɣǆǕƓḪ ƗùùùƞïƓ˳ǃå èå̇˻ƛƋùùù˯ǃåā ̋ ùùùǀǃåā ÿð˦ùùùǃå ç˦ùùùƿ ̇˻ƛƋùùùƙ ̞ùùù˲ƙ ƗùùùƕîƓ˱ǃå
 ï˗ù˲˹ǆ ɏá èƓù ˰ǃå ˤ ù˻ǀƙ ˥ùɜ˸ɂā  ÜǑǄƤå˗ùǃå üƓḧ˯ơǙå çíƓɂð ˥Ƶ Ɨ˱ƙƓ˹ǃå Ɨ ʹ ˮˠǃå ƗǆāƓǀ˸ǃå

ïƓù ǌǈǗå ýƓù˸˯ơå āá (ÿƓùǆǕå ɆùǆƓƵ) Ɠǆã þå˗˳˯ƪƓȺ  ) ƝǆƓùǈ̇ ƕ þå˗˳˯ùƪƎȺROCPLANE  (
 ɆǆƓƶǆ) èƓ ƛ ˤ ˻ǀƙ ǑƼ ƝǆƓǈ̇ ˮǃå ǏǄƵ ˗˸˯Ƶá ˗ƿā ÜƗ Ǆ˸ƶ˸ǃåā Ɨ Ǆǀ˲ǃå èƓǈƓ ˮǃå ýƓƤíƎȺ ˣǃîā

 .Ɨƪåï̠ǃå Ɨǀɣ˹ǆ ǑƼ ɏ̇ ǃ˵å ɉƓ˵˹ǃå ɆƶƽȺ Ʉ˵ ḧ˯˸ǃå Ɨ˻Ƭ˦ƕá ˥ɂ˦ḧ˯ǃ (ÿƓǆǕå 
 
2.ƕƨäî˕ǁä ƕƾ˞˷˶ǁ  Ǐƺä̠ Ƹ˯ǁä Ʋƽˤ˶ǁä. 
 ɆɜùùùƬ  ˤùùùƪå˦ǀǃå Ɨùùù˹ǒ˗ǆ æ̇ ùùùƹ ǑǃƓ˸ùùùƬ ǑùùùƼ ƴùùùǀƙ )1 ̇ùùù˰ǂáā ƗùùùǄƤå̠ǃå û̇ùùùɣǃå ˥ùùùǆ ̠ùùùƶƙā Ü(

.ˤƪå˦ǀǃå Ɨ˹ǒ˗ǆā çíƓƬï˦ƕá Ɨǀˠ˹ǆ ˥˻ƕ ɊɁ̇ ƙā Ɨ˹ǒ˗˸ǃå ÿƓɜƪ Ɠǌ˻ǆ˗˳˯˴ǆ 
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) ɆɜƬ1.ǑɁ̇ ƺǃå Ɇˮ˱ǃå ˥ǆ Ɨƪåï˗ǃå Ɨǀˠ˹ǆ ƴƿ˦ǆ ( ]1[ 

3:ƕƨäî˕ǁä ƕƾ˞˷Ǆ ƕ Ɯˤǁˤ˹Ɯ . 
 Ɨùùù ơƓ˹ǃå ˥ùùùǆ ƓǌǄùùù˶ƽȻ Ɠùùù ˮ˻Ǆǃ ǑùùùɁ̇ ƺǃå ýƓ˸ùùù˵ǃå ǑùùùƼ ƴùùùǀȻ Ɨùùùƪ˦ƽǈ ƴùùùƽƙ̇ ǆ ˙ùùù˲ ǃå ˥ùùùƵ Ɨ ǃƓ˸ùùù˵ǃå

 Ɨù ơƓ˹ǃå ˥ùǆā Ɠƿ̇ ùƬ ˛ù˸˳ǃå Ɨǀˠ˹ǆ ǑƼ ˙˲ ǃƓȺ Ǒǀ˯Ǆ˻ǃ ƴƽƙ̇ ˸ǃå ˗˯˸ɂā çïƓƽ˱ǃå Ɇǌƪ Ɋƪ˦˯˸ǃå
 ˖ùù˻ơ ˔˻ùùƪ̇ ˯ǃå Ɨùù˭˻ƕ ÷˦ ùù˹˯ƕ Ɨùùƪ˦ƽǈ Ɇùùˮƞ ǑùùƼ ï˦˳ùù˶ǃå ÷˦ ùù˹˯ƙā  ˛ǆå˗ùùƹ ô˦ùùơ Ɨùù Ɂ˦˹˱ǃå
 ˥ùùǆ Ɨ Ɂ˦ùùƪ̇ ǃå ï˦˳ùù˶ǃå ÷å˦ùùǈá ƴùù ˸ƞ ˔ùùƪ̇ ˯ǃ Ǌùùƶƞå̇ ƙā ˙ùù˲ Ǆǃ þ˗ùùǀƙ ˥ùùǆ èåïāí ç˗ùùƶȺ è̇ ùùǆ

 Ǐǃå ƗɂïƓƿ ï˦˳Ʈ ƗùɂïƓǀǃå ˥˻ƕƓùǆ Ɨù ǃƓǀ˯ǈå Ɨù˭˻ƕ ǑùƼ ˕ˮùƪ̇ ƙ ï˦˳ùƮā Ɨùǀ ˸Ƶā ǊǄ˲ùư Ɨɂ̇ ˲Ⱥ
˕ùùǒǙ˦ ǈ˦ƽǃåā ˕ùùǃðƓ ǃå Ɇùù˰ǆ ƗùùɂïƓǈ þƓùù˴ƞǕ ç̇ ùù˵˯˹˸ǃå èǚƤå˗ùù˯ǃå ˞ùùƶȺ ˗ùùƞå˦˯ǒ Ɠùù˸Ḫ Ɨùùɂ̇ ˲ ǃåā 

]2[  ǑùùùƪƓɂ̇ ˯ǃå) ɊùùùƪāǕå çƓùùù ˲ǃå ˔ùùùǀơ ƗùùùȻå˗ƕ ƴùùùǆ Ǒùùùǀ ˠǃå ƴȺƓùùù˯˯Ǆǃ Ǒƞ˦ùùùǃ˦˻˱ǃå ˙ùùù˸ƶǃå ß˗ùùùɁā
 ˙˶ƿ ˥ɂ˦ḧ˯ƕ Ǒǌ˯˹ɂā Üò̇ Ḫ ˥ɂ˦ḧ˯ƕ (ǑǄƽ˴ǃå)ɆɜƬ ɏ˦Ǆƶùùùǃå ǑƪƓ˯ɂ̇ḧǃå ̇˸ƶȺ Ɨǈ̇ƺƙ2(. 
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) ɆɜƬ2.Ɨƪåï˗ǃå Ɨǀˠ˹ǆ ǑƼ Ɨƽ˵ḧ˯˸ǃå Ɨ ƞ˦ǃ˦˻˱ǃå èƓ˹ɂ˦ḧ˯ǃå ( ]3[ 

4:ƕ ˹ƪˤƓà ˣɀˤḥƗ . 
) Ɨ ˻ùùƬ˦ƕá ƗùùƵ˦˸˱ǆ Ɨ ˸ùù˴ƙ ˕ùùǀǄ˟áAbosheba Group Ǒ˯ùù˴ɂ̇ ǂ) Ɨˠùùƪå˦ƕ (1955 (
ā˚ùùǒí ) Ɨˠùùƪå˦ƕ Ɨ ˸ùù˴˯ǃå è˗ùù˻Ƶáā  ÿā̇ùùƤàā1963 ˥ùùǆ ǉ̇ ùù˸Ƶ ˗ùù˯˸ɂā Ɨ ˻ùùƬ˦ƕá ˥ɂ˦ùùḧƙ Ǒùùǃå (

 èǚƤå̠ùùƙ ƴùùǆ ǑùùǄǆï ̇ùù˱ơ ˥ùùǆ ÿŊ˦ùùḧ˯ɂā ̇ùùɜ˸ǃå Ǒùùƪåï˦˱ ǃå ̇ùù˶ƶǃå Ǐùùǃå ̇ƤƋùù˯˸ǃå ǑùùƪƓɂ̇˯ǃå
]˥ɂ˦ùùḧ˯Ǆǃ ɏ˦ùùǄƶǃå ß̊ùù˱ǃå ǑùùƼ íåí̊ùùƙ Ɇùùƽɣǃåā ˥˻ùùɣǃå ˥ùùǆ3 ǊùùƙƓ˻ˮơ ʕùù˱˲Ⱥ ̊ùù˻˯˸ Ƽ˻ ĄƓùùǄǀơ ƓùùŊǆá  [

Ɨùùùù˭˻ƕ ˙˻ƛƋùùùùƙ ǏùùùùǄƵ Ɇ˻ǃ˗ùùùùḪ ˙ùùùù˷ƤǕåā ˙ùùùù˸ơǕå Ǌùùùù ǈ˦ǄɁā ÜƗùùùùǀ ʾ˗ǃå  ˗ùùùù˴ǂƋ˯ǃƓȺ ˥˻ùùùùƕ ˔˻ùùùùƪ̇ ˯ǃå
 ˥ɂ˦ḧ˯ǃå ˣ˸ƪ ƸǄˮǒ Üýå̊ ˯ƤǙåā˻ƕ Ɠǆ ˥120þ160-  ] þ4 ˥ɂ˦ùḧƙ Ɨ ˻Ƭ ˦ƕá ˥ɂ˦ḧƙ ˦Ǆƶɂā Ü[

.èƓƽǌḧ˯ǃåā û˦ǀ˵ǃå ç̇˰ɜȺ ̊˻˸˯˸ǃå ɏ̇˻˱ǃå ÿǚ˻ƹ˦ƕá ]5 [. 
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) ɆɜƬ3.ßå̇˲˸ ǃå ǑǄˮ˱ǃå ɖɂ̇ɣǄǃ ɏðå˦ǆ Ɨ˻Ƭ˦ƕá ï̠˲ ˹˸ǃ Ɨ̓å̇ƹ˦ƙ˦Ƽ çï˦Ʈ (]7[ 

 
5                                                                      :ƕƨäî˕ǁä ƕǂɚ˳Ǆ . 

 ʕùƙ èåï̠ù˲˹ǆ üƓù˹ǋā ÜƗù́ˮ˟ æƓùƪá ˥ùǆ ̞Ǆɜù˵ƙ Ɨù́ˮ˟ èåï̠˲ ǆ˹ Ɨƪåï̠ǃå Ɨǀɣ˹ǆ ɏ˦ ƙ˲
Ɨy Ɠ˹ùùƮ èåï̠ùù˲˹ǆ Ǒ˸ùù˴ƙā û̇ùùɣǃå ̠ùù˸ǃ ƓǋâƓùù˵ǈã]6[ ɖùùɂ̇ ˠǄǃ Ɨùùɂðå˦˸ǃå èåï˗ùù˲˹˸ǃå ƴùù ˯˯ƕ ā Ü

 ɖùùɂ̇ ˟ ǑùùǄˮ˱ǃå) ï˦˳ùù˶ǃ ïƓùù ǌǈå èǙƓùùơ í˦ùùƞā ˥˻ùùˮƙ ßå̇ ùù˸˲ǃålimestone ˥ɂ˦ùùḧ˯ǃ ƴùùƞ̇ ƙ (
) Ɇɜù˵ǃå ˥ùǆā ǉƓ˸ǃå ˃ɂ̇˶ ƙ ɏïƓ˱ǆ ûǚƹã ǑƼ ƓǋïƓǌǈå ʕǌƪá Üÿǚ˻ƹ˦ƕå3 í˦ùƞā Ɍù˲Ǆǈ (

) èƓƞï˗ùùǆ éǚùùƛ Ơùùǆǚǆa,b,c ƗḪ̇ ùù˵ǃå è˗ùù˸Ƶ ÜƗ ˻ùùƬ˦ƕá ˥ɂ˦ùùḧ˯ǃ í˦ùùƶƙ Ɨùù Ǆǆï Ɠǋï˦˳ùùƮ (
) ˥˻ùƕ ˕ùơāå̇ ƙ ƴùˠƿ ƓùȻåā˚ƕ èƓƞï˗ù˸ǃå ˣùǄƙ ßƓ˵ǈǗ70²-85(² ]6[ ýƓ ʿ˯ùƪå ǏùǄƵ Ɇù˸ƶ˯ǃ Ü

 ǉƓù ˸ǃå ɆùƶƽȺ ɆùǂƉƙ Ɨù Ǆ˸Ƶ éā˗ùơ Ɍùơǚǈ Ɇɜù˵ǃå ˥ùǆā Ü çïƓùǌ˹˸ǃå Ɨɂ̇ ˳ù˶ǃå Ɇù˯ḧǃåā þƓˠ˲ǃå
 Ɠùǌ˸ ʾ ëāå̇ ù˯˯ǃ ƴùˠǀǃå Ɨùɂāåð è̇ ˻ƺ˯Ƽ ï˗˲˹˸ǃå ǏǄƵ ˤ˴ƙ̇ ƙ ƗȻíā˗ƤǕå Ɨɂ̇ ƶ˯ǃå Ơǆǚǆ ˕ǃåðǙā

) ˥˻ƕ35²-45(²˗ù˲˹˸ǃå Ɇƽùƪá Ɨɂ̇ ˳˶ǃå Ɇ˯ḧǃå ƗḪ̇ ơ Ɇƶƞ ǑƼ ˙˻ƺ˯ǃå å˘ǋ ˗ƵƓƪ Ü Ɠù˸ǆ ï
.ƗǆƓƶǃå ɖɂ̇ɣǄǃ Ɨɂ̇˳ ǃ˶å Ɇ˯ḧǃå ˞ ƶȺ ý˦Ʈāā ǉƓ˸ǃå ˃ɂ̇˶ ƙ ɏïƓ˱ǆ ûǚƹã ǑƼ ̝ ƪˮ 
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6:ƕƨäî˕ǁä ùä˕ǉà. 
 ćßƓùùù˹ƕ  ÿƓùùùǆǕå ɆùùùǆƓƵ ˤ ùùù˻ǀƙ ˦ùùùǋā þƓùùùƵ ú˗ùùùǋ ð˙ùùùƕ Ɨùùùƪåï˗ǃå ƗǄɜùùù˵˸Ⱥ ɖùùùǄƶ˯˸ǃå ô̇ ùùùƶǃå ǏùùùǄƵ

ÜïƓùù ǌǈǙå Ɨùù ǃƓ˸˯ơå Ɨùùƪåïíā ï˗ùù˲˹˸Ǆǃ  ǑǄƤå˗ùùǃå ˣùùƪƓ˸˯ǃå Ɨùùɂāåð ǏùùǄƵ ú̇ ùùƶ˯ǃå ƓǌƼå˗ùùǋá ˥ùùǆā
 ǏùǄƵ ú̇ ùƶ˯ǃåā ïƓù ǌǈǚǃ ƗùǆāƓǀ˸ǃå ç˦ ùǀǃåā ïƓù ǌǈǚǃ ç̊ ùƽ˲˸ǃå ƴƼ˗ǃå ç˦ ƿ ïå˗ǀǆā ǑǄǆ̇ ǃå ˙˱˲Ǆǃ

Ɨ ƑƓǆ èƓ ˸Ḫ ǑƼ ˙˻ƺ˯ǃå ƴǆ ïƓ ǌǈǗå Ɨɂāåð 
 
7.î˕˰˷˶ǁä îƑ Ǌǆä ɄǄäˤƳ . 

å ɆùùùǄǀƙ ā ƗùùùƶƼå˗ǃå ç˦ ùùùǀǃå çíƓùùùɂð ǏùùùǄƵ Ɇùùù˸ƶƙ Ǒùùù˯ǃå Ɇùùùǆå˦ƶǃå ˗ùùùǒ˗Ƶ ˗ùùùƞ˦ƙ ˗ùùùɂ̊ ƙā ƗùùùǆāƓǀ˸ǃå ç˦ ùùùǀǃ
 ƗǄ˯ḧǃ ˝ǀǃå ç˦ ƿ ˥ǆ ɆǄǀƙ Ǒ˯ǃå Ɇǆå˦ƶǃå ˥ǆā Üï˗˲˹˸ǃå èƓǈ˦ɜ˸ǃ ïƓ ǌǈå éā˗ơ ˥ǆ ǑǃƓ˯ǃƓȺ
 ǏùùǄƵ Ɇùù˸˲ǃå çíƓùùɂðā ÜƗ ǆƓùù˴˸ǃå Ɠùùǌ˹ǆā ï˦˳ùù˶Ǆǃ Ɨùùƶ ˮˠǃå Ɇùùǆå˦ƶǃåā ˝ƑƓùù˶˳ǃå ï˦˳ùù˶ǃå

]Ɨùùɂ̇ ƶ˯ǃåā Ɨùùɂ˦˱˯ǃå Ɇùùǆå˦Ƶ ˙˻ƛƋùùƙā ǑǄƤå˗ùùǃå ƴ ùù˵˯ǃå Ɨùù˱ ˯ǈ èåï˗ùù˲˹˸ǃå8 íƓùùǌƞã íåí̊ ùùǒ ˗ùùƿā Ü[
ùùùǀǃå ï̠ùùù˲˸˹ǃå ˥ùùùǆ ɏ˦ùùùǄƶǃå ß̊ùùù˱ǃå ǑùùùƼ Ɨ̓ƓùùùưǗå ýƓùùù˸ơǕå ̝ ùˮùù˴Ⱥ Ɨɂ̇˳ùùù˶ǃå ƗùùùǄ˯ḧǃå ǑùùùƼ ̋

 ïƓù ǌǈå ǑùƼ ˤǌù˴ƙ Ǒù˯ǃå Ɇǆå˦ƶǃå ˥ǆā Üï˗˲˹˸ǃå ǏǄƵá ǑƼ èƓǀǀ˵˯ǃå ǑƼ ßƓ˸ǃå Ɋƺư çíƓɂðā
] ÷˦ ùùˠǀ˸ǃå ï˗ùù˲˹˸ǃå ˤ ˸ùù˶ƙ ß˦ ùùƪ ˥ùùƵ ˤ˱˹ùùƙ Ǒùù˯ǃåā ï˗ùù˲˹˸ǃå Ɨùùƪ˗˹ǋ) ï˗ùù˲˹˸ǃå èƓùùǈ˦ɜǆ9 [

˸ǃå ÷Ɠùùƽƙïå íåð Ɠùù˸ǄḧƼ ÷ƓùùƽƙïǙå Ɠùùǌ˹ǆā ˗ùùɂ̊ ˻Ƽ ï˗ùù˲˹˸ǃå Ɨùùǆ˗ǀǆ ɆùùƤåí ˝ùùǀǃå íƓùùǌƞã íåð ï˗ùù˲˹
 .ï̠˲ ˹˸ǃå ƴɣƿā Ɇ˻ǆ Ɨɂāåðā çíƓ˸ǃå ƗǄ˯ɜȺ ƓĄ˷Ȼá ̋ ǀǃå íƓǌƞã Ɋƙ̇ǒ çíƓɂð 

 
8 .RocPlane software 

 èåï˗ùùùù˲˹˸ǃå èƓùùùùǈ˦ɜǆ èƓùùùù ƛ ˤ ùùùù˻ǀ˯ǃ þ˗˳˯ùùùù˴ƙ þå˗˳˯ùùùùƪǙå ƗǄǌùùùùƪ Ɨùùùù ǄƵƓƽƙ Ɨùùùù ˱ǆ̇ ƕ çåíá Ǒùùùùǋ
 ˤƵ˗ùǃå çï˗ùƿ ˙ǒ˗ùǀ˯ƕ ˥˻ǆ˗˳˯ù˴˸Ǆǃ Ơ˸˴Ȼ Ɠ˸Ḫ ÜƗɂ̇ ˳˶ǃå ˥ùǆ í˗ù˲ǆ ɆùǆƓƵ ɖù˻ǀ˲˯ǃ ƗùɁ˦Ǆˠ˸ǃå

 êîƓùù˸ǈ ßƓùù˵ǈã ˥ùùɜ˸Ȼ ˣǃ˘ùùɁā èåï˗ùù˲˹˸ǃå ˤ ˸ùù˶ƙā ßåíá Ɇùù˻Ǆ˲˯ǃ ƝǆƓùùǈ̇ ˮǃå Ɇ˸ƶ˯ùù˴ɂā ÜƗǆǚù˴ǃå
 Ɇ˻ǌù˴ƙ ǏùǄƵ Ɇù˸ƶȻ îã ÜɆù˻Ǆ˲˯ǃå ƝƑƓù˯ǈ ˤ ù˻ǀƙā íƓùƶȺǕå Ɨù ƛǚ˰ǃåā Ɨù ƑƓ˹˰ǃå íƓùƶȺǕå ǑƼ ƓǌǄ˻˰˸ƙā

 .ç˗˻˱ǃå Ɨ ƪ˗˹ǌǃå Ɨƞ˘˸˹ǃå]10[  
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) ɆɜƬ4 ) Ɨ Ǆǀ˲ǃå èǚƤ˗˸ǃå ((ï˗˲˹˸ǃå Ɨƪ˗˹ǋ   RocPlane 

 
ƛǄƑǆ˗ˬǁä ƑǊ˹ǂƳ ˕˶˭ƴȹ Ǐ˭ǁä çǘƢ˕˶ǁä ˢǉà ˣǄĀ 

a.  î˕øø˰˷˶ǁä ƕøøƨ˕˷ǊƓ ƕøøƾǂƴ˭Ǆ ƕøø ǂƾƟ çǘƢ˕øøǄ)ɆɜùùƬ ƓùùǌǄ˰˸ɂā Ü4 ɖǄƶ˯ǒƓùùǆ : ĄǙāá Ɠùùǌ˸ǋáā (
) ï˗ùù˲˹˸ǃƓȺslope Ɨùùǈ˦ɜ˸ǃå ï˦˳ùù˶ǃå ƗùùƼƓ˰Ḫā ÷ƓùùƽƙïǙåā ï˗ùù˲˹˸ǃå Ɇùù˻ǆ Ɨùùɂāåð ǑùùƼ Ɇùù˰˸˯ƙā (

 ˥˻ùƕ ɆùƮƓƽǃå ̠ù˲ǃƓḪ Ʉƶù˷ǃå èƓɂ˦˯ù˴ǆ Ɨùɂāå̊ǃå ǉ̆ùǋ Ɇù˰˸ƙā ïƓùǌǈǙå Ɨɂāåð :ĄƓǈƓƛ .ï̠˲ ˹˸Ǆǃ
) ƗùḪ̇˲ǃå èƓɂ˦˯ù˴ǆ ê˦ù˸ƙ Ɨùɂāåð ĄƓù˷Ȼá Ɠùǌ˹ǆā ÜƗɂ̇˳ù˶ǃå èƓùǀɣǃå (waviness  angle 

 Ɠǌ˸ ʾā(max0.7 Ĳ avg3.1 Ĳ min1.4  Ĳ SD 0.5 ) ]10 .[ 
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) ɆɜƬ5.˝ǀǃå íƓǌƞã èǚƤ˗ǆ ( 

b. ˛øøƾǁä ìƑøøǊƜâ çƑǆƑøøøø˹Ɠ ˥ùùǆ Ɨɂ̇˳ùùƮ èƓùù˹˻ƶǃ èåïƓùù˯Ƥå ßå̇ƞƎùùȺ ĄƓùùǄ˸ƶǆ èƓùùǈƓˮǃå ê̇˳ ù˯ù˴ƙ :
)ðƓùùùǌƞ þå˗˳˯ùùùƪƎȺ ï˗ùùù˲˹˸ǃå èƓùùùǈ˦ɜǆDirect shear test) ɆɜùùùƬ Ɠùùù˸ǋáā Ü(5 Ɨùùù˸ ʾ (

) ˣƪƓ˸˯ǃåC) ǑǄƤå˗ǃå üƓḧ˯ơǙå Ɨɂāåðā Ü(ű] (10 .[ 
c. ƕƜîƑ˱ǁä Ɍʕƾǁä :) ǉïå˗ǀǆā Ǒǃå̊ ǃ̊ ǃå ɆǆƓƶ˸ǃåā ÜßƓ˸ǃå Ɋƺư ç˦ ƿ Ɠǌ˸ǋá0.04] (11 .[ 

9 :Ʉ˶ƴǁä ƕƾɀ˗˝ . 
) Ɇɜù˵ǃå ǑùƼ Ơư˦˸ǃå ï˗˲˹˸ǃå ïå̇ ǀ˯ƪã ƗǈïƓǀǆā ˤ ˻ǀ˯ǃ6 ǑƑƓù˸ǃå Ɏ˦ù˯˸˲ ǃå ǑùƼ ̇ù˻ƺ˯ǃå ƴùǆ (

) ǑùùƼ ƗùùǄ˰˸˯˸ǃåā Ɨùù ʹ ˮˠǃå ï˗ùù˲˹˸ǃå Ɇùù˻ǆ Ɨùùɂāåð ˤ ùùʾ ǑùùƼ ˙ùù˻ƺ˯ǃåā40 (² ï˗ùù˲˹˸ǃå Ɇùù˻ǆ Ɨùùɂāåðā
 ƴˠƿ Ɨɂāåð) ƗǀȺƓ˴ǃå)ƗƺǃƓ ǃåā (ǑǄˮ˱ǃå ɖɂ̇ ˠǃå ɖƬ ô̇ ƺǃ ï˗˲˹ǆ75 (² Ɨùƪåï˗ǃå ˤ ù˴ǀƙ ˤùƙ

:ǑƙǕå ǑƼ ˕Ǆ˰˸ƙā ÜƝƑƓ˯ǈ Ɇ˷Ƽá ƝƑƓ˯ǈ ǏǄƵ ý˦˶˲ǃå Ɨ ʻȺ Ɇơå̇ ǆ Ǐǃå-   
 :ǍøøǁĀǓä ƕøøǂƟ̠ ˶ǁä  Ɨ ùùƪ˗˹ǌǃå èƓùùǈƓ ˮǃå ǏùùǄƵ ý˦ùù˶˲ǃå Ɠùùǌ˹ǆ ú˗ùùǌǃåā ǑùùǄǀ˲ǃå Ɇùù˸ƶǃå ˕ùùǄ˰ǆ

) ƗùǄ˰˸˯˸ǃåāUpper Face, Angle Slope,, Angle Bench ,Slope Height 
Width( ) ýā˗ƞ1 .ƓǌƵ˦ǈā èåïƓ ǌǈǙå ˗Ʈïā ï˗˲˹˸ǃå ƗǃƓơ ˥Ƶ Ɨ ʽƮā èƓǈƓ ƕ ƴ˸ƞā ( 
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:ƕøøøø ǆƑˮǁä ƕøøøøǂƟ̠ ˶ǁä èƓùùùùƪåïí  Ɠùùùùǌ˻ǄƵ ˕ùùùùɂ̇ ƞáā ǑùùùùǄǆ̇ ǃå ˙ùùùù˱˲ǃå ï˦˳ùùùùƮ ˥ùùùùǆ èƓùùùù˹˻Ƶ ˘ùùùùƤá 
 ç˗ùùùùù˸ǃ Ɨùùùùù˹˻ƶǃå ˃ùùùùù ʽ˱ƙ ˤùùùùùƙ îã ÜāíƓùùùùùƞ Ɨùùùùùƪ˗˹ǌǃå Ɨùùùùù ǄɜȺ ƗùùùùùɁ̇ ˯ǃåā ï˦˳ùùùùù˶ǃå Ɇùùùùù˸ƶ˸Ⱥ Ɨùùùùù Ǆ˸ƶǆ

24  Ɨ˹˻ƶǄǃ èƓ˸Ḫ ƴɁïá ƗƼƓưã ʕƙā ÜßƓ˸Ǆǃ Ǒƶˮ ǃɣå Ɏ˦˯˲˸ǃå ˥ǆ ̋ Ǆ˳˯Ǆǃ ƗƵƓƪ 
  )50mm,30mm,15mm,5,mm) ˤ ùʾ ˗ùǒ˗˲ƙ Ɠùǌ˹ǆ ú˗ǌǃåā  Ü(Friction Angle, 

Cohesion) ðƓǌƞ Ɨˠƪå˦ƕ ()Direct shear  test( ƴǆ ( .ǉƓ ˸ǃå Ɨ ˸Ḫ ǑƼ ˙˻˻ƺ˯ǃå 
:ƕøøˮǁƑˮǁä ƕøøǂƟ̠ ˶ǁä  ˥ùùǆ Ɠùùǌ˻ǄƵ Ɇùù˶˲˯˸ǃå èƓùùǈƓ ˮǃå ýƓùùƤíã ǏùùǄƵ ƗùǄơ̇ ˸ǃå ǉ˘ùùǋ ǑùùƼ íƓùù˸˯Ƶå ˤùùƙ

èǚƤ˗ùùùù˸Ḫ Ɨùùùù ǈƓ˰ǃåā ǏùùùùǃāǕå ˥˻˯Ǆơ̇ ùùùù˸ǃå[[Impute data  ƝǆƓùùùùǈ̇ ˮǃ)RocPlane 
software( ) èƓƞ̇ ˳˸ǃå ǏǄƵ ý˦˶˲Ǆǃoutput data) ýā˗˱ǃƓȺ Ɨ˹˻ˮ˸ǃå (1      ( 

  

 

 

) ɆɜƬ6Ɨ Ƒ̇ ǆ ( ßå̇˲˸ ǃå ǑǄˮ˱ǃå ɖɂ̇ɣǄǃ ɏðå˦ǆ Ɨ˻Ƭ˦ƕá ï̠˲ ǆ˹ ƴƿ˦ǆ Ơư˦ƙ ƗƑƓ˷Ƽ]21[. 
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9ƛƏƑ˭˷ǁä.: 
1.9) Ǐƴ ˬ˞ǁä Ʉ˹˶ǁä ƕɀĀäï Ǐƺ î˕˰˷˶ǁä ƕƨäîì ˣǄ Ʉ˴˰˭˶ǁä ƛƏƑ˭˷ǁä :40 .(± 

) ýā˗ùùù˱ǃå ˥ùùùǆā1) ǉƓùùù ˸ǃå Ɨùùù ˸Ḫ  ƗƼƓùùùưƎȺ ÿƓùùùǆǓå ɆùùùǆƓƵ ïå˗ùùùǀǆ Ɍùùùơǚǈ (5mm Ɨùùù˹˻ƶǃ (
)sandstone) Ɨǆǚù˴ǃå ɆùǆƓƵ ƸùǄˮƼ (Factor of Safety) (59.9044 ˙ùƬ˓ǆ ˦ùǋā (

 ƝǆƓùùùùùùǈ̇ƕ ˥ùùùùùùǆ í̠ùùùùùù˲˸ǃå ÿƓùùùùùùǆǓå ɆùùùùùùǆƓƶǆ Ŋÿá ïƓùùùùùù˯Ƶå ǏùùùùùùǄƵ ï̠ùùùùùù˲˸˹ǃå èƓùùùùùùƛ Ʉùùùùùù˶Ȼ ɏ˦ùùùùùƿ
)RocPlane software) (1) ƗùùƶƼå̠ǃå ç˦ùùǀǃå Ŋÿá xùùǃî ̝ ùˮùƪā Ü(Resisting Force (

) ˕ƺǄƕ734.3 t/m) ƗùƶƼå̠ǃå ç˦ùǀǃå û˦ƽ˯ǃ (Driving Force)Ɠǋï˗ùƿ ƸùǄƕ Ǒù˯ǃå (12.25 
t/mƼƓùưã ƴùǆā Ü()   ǉƓù ǆ Ɨù˸ Ḫ Ɨ15mmÜ mm30 50mm ˤ ùʾ ǑùƼ ˝ƿƓù˹ƙ é˗ùơ Ü(

 )˥ǆ üƓḧ˯ơǙå Ɨɂāåð44.2 ² ǉƓ ǆ Ɨ ˸Ḫ ǑƼ5  Ǐùǃã ˤùǄǆ42.1 ² ǉƓù ǆ Ɨù ˸Ḫ ǑùƼmm 15 
 Ǐǃã38.06 ² ǉƓ ǆ Ɨ ˸Ḫ ǑƼ30mm Ǐǃã 37.1°  ǉƓù ǆ Ɨù ˸Ḫ ǑƼ50mm ƴùǆ ˥ǆå̊ ùƙā  (

 ˥ùùǆ ǑǄƤå˗ùùǃå ˣùùƪƓ˸˯ǃå ˤ ùùʾ ǑùùƼ ˝ƿƓùù˹ƙ üƓùùḧ˯ơǙå Ɨùùɂāåð ˤ ùùʾ ǑùùƼ ˝ƿƓùù˹˯ǃå) 228.7t/m^ 
 Ǐǃã212.9 t/m^  Ǐùǃã210.2 t/m^ Ǐùǃå  27.5 t/m^(  íŊ̇ù˱˸Ɂā ɖƕƓù˴ǃå Ǒǃå˦ù˯ǃå ǏùǄƵ

 ǉƓùù ˸ǃå Ɨùù ˸Ḫ ǑùùƼ çíƓùùɂ̊ ǃå ƴùùǆ Ɇùùǀƙ Ɨǆǚùù˴ǃå ɆùùǆƓƵ ˤ ùùʾ ˕˲ ùùƮá ƝǆƓùùǈ̇ ˮǄǃ èƓùùǈƓ ˮǃå ýƓùùƤíã
 ˥ùùǆ ƗùùǆāƓǀ˸ǃå ç˦ùùƿ ̞ùùŊǄƿ xǃ̆ùùǃ ĄƓùùƶƙā ÜüƓùùḧ˯ơǙå Ɨùùɂāåð Ɨùù˸ʾā xùùƪƓ˸˯ǃå Ɨùùùùùù˸ʾ ǑùùƼ ÿƓùù˶ǀ˹ǃåā

)734.3 t/m  - 352.2 t/m-277.295 t/m Ĳ 210.61 t/m ǑƼ çíƓɂð ɆḪ ƴǆ (
) çíƓùɂð Ɨùˢơǚǆ ƴùǆ üƓḧ˯ơǙåā ˣƪƓ˸˯ǃå Ɨɂāåð ǑƼ ˙˻ƺ˯ǃåā ǉƓ ˸ǃå Ɨ ˸ǂDrivingForce Ü(

) ÿð˦ǃå ç˦ƿāNormal Force  .( 
) üĀ˕Ɯ1 ƛǄƑǆ˗ˬǁ ƕ ǂ˶ƴ˶ǁäĀ ƕ ǂƾ˰ǁä çƑǆƑ ˬǁä üƑƢìä ƛƏƑ˭ǆ (rocplan0.2 

иϝугЮϜ ϣугЪ 5mm 15mm 30mm 50mm 

Type of rock sandstone sandstone sandstone sandstone 

 Impute data 

Slope Angle 40 ° 40 ° 40 ° 40 ° 

Slope Height m  16 m  16 m  16 m  16 

Rock Unit Weight g/cm31.25 g/cm31.7 g/cm32.05 g/cm32.2 

Failure Plane 

Angle 

35 ° 35 ° 35 ° 35 ° 

Upper Face Angle °25 °25 °25 °25 
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 ) ɆɜƬ ÜǑƑƓ˸ǃå ƴ ˵˯ǃå ƴǆ Ɨ ˴ɜƵ ƗƿǚƶȺ ýßƓ˷˯ǒ ï˗˲˹˸ǃå èƓ ƛ ÿƎƼ Ǌ ǄƵ4-8 Ɠù˸ǄḧƼ (
                            Ɨùùùù˸ ʾ ǑùùùùƼ ÿƓùùùù˶ǀǈ Ǌùùùùƶ ˯ǒ ï˗ùùùù˲˹˸ǃå èƓùùùù ƛ ɆùùùùǀȻ ǑǃƓùùùù˯ǃƓɁā Üƴ ùùùù˵˯ǃå íåð ǉƓùùùù ˸ǃå Ɨùùùù ˸Ḫ èíåð

) ǑǄƤå˗ùùǃå ˣùùƪƓ˸˯ǃåCohesion  Ɨùù ǃƓ˲ǃå Ɨùùɂāå̊ ƕ ï˗ùù˲˹˸ǃå ðāƓùù˱˯ǒ ˤùùǃ ˣùùǃî ˥ùùǆ ˤƹ̇ ǃƓùùɁā Ü(   
 Ǒùƶ ˮˠǃå Ɇùù˻˸ǃå Ɨùɂāåð )-40 (² Ɨùùƪåï˗Ǆǃ çí˗ù˲˸Ǆǃ ÿƓùùǆǕå Ɨùɂāåð ÜƗùù ʹ ˮˠǃå Ǌùǈå̊ ƙå úā˙ùùˡā

) Ɠùùǌ˯˸ ʾā1 ŊɆùùƿ Ɠùù˸ǄḧƼ ßƓùù˸ǃå Ɨùù˸Ḫ ǑùùƼ çíƓùùɂðā xùùƪƓ˸˯ǃå Ɨùù˸ʾ ˥˻ùùƕ ƗùùȻí̇˟ Ɨùùƿǚƶǃå ̠ùùƶƙā  (
) ɆɜùƬ Ɨù˴ɜƵ Ɨùƿǚƶǃå ̞ùǈƓḪ Ɠù˸˻˹ƕ Üï̠˲ ˹˸ǃå èƓƛ ŊɆƿ ǑǄƤå̠ǃå xƪƓ˸˯ǃå7 ˥ùǆ ǚùḪ ˥˻ùƕ (

 ÿƓùùǆǕå ɆùùǆƓƶǆ)Factor of Safety ɉƓùù ƙïå Ɨùù˸ ʿȺ ǉƓùù ˸ǃå Ɨùù ˸Ḫ ǑùùƼ ˙ùù˻ƺ˯ǃå ïå˗ùùǀǆ (
 ÿ˦ƪ̇ƕ˻ ) ˕ƺǄƕ0.7-.ƴŋ˵˯ǃå çíƓɂ̊ƕ ïƓǌǈǙå ƗǃƓ˸˯ơå íåí̊ƙ ǊǄƵ Ü( 

Bench Width m45 m45 m45 m45 

Seismic 

Coefficient 
0.04 0.04 0.04 0.04 

Waviness 0 0 0 0 

Friction Angle 44.2 ° 42.1 ° 38.06 ° 37.1° 

Cohesion 228.7t/m^ 212.9t/m^ 210.2t/m^ 27.5 t/m^ 

Tension Crack  °90 °90 °90 °90 

 output data 

Normal Force 17.36 t/m 28.4704 30.55t/m 30.553 t/m 

Driving Force 12.25 t/m 20.105 t/m 21.57 t/m 21.57t/m 

Resisting Force 734.3 t/m 
352.2 t/m 277.295 

t/m 
210.61 t/m 

Factor of Safety 59.9044 16.324 13.7921 9.76107 

Shear Strength 
734.3 

t/m^ 2 

352.2t/m^
2 

277.29t/m

^ 2 

210.6 

t/m^ 2 

Shear Strength 

Model 

Mohr -

Coulomb 

Mohr -

Coulomb 

Mohr -

Coulomb 

Mohr -

Coulomb 
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) ɆɜƬ7 Ɇ˻ǆ Ɨƞïí ǑƼ ƗƶƼå˗ǃå ç˦ǀǃåā ǉƓ ˸ǃå Ɨ ˸Ḫ ǑƼ ˙˻ƺ˯ǃåā ÿƓǆǕå ɆǆƓƶǆ ˥˻ƕ Ɨƿǚƶǃå (40² 

 
2.9) Ǐƴ ˬ˞ǁä Ʉ˹˶ǁä ƕɀĀäï Ǐƺ î˕˰˷˶ǁä ƕƨäîì ˣǄ Ʉ˴˰˭˶ǁä ƛƏƑ˭˷ǁä :75 .(±  
  )èǚƤ˗ùùù˸ǃå ƴùùù ˸ƞ ˕ùùù˻ˮ˰˯ƕImpute data( )ýā˗ùùù˱ǃƓȺ çíïå˦ùùùǃå1 Ɇùùù˻ǆ Ɨùùùɂāåð å˗ùùùƵƓǆ (

)ï˗˲˹˸ǃåSlope Angle ßå̇ ˸˲ǃå ɖɂ̇ ˟ ǑǄˮ˱ǃå ɖɂ̇ ˠǄǃ ç˘ƽ˹˸ǃå ƗḪ̇ ˵ǃå Ɠǌǆ˗˳˯ƪå Ǒ˯ǃåā (
 Ɠǌ˯˸ ʾ ƸǃƓ ǃåā)75(±  ƝǆƓǈ̇ ˮǃå Ɇ˱ƪā(Rocplan0.2)) ýā˗˱ǃƓȺ èƓƞ̇ ˳˸ǃå ˤǋá Ü2 .( 

) üĀ˕Ɯ2 ƛǄƑǆ˗ˬǁ ƕ ǂ˶ƴ˶ǁäĀ ƕ ǂƾ˰ǁä çƑǆƑ ˬǁä üƑƢìä ƛƏƑ˭ǆ (rocplan0.2 
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иϝтвЮϜ ϣтвЪFactor of Safety Driving Force

иϝугЮϜ ϣугЪ 5  бЯв 15  бЯв 30  бЯв 50 бЯв 

Type of rock sandstone sandstone sandstone sandstone 

Slope Angle 75 ° 75 ° 75 ° 75 ° 

Normal Force      28.44t/m 28.4t/m 46.6575 t/m 50.07 t/m 

Driving Force       20.09t/m 20.09 t/m 32.9489 t/m 35.359t/m 

Resisting Force   177.87 t/m 95.18 t/m 89.9152 t/m 77.12 t/m 

Factor of 

Safety   
8.85346 

4.73753 
2.72893 2.18105 

Shear Strength 177.8 t/m^2 95.1 t/m^2 89.915t/m^2 77.12 t/m^2 

Shear Strength 

Model 

Mohr -

Coulomb 

Mohr -

Coulomb 

Mohr -

Coulomb 

Mohr -

Coulomb 
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) ýā˗˱ǃå ˥ǆ2) ˥ùǆ  ƗùǆāƓǀ˸ǃå ç˦ ǀǃå ǑƼ ôƓƽ˳ǈå éā˗ơ Ɍơǚǈ  (177.87 t/m ǑùƼ  (
 ǉƓù ǆ Ɨù ˸ǂ5mm ) Ǐùǃã95.18 t/m ǉƓù ǆ Ɨù ˸Ḫ ǑùƼ (15mm ) Ǐùǃã89.9152 t/m (

 ǉƓùùùù ǆ Ɨùùùù ˸Ḫ ǑùùùùƼ30mm  ǉƓùùùù ǆ Ɨùùùù ˸Ḫ ǑùùùùƼ ôƓùùùùƽ˳ǈå Ɇùùùùƿá Ɇ˱ùùùù˴ ǃ50mm  ˕ùùùùƺǄƕ Ɨùùùù˸ ʿȺ
)77.12 t/m) ÿƓùùǆǓå ɆùùǆƓƶǆ ôƓùùƽ˳ǈå ĄƓùù˷Ȼá ̇ùù˻ƺ˯ǃå xùùǃî ˥ùùƵ ʕùù˱ǈā (Factor of 

Safety) ˥ùǆ (8.85346 Ǐùǃã4.73753    Ǐùǃã2.72893   ǉƓù ǆ Ɨù ˸Ḫ ǑùƼ å̇ ù˻Ƥáā
50mm  Ɨùùù˸ ʿǃå ˕ùùùƺǄƕ2.18105 ) Ɇɜùùù˵ǃå ˥ùùùǆā (8 ˣùùùƪƓ˸˯ǃå Ɨùùù˸ ʾ ôƓùùùƽ˳ǈå Ɍùùùơǚǈ (

 ǉƓùùùùùùù ǆ Ɨùùùùùù ˸Ḫ ǑùùùùùùùƼ Ɨùùùùùù˸ ʾ ǏùùùùùùùǄƵǕ  ƗùùùùùùƶƼå˗ǃå ç˦ ùùùùùùùǀǃå ˤ ùùùùùùʾ ÷Ɠùùùùùùƽƙïåā50mm  ˕ùùùùùùùƺǄƕ Ɨùùùùùù˸ ʿȺ
)35.359t/m) ýā˗ùùùƞ (2 ƴùùùˠƿ Ɨùùùɂāåð ǑùùùƼ ï˗ùùù˲˹˸ǃå èƓùùù ƛ þ˗ùùùƵ ˔ˮùùùƪ ˙ḪîƓùùùǆ ˙ùùù˴ƽɂā (
)75(±. 

 

) ɆɜƬ8 ç˦ǀǃåā ǉƓ ˸ǃå Ɨ ˸Ḫ ǑƼ ˙˻ƺ˯ǃåā ÿƓǆǕå ɆǆƓƶǆ ˥˻ƕ Ɨƿǚƶǃå ( Ɇ˻ǆ Ɨƞïí ǑƼ ƗƶƼå˗ǃå75² 

 
10:éƑ˭˷˭ƨǗä . 
A- ) Ɇɜ˵ǃå ˥ǆ9) Ɨù ʹ ˮˠǃå ƗùǃƓ˲ǃå ǑùƽƼ Ü Ɇù˻˸ǃå Ɨùɂāåð ǑùƼ ˙ù˻ƺ˯ǃå ˙˻ƛƋƙ Ɲ˯˹˯˴ǈ (40 (²

 ǑƑƓùù˸ǃå ɏ˦ùù˯˸˲ǃå ǑùùƼ ÿƓùùǆǕå ɆùùǆƓƶǆ Ɨùù˸ʾ ̞ùùƶƽƙïå5  ǏùùǄƵ Ɨùùɂāå̊ ǃå çï˗ùùƿ Ǐùùǃå ǉí̇ ùùǆ ˣùùǃîā
 ǑƑƓùùù˸ǃå ɏ˦ùùù˯˸˲ǃå ǑùùùƼ ̇ùù˻ƺ˯ǃå ƴùùùǆā ÜǑùùùǄƤåí ƴùùù˵ƙ éā̠ùù˲Ⱥ ëƓ˸ùùù˴ǃå þ̠ùùùƵā ǉƓùùù˸ǃå ˃ɂ̇ùù˶ƙ
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Ɠùù˹˯ǃå ǑùùƼ ÿƓùùǆǕå ɆùùǆƓƶǆ ˤ ùùʾ èá˗ùùƕ ǉƓùù ǆ Ɨùù ˸Ḫ ǑùùƼ ǑƑƓùù˱Ƽ Ɇɜùù˵Ⱥ ˝ƿ15  ˝ƿƓùù˹˯ǃå íåíðåā
.Ɨ ƑƓ˸ǃå èƓɂ˦˯˲˸ǃå ǑƿƓȺ ǑƼ Ǒˮ˴ǈ Ɇɜ˵Ⱥ 

 
B- ) Ɇɜùùùùù˵ǃå ˥ùùùùùǆ11) ƴùùùùùˠǀǃå Ɨùùùùùɂāåð ˙˻ƛƋùùùùùƙ Ɲ˯˹˯ùùùùù˴ǈ (75 Ü(² ƴɂ̇ ùùùùùƪ ïƓùùùùù ǌǈå é˗ùùùùùơ îã

 ÿðā çíƓùùùɂð ǑùùùƼ ̞ ǋ˸Ɠùùùƪ ƴùùùɣǀǃå Ɨùùùɂāåð Ɨùùù˸ʾ ÷Ɠùùùƽƙïå ÿǕ ÜÿƓùùùǆǕå ɆùùùǆƓƶǆ ʕùùùʾ ôƓùùùƽ˳ǈåā
) ï˗ùùùùùùùù˲˹˸ǃåNormal      êForce)ā (Driving[Force) ýā˗ùùùùùùùùƞ ɌùùùùùùùùơǙ (1 ǏùùùùùùùùǄƵ (

ùùʿǃå ôƓùùƽ˳ǈƓȺ ˚ùù˻˸ƙ ɏ˘ùǃåā Ɨùù ʹ ˮˠǃå ƗùùǃƓ˲ǃå ǑùùƼ ï˗ùù˲˹˸ǃå ˛ùɜƵ) ˤNormal Force 
,Driving Force) ýā˗ƞ ɌơǙ (2    .( 

- C çíƓùùùɂð ǑùùùƼ ʕǌùùùƪá Ɨùùùƪåï̠ǃå ƴùùùư˦ǆ ï̠ùùù˲˸˹ǃå ǏùùùǄƵá ĄƓƽùùù˵ḧ˯ǆ ÿǚ˻ƹ˦ùùùƕá ˥ɂ˦ùùùḧƙ í˦ùùùƞā ÿá
 ɆùùùƺǄƺ˯ǃƓȺ ǉƓùùù˸Ǆǃ è̠ùùùǌǆ û˦ǀùùùƬ ˥ùùùǆ ÿǚƹ˦ùùùǒá ï̠ùùù˲˹ǆ Ǌùùùɂ˦˲Ȼ Ɠùùù˸ǃ ÜƗ˻ùùùƬ˦ƕå ï̠ùùù˲˹ǆ ƴùùù˵ƙ

) ǊǄ˻ǆ Ɨɂāåð ÿá ƗƮƓ˳Ɂā  Ɠ ǄƤåí25 (²ï˗˲˹˸ǃå ïƓ ǌǈå ǑƼ ˤǌ˴ ǃ  .Ǌǈå̊ ƙå Ɨɂāåð ˙˻˻ƺƙā 
 - D) Ɨùùùùùùùùɂāå̊ ǃå Ɇùùùùùùùù˰˸ƙ35²-45 (²) ï˗ùùùùùùùù˲˹˸ǃ Ɨùùùùùùùù ʹ ˮ˟ ïå̇ ǀ˯ùùùùùùùùƪå Ɨùùùùùùùùɂāåðsandstone (

 éā˗ùùùùơ ƗùùùùƮ̇ Ƽ ƗùùùùơƓƙã ǑùùùùƼ Ɨùùùùɂāå̊ ǃå ǉ˘ùùùùǋ ˕˸ǋƓùùùùƪ îã ÜƗùùùù ƑƓǆ Ɨùùùùɂ̇ ƶƙ èƓùùùù Ǆ˸Ƶ ˥ùùùùƵ Ɨùùùù˱ƙƓǈ
 ˥ɂ˦ùùùùùùùùùùḧ˯ǃ í˦ùùùùùùùùùùƶƙ Ǒùùùùùùùùùù˯ǃåā ï˗ùùùùùùùùùù˲˹˸ǃå ǏùùùùùùùùùùǄƵá Ɨƶùùùùùùùùùùư˦˯˸ǃå Ɨɂ̇ ˳ùùùùùùùùùù˶ǃå Ɇùùùùùùùùùù˯ḧǄǃ èåïƓùùùùùùùùùù ǌǈå

 

) ɆɜƬ9) Ɇ˻ǆ Ɨƞïí ǑƼ ǉƓ ˸ǃå Ɨ ˸Ḫ ǑƼ ˙˻ƺ˯ǃåā ÿƓǆǕå ɆǆƓƶǆ ˥˻ƕ Ɨƿǚƶǃå (40²- 75.(² 
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сϚϝвЮϜ рмϦϲвЮϜ сТ ϼтПϦЮϜ Ϥъϝϲ.

CŀŎǘƻǊ ƻŦ {ŀŦŜǘȅ ŀǘ Ŏǳǘ ŀƴƎƭ плϲ

 CŀŎǘƻǊ ƻŦ {ŀŦŜǘȅ ŀǘ Ŏǳǘ ŀƴƎƭ трϲ
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 ƗùùùùùȻíā˗ƤǕå Ɨùùùùùɂ̇ ƶ˯ǃå ˕˸ǋƓùùùùùƪā Üÿǚ˻ƹ˦ùùùùùƕå Ơɣùùùùùƪ ǏùùùùùǄƵ ˃ɂïƓùùùùù˶ƙ ɏïƓùùùùù˱ǆ éå̠ùùùùùơã ǑùùùùùƼ
 ɏïƓùùùù˱ǆ ûǚùùùùƹã ǏùùùùǄƵ Ɇùùùù˸ƶƼ Ǐùùùù˶ ǃ˲åā ɏ̇ ù˳ùùù˶ǃå þƓùùùùɣ˲ǃå ïƓùùùùǌǈå Ǐùùùùǃå èíƋùùùùƼ ï̠ùùùù˲˸˹ǃå

.ɖɂ̇ ˠǄǃ Ɨɂðå˦˸ǃå ǉƓ ˸ǃå ˃ɂ̇ ˶ƙ 
- E  ǏùùùǄƵ ç̇ùùù˵˹˯ ǃ˸å ( ǉƓùùù˸ǃå ˃ɂ̇ùùù˶ƙ ɏïƓùùù˱ǆ) ̠ùùùǒíƓƤǕå ÿá ˥˻ùùùˮƙ Ɨùùùǈå̠˸˻ǃå Ɨùùùƪåï̠ǃå ˥ùùùǆ

ù˵Ⱥ ǉƓù ˸ǃå ˃ɂ̇ ù˶ƙ ǑùƼ ˤǌù˴ƙ Ɨ ʹ ˮ˟ ç̇ ǋƓˡ Ɨ ˻Ƭ˦ƕá ï˗˲˹ǆ Ơˠƪ ÿāí ý˦ù˲ƙā ƴɂ̇ùƪ Ɇɜ
.Ɨƪåï˗ǃå ƴƿ˦˸Ⱥ ï˗˲˹˸ǃå ÿå̊ ƙã Ɇǆå˦Ƶ ˥ǆ ˗ƶƙ ǑǃƓ˯ǃƓɁā Üï˗˲˹˸Ǆǃ ɆǆƓḪ ƴ ˵ƙ éå˗ơã 

- F  Ɨùùùùùɂāå̊ ƕ ˙ǀ˯ùùùùù˴ƙ ï˗ùùùùù˲˹˸ǃå ǏùùùùùǄƵá Ɨɂ̇ ˳ùùùùù˶ǃå Ɇùùùùù˯ḧǃå ÿá Ɨùùùùù ǈå˗˻˸ǃå Ɨùùùùùƪåï˗ǃå ˥ùùùùùǆ ˥˻ùùùùùˮƙ
)90 (² ƗùùùùùùḪ̇ ˲ǃå ü˦Ǆùùùùùùƪ ˗ùùùùùùƶɂā ÜïƓùùùùùù ǌǈǚǃ ƗùùùùùùǄǒà ï˦˳ùùùùùùƮ Ǒùùùùùùǋā ÜƗ ˻ùùùùùùƬ˦ƕá ï˗ùùùùùù˲˹ǆ ƴùùùùùùǆ

 ˦ Ǆùùùùùùùùƪ Ɠùùùùùùùùǌ˯Ḫ̇ ˲ǃ ˗ùùùùùùùùḪ˓˸ǃå ëƓùùùùùùùù˯˸ǃå Ɠùùùùùùùùǌ˯Ḫ̇ ơ ýƓùùùùùùùùơ ǑùùùùùùùùƼā ï˗ùùùùùùùù˲˹˸ǃå ɆƽùùùùùùùùƪǕ Ɨùùùùùùùùƞ̇ ơ˗ǃå ü
 .ýƓ˲ǆǙ û̇ Ǆɣǃ Ɇ˶ ƪ˯ 

- G ) ˥˻ƕ Ɠǌ˸ ʾ ëāå̇ ˯ƙ Ǒ˯ǃåā Ɨ ʹ ˮˠǃå ï˗˲˹˸ǃå Ɇ˻ǆ ƓȻåāð ˗ƶƙ35²-45 (² ˙ù˰ǂáā Ɇù˷Ƽá
 ƴùùɣǀǃå ƗùùǄ˸ƶǃ ç̆ùùƽ˹˸ǃåā Ɨ˸˸ùù˶ ǃ˸å ƗḪ̇ùù˵ǃå Ɇùùˮƿ ˥ùùǆ ç̠ùùƶ˸ǃå ï̠ùù˲˸˹ǃå ƴùùɣƿ Ɨùùɂāåð ˥ùùǆ ĄƓùùƙƓƛ

)70 Ü(²å ƴˠǀǃ èƓƞï˗˸ǃå Ɨǀɂ̇ ˟ þå˗˳˯ƪå ÿɀā.ƗȻ˗˱ǆ ˙˻ƹ ï˗˲˹˸ǃ 
 
  11 ..çƑ Ƭˤ˭ǁä 
V  ïƓùùùùùùùùùùùù ǌǈǚǃ ƗùùùùùùùùùùùùǄǒǓåā ï˗ùùùùùùùùùùùù˲˹ǆ ǏùùùùùùùùùùùùǄƵá Ɨɂ̇ ˳ùùùùùùùùùùùù˶ǃå Ɇùùùùùùùùùùùù˯ḧǃå Ɨùùùùùùùùùùùùǃåðã ǏùùùùùùùùùùùùǄƵ Ɇùùùùùùùùùùùù˸ƶǃå

 Ɨùùùùùùùùùùù˸Ƥā Ɇùùùùùùùùùùùùù˯ḧǃå ƗùùùùùùùùùùùùùùùùùùùḪ̇ơ ƝùùùùùùùùùùùùùùƑƓ˯ǈ ÿ˦ùùùùùùùùùùùḧƙǙ Ǒùùùùùùùùùùù˯ơ ÜƗùùùùùùùùùùùƮƓƤ èƓùùùùùùùùùùùƶƼåï Ɨɣùùùùùùùùùùùƪå˦ƕ
.ǑǄˮ˱ǃå ɖɂ̇ ˠǄǃ Ɠǌǃ˦Ʈā ýƓơ ǑƼ 

V  ˥ùùùùùùùǆ ɖùùùùùùùɂ̇ɣǄǃ ɏðå˦ùùùùùùù˸ǃå û̠ùùùùùùù˹˳ǃåā ǉƓùùùùùùù˸ǃå ˃ɂ̇ùùùùùùù˶ƙ ɏïƓùùùùùùù˱ǆ ˃ùùùùùùùsƙ˹ ǏùùùùùùùǄƵ Ɇùùùùùùù˸ƶǃå
 ǑùùùùƼ ʕǌùùùù˴ƙ xǃ̆ùùùùùùùùɁā ÜþƓùùùùḪ̇ǃå çíƓùùùùɂð ǑùùùùƼ ʕǌùùùù˴Ȼ ƓùùùùǋßƓǀȺ ÿǙ ˥˻ùùùùɣǃåā ɏ̇ ù˳ùùù˶ǃå þƓùùùùɣ˲ǃå

.ɖɂ̇ ˠǄǃ Ǚ˦ Ʈā ï˦˳˶ǃå ƗùùùùùùùùùùùùùùùùùùùùḪ̇ ơ Ɇùùùùùùùù˻ǌ˴ƙ 
V  èƓƽùùùùùùùƮå˦˸ǃå èå̆ùùùùùùùɁā ɏ̇ùùùùùùùƤá ç̇ùùùùùùù˸ǃ ï̠ùùùùùùù˲˸˹ǃå ƴùùùùùùùɣƿ çíƓùùùùùùùƵã þ̠ùùùùùùùƶȺ Ɨùùùùùùùƪåï̠ǃå ǑùùùùùùùƮ˦ƙ
å ˤ˱˹˻ùùùùùƪā Ɨ ˻ùùùùùƬ˦ƕá ï˗ùùùùù˲˹ǆ èƓùùùùùǈ˦ɜǆ ïƓùùùùù ǌǈå ǏùùùùùǄƵ Ɇ˸ƶ˯ùùùùùƪ ƴùùùùùˠǀǃå Ɨùùùùùɂāåð ÿǙ ƗǀȺƓùùùùù˴ǃ
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˓ǆ˗˭ǆǗä ƕɚ ƪ ˗ˬƳ çƑ˶˯ǊǁäĀ ˗˝Ƒ˱˶ǁä ˕ƳƑ˴Ɨ ƕƨäîì 

ýˤƸǂƪ úìƑ˴ǁä ˕˹ǁĀ .à 

ƕ ǆĀ˗˭ḥǁǗäĀ ƕ ƏƑȿ̠ Ǌḥǁä ˢ˲ƽ Û ƕɀĀä̆ ǁƑȸ ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ǏǁƑƴǁä ˕Ǌƴ˶ǁä 

walidshalgom@gmail.com 

Abstract  

This paper is an investigation into the importance of safety for 

information  it shows the important risks threats and gaps which 

face its systems. Also it clarities the rise of piracy and electronic 

attacks that obsesses both individuals and states. In addition it 

displays the different hacks and the technic means used by the 

hackers to achieve their attacks. Finally it shows the important 

reasons which lead to the happening of these risks and  how to 

protect the computer users and the webs in order to secure the 

secret as data through some programmers and systems which 

reveal and protect hacks. 

  ˛˱ǂ˶ǁä 

 Ǒ˯ǃå èå̇ ƺ˰ǃå ā èå˗ǒ˗ǌ˯ǃå ā ˙˟Ɠ˳˸ǃå ˤǋá ā èƓǆ˦Ǆƶ˸ǃå ˥ǆå Ɨ ˸ǋá Ɨƿï˦ǃå ǉ˘ǋ ô̇ ƶƙ
èƓ Ǆ˸Ƶ ÷Ɠƽƙïå ā ˗ƵƓ˶ƙ ƗǄ˰ǆǕå ˞ƶȺ ýǚƤ ˥ǆ ˥˻ˮƙ ˣǃ˘Ḫā ÜèƓǆ˦Ǆƶ˸ǃå Ɨ˸ˢǈá Ǌƞå˦ƙ 
 ā íå̇ ƼǕå ˛ƞƓǋ èƓǆ˦Ǆƶ˸ǃå ˥ǆå Ǌ ʼ Ơ Ʈá Ɇɜ˵Ⱥ Ɨ ǈā˙˯ḧǃǙå èƓ˸˱ǌǃå ā Ɨ˹Ʈ̇ ǀǃå

 Üßå˦ƪ ˗ơ ǏǄƵ èƓ˴ƪ˓˸ǃå Ǒ˯ǃå Ɨ ˹ǀ˯ǃå ˔˻ǃƓƪá ā èƓƿå̇ ˯ƤǙå ÷å˦ǈá ô̇ ƶ˯˴ƙ Ɠ˸Ḫ
 xǄƙ éā̠ơ Ǐǃã ɏí˓ƙ Ǒ˯ǃå æƓƪǕå ʕǋá xǃ̆Ḫ ā ÜʕǌƙƓ˸˱ǋ ̆˻ƽ˹˯ǃ ÿ˦ƿ̇˳˯ ǃ˸å Ɠǌǆ̠˳ ˯˴Ȼ

ơ û̇  ˟ýāƓ˹ƙ Ǐǃã ƗƼƓưǗƓȺ Ü̇˟ Ɠ˳˸ǃå Ɨɂ̇ ƪ ÿƓ˸˷ǃ èƓɜ ˵ǃå ā ˥˻ǆ˗˳˯˴˸ǃå ç̊ ǌƞá ƗȻƓ˸
 .èƓƿå̇ ˯ƤǙå ƴ˹ǆ ā úƓ˵˯ǂǙ Ɨ˸ˢǈǕå ā Ɲǆå̇ ˮǃå ˞ƶȺ ɖɂ̇ ˟ ˥Ƶ èƓǈƓ ˮǃå Ɨǆǚƪ ā 
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  :ƕ ƟƑ˭ƻ˶ǁä çƑ˶ǂḥǁäÜƗ ǈā˙˯ḧǃǙå èƓ˸˱ǌǃå ˥˵ǃ Ɨɂïā˙˷ǃå ˙ƮƓ˹ƶǃå  ýǚƤǙå ïíƓ˶ǆ
.èƓǆ˦Ǆƶ˸ǃå ˥ǆƋȺ ƗǀǄƶ˯˸ǃå ˤƑå̇ ˱ǃå ÜèƓǆ˦Ǆƶ˸ǃå ˥ǆƋȺ  

1.  :ƕǄ˕ƾ˶ǁä 
 ÿãèƓ ˹ǀƙ ýƓ˱ǆ ǑƼ ƴɂ̇ ˴ǃå Ǒƞ˦ǃ˦˹ḧ˯ǃå ï˦ˠ˯ǃå   ç̊ ǌƞá ï˦ǌˡ Ǐǃã Ɏíá ǑǃǓå ˔ƪƓ˲ǃå

 Ɇ˻ǌ˴ƙ ǏǄƵ è˗ƵƓƪ Ǒ˯ǃåā Ɠǋ̇ ˻ƹā ǑǃǓå Ɇƪå̇ ˯ǃåā ÜǑǈā˙˯ḧǃǙå ˗ɂ̇ ˮǃå Ɇ˰ǆ ç˗ǒ˗ƞ ˔˻ǃƓƪáā
 ǉ˘ǋ ˔ɂ̇ ˴ƙā üƓǌ˯ǈå Ɨ ǃƓ˸˯ơå çíƓɂð Ǐǃã èíá Ɠǌǈá Ǚã ÜǊ˯ƶƿï ÷Ɠ˴ƙåā èƓǆ˦Ǆƶ˸ǃå ýíƓ ƙā

ˠ˳ǃ Ɠǌư̇ ƶƙā èƓǆ˦Ǆƶ˸ǃå Ɇɜ˵Ⱥ ßå˦ ƪ Ɨ ˹ƶǆ ˙˻ƹ úå̇ ˟á Ɇˮƿ ˥ǆ ˙ɂā˚˯ǃåā ˙˻˻ƺ˯ǃå ˙
í˦˶ǀǆ ˙˻ƹ āá ˗˸ƶ˯ǆ.[1]   ǑƼ èƓɜ ˵ǃåā æ˦ƪƓ˲ǃå ç̊ ǌƞá èƓƿå̇ ˯Ƥå Ɨ ˴ǈ ˗ǒå̊ ƙ ƴǆā

 ç˗ǀƶǆā Ɨ˰ǒ˗ơ èƓ ˹ǀƙ þå˗˳˯ƪƓȺ ƴɂ̇ ˴ǃå Ɠǋï˦ˠƙā Ɨ˹Ʈ̇ ǀǃå èƓ Ǆ˸Ƶ ˗ǒå̊ ƙā Üç̇ ˻ƤǕå ƗǈāǓå
 ǑƼ Ǌ ǄƵ ˕ǈƓḪ Ɠ˸ǆ Ɠ ǄḪ ˙˻ƺ˯ǒ Ɠǌ˻ǃã ˙ˢ˹ǃå Ɇƶƞ Ɠ˸ǆ.ƗǀȺƓ˴ǃå ç̇ ˯ƽǃå 

 ̇˻ ḧ˰ǃå þå̠˳ ƪ˯ƓȺ å̠˻ǀƶƙā åï˦ɣ ƙ ̇ǂ˰á èƓ˸˱ǋ ˥Ƭ Ǐǃã þ˦˻ǃå ÿā˓˱ Ǆǒ ̞ǈ̇˯ǈǙå Ǒƿ̇˳˯ Ƽ˸
 ˙ƛã ýå˦ǆǕå ˥ǆ ˗ɂ̊ ˸ǃå Ɠǌ˻ǄƵ ï˗ƙ Ǒ˯ǃå èå̇ ƺ˰ǃå ˥ǆ çíƓƽ˯ƪǙå ā Ɨ˰˻ˮ˳ǃå èƓ ˱ǆ̇ ˮǃå ˥ǆ

 Ǐ˷ǆ ˕ƿā ɏá ˥ǆ ˙˰ǂá þ˦˱ǋ Ɇǂ[5] Ǐ˶˲ƙ Ǚ èƓǆ˦Ǆƶ˸ǃå ˥ǆƋȺ ƗǀǄƶ˯˸ǃå ɆǂƓ˵˸ǃåā .
Ü˗ƶƙ Ǚā  ÿƓ˸ư ˥ɜ˸Ȼ Ǚ Ǌǈá è˗ƞā ÷˦ ư˦˸ǃå å˘ǋ ˥Ƶ ˕˰˲Ⱥ Ǒ˯ǃå èƓƪåï˗ǃå ˤˢƶǆā

%) Ɨ ˴˹ƕ íå̇ ƼǕå ā èƓḪ̇ ˵ǃåā èƓ˴ƪ˓˸ǃå ƗȻƓ˸ơ100 ˗ǒ˗˲ƙā ˙˶ơ ˥ɜ˸Ȼ Ɇƕ Ü(
 Ɇ˻Ǆǀ˯ǃå āá ÜƓǌƶ˹˸ǃ ƗƽǄḧǃå ˖˻ơ ˥ǆ Ɨ ƪƓ˹˸ǃå èåßå̇ ƞǗå îƓ˳ƙåā çï˦ˠƤ ˙˰ǂǕå èå˗ǒ˗ǌ˯ǃå

å̇ ƞǗå ˥ǆ ƗƵ˦˸˱ǆ ƴư˦ǃ ƗƞƓ˲Ⱥ ˥˲˹Ƽ ÜƓǋ̇ ˻ƛƋƙ ˥ǆ ƓǌǃǚƤ ˥ǆ ˥ɜ˸Ȼ Ǒ˯ǃå Ɲǆå̇ ˮǃåā èåß
 ā .˥ǆǕå ˥ǆ ʕƑǚǆ Ɏ˦˯˴ǆ ɖ˻ǀ˲ƙ ɆǆƓƶ˯ǃåā èƓȻ˗˲˯ǃåā ïƓˠƤǕå ˤǌƽǃ Ɨɂïā˙˷ǃå ƗƼ̇ ƶ˸ǃå

.Ɠǋ̇ ǒ˗ƙā Ɠǌ˸ˢ˹ƙ Ǒ˯ǃå Ɨ ƪƓƪǕå ɍíƓ ˸ǃƓɁā ƓǋíƓƶȺƋȺ ǑƵ˦ǃå çíƓɂð Ǐǃã ˣǃ˘Ḫā ÜƓǌƶǆ 
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2.  ýˤǊƻǄˣǄä  çƑǄˤǂƴ˶ǁä 
 èƓǆ˦Ǆƶ˸ǃå ˥ǆƋƼ ÜèƓǆ˦Ǆƶ˸ǃå ˥ǆǕ Ɨ ˸ƪ̇ ǃå ˃ɂïƓƶ˯ǃå èí˗ƶƙ ˗ǀǃInformation 

Security  āá ÜƗƿ̇ ˴ǃå ˥ǆ ƗƮƓ˳ǃå èƓǆ˦Ǆƶ˸ǃå ƗȻƓ˸ơ ǑƼ Ɇ˰˸˯ǒ ɏ˘ǃå Ɇ˸ƶǃå ƗƪïƓ˸ǆ ˦ǋ
 ƗȻƓ˸ơ Ǒ˷˯ǀƙā ÜƓǌ˻ǄƵ ƗˢƼƓ˲˸ǃåā ÿƓǆǕå ƴưā ǑƼ ƓǌǃƓƤíɀā ˔ɂ̇ ˳˯ǃå āá ÜßƓ˵ƼǗå

Ɠǌˠ ˲ǆ ƗȻƓ˸ơ ˃ɂ̇ ƶ˯ǃå å˘ǋ ǑƼ èƓǆ˦Ǆƶ˸ǃå  Ɠ˷Ȼá ƓǌḧǃƓǆ Ɋ ˲ǆā[2].  Ɨɂāåð ˥ǆā
 ÜƗ ˸ȻíƓǂá ˥ǆ èƓǆ˦Ǆƶ˸Ǆǃ ƗȻƓ˸˲ǃå ˙˻Ƽ˦ƙ èƓ ˱ ƙå̇ ˯ƪåā èƓɂ̇ ˢǈ ǑƼ ˖˲ ǒ ɏ˘ǃå ˤǄƶǃå ˦ǋ

 ɆḪ Ɇ˸˵ƙ ǑǌƼ ÜƗ ˹ǀƙ Ɨɂāåð ˥ǆā .Ɠǌ˻ǄƵ ßå˗˯ƵǙå Ɨˠ˵ǈá ˥ǆā Ɠǋí˗ǌƙ Ǒ˯ǃå ˙˟Ɠ˳˸ǃå
 ˥ǆ èƓǆ˦Ǆƶ˸ǃå ƗȻƓ˸ơ ÿƓ˸˷ǃ Ɠǋ̇ ˻Ƽ˦ƙ þðǚǃå èåßå̇ ƞǗåā èåāíǕåā ɆƑƓƪ˦ǃå ïƓˠƤǕå

 ˙˻ƕå˗ƙā èƓƪåïí Ɇ˲ǆ ˦ǋ èƓǆ˦Ǆƶ˸ǃå ˥ǆá ÿƎƼ ÜƗ ǈ˦ǈƓƿ Ɨɂāåð ˥ǆā .Ɨ ƞïƓ˳ǃåā Ɨ ǄƤå˗ǃå
 āá Ɠǌ˻ǄƵ ßå̠˯ƵǙå Ɨɣ ǈ˵á Ɨ˲ƼƓɜǆā èƓ˸Ǆƶ˸ǃå ̇Ƽ˦ƙā Ɏ˦˯˲ǆ Ɨǆǚƪā Ɨɂ̇ƪ ƗȻƓ˸ơ
 ˥ǆ èƓǆ˦Ǆƶ˸ǃå ƗȻƓ˸ơ èƓƶɂ̇ ˵ƙ ô̇ ƹā ú˗ǋ ˦ǋā ÜƗ˸ɂ̇ ˱ǃå æƓḧƙïå ǑƼ Ɠǌ˸ˢǈ ýǚƺ˯ƪå

˙˻ƹā ƗƵā˙˵˸ǃå ˙˻ƹ Ɨˠ˵ǈǕå  Ɠǌ˸ˢǈā èƓǆ˦Ǆƶ˸ǃå ú˗ǌ˯˴ƙ Ǒ˯ǃå Ɨ ǈ˦ǈƓǀǃå.[6]  
:Ɨ ǃƓ˯ǃå ɉƓǀ˹ǃå ǑƼ èƓǆ˦Ǆƶ˸ǃå ˥ǆå þ˦ǌƽǆ ˙˶˲˹ɂā 

1.2   çƑǄˤǂƴ˶ǁä ˣǄä çƑǆˤɚǄ 

) ˤƿï Ɇɜ˵ǃå1:ǑƙǙå ǑƼ ˝˳Ǆ˯ƙ Ǒ˯ǃå ā èƓǆ˦Ǆƶ˸ǃå ˥ǆá èƓǈ˦ɜǆ ˤǋå Ơư˦ǒ ( 
ü  Ɨɂ̇ ˴ǃåConfidentiality  èǚǆƓƶ˸ǃåā èƓǆ˦Ǆƶ˸ǃå Ɨɂ̇ ƪ ǏǄƵ ɋƓƽ˲ǃå Ǒ˹ƶƙā

 ˥˻ǃ˦˳ǆ ˙˻ƺǃå óƓ˳ƬǕå ˥ǆ íïå˦˸ǃå ƗȻƓ˸ơ ˥ǆ ˗ǂƋ˯ǃå ˥˸˷ƙ Ǒ˯ǃå èåßå̇ ƞǗåā
.ˣǃ˘ƕ 

ü  Ɏ˦˯˲˸ǃå Ɨǆǚƪā ƗǄǆƓḧ˯ǃåIntegrity ʕǃā Ơ˲ Ʈ èƓǆ˦Ǆƶ˸ǃå Ɏ˦˯˲ǆ ÿá ˥ǆ ̠ǂƋ˯ǃå :
.ǊȺ ˖ˮƶǃå āå ǊǄǒ˗ƶƙ ˤ˯ǒ 
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ü èƓǆ˗˳ǃå āá èƓǆ˦Ǆƶ˸ǃå ˙˻Ƽ˦ƙ Ɨɂïå̇ ˸˯ƪå Availability:   Ɇ˸Ƶ ïå̇ ˸˯ƪå ˗˻ǂƋƙ Ǒ˹ƶƙ
ǑƙƓǆ˦Ǆƶ˸ǃå þƓˢ˹ǃå. 

ü   èƓǆ˦Ǆƶ˸ǃå ƴǆ ɆƵƓƽ˯ǃå ǏǄƵ çï˗ǀǃå ïå̇ ˸˯ƪå  ƴƿå˦˸ǃ Ɨǆ˗˳ǃå ˤȻ˗ǀ˯ǃ ˥˻ǆ˗˳˯˴˸ǃå
Ɨ ƙƓǆ˦Ǆƶ˸ǃå ˗ơå Ǚ èƓǆ˦Ǆƶ˸ǃå þ˗˳˯˴ǆ ÿá ǏǄƵ ó̇ ˲ǃåā  ɆḪ çïåíã ˥ǆ Ǌƶ˹˸Ȼ
èƓǆ˦Ǆƶ˸ǃå. 

ü  ïƓḧǈǗå þ˗ƵNon Repudiation þ˗Ƶ ÿƓ˸ư Ɠǌƕ ˗˶ǀɂā : ɏ˘ǃå þ˗˳˯˴˸ǃå ïƓḧǈã
 Üú̇ ˶˯ǃå å˘ǌƕ þƓƿ ɏ˘ǃå ˦ǋā Ɠǌƶƿ˦ǆ āá èƓǆ˦Ǆƶ˸ǃƓȺ Ɇ˶˯ǆ Ɠǆ ú̇ ˶ƙ āá Ɇ˸ƶȺ þƓƿ

˥˻ƶǆ ˕ƿā ǑƼ Ɠǆ þ˗˳˯˴ǆ ˥ǆ ˤƙ ˗ƿ Ɠǆ ƓƼ̇ ˶ƙ ÿá èƓ ƛã çï˗ƿ ˙Ƽ˦˯ƙ ˖˻˲Ⱥ .[4] 

 
 Ɇɜ˵ǃå)1(: èƓǆ˦Ǆƶ˸ǃå ˥ǆå èƓǈ˦ɜǆ 

2.2   çƑǄˤǂƴ˶ǁä ƕ ˯ Ɨä̠ ˭ƨâ ˙ƨà 
 āá ÜèƓǆ˦Ǆƶ˸ǃå ˥ǆå Ɨ ˱ ƙå̇ ˯ƪã Ɠǌǀ ˠȻ Ǒ˯ǃå ˗Ƶå˦ǀǃå ƗƵ˦˸˱ǆ Ǒǋ èƓǆ˦Ǆƶ˸ǃå ˥ǆå ƗƪƓ ƪ

 Ǒǋā ÜèƓḪ̇ ˵ǃåā èƓ˴ƪ˓˸ǃå ɆƤåí èƓǆ˦Ǆƶ˸ǃå ƴǆā Ɨ ˹ǀ˯ǃå ƴǆ ɆǆƓƶ˯ǃå Ɏ˗ǃ þ˗˳˯˴˸ǃå
.ǊȺ û˦ƛ˦ǆ ƗȻƓ˸˲ǃå ˥ǆ ǉ̇ɂā̊ƙā èƓǆ˦Ǆƶ˸ǃå þƓsǈ ǏǄƵ ̇ɣ ƙ˴ Ɨ˹ǆá ˥˻ǈå˦ƿ ƗƵ˦˸ ǆ˱ 
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3.2   çƑǄˤǂƴ˶ǁä ˣǄä ƕ ˯ Ɨä̠ ˭ƨâ ùä˕ǉà 
1 ˥˻ǆ˗˳˯˴˸ǃå ˃ɂ̇ ƶƙ . ˣǃ˘Ḫā èƓɜ ˵ǃåā æ˦ƪƓ˲ǃå ç̊ ǌƞá ˤˢǈ ƗȻƓ˸˲ǃ ƗɁ˦Ǆˠ˸ǃå ˤǌƙƓ ƞå˦ƕ

 çíƓƵɀā ƓǌǄǀǈā Ɠǌ˹ɂ̊ ˳ƙā Ɠǌ˯˱ǃƓƶǆā ƓǌǃƓƤíã Ɇơå̇ ǆ ǑƼ ÜƓǌǃƓɜƬá ƗƼƓɜȺ èƓǆ˦Ǆƶ˸ǃå ƗȻƓ˸ơ
.ƓǌƵƓƞ̇ ˯ƪå 

2 ˗ǒ˗˲ƙā Ɠǌ˯˸ˢǈáā èƓǆ˦Ǆƶ˸ǃƓȺ ƗƿǚƵ Ǌǃ ˥ǆ ǏǄƵ çí˗˲˸ǃå èƓ ƞå˦ǃå ˘˻ƽ˹ƙā ɖ˻ǀ˲ƙ .
.˙ˠ˳ǃå ˗˹Ƶ èƓ ǃā˓˴˸ǃå 

3ÿƓ ƕ .  ƴ ˸ƞ ˗ǒ˗˲ƙā ÜƓǌƶǆ ɆǆƓƶ˯ǃåā ˙˟Ɠ˳˸ǃåā èå˗ǒ˗ǌ˯ǃå ðāƓ˱˯ǃ Ɨƶ ˯˸ǃå èåßå̇ ƞǗå
.˙˟Ɠ˳˸ǃå ā èå̇ ƺ˰ǃå 

4.Ɠǌ˯ǒƓ˸ơ æ˦Ǆˠ˸ǃå èƓḧǄ˯˸˸ǃå ƴ ˸ƞ ˗ǒ˗˲ƙ . 
5.ƗƽǄ˯˳˸ǃå èƓǀ ˮˠ˯ǃåā Ɇ˻ƺ˵˯ǃå ˤˢ˹ǃ Ɨǆðǚǃå ƗȻƓ˸˲ǃå ˗ǒ˗˲ƙ . 
6.˥ǆå Ɇɜ˵Ⱥ èƓǆ˦Ǆƶ˸ǃå þƓˢ˹ǃ Ɨ ˟Ɠ ˯ơå Ɨ˳˴˹ƕ ɋƓƽ˯ơǙå . 
8˸ǃå ˙˻ƽ˵ƙ ..ɊƑƓƪ˦ǃå ɄǄ˯˳ǆ ǏǄƵ ƓǌǄǀǈā Ɠǌ˹ɂ̊ ˳ƙā Ɠǌˢƽơ ˤ˯ǒ Ǒ˯ǃå èƓǆ˦Ǆƶ 
3. ƕ ǆĀ˗˭ḥǁǗä çƑ˶˯Ǌǁä ˣ˳ǁ ƕɀîĀ˗˵ǁä ˗ƬƑ˷ƴǁä 
ã āá èƓǆ˦Ǆƶ˸ǃå ǏǄƵ ûíá çïƓ ʹȺ āá ÜèƓǆ˦Ǆƶ˸ǃå Ɨ˸ˢǈá ǏǄƵ Ɨ ǈā˙˯ḧǃǗå èƓ˸˱ǌǃå ˥Ƭ ÿ

:̇ƮƓ˹Ƶ Ɨƛǚƛ Ǌǃ Ɠǋ̇ˮƵ Ɇǀ˯˹ƙā èƓǆ˦Ǆƶ˸ǃå Ɠǌ˻Ƽ ÿ̊ ƙ˳ Ǒ˯ǃå èƓɜ˵ǃåā ƗɁ˦ƪƓ˲ǃå Ɨ˸s ǈǕå 

1 :ƲƺäĀ˕ǁä ìˤƜĀ . Üxǃ̆ǃ ǊƶƼ̠ǒ Ɠǆ üƓ˹ǋ ÿ˦ɜȻ ÿá ̠ƕǙ Ɠǆ èƓǆ˦Ǆƶǆ þƓsǈ ʕƞƓǌǒ ˥ǆ ÿã
 Ɨǌ˱ǃå ˥ǆ þƓǀ˯ǈǙå ǑƼ Ɨ̋ ǃ̇å ƴƼå̠ǃå ÿ˦ɜȻ ̠ƿā ÜýƓ˸ǃå ǏǄƵ ý˦˶ ǃ˲å ˦ǋ ƴƼå̠ǃå ÿ˦ɜȻ ̠ǀƼ
 èƓḪ̇ ˵ǃå ˥˻ƕ ýƓ˲ǃå ˦ǋ Ɠ˸Ḫ ˥ƑƓɁ̊ ǃå ˥ǆ ï˗ƿ ˙˰ǂƋȺ ïƓ˰˭˯ƪǙå ǑƼ Ɨ ʺ̇ ǃå āá ÜƗƼ˗ǌ˯˴˸ǃå

 Ɨ˴ƼƓ˹˯˸ǃå[3].  èƓǆ˦Ǆƶ˸ǃå Ɨ˸ˢǈá Ɨ˸ƞƓǌǆ ǑƼ ˥˻Ƽ̇ ˯˲˸ǃå ˗ơá ˥ǆ Ɠǆ ƗḪ̇ Ƭ ˔Ǆˠƙ ˗ǀƼ
 ý˦Ʈā ƴ˹˸ǃ ÝƗ ƙ˦ˮḧ˹ƶǃå Ɨɜ ˵ǃå ǏǄƵ Ɨ˴ƼƓ˹ǆ ƗḪ̇ ˵ǃ ƴȺƓ˯ǃå ƴƿ˦˸ǃå Ɇ˻ˠƶƙ āá ûå̇ ˯Ƥå
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ÜƗƼ˗ǌ˯˴˸ǃå ƗḪ̇ ˵ǃå ƴƿ˦˸ǃ ˥ƑƓɁ̊ ǃå  Ǌƙåï̠ƿ èƓƛã ǑƼ ʕƞƓǌ˸ǃå Ɨ̋ï ƴƼå̠ǃå ÿ˦ɜȻ ĄƓǈƓơáā
ƪƓ ƪ ôå̇ ƹǕ ˤƞƓǌ˸ǃå ˤƞƓǌǒ ˗ƿā ÜƗ ˹ƽǃåƗ. 

2:ýˤ˯Ǌǁä ˖˹ƻ˷˭ǁ ƕƾɀ˗˝ ìˤƜĀ .  ƠƞƓǈ þ˦˱ǋ ˥Ƭ ˥ǆ ˥ɜ˸˯ǒ ˥ǃ ˤƞƓǌ˸ǃå ÿá Ǒǌǒ˗ˮǃå ˥ǆ
 ˥˻ƕ ûïƓƽǃå å̆ǋā Üô ƺ̇ǃå ɖǀ˲ƙ þ˦˱ǋ Ɨǀɂ̇ɣǃ Ɨ˲ưåā ƗɣƤā ï˦˶ ƙ ƗȻ̠ǃ ˥ɜȻ ʕǃ Ɠǆ
 ˔˱Ȼ Ɠǋïå̇ ưá ˃ ʽ˳ƙ āá èƓ˸˱ǌǃå ǉ˘ǋ ˗˶ǃā Ü˥˻Ƽ̇ ˯˲˸ǃå ˙˻ƹā ˥˻Ƽ̇ ˯˲˸ǃå ˥˻˸ƞƓǌ˸ǃå

ˠ˯ǆā þ˦˱ǌǃå ɊɣƤā û̇  ˟ƗƼ̇ƶǆ Ɠ˹˻ǄƵ.˘˻ƽ˹˯ǃå ëƓ˱ǈ èƓ Ǆ 

3) ç̇ ƺ˰ǃå :èå̇ ƺ˰ǃå ˗ƞā .Vulnerability í˦ƞā ǊȺ ˗˶ǀȻ ƠǄˠ˶ǆ ûƓ ˴ǃå å˘ǋ ǑƼ (
) ˤ ˸˶ƙ ǑƼ Ʉƶư ƗˠǀǈDesign) Ɨ˭˻ǌƙ āå (ConfigurationèƓ ˱ǆ̇ ˮǃå (Ü  āå
èƓǆ˦Ǆƶ˸ǃå ˥ɂ̊ ˳ƙ ˗Ƶå˦ƿÜ èƓǆ˦Ǆƶ˸ǃå Ɠǌ˻Ƽ Ɍƽ˲ƙ Ǒ˯ǃå ç̊ ǌƞǙå āåÜ  Ɲǆå̇ ƕ āá èå˗ƶǆ āá

ƓǌǃǚƤ èƓǆ˦Ǆƶ˸ǃå ˙˸ƙ Ǒ˯ǃå èƓɜ ˵ǃå Ɇ˻ƺ˵ƙÜ  Ǒ˯ǃå èå̇ ƺ˰ǃå Ǒǋ ǉ˘ǋ Ʉƶ˷ǃå ɉƓǀǈā
 ǉ˗ɂ̇ ǒ ɏ˘ǃå ïƓǆ˗ǃå éå˗ơǗ ƓǌǃǚƤ ˥ǆ ˤƞƓǌ˸ǃå ɆǄ˴˯ǒ[3] ƗȻƓ˸˲ǃ Ǐƶ˴ǈ Ɠ˹Ḫ åîɀā .

 Ʉƶ˷ǃå ɉƓǀǈ ˗ǒ˗˲˯ǃ Ɠ˹ƙƓ ˱ǆ̇ Ɂā Ɠ˹ƙå˗ƶǆā Ɠ˹ƙƓɜ Ƭ ˝˲Ƽ Ɠ˹˻ǄƶƼ Ɠ˹ƙƓǆ˦Ǆƶǆ Ɨ˸ˢǈá
 Ɨ ʽ Ḫā çí˦ƞ˦˸ǃå.Ɠǌ˯˱ǃƓƶǆ 

4. çƑǄˤǂƴ˶ǁä ˣǄƉȸ üǘƢǕä îìƑ˴Ǆ 
 ÿ˦ḧƙ Ɠǌƕ Ɍƽ˯˲Ȼ Ǒ˯ǃå Ɨ˸s ǈǕå āá èƓǆ˦Ǆƶ˸ǃå ÿãƗư̇ Ƶ  ˥˻˯ƽǄ˯˳ǆ ˥˻˯ǌˮƞ ˥ǆ þ˦˱ǌǄǃ

 .êïƓ˳ǃå ˥ǆ āá  ɆƤå˗ǃå ˥ǆ Ɠǆã 
1.4  ɄƢä̞ǁä xǄ þʕ Ɯ˶ƑǊ˶ǁä 

 ̇˻ƹ ÜƗƼ̠ǌ˯˴ ǃ˸å Ɨǌ˱Ǆǃ ÿ˦˸˯˹ǒ ˥ǒ̆ǃå íå̇ƼǕå x ǃ˭āá ʕǌǈã ÜɆƤå̠ǃå ˥ǆ ˥˻˸ƞƓǌ˸ǃƓȺ ̠˶ ǀȻ
 Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå Ɨ˸s ǈá ƗȻƓ˸ơ Ǐǃã Ɨǆå̇ǃå Ɨǌ˱ǃå í˦ǌƞ þíƓ˶ƙ ýƓ˸ƵƋȺ ÿ˦ǆ˦ǀȻ ʕǌǈá
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 ÜƗǌƞ ɏá Ǌǌƞå˦ƙ ɏ̆ǃå ̇ɣ ǃ˳å Ɠǆāí å˦ǈƓḪ ɆƤå̠ǃå ˥ǆ ÿ˦ ƞ˸Ɠǌ˸ǃåā .Ɨǌ˱ǃå xǄƙ Ɠǌǆ̠˳ ˯˴ƙ
Ǆƙ ˕ǈƓḪ ßå˦ƪ Ü˕ǈƓḪ Ɠ˸ǌǆ.Ɨǃāí Ǐ˯ơ āá Ɨ˸ˢ˹ǆ āá ƗḪ̇ Ƭ Ɨǌ˱ǃå ˣ 

1.1.4  :ɄƢä˕ǁä ˣǄ ýˤ˯Ǌǁä ƲƺäĀì 

  æƓ ƪá üƓ˹ǋç˗ǒ˗Ƶ  Ɇ˸ƶȻ Ǒ˯ǃå Ɨǌ˱ǃå èƓǆ˦Ǆƶǆ Ɨ˸ˢǈá ˗ư þ˦˱ǋ ˥˵ǃ ÿƓ˴ǈǗå ƴƼ˗ƙ ˗ƿ
:ǑǄǒ Ɠǆ æƓ ƪǕå ǉ˘ǋ ˤǋá ˥ǆā ÜƓǌƕ 

Á :ƑƮ˗ǁä ý˕Ƴ  Ɨ ˹ǀ˯ǃå ÿá ˗ǌ˵Ȼ ƴƿå˦ǃå ÿá Ǚã Üå˘ǋ Ɠư̇ ǃå þ˗Ƶ èƓ ˮ˴ǆ ˕ǈƓḪ ƓȻá
 ˖ƶ ɂā Üèå˘Ǆǃ þƓǀ˯ǈǙƓȺ ˙ƶ˵Ȼ å̇ ǆá èƓǆ˦Ǆƶ˸ǃå ˤˢǈ Ɨ˸ƞƓǌǆ ˥ǆ ˕Ǆƶƞ Ɨ˰ǒ˗˲ǃå

.þ˦˱ǌǃå ˘ƽǈ ɏ˘ǃå ˝˳˵ǃå ˛ƽǈ ǑƼ Ɨ˱ǌˮǃå 
Á :ƕ ǁƑ˶ǁä ˒ƨƑɚ˶ǁä ɔ˹ƾ˰Ɨ  Ǒ˯ǃå Ɨǌ˱ǃå èƓǆ˦Ǆƶǆ Ɨ˸ˢǈá Ɠǆ ˝˳Ƭ ˤƞƓǌǒ ˗ƿ

èƓǆ˦Ǆƶǆ Ɨƿ̇ ˴ǃ Ɠǌ˻Ƽ Ɇ˸ƶȻ  ƗȻ˗Ƽ ƴƼå˗ǃ Ɨǌ˱ǃå ðå̊ ˯ƕǙ ƓǀơǙ Ɠǌǆ˗˳˯˴ɂā Ɨɂ̇ ƪ
.Ɨ ǃƓǆ 

2.1.4   :ǏǂƢä˕ǁä ˕ǐ˕Ǌ˭ǁä ˢ˯Ɵ èƓǈ˦ɜǆ ˥ǆ ɏƋȺ Ɇ˳Ȼ ÿá ˥ɜ˸Ȼ ɆƤå˗ǃå ˥ǆ þ˦˱ǌǃå ÿã
 Ɨɂ̇ ˴Ⱥ ï˙˷ǃå ɖ˲Ǆǒ ÿá ˥ɜ˸Ȼ Ǌǈå ɏá ÜƓǀȺƓƪ Ɠǌ˹Ƶ Ɠ˹ƛ˗˲ƙ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå ˥ǆå

ƶ˹˸Ȼ āá èƓǆ˦Ǆƶ˸ǃå Ǐǃã ý˦Ʈ˦ǃå ɖ˻ƶȻ āá ÜƓǌ˯ǆǚƪ āá èƓǆ˦Ǆƶ˸ǃå Ǌ[13]. 

2.4  éîƑ˱ǁä xǄ þʕ Ɯ˶ƑǊ˶ǁä 
Á  ˖Ƶå˦ƕ üƓ˹ǋ ÿá Ɠ˸Ḫ ÜɖƕƓ˴ǃå Ʉ˹˶Ǆǃ ƗǄƛƓ˸ǆ èƓ˸˱ǌǃå ˥ǆ ÷˦ ˹ǃå å˘ǋ ˖Ƶå˦ƕ ˞ƶȺ

ƗɂïƓ˱ƙ āá Ɨ˹ǒí āá ƗƪƓƪ úå̠ǋá ɖ˻ǀ˲˯ǃ êïƓ˳ǃå ˥ǆ ʕƞƓǌ˸ǃå Ǒƶƪ Ɠǌ˹ǆ ÜɎ̇Ƥá 
[14].  
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5.  çƑǄˤǂƴ˶ǁä ˣǄƉȸ ƕƾǂƴ˭˶ǁä ˢƏä̠ ˯ǂǁ ƕǂˮǄǓä ˜ƴȸ        
  ɊˠƤ è˗ǌƬ ˕ǈ̇ ˯ǈǗå ˙ˮƵ ýƓ ˯ơǙåā Ɨƿ̇ ˴ǃå Ʉ˵Ḫ èƓ ǃà ï˦ˠƙ ƴǆ  Ɨ˹Ʈå̇ ƿ

˕ǈ̇ ˯ǈǗå  ǑƼ Ɨ ʼƓḪ èƓǈƓ ˮǃå Ɨƿ̇ ƪ ˗ƶƙ ˤǃ ˖˻ơ ÜǑưƓ˸ǃå ˗ǀƶǃå ýǚƤ Ɠ ˱ɂï˗ƙ Ǚ˦ ˲ƙ
 ǏǄƵ Ɇˠƶƙ èå˦ˠƤ Ǐǃã Ɨ ˲˷ǃå Ƌ˱Ǆƙ Ɠǆ å̇ ˻˰ḧƼ ÜëƓɁïǕå ɖ˻ǀ˲˯ǃ ÿƓ ơǕå ˞ƶȺ

 ÜˤǌˠˠƤ Ɨ˹Ʈå̇ ǀǃåƿ̇ ƪ ˤƙ Ǒ˯ǃå èƓȺƓ˴˲ǃå úƓǀȻã Ɇ˰ǆ èƓǈƓ ˮǃå ˣǄƙ ˙˻˻ƺƙ āá ƓǌƙƓǈƓ ƕ Ɨ
[7]Üç̇ ˻ƤǕå èå˦˹˴ǃå ýǚƤā .  Ɠǌ˹ǆ Üʕǌˮ˻ǃƓƪá ǑƼ èå̇˻˻ƺƙ ̞ ǈ̇˯ǈǙå ÿ˦ǆ̇˱ ǆ Ɏ̇ƞá

 ˥ǆ ǑǄƮǕå Ɠǋï̠˶ ǆ Ǐǃã Ɠǌ˯ƿ̇ƪ ʕ˯ƙ Ǒ˯ǃå èƓǈƓˮǃå ƴƕ ɏá Üÿ˦Ɂð Ǐǃã Ɨ˲˷ǃå Ɇɂ˦˲ƙ
 Ơ Ʈá Ɠǆ ˦ǋā ÜƓǋ̇ ɂ̇ ˲˯ǃ ǑǃƓǆ ƸǄˮǆ ƴƼí ˗ƶȺ Ǚã ǊƙƓǈƓ ƕ Ǐǃã ý˦Ʈ˦ǃå ˥ǆ Ǌƶ˹ǆ ýǚƤ

 .ƗȻ˗ƽǃå èƓ˸˱ǌƕ ú̇ ƶȻ 
  1.5   ƕ˷ƨ Ǐƺ2016  çƑ˶˯Ǌǁä ýƑƳ þƑḨ ƕ ǆĀ˗˭ḥǁǕä å˗˰ǁäĀ 

 þƓƵ ˗ǌƬ2016  Ɠǌǃ ˕ǈƓḪā ÜˤǃƓƶǃå è̊ ǋ Ǒ˯ǃå ç̇ ˻ˮḧǃå Ɨ ǈā˙˯ḧǃǗå èƓ˸˱ǌǃå ˥ǆ ƗǄ˴Ǆƪ
 ˞ƶȺ íƓ˸˯Ƶå íƓȻíðå Ǐǃã çïƓƬǗå Ǐǃã ßå̇ ˮƤ ƴƼí Ɠ˸ǆÜ ƗȻíƓ˶˯ƿåā Ɨ ƪƓ ƪ èƓ ʸå˗ƙ

Ɨ ǈā˙˯ḧǃǗå æ̇ ˲ǃå ǏǄƵ èƓǆ˦ɜ˲ǃå.  ûå̇ ˯Ƥå ˕ǈƓḪ Ɨ ǈā˙˯ḧǃǙå èƓ˸˱ǌǃå ð˙ƕá Ɇƶǃā
 çïƓ˴Ƥ ǑƼ þ˦˱ǌǃå å˘ǋ ˤǋƓƪā ÜǑḪ̇ ˻ǆǕå Ǒ˟å̇ ǀ˸Ȼ˗ǃå æ̊ ˲ǃå ɆƑƓƪï ñāï Ɨ˹Ʈå̇ ƿ

 ÿ˦ƿˮå̇ǆ ̠ǀ˯ƶȻ Ɠǆ ̝ ơ˴ ƗƪƓƑ̇ǃå èƓȺƓ˳˯ǈǙå ǑƼ ÿ˦˯˹˻ǄḪ ɏïǚ˻ǋ æ̊ ǃ˲å Ɨ˲Ƭ̇ǆ.[8]  
 2.5   ƕ˷ƨ Ǐƺ2017 ƕˮ˹ˬ˱ǁä ƕȹ˕ƻǁä ðĀ˗˹ƺ  
  ýƓ˱˸Ⱥ ç̇ ˻ˠƤ ƗǀȺƓƪ ǑƼ ˤǃƓƶǃå ˙ˮƵ ç˗ǒ˗Ƶ ýāí ˕ư̇ ƶƙ Ɨ˰ǒ˗˲ǃå Ɨ ˸ǃƓƶǃå æā˙˲ǃå

Ɨ˰˻ˮ˳ǃå ƗȻ˗ƽǃƓȺ ú̇ ƶƙ Ɨ ǈā˙˯ḧǃå èƓ˸˱ǌǃƕ ú̇ ƶȻ Ɠǆ ˦ǋā ÜƝǆƓǈ̇ ˮ ˗ɂïá) Ü(ßƓɜ ǃå ̠ǀǃ 
ˤƙ ˗Ʈï ˙˰ǂá ˥ǆ Ɨ˴˸Ƥ ˥˻ƶ ƪā Ʉǃá þ˦˱ǋ ˣǃîā ǑƼ )99( Ü˗Ǆƕ Ɠǆ Ɏíá Ǐǃã Ǐư˦ƽǃå 

Ɨ ǈā˙˯ḧǃǙå Ǒ˯ǃå ˕Ɂ̇ ư èå̇ ˵Ƶ úǙǓå ˥ǆ ˔˻ƪå˦˲ǃå ˤǃƓƶǃƓȺ ˕ǄˠƵā çïåðā Ɨ ǄƤå˗ǃå 
Ɨ ƪā˙ǃå èǙƓ˶ƙǙåā Ɨ ǈƓ ƪǗå èƓǆ˗˳ǃåā Ɨ ˲˶ǃå Ɨ ǈƓˠɂ̇ ˮǃå Ɠǋ̇ ˻ƹā[9]. ñā˙˻Ƽ ƗȻ˗ƽǃå 
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Ɨ˰˻ˮ˳ǃå Ơư˦˸ǃå ǑƼ Ɇɜ˵ǃå )2( ˦ǋ ƝǆƓǈ̇ ƕ ˖˻ˮƤ ˔˻˶Ȼ Ʉƙå˦ǌǃå Ɨ Ḫ˘ǃå ç̊ ǌƞáā 
˔ƪƓ˲ǃå ǑǃǓå Ɇ˸ƶɂā ǏǄƵ ˙˻ƽ˵ƙ ƓǌƙƓǈƓ ƕ Ɠǌƿǚƹɀā ˖˻˲Ⱥ Ǚ ˥ɜ˸Ȼ ý˦Ʈ˦ǃå Ɠǌ˻ǃã Ǚã ˗ƶȺ 
ƴƼí ƗȻ˗Ƽ Ɨ ǃƓǆ ɆƕƓǀǆ çíƓƵã ÜƓǌ˲˯Ƽ ɄƮā å˘ǋ þ˦˱ǌǃå ǊǈƋȺ ˙ˮǂǕå ˥ǆ ǊƵ˦ǈ 
ǏǄƵ Üûǚ˟Ǘå ̠ǀǃ ʕƙ ˙˻ƽ˵ƙ èƓǈƓ ˮǃå ˔Ǆ˟ā ˥ǆ ƓȻƓ˲˷ǃå ƴƼí ƗȻ˗Ƽ ˕ơāå̇ ƙ ˥˻ƕ )300 
ā 600( ïǙāí  ǑḪ̇ ˻ǆá çíƓƶ˯ƪǙ ý˦Ʈ˦ǃå Ǐǃã èƓǈƓ ˮǃå  ç̇ ƽ˵˸ǃå. 

 
Ɇɜ˵ǃå )2:( ñā˙˻Ƽ ƗȻ˗ƽǃå Ɨ˰˻ˮ˳ǃå 

3.5  Ǐƺ  ƕ˷ƨ2018  ƕƙǘƙ Ǎǁä ˓ǆ̠˭ǆâ ǍǂƳ ƕǆĀ̠˭ḥǁǕä çƑ˶˯Ǌǁä ˁ ćʁƑ˵Ɨ
.ùƑƴƮà 

 ǑƼ ̞ǈ̇˯ǈã ç̊ǌƞƋȺ Ɨƿ̠˲ ǃ˸å èå̠ǒ̠ǌ˯ǃå ƗǃƓơ ý˦ơ "æǙ Ǒɜƪ̇ƪˮƓǂ" ǊƙĊ̠Ƶá ̇ɂ̇ǀƙ Ơưāá
 þƓƶǃå ˥ǆ ýāǕå Ʉ˶˹ǃå2018 ˥ǆ ̇˰ǂƋȺ èƓ˸˱ǌǃ ̞ưĊ̇ƶćƙ Ɨ˸s ǈǕåā ç̊ǌƞǕå ǉ̆ǋ ÿá Ü

120.000 Ɨ˰˻ˮ˳ǃå èƓ ˱ǆ̇ ˮǃå ˥ǆ Ɨǃ˗ƶǆ Ɨ˳˴ǈ .[10]  Ɨƛǚƛ ˥ǆ ˙˰ǂƋȺ ˤƿ̇ ǃå å˘ǋ ˗ɂ̊ ɂā
ǑưƓ˸ǃå þƓƶǃå ˕ǈ̇ ˯ǈǙå ç̊ ǌƞá ˕Ƽ˗ǌ˯ƪå Ǒ˯ǃå Ɨ˰˻ˮ˳ǃå èƓ ˱ǆ̇ ˮǃå ˥Ƶ úƓƶưá.  èïĊ̆ơā

 ú˗ǌ˯˴ƙ Ǒ˯ǃå Ɨ˰˻ˮ˳ǃå èƓ ˱ǆ̇ ˮǃå èǚƑƓƶǃ ˗ƵƓ˶˯˸ǃå ˦˸˹ǃå ÿá ˥ǆ "æǙ Ǒɜƪ̇ ˮƪƓǂ"
 þƓƶǃå ÿã îã Ý̇ɣ Ƥ Ǌƞ˦˯ǃ Ąåïå̇˸ƪ˯å ̠ƶĈȻ ÝƗḪ̆ǃå ç̊ǌƞǕå2017 ǌƬ ˗ƿ ÿƓḪ ĄƓƵƓƽƙïå ̠
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 þƓƶǃƓȺ ƗǈïƓǀǆ Ɨ Ḫ˘ǃå ç̊ ǌƞǕå ˕Ƽ˗ǌ˯ƪå Ǒ˯ǃå Ɨ˰˻ˮ˳ǃå Ɨ ˱ǆ̇ ˮǃå èǚǒ˗ƶ˯ǃå ǑƼ èå̇ ǆ ˙˵ƶȺ
2016. 

6. .æ̆ǊƜǓä úä̠˭Ƣä ǍǂƳ ̞ƳƑ˲Ɨ Ǐ˭ǁä ú̠ ǁ˞ä sǉà 
 ˥˻ǄǆƓƵ í˦ƞ˦ƕ Ǚã ˤ˯ƙ Ǚ Ǒǋā Ü˗ƶȺ ˥Ƶ ç̇ ˠ ˴ǃå æ˦Ǆƪá Ɨǀɂ̇ ˟ ǏǄƵ ûå̇ ˯ƤǙå ˗˸˯ƶȻ

 Ɇ˻˸ƶǃƓȺ ú̇ ƶɂā ˙ˠ ˴˸ǃå ƝǆƓǈ̇ ˮǃå ýāǕå :˥˻˸ǌǆClient  þíƓ˳ǃå ǑǈƓ˰ǃåāServer  ɏ˘ǃå
:ûå̇ ˯ƤǙå ˔˻ǃƓƪá ˤǋá ˥ǆā Üûå̇ ˯ƤǙå Ɨ Ǆ˸Ƶ Ɇ˻ǌ˴˯ƕ þ˦ǀȻ 

1.6   çä̠ Ƹˮǁä ýä˕˱˭ƨä 
 ç̇ ƺƛ Ɨ˸ǄḪ Ǐ˹ƶǆVulnerability  å˘ǋ ýǚƺ˯ƪå ˤ˯ǒ ˖˻ơ ÜǑ˱ǆ̇ ƕ ƓˠƤ ˥Ƶ çïƓ ʸ Ǒǋā

 èå̇ ƺ˰ǃå ýǚƺ˯ƪå ˥ɜ˸ɂā ÜƗ˹ɜ˸˸ǃå èƓ ơǚ˶ǃå ˘Ƥåā ɆǄ˴˯ǃåā ûå̇ ˯ƤǙå Ɨ Ǆ˸Ƶ ǑƼ Ƌˠ˳ǃå
.Ɲǆå̇ˮǃå āá æ˦ƪƓ˲ǃå ç̊ǌƞá āá þíå˦˳ǃƓḪ Ǒ˱ǆ̇ƕ ƓɣƤ ǏǄƵ ɏ˦˯˲Ȼ Ɲǆ̇ˮǆ ßǑƬ ɏá ǑƼ 

2.6  ) þƑƜĀ˗˭ǁäæìäĀ˗˝ þƑ˴Ɵ( 

çíåā˙˟ ÿƓ˶ơ ñā˙ǒƓƼ(Trojan Horse)   Ǒ˯ǃå ƗĊ˱ǆ̇ˮǃå èƓƪā̇ǒƓƽǃå ˥ǆ ÷˦ǈ ˦ǋ
 ǏĊ˯ơ āá ÜƗǃ˦˸˲˸ǃå ̝ ƪ˻å˦˲ǃå ç̊ǌƞá āá ÜƗĊ˶˳˵ǃå ç̊ǌƞǕå ßå˦ƪ ̝ ƪ˻å˦˲ǃå ̝ ˻˶ƙ
 ̠ơá ƴǆ Ǌ˴ƽǈ ɖƼ̇ǒ ĊɄǄǆ ɆɜƬ ǏǄƵ ÿ˦ɜɂā Ü̠ɂāï̠ǈá þƓs˹ƕ Ɇ˸ƶƙ Ǒ˯ǃå Ʉƙå˦ǌǃå ç̊ǌƞá

˲ǃå Ǐǃã ý̊ ˹ǒ ˖˻˲Ⱥ Ü˕ǈ̇ ˯ǈǗå ǏǄƵ çí˦ƞ˦˸ǃå ï˦ǌ˵˸ǃå Ɲǆå̇ ˮǃå Ɋƺ˷ǃå í̇ ˱˸Ⱥ æ˦ƪƓ
 ˔˻ƪå˦˲ǃå ǑƼ ƗȻƓ˸˲ǃå Ɲǆå̇ ƕ úƓƶưƎȺ ñā˙ǒƓƽǃå å˘ǋ þ˦ǀɂā ÜǊɂ˦˯˲Ȼ ɏ˘ǃå ɄǄ˸ǃå ǏǄƵ
 Ǌƿå̇˯Ƥå ˥ǆ Ɇǌ˴Ȼ Ɠ˸ǆ ÜƓǌ˻Ƽ çí˦ƞ˦˸ǃå ƗĊ˹ǆǕå èå̇ƺ˰ǃå ˥ǆ Ɠǌ˻ǃã ý˦Ƥ̠ǃå ɖɂ̇˟ ˥Ƶ

.ʕƪǙå ̨ƽ˹ƕ ü̇˯˵ƙ Ɠǌ˹ḧǃā ÜƗƽǄ˯˳ǆ ýƓɜƬá ç̠Ƶ ǏǄƵ ÿ˦ɜɂā ÜèƓǈƓˮǃå Ɨƿ̇ƪā 
3.6  ˚ƗƑ ǁä çƑƻǂǄ 
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 Ɨ˸ˢǈá ǑƼ èƓƽǄ˸ǃå ˥ǆ ÷˦ ˹ǃ ˤƪå Ǒǋ ñāíÜ /ñã āá2 ðā˗˹ɂāā ʕ˯ǒ ̇ǆåāá ǏǄƵ ɏ˦˯˲ƙ Ü
ǑƼ Ɠǋ˘˻ƽ˹ƙ  ˤƞ̇ ˯ǆ˙ǆåāǕå Ɨƺǃ ˛ƽ˹ƕ  Job Control Language  Ɏ̇ƤǕå Ɨ˸s ǈǕåā

 Ɇ˻ǌ˴˯ǃ ˜ƙƓ ǃå èƓƽǄǆ ƗƼƓưã ˤ˯ƙ Üç̇ ˻ƺ˶ǃå ˔˻ƪå˦˲ǃåā ç̇ ˻ˮḧǃå Ɨɂ̊ Ḫ̇ ˸ǃå æ˦ƪƓ˲ǃå ç̊ ǌƞǕ
 Ǌ˹˻ƶǆ èƓ˸ Ǆƶƙ ǊȺƓ˯ɜȺ þ˗˳˯˴˸Ǆǃ ëƓ˸˴ǃå ɖɂ̇ ˟ ˥Ƶ Ǌ˹˻ƶǆ Ɨ˸ǌǆ ˘˻ƽ˹˯ǃ æ˦Ǆˠǆ Ɇ˸Ƶ ɏá

ǏǄƵ Ɠǋ˘˻ƽ˹ƙ Ɇƞå ˥ǆ Ɇ˻ƺ˵ƙ þƓˢǈ. 
4.6  çƑƨĀ˗˹ƻǁä 

 ǉ̆ǋ ̝ Ċˮ˴Ĉƙ ̟ ơ˻ Ü˥˻ ǆ˱ˮ̇ ǃ˸å Ɇˮĉƿ ˥ǆ ƴĊ˹˶Ĉƙ ƗĊˮɂ̇˳ƙ Ɲǆå̇ƕ Ǒǋ æ˦ƪƓ˲ǃå èƓƪā̇˻Ƽ
 ú̆ Ⱥ˲ Ɲǆ̇ˮ ǃ˸å ç̇ɣ ƪ ̞ ƙ˲ ƓǌǄƶ˱ǃ˯ Ɠǌƕ ̇˵ ˯˹ƙ Ǒ˯ǃå èƓĊƽǄ˸ǃå ̋ ƑƓ˶Ƥ ǑƼ ĄǚǄƤ Ɲǆå̇ˮǃå
 ç̊ǌƞá ̝ ɂ̇˳ƙ Ɲǆå̇ˮǃå ǉ̆ǋ ú̠ǋ ÿ˦ɜɂā ÜƓǌˮɂ̇˳ƙ āá ÜƓǌǄǒ̠ƶƙ āá ÜɄǄ˸ǃå èƓɂ˦˲˯ ǆ

á Ü˥˻ǆ̠˳ ˯˴˸ǃƓȺ ƗĊƮƓ˳ǃå æ˦ƪƓ˲ǃå ðƓǌƞ ˥ǆ ƗĊ˸ǌǆ èƓǈƓɁā èƓĊƽǄǆ ǏǄƵ ý˦˶ ǃ˲å ā
 .Ɠǆ þ˗˳˯˴ǆ˖˻ơ ƓǌƵå˦ǈá ˔˴ơ èƓƪā˙˻ƽǃå Ʉ˹˶ƙ ǑƙǙƓḪ Ǒǋ ā: 

Á :ƕƳìƑ˱˶ǁä çƑƨĀ˗˹ƻǁä  ý˦˲˯ǃå ǑƼ Ɨ ɜ ǆƓ˹ǒí çï˗ƿ Ɠǌǃ Ǒ˯ǃå èƓƪā˙˻ƽǃå Ǒǋ
 þ˗ƶǃ ˣǃîā ÜèƓƽǄ˸ǃå ˥˻ƕ ýƓǀ˯ǈǙƓȺ ß˗ˮǃå ˗˹Ƶ Ɠǌƙ̇ ƽƬ ˙˻˻ƺƙ ýǚƤ ˥ǆ ßƓƽ˯ƤǙåā

.Ɨǃ˦ǌ˴Ⱥ Ɠǌƽ˵ǂ 
Á :Ʉ˹Ƹ˳˭ǁä öƑ˞ƽ çƑƨĀ˗˹ƺ  Ǒ˯ǃå ƴƿå˦˸ǃå ǑƼ å˗ǒ˗˲ƙ èƓƪā˙˻ƽǃå ˥ǆ ÷˦ ˹ǃå å˘ǋ ˗ƞ˦ǒ

 Ü˔Ǆ˶ǃå ó̇ ǀǃå Ɇ˻ƺ˵ƙ ˗˹Ƶ Ɠǋ̇ ˻ƛƋƙ á˗ˮǒ ā Ü˔Ǆ˶ǃå ó̇ ǀǃå ˥ǆ æ˦ƪƓ˲ǃå Ɠǋá̇ ǀȻ
.˘˻ƽ˹˯ǃƓȺ á˗ˮƙ ā Üæ˦ƪƓ˲ǃå ðƓǌƞ ç̇ ǂåî ǑƼ ˙ǀ˯˴ƙā 

Á :Ā˗ǀƑ˶ǁä çƑƨĀ˗˹ƺ ƛå˗ơ æ˦ƪƓ˲ǃå èƓƪā˙˻ƽǃå ÷å˦ǈá ˙˰ǂá ˥ǆ ÷˦ ˹ǃå å˘ǋ ˗ƶȻ ÜƗ
 ƝǆƓǈ̇ ƕ ǏǄƵ þƓƙ Ɇɜ˵Ⱥ ˗˸˯ƶɂāMicrosoft word Ǒ˯ǃå èƓƽǄ˸ǃå ǏǄƵ ˙ˠ ˴ɂā Ü
 èƓƽǄ˸Ḫ èƓǈƓƕ ǏǄƵ ɏ˦˯˲ƙOffice. 

https://ar.wikipedia.org/wiki/%D8%AF%D9%88%D8%B3
https://ar.wikipedia.org/wiki/%D8%AF%D9%88%D8%B3
https://ar.wikipedia.org/wiki/%D8%A3%D9%88_%D8%A5%D8%B3/2
https://ar.wikipedia.org/wiki/%D8%A3%D9%88_%D8%A5%D8%B3/2
https://ar.wikipedia.org/wiki/%D9%88%D9%8A%D9%86%D8%AF%D9%88%D8%B2
https://ar.wikipedia.org/wiki/%D9%88%D9%8A%D9%86%D8%AF%D9%88%D8%B2
https://ar.wikipedia.org/wiki/%D9%88%D8%A7%D8%AC%D9%87%D8%A9_%D8%B3%D8%B7%D8%B1_%D8%A7%D9%84%D8%A3%D9%88%D8%A7%D9%85%D8%B1
https://ar.wikipedia.org/wiki/%D9%88%D8%A7%D8%AC%D9%87%D8%A9_%D8%B3%D8%B7%D8%B1_%D8%A7%D9%84%D8%A3%D9%88%D8%A7%D9%85%D8%B1
https://ar.wikipedia.org/wiki/%D9%86%D8%B8%D8%A7%D9%85_%D8%AA%D8%B4%D8%BA%D9%8A%D9%84
https://ar.wikipedia.org/wiki/%D9%86%D8%B8%D8%A7%D9%85_%D8%AA%D8%B4%D8%BA%D9%8A%D9%84
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Á :æì˕ƴ˭˶ǁä çƑƻǂ˶ǁä çäí çƑƨĀ˗˹ƻǁä  çí˗˲ǆ Ɨƺ ˶Ⱥ èƓƪā˙˻ƽǃå ˥ǆ ÷˦ ˹ǃå å˘ǋ ɆƤ˗ǒ
 ƴ ˸ƞ ú˗ǌ˯˴ ǃ ƗƽǄ˯˳ǆ Ƹ ˶ǃ ý˦˲˯ǃƓȺ á˗ˮǒ ǉïå̇ ǀ˯ƪå ˗˹Ƶā Üþ˗˳˯˴˸ǃå ðƓǌ˱ǃ

.èƓƽǄ˸ǃå 
Á  ̠ ˹ƻǁä :ƕ ʻ˱ǁä çƑƨĀ ƗƿƓƵƎȺ á˗ˮɂā Üæ˦ƪƓ˲ǃå ðƓǌƞ ç̇ ǂåî ǑƼ ñā˙ǒƓƽǃå å˘ǋ ˙ǀ˯˴Ȼ

 .ǊƵƓˠƿā Ɇ˻ƺ˵˯ǃå þƓˢǈ 
Á :ƕȹ˖˹ƻ˷˭ǁä çƑƻǂ˶ǁä çƑƨĀ˗˹ƺ .ƗȻ˘˻ƽ˹˯ǃå Ɲǆå̇ ˮǃƓȺ èƓǀ˲Ǆǆ ɆɜƬ ǏǄƵ ˙ǀ˯˴ƙ 
Á :æìĉ̞ƴ˭Ǆ ýƑǊǄ çäí çƑƨĀ̠˹ƺ  çí˦ƞ˦˸ǃå èƓĊƽǄ˸ǃå ƴǆ Ɇ˻ƺ˵ǃ˯å ÷Ɠɣƿ ǏǄƵ ̇ˠ˴ ƙ

 ǑƼ èƓɂ˦˲˯ ǃ˸å ƴ˸ƞ ǏǄƵ ̇ˠ˴ ƙ ƓǌĊǈá ɏá ÜǊ˴ƽǈ ̞ƿ˦ǃå ǑƼ ðƓǌ˱ǃå ǏǄƵ ĄƓǀ˴ǆ
.ðƓǌ˱ǃå 

Á :æîĉʕ˭˞ ǁ˶ä çƑƨĀ̠˹ƻǁä  ˙˻˻ƺƙ ýǚƤ ˥ǆ ˙ƤǓ æ˦ƪƓơ ˥ǆ ýƓǀ˯ǈǙå ǏǄƵ çï˗ǀǃå Ɠǌǃ
Ɠǌƙ̇ ƽƬ  [11]. 

7. .çƑ˶˯Ǌǁä xǄ ƕȹƑƽʕǁäĀ ƕȹƑ˶˰ǁä ú̠˝ 
 ˙ˮƵ ˤ˯ƙ Ǚ ǑǌƼ ÜþƓƵ Ɇɜ˵Ⱥ Ɨ ˸ƿ̇ ǃå ƗȻƓ˸˲ǃå ˤǌƼ ˔˱Ȼ ƗȻƓ˸˲ǃå ˔˻ǃƓƪá ǑƼ ô˦˳ǃå Ɇˮƿ
 Ü̇ƤǓå ɆĊ˸ḧĈȻ Ɠǌ˹ǆ ɆĈḪ ƗƽǄ˯˳Ĉǆ èƓǀ˟ ̇Ƶˮ ʕ˯ƙ Ɇƕ Ýç̠˻ơā ç˦ɣ Ⱥ˳ āá ÜɊǀƼ ̠ơåā Ɲ˯˹Ĉǆ
 ǏǄƵ ûå̇ ˯Ƥå üƓ˹ǌƼ ÜƓǌƙåî ˗˲Ⱥ ûå̇ ˯ƤǙå ç̇ ḧƼ èāƓƽƙ ˔ˮ˴Ⱥ ǑƙƋȻ èƓǀ ˠǃå ǏǄƵ íƓ˸˯ƵǙåā

Ƥ˯åā ÜðƓǌ˱ǃå Ɏ˦˯˴ĈǆÜýƓ˶ƙǙå Ɏ˦˯˴ǆ ǏǄƵ ̇Ƥàā Üɖ˻ˮˠ˯ǃå Ɏ˦˯˴ǆ ǏǄƵ ûå̇   Ɠǋ̇ ˻ƹā
:ƗȻƓ˸˲Ǆǃ û̇ ǃɣå ʕǋá ô ƶ̇ǈ ǑǄǒ Ɠ˸ā̓ .èƓǀɣǃå ˥ǆ  

1-  Ɨǆðǚǃå ÷ƓƼ˗ǃå èå˦ˠƤ ˤǋá Ǒǋā ÜèƓƪā˙˻ƽǃå Ɨ˲ƼƓɜ˸ǃ ˔ƪƓ˹ǆ ƝǆƓǈ̇ ƕ ˔˻˶˹ƙ
ƗȻƓ˸˲ǃ  ƗȻíā˗ǃå èƓƪā˙˻ƽǃå ˣǃî ǑƼ Ɠ˸Ⱥ ÜèƓƪā˙˻ƽǃå ˥ǆ Ǒ˶˳˵ǃå ˔ƪƓ˲ǃå
)worms ( ) çíåā˙˟ Ɨ˹˶ơáāTrojan.( 
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2- ) "ïƓ˹ǃå ïå˗ƞ" ƗȻƓ˸˲ǃå ïå˗ƞ Ɲǆå̇ ƕ ˔˻˶˹ƙFarewellú˗ǌƙā Ü(  ˥ǆ ƗȻƓ˸˲ǃå Ǐǃã
 ïå˗˱ǃå Ɲǆå̇ ƕ ˤƪƓȺ ú̇ ƶƙ ɏ˘ǃåā Ü(ð˙ǂƓǋ) ˕ǈ̇ ˯ǈǗå Ɨ˹Ʈå̇ ƿ èƓ˸˱ǋā èƓƿå̇ ˯ƤǙå

Ɠ˸Ḫ ."ƗȻƓ˸˲ǃå ƝǆƓǈ̇ƕ" ɏïƓ˹ǃå  ˖˻ơ ÜƗɜ ˵ǃå ˙ˮƵ èƓǈƓ ˮǃå ïā˙ǆ ƗḪ̇ ơ ǑƼ ˤɜ˲˯ƙ
å þ̊ ơ ˝˲ƽȺ þ˦ǀƙ þ̊ ˲ǃå ǉ˘ǌǃ ëƓ˸˴ǃå ˥˻ƕ ïƓ ˯ƤǙåā ÜƗɜ ˵ǃå ˙ˮƵ ˙˸ƙ Ǒ˯ǃå èƓǈƓ ˮǃ

Ǚ āá ˔ƪƓ˲ǃå ðƓǌƞ Ǐǃã ïā˙˸ǃƓȺ) Ɇɜ˵ǃå ā Ü3 ƗȻƓ˸˲ǃå ïå˗ƞ Ɨ ʹưā Ơư˦ǒ (
.èƓɜ ˵ǃå ǑƼ þ˗˳˯˴˸ǃå 

  

 
) Ɇɜ˵ǃå3(: ƗȻƓ˸˲ǃå ïå˗ƞ ƴưā ƴư˦ǒ 

3- ) ˙˴ǃå Ɨ˸ǄḪ āá ïā˙˸ǃå Ɨ˸Ǆǂpassword :( ƗȻ˗˱ȺǕå úā˙˲ǃå ˥ǆ ƗǄ˻ɜ˵ƙ Ǒǋ
 ˥ǆā .Ɨ ˸˲ǆ Ɨǆ˗Ƥ āá íï˦ǆ ýƓ˸ƶ˯ƪå āá ý˦Ʈ˦ǃå ˥ǆ ƓǌƼ̇ ƶȻ ˥ǆ ˥ɜ˸ƙ þƓƿïǕåā
 ʕǌǃ Ơ˯ƽ˯Ƽ ˥ɂ̇Ƥà ɏ̠ǒá ˥ ƕ˻ ƓǌƵ˦ƿā ɏíƓƽ˯ǃ ïā̇˸ǃå Ɨ˸ǄḪ ßƓ˵Ƽã þ̠Ƶ ɏïā̇˷ ǃå
 ɆƑƓƪā ˥ǆ ïā˙˸ǃå Ɨ˸ǄḪ ˗ƶƙ .Ɠǌǈā˗ƕ Ǌ ǃå ý˦Ʈ˦ǃå ˤǌƶƪ˦ƕ ˥ɜȻ ˤǃ Ɠǆ æƓ ǃå

ǈïƓǀǆ Ɨƽ ʹ˷ǃå ƗȻƓ˸˲ǃå Ɏ̇Ƥá ɆƑƓƪā ƴǆ Ɨ[12]. üƓ˹ǋ  ˔˱Ȼ Ǒ˯ǃå èåßå̇ ƞǙå
Ɨɂ˦ǀǃå ïā˙˸ǃå èƓ˸ǄḪ ßƓ˵ǈã ˗˹Ƶ ƓǌƙƓƵå̇ ǆ Ǒǋ ā: 
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Á .Ɠǌ˹˻˸˳ƙ Ɇǌ˴Ȼ Ǚā Ɨ ʹƮ ïā˙ǆ Ɨ˸ǄḪ ïƓ ˯Ƥå 
Á .ɏïāí Ɇɜ˵Ⱥ Ɠǋ̇˻ ƺ˻ƙā Ɠǌ˻ǄƵ ̇˻ƺǃå ÷ǚ˟å þ̠Ƶ 
Á .ɄƙƓǌǃå ˤƿïā íǚ˻˸ǃå ƣɂïƓƙ Ɇ˰ǆ Ɨ ˶˳Ƭ èƓǈƓ ƕ ïā˙˸ǃå Ɨ˸ǄḪ ˥˸˷ƙ Ǚ 
Á ǄƤ ïā˙˸ǃå Ɨ˸ǄḪ Ɇƶƞ.ƗƮƓ˳ǃå ð˦ǆ̇ ǃåā þƓƿïǕåā úā˙ơ ˥˻ƕ Ɋ 
4-  ˥ǆǕå ˚ɂ̊ ƶƙ Ɇ˰ǆ ÜèƓ˹˻˴˲ƙ ˥˸˷˯ƙ Ɠǆ çíƓƵ Ɨ ˸ƪ̇ ǃå èƓ˰ǒ˗˲˯ǃå ÿǕ ÜèƓ˰ǒ˗˲˯ǃå

Ɨƪǚ˴Ⱥ Ɇ˸ƶǃå ǏǄƵ ðƓǌ˱ǃå ˖ǒ˗˲˯ǃå ˗ƵƓ˴Ȼ Üˣǃî ǏǄƵ çāǚƵā .ßåíǕå ˥˻˴˲ƙā. 
5-  ǏǄƵ Ɨ ǈā˙˯ḧǃǗå ɆƑƓƪ̇ ǃå Ɠǌɂ˦˯˲ƙ Ǒ˯ǃå èƓǀƼ̇ ˸ǃå Ơ˯Ƽ ˗˹Ƶ ï˘˲ǃå ǑƤ˦ƙ ˔˱Ȼ

 üðƓǌƞ ü̠ɂ̇ˮƕ íïå˦ǃå ûā̠˹Ʈ ǑƼ èƓǀƼ̇˸ǃå x ǃã Ɇ˶ ƙ Ɠǆ̠˹Ƶ ƗƮƓƤ ÜǑ˶ ˳˵ǃå
ï˗˶˸ǃå Ɨǃ˦ǌ˱ǆ ɆƑƓƪï ɆƤåí Ǒǈā˙˯ḧǃǗå.  ɆƑƓƪ̇ ǃå èƓǀƼ̇ ǆ ˥Ƶ Ʉ˵ḧǃå Ɇ˷ƽɂā

Ɠǌ˲˯Ƽ Ɇˮƿ ƗȻƓ˸˲ǃå Ɲǆå̇ ƕ ɖɂ̇ ˟ ˥Ƶ Ɨ ǈā˙˯ḧǃǗå 
6-  ǑƽƼ .ƗƼā˙ƶǆ ˙˻ƹ Ɨ ǈā˙˯ḧǃã ƴƿå˦ǆ ˥ǆ èƓƽǄǆ āá Ɲǆå̇ ƕ Ɇ˻˸˲ƙ ˗˹Ƶ ï˘˲ǃå ˔˱Ȼ

 ˗ƿ èǙƓ˲ǃå ˞ƶȺ Ɠ˸Ɂïā Ų̈˴˱ƙ èƓƽǄǆ āá èƓƪā̇˻Ƽ ǏǄƵ èƓƽǄ˸ǃå ǉ̆ǋ ɏ˦˯˲ƙ
ˣ˸ǄƵ ÿāí üðƓǌƞ Ǐǃã ɆǄ˴˯ƙ. 

7-  ˥ɂ̊ ˳ƙ ǏǄƵ ˙ƙ˦˻ˮ˸ḧǃå ðƓǌƞ Ɇ˸ƶȻ Ü˕ǈ̇ ˯ǈǘǃ Ơƽ˶ƙ ɆḪ ǑƼ ÜƗ˯ƿ˓˸ǃå èƓƽǄ˸ǃå Ɨǃåðã
 Ɠǆ˗˹Ƶ èƓǆ˦Ǆƶ˸ǃå ˥ɂ̊ ˳ƙ ˤ˯ǒ ýƓ˰˸ǃå Ɇ˻ˮƪ ǏǄƶƼ .ƗƵ̇ ˴ǃå çíƓɂ̊ ǃ Ơƽ˶˯ǃå èƓǆ˦Ǆƶǆ

āá Ü˕ǈ̇ ˯ǈǗå ˙ˮƵ ßå̇ Ƭ ˔ǄˠȺ þ˗ǀ˯ƙ  ǏǄƵ Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃå ˞ƶȺ þ˗˳˯˴ƙ
Ɨ ƙƓǆ˦Ǆƶ˸ǃå Ɨɜ ˵ǃå. 

8-  ˥ǆà Ơƽ˶˯ǆ ïƓ ˯Ƥå ˥˻ǆ˗˳˯˴˸ǃå ǏǄƵ ˔˱Ȼ Ü˕ǈ̇ ˯ǈǘǃ ˥ǆà Ơƽ˶˯ǆ þå˗˳˯ƪå
 Ɨ˲ƼƓɜ˸ǃ èåāíáā ÜƗ Ʈ˦˶˳Ǆǃ ˙ˮǂá ƗȻƓ˸ơ ˙˻Ƽ˦˯ƕ ˥ǆǓå Ơƽ˶˯˸ǃå ˚˻˸˯ɂā .˕ǈ̇ ˯ǈǘǃ

Ɨ ƙ˦ˮḧ˹ƶǃå Ɨɜ ˵ǃƓȺ ˥ǆǓå ýƓ˶ƙǙå Ơ ˯ƙ ˛˴˱˯ǃå èƓƽǄǆ. 
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9- å" ðƓǌƞ ˙˻ƽ˵ƙ˙ƙāå̇ ǃ".  ɏá ǏǄƵ Ɇǌ˴Ȼ Ǚ Ǐ˯ơ "̇ƙāå̇ǃå" ðƓǌƞ ̇˻ƽ˵ƙ ɏïā̇˷ ǃå ˥ǆ
 Ɨƿ̇ ƪ Ɠ˸Ɂï āá ÜˣȺ ƗƮƓ˳ǃå Ɨɜ ˵ǃå Ǐǃã ý˦Ƥ˗ǃå ˕ǈ̇ ˯ǈǗå ǏǄƵ ˥ǆ ÿƓƮ̇ ƿ

˔ƪƓ˲ǃå ǏǄƵ Ɨǈ̊ ˳˸ǃå èƓǆ˦Ǆƶ˸ǃå. 
8. ƛƏƑ˭˷ǁä 

Á  íå̇ ƼǕå Ɨ Ʈ˦˶Ƥ üƓǌ˯ǈå ó̇ Ƽ Ɠ ƑƓǀǄƙ ï˦ˠ˯ƙ Ɠ ƞ˦ǃ˦˹ḧ˯ǃå ï˦ˠƙ ƴǆ
÷̇ ƪá Ɇɜ˵Ⱥ Ɠ˸Ɂïā èƓḪ̇ ˵ǃåā èƓ˴ƪ˓˸ǃåā .å˦˸ǈ 

Á  ç̊ ƞƓƵ Ɨ Ʈ˦˶˳ǃå ûå̇ ˯Ƥå ˥ǆā Ɨ˹Ʈ̇ ǀǃå ˥ǆ ƗȻƓ˸˲ǃå Ɲǆå̇ ƕ ˕ǃåðƓǆ˥Ƶ 
.Ɨ Ʈ˦˶˳ǃå üƓǌ˯ǈå ýƓ˸Ƶá ǏǄƵ ɆǆƓḪ Ɇɜ˵Ⱥ ç̇ ˠ ˴ǃå 

Á  ˕ǈ̇ ˯ǈǙå ˙ˮƵ Ɨ ʿƑƓƛ˦ǃå íå˦˸ǃå çïåíã ýƓ˱˸ǃ Ɨ Ḫ˘ǃå Ʉƙå˦ǌǃå èƓǀ ˮˠƙ ý˦Ƥí ƴǆ
 ˙ˮǂå ǏǄƵ Ɨ Ʈ˦˶˳ǃå üƓǌ˯ǈǙ ô̇ ƶ˯ƙ èƓḪ̇ ˵ǃåā èƓ˴ƪ˓˸ǃå ˕˲ Ʈá

.Ɏ˦˯˴ǆ 
Á  ǉ˘ǋ Ơư˦ƙ Ɨƪåï˗ǃå˕ǈ̇ ˯ǈǙå ˙ˮƵ èƓ˸˱ǌǃå ˗ƵƓ˶ƙ  ǑƼ Ɠ˸ǂ) Ɇɜ˵ǃå4 ( ɏ˘ǃå

å ˥˻ˮǒ ˘˹ǆ èƓ˸˱ǌǃå Ɨ ˴ǈ Ǌƙ˗ǌƬ ɏ˘ǃå ˕ƕƓ˰ǃå ÷ƓƽƙïǙ2015  ƗȻƓǌǈ Ǐǃå2018. 

 
) Ɇɜ˵ǃå4(:  ˘˹ǆ èƓ˸˱ǌǃå Ɨ ˴ǈ Ǌƙ˗ǌƬ ɏ˘ǃå ˕ƕƓ˰ǃå ÷Ɠƽƙïǚǃ ǑǈƓ ˮǃå ˤƪ̇ ǃå Ơư˦ǒ2015  Ǐǃå

 ƗȻƓǌǈ2018. 
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9. çƑ Ƭˤ˭ǁä 
 å˘ǋ ýǚƤ ˥ǆ Ɠǌǃ ô̇ ƶ˯ƙ Ǒ˯ǃå ˙˟Ɠ˳˸ǃåā èå˗ǒ˗ǌ˯ǃå çíƓɂð Ɍơ˦ǃ Ɨƪåï˗ǃåā ˖˲ ǃå
èƓǆ˦Ǆƶ˸ǃå ïíƓ˶ǆ  èƓǈƓ ˮǃåā  é˗˲ƙ Ǒ˯ǃå èå̇ ƺ˰ǃå ƴ ˯ƙ āá ƓǌƼƓ˵˯ǂå ˔ƶ˶Ȼ ƓǈƓ ơá Ǒ˯ǃåā

 èåßå̇ƞǗå ˞ ƶȺ Ǐǃã û̇ˠ˯ǃå ɏïā̇˷ ǃå ˥ǆ Ɏ̇ǈ å̆ǃ .èƓǆ˦Ǆƶ˸ǃå ïíƓ˶ǆ ǏǄƵ
ǌƞå˦ǆā Ɨ˲ƼƓɜǆ ƓǌǃǚƤ ˥ǆ ˥ɜ˸Ȼ Ǒ˯ǃå Ɲǆå̇ ˮǃåā ƠƑƓ˶˹ǃåā ˥ɜ˸ƙ Ǒ˯ǃåā ˙˟Ɠ˳˸ǃå ǉ˘ǋ Ɨ

.èƓ˸˱ǌǃå ǉ˘ǋ úƓǀȻã ǑƼ ˗˲ǃå ˥ǆ 

Á  ˙˟Ɠ˳˸ǃå éā˗ơ ˥ǆ ɆǄǀȻ Ǐ˯ơ Ɨ ƙƓǆ˦Ǆƶ˸ǃå ˤˢ˹ǃå ˥ǆå èåßå̇ ƞã ɖ˻ˮˠƙ ˔˱Ȼ
Üèå˗ǒ˗ǌ˯ǃåā 

Á   ïā˙˸ǃå èƓ˸ǄḪ þå˗˳˯ƪåā ÜïƓ˹ǃå ïå˗˱Ḫ èƓ ǈƓɜǆƎȺ ƴ˯˸˯ƙ Ɨ˸ˢǈá ˙˻Ƽ˦ƙ ˥ǆ ˗ƕǙ
óƓ˳Ƭá Ǐǃã ˣǃ˘Ḫā èƓƪā˙˻ƽǃå èåíƓ˷˸Ḫ èƓ ˱ǆ̇ ˮǃåā ÜƗɂ˦ǀǃå  ÿāïíƓƿā ÿ˦Ɂï̠˯ǆ

.ƗȻíƓ˸ǃå èƓǈ˦ɜ˸ǃå ƗȻƓ˸ơ ǏǄƵ 
Á  Ǚ Ǐ˯ơ ɊƑƓƪ˦ǃå ɄǄ˯˳ǆ ǏǄƵ Ɇǀ˹ǃåā Ɍƽ˲ǃå ˗˹Ƶ èƓǆ˦Ǆƶ˸ǃå ˙˻ƽ˵ƙ ǏǄƵ Ɇ˸ƶǃå

 .Ɠǌ˻ǄƵ ý˦˶˲ǃå ýƓơ ǑƼ Ɠǋå˦˯˲ǆ ƗƼ̇ ƶǆ ˥ǆ ˗ơå ˥ɜ˸˯ǒ 
Á  èƓɜ Ƭā Ɨ˸ˢǈǕå ǉ˘ǋ Ɠǌǃ ô̇ ƶ˯ƙ Ǒ˯ǃå ˙˟Ɠ˳˸ǃƓȺ ǑƵ˦ǃå ˗ǒå̊ ˯ǃ ƗƞƓ˲ǃå ˣǃ˘ǂ

.èƓǆ˦Ǆƶ˸ǃå 
Á  Ǒ˟Ɠ ˯ơǙå ƣ˴˹ǃå èƓ Ǆ˸Ƶ ýǚƤ ˥ǆ ˤǌ˴ƽǈá ƗȻƓ˸ơ ˥˻ǆ˗˳˯˴˸ǃåā èƓḪ̇ ˵Ǆǃ ˥ɜ˸Ȼ

 ˦˲ǈ ǏǄƵ ˥˻˹˶˲ǆ å˦˲ Ʈá ˙ɜȺá ˕ƿā ǑƼ Ǒ˟Ɠ ˯ơǙå ƣ˴˹ǃå åā˘ƽǈ Ɠ˸ǄḧƼ ÜèƓǈƓ ˮǄǃ
.èƓ˸˱ǌǃå ǉ˘ǌǃ ˤǌư̇ ƶƙ ˥ǆ ˙ˮǂå 
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10. ƕ˶ƗƑ˱ǁä 
 ˤǋå Ǐǃå ƗƼƓưǗƓȺ èƓǆ˦Ǆƶ˸ǃå ˥ǆå Ǌƞå˦ƙ Ǒ˯ǃå ˙˟Ɠ˳˸ǃå ˤǋá ˤȻ˗ǀƙ ˤƙ ˖˲ ǃå å˘ǋ ǑƼ
 ʕǋå ʕȻ̠ǀƙ ʕƙ xǃ̆Ḫā ÜèƓǆ˦Ǆƶ˸ǃå xǄƙ ǏǄƵ ý˦˶ Ǆ˲ǃ ÿ˦ƿ̇˳˯ ǃ˸å Ɠǌǆ̠˳ ˯˴Ȼ Ǒ˯ǃå û̇ ǃɣå
 ˥ǆå í˗ǌƙ Ǒ˯ǃå ˙˟Ɠ˳˸ǃå ˥ǆ ˗˲Ǆǃ ƓǌƙƓƵå̇ ǆ āá ƓǌƵƓ ƙã ˔˱Ȼ Ǒ˯ǃå èƓ Ʈ˦˯ǃåā  èƓơ̇ ˯ǀ˸ǃå

 ˥ǆ ˗ƕǚƼ å˘ǃā .èƓǆ˦Ǆƶ˸ǃå þƓ˸˯ǋǙåā ïƓˠƤǕå ǉ˘ǋ Ɨǌƞå˦ǆ Ǐǃã Ǒƶ˴ǃå èƓ Ǆ˸Ƶ ɆƮå˦ƙ
 íƓ˱Ȼã Ǐǃã ƗƼƓưã ÜïƓˠƤǕå ǉ˘ǋ Ɨǌƞå˦˸Ǆǃ Ɨǆðǚǃå Ɨ ˹ƽǃå ɆƑƓƪ˦ǃåā ˔˻ǃƓƪǕå ˙ɂ˦ˠ˯ƕ

.Ɨǌƞå˦˸ǃå ǉ˘ǋ ˤƵí ǑƼ ˤǋƓ˴ƙ Ǒ˯ǃå ƗɂïåíǗå ˗Ƶå˦ǀǃå Ɇ˷Ƽá 

ƲƜä̠ ˶ǁä 

]1.[    Ü íå˦˱ǃå ûíƓƮ ýǙí  Ɨƶ ˠǃå Ü "èƓǆ˦Ǆƶ˸ǃå ˥ǆå " Ü ÿƓ˯ƽǃå ˙ƮƓǈ ˗˻˸ơ .í
.ǏǃāǕå 
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]4.[ Bel G. Raggad. 2010Ü "Information Security Management: 
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]5.[ report, 2013-http://go.symantec.com/norton    
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 Ǐˬ˝ Ǐǂˬ˯ǁä ɔɀ˗˞ǂǁ ƕɀïäʕ ˶ǁä çäî˕˰˷˶ǁä çƑ ƙ ǍǂƳ ƕ ˭ǁïƑ ǁä Ʋ˝äʕ ƾǁä ˗˹ƙƉƗ
 ) þƑɀ˗Ʒ ƕƾ˞˷˶ȸNW Libya .( 

http://www.doi.org/10.62341/khaa1940 

.˗˵ƢǓä êƑ˭ƻǁä ˕ˬƳ ˢƨƑƾǁäʕ Ɠà 
Ɨ ƞ˦ǃ˦˻˱ǃå Ɨƪ˗˹ǌǃå ˤ˴ƿ- Ɨ ǄḪ āíƓƞ Ɨƪ˗˹ǌǃå- .è˦ǃƓǈ ƗƶǆƓƞ 

ba_w2007@hotmail.com 
˛˱ǂǄ :                                                            

 ɖùƬ ô̇ ùƺǃ èåï˗ù˲˹˸ǃå ƴùˠƿ èƓù Ǆ˸Ƶ Ɨù˱ ˯ǈ Ɨùƪåï˗ǃå Ɨǀˠ˹ǆ ǑƼ Ɨ ˯ǃðƓ ǃå ƴ˟å˦ǀǃå ˕ƽ˵ḧƙ
 Ǒˮ˟ ǑǄˮ˱ǃå ɖɂ̇ ˠǃå ï˦˳ùƮ ǏùǄƵ Ɨù ˯ǃðƓ ǃå ƴù˟å˦ǀǃå ˙˻ƛƋùƙ ˤ ù˻ǀ˯ǃā ÜÿƓɂ̇ ƹ Ɨ˹ǒ˗˸ǃ ɏí˓˸ǃå

 Ɨɂðå˦˸ǃå èåï˗˲˹˸ǃå èƓ ƛ ˤ ˻ǀ˯ǃ Ɨ ƪ˗˹ǌǃå óå˦˳ǃå ǏǄƵ íƓ˸˯ƵǙå ˤƙ Ü˗˻˶ǃå ɏ˗˻ƪ ˥ɂ˦ḧƙ
) ƴƿ˦˸Ǆǃ þƓƵ ˚ǆï ßƓˠƵã ˤ˯Ƽ Üɖɂ̇ ˠǄǃL- T- G- 19ÿƓùƶƿ˦˸ǃå  Üƴƿå˦ǆ ƴɁïá ïƓ ˯Ƥå ˤƙā ( 

)L1 Ü3 L(  ðƓ ǃå ƴ˟å˦ǀǃƓȺ ÿå̇ ƛƋ˯ǆ ˙˻ƹ) ÿƓƶư˦˸ǃå ˙ƛƋ˯ǒ Ɠ˸˹˻ƕ ÜƗ ˯ǃ2 L Ü4 L ƴ˟å˦ǀȺ (
 Ɠǌ˯ơƓùùùùù˴ǆ ÷˦ ùùùùù˸˱ǆ  ƸǃƓùùùùù ǃåā ɄùùùùùƬƓɜ˸Ǆǃ Ɨùùùùù Ǆǀ˲ǃå èƓùùùùùƪƓ ʿǃå ǏùùùùùǄƵ íƓùùùùù˸˯ƵǙå ˤùùùùùƙā ÜƗùùùùù ˯ǃðƓȺ

)140þ2 Ɨùùùùù ˸ǃƓƶǃåā Ɨùùùùù ˸Ǆƶǃå ˙˻ǒƓùùùùùƶ˸ǃƓȺ Ɠùùùùùǌ˯ǈïƓǀǆā Ɨ ùùùùùưƓɂ̇ ǃå èƓȺƓùùùùù˴˲ǃå ßå̇ ùùùùùƞã ˗ùùùùù˹Ƶā Ü(
 ƴ˟å˦ǀǃƓùùȺ ç̇ ƛƋùù˯˸ǃå ˙ùùù˻ƹ ƴùùƿå˦˸ǃå ÿá ˥˻ùùùˮƙ ÜƗùù˶˶˳˯˸ǃå èƓùùƪåï˗ǃåā ƗùùùǈƓ˯˸Ⱥ ðƓùù˯˸ƙ Ɨùùù ˯ǃðƓ ǃå

)RQD) Ɠǌˠƪ˦˯ǆ ƸǄƕ Ɨ ǃƓƵ (86.24% þƓƵ ɄƮ˦ƕ ((Good)  í˦ùƞ˦ƕ ĄƓù˷Ȼá ̞˸˴ƙåā
)û˦ǀù˵Ǆǃ ˥˻ǆƓùsǈs1,s2 ç̇ƛƋù˯˸ǃå ɄùƬƓɜ˸ǃå Ɠù˸˻˹ƕ Ü ĄƓùɜǈƓɜǆ Ɨù˯ƕƓƛ ɄùƬƓɜ˸ǃå ̠ùƶƙ xǃ̆ùɁā (

) ɆùùùƮå˦ƽǄǃ Ɨùùù˸ˢǈá ƴùùùɁïá ƴ˟Ɠùùùǀƙ í˦ùùùƞā è̊ ùùù˻˸ƙ Ɨùùù ˯ǃðƓ ǃå ƴ˟å˦ǀǃƓùùùȺS2,S1ÜS3ÜS4 ˕ùùùǄƿ (
 ƗùùùǈƓ˯ǆ Ɠùùùǌƶǆ) ˙˳ùùù˶ǃåRQD) ˕ùùùƺǄƕ Ɨ ùùù˴˹ƕ (43.06%)þƓùùùƵ ɄùùùƮ˦Ɂā (poor (Ɠùùù˹Ɂā Ąß 

 ɄƬƓɜ˸ǃå Ʉƶư ǏǄƵǑ˯ǃðƓù ǃå ƴ˟Ɠùǀǃå ˙˻ƛƋùƙ ˕˲ƙ  Ɨùɂðå˦˸ǃå ɄùƬƓɜ˸ǃå ˥ùǆ ßå̊ ùƞá ïƓǌ˹˯ùƪ
Ɇù˸˯˲˸ǃå ƗùḪ̇ ˲ǃå ÷˦ ùǈā ɖùɂ̇ ˠǄǃ )Rock fall ˥ùɜ˸Ȼ Ɨù ˯ǃðƓ ǃå ƴù˟å˦ǀǃå ÿá Ɨùƪåï˗ǃå ˗ùḪ˓ƙā Ü(

ǃ ï˦˳ù˶Ǆǃ Ɨù ɜ ǈƓɜ ˸ǃå Ɨɂ˦˱˯ǃå Ɇǆå˦Ƶ ˥˸ư Ɠǌƽ ˹˶ƙ ÿāí ɆùƮå˦Ƽā û˦ǀùƬ ˥ùǆ Ǌ˯ˮùˮƪ Ɠù˸
 ̝ Ḫ˻˯̇ǃå ǑƼ Ąå̇˻ƺƙ é̠ ƙ˲ ÿãǑƑƓ ˸ ḧǃå . 

http://www.doi.org/10.62341/khaa1940
mailto:ba_w2007@hotmail.com
mailto:ba_w2007@hotmail.com
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 :ƕǁä˕ǁä çƑ˶ǂḥǁä ÜɆƮå˦ƽǃå ÜƗɂ̇ ˳˶ǃå ɄƬƓɜ˸ǃå ÜƗ ƪ˗˹ǌǃå óå˦˳ǃå ÜƗ ˯ǃðƓ ǃå ƴ˟å˦ǀǃå
.èåï˗˲˹˸ǃå ÿå̊ ƙå 

 
Effect of Basaltic Dikes on the Stability of Slopes 

Parallel to Tabi Mountain Road - Gharyan Area (NW 

Libya). 

Aboalgasem Alakhdar* 

Geological Engineering Department, Faculty of Engineering jado, Nalut 

University, Libya 

a.alakhdar@nu.edu.ly 

 
  :Abstract   

The basalt dikes were revealed as a result of the cutting of the 

slopes of the Tobi mountain road slopes that lead to the city of 

Gharyan. In order to evaluate the effect of these basalt dikes in the 

study area and exactly In Sidi As Sid formation, Engineering 

Properties for discontinuity surfaces were mainly used to evaluate 

the stability of the parallel slopes of the road. For this reason, The 

whole site mentioned  above was given symbol (LT-G-19) in 

addition to other four chosen positions. The positions (L1 and L3) 

are not affected by basalt dikes. In contrast, the two other positions 

(L 2 and L 4) are affected by basalt dikes, Field measurements 

were basically used at this point to measure the  rock section there 

and that sized (140m2). 

 When  Conducting mathematical calculations and comparing them 

to scientific and international standards and specialized studies, It 

was found that the positions which are not affected by basalt dikes 

have a high RQD strength of (86.24%) as (GOOD) description and 

also have two joints set (s1 and s2), While the sections affected by 
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basalt dikes showed the intersection of four joints set 

(S1.S2,S3,S4), with an average of Rock Quality Designation 

(43.06 %)As poor descriptive, As a result of the weakness of the 

sections.  Parts of the sections the affected by basalt dikes will be 

fallen down and automatically destroyed, The type of movement at 

this stage is known as (rock fall). The study confirms that the 

basalt dikes can be classified as mechanical weathering factors for 

rocks. 

Key words: basalt dikes, Engineering Properties, rock sections, 

joints, slope Stability. 

1:ƕǄ˕ƾ˶ǁä. 
 ÿå̊ ùƙǙå Ɨùɂāåð Ǒ˸ù˴ƙ Ɨùɂāå̊ ƕ ƓùǌƙƓ ƛ ǏùǄƵ Ɠùǌ˻ǄƵ ç̇ ǀ˯˴˸ǃå íå˦˸ǃåā èåï˗˲˹˸ǃå èƓǈ˦ɜǆ ɌƼƓ˲ƙ

 ÿāí íå˦ùù˸ǃå ßƓùùǀȺ ˥˸ùù˷ƙ  ï̠ùù˲˸˹Ǆǃ Ɇùù˻ǆ Ɨùùɂāåð Ǒùù˶ƿá Ǒùǋā  ˙ùù˻ƺƙ Ɠùùǌǃ é˗ùù˲Ȼ ˤùùǃ Ɠùùǆ ƗùùḪ̇ ơ
 Ǒù˯ǃå ɆùƮå˦ƽǃåā û˦ǀ˵ǃå Ɠǋ̇ǋƓsǆ ð̇ƕåā ƗɜǈƓɜ˸ǃåā Ɠǌ˹ǆ ƗƑƓɂ̊˻ƽǃå Ɨƪ̠ǌ˹ǃå óå˦˳ǃå ǑƼ
 ÿðå˦ùùùù˯ǃå ̊ƞƓùùùùơ ̇ùùùù˴Ḫ ǏùùùùǄƵ ƗùùùùḪ̇˲ǃå èå̊ùùùùƽ˲ǆ Ɇùùùù˸ƶƙā ÜƗɂ̇˳ùùùù˶ǃå ɄùùùùƬƓɜ˸ǃå ǑùùùùƼ ʕǌùùùù˴ƙ
 ÜƓùùǌ˹ǆ ßå̊ ùùƞǕ āå ɆùùɜḪ ɄùùƬƓɜ˸Ǆǃ ïå̇ ǀ˯ùùƪǙå Ɨùùɂāåð ǑùùƼ å̇ ùù˻ƺƙ ˔ˮùù˴˯Ƽ Üèåï˗ùù˲˹˸ǃå èƓùùǈ˦ɜ˸ǃ

˯ùùùù˴ƙā Ɠùùùùǌˮ˻Ḫ̇ ƙ Ɨùùùùƶ ˮˠǃ Ɨùùùù˱ ˯ǈ ƗùùùùḪ̇ ˲ǃå ˥ùùùùǆ ƗɜùùùùƪƓ˸˯ǆ íå˦ùùùù˸ǃå ˥ùùùùǆ Ɨùùùùǈ˦ɜ˸ǃå ɄùùùùƬƓɜ˸ǃå Ǐ˹˰
  ÜxùùùùƪƓ˸˯ ǃ˸å ɏ̇ ù˳ùù˶ǃå   Ɨùùùùƪ̠ǌ˹ǃå óå˦ùùùù˳ǃå ǑùùùùƼ ̇ùùùù˻ƺ˯ǃå é̠ùùùù˲Ȼ ̠ùùùƿ Ɏ̇ùùùùƤá ƗùùùùơƓǈ ˥ùùùùǆā

 û̇ùùùùɣǃå ɖùùùù˵ǃ Ɨǆ̠˳ ù˯ùùù˴˸ǃå èƓùùùùɂ̇ƽ˲ǃå ýƓùùùù˸Ƶá Ɠùùùùǌ˹ǆ Ɇùùùùǆå˦Ƶ Ɨùùùù˱˯ǈ ƗùùùùɜǈƓɜ˸ǃåā ƗùùùùƑƓɂ̊˻ƽǃå
ÿƓùù˴ǈǙå Ɇùùˮƿ ˥ùùǆ ƗùùǄƶ˯ƽ˸ǃå èå̇ ùù˻˱ƽ˯ǃåā Ɨùù Ǆˮ˱ǃåÛ  ǑùùǄˮ˱ǃå ɖùùɂ̇ ˠǄǃ Ɨùùɂðå˦˸ǃå èåï˗ùù˲˹˸ǃå ˗ùùƶƙā

 ˥ùùƵ ʕƞƓùùǈ ɏ̇ùù˵Ⱥ ɉƓùù˵˹ƕ ï̠ùù˲˸˹ǃå ï˦˳ ùùƮ ̇ƛƋùù˯ǃ ǙƓùù˰ǆ ÿƓùùɂ̇ƹ Ɨùù˹ǒ̠ǆ Ǐùùǃå ɏí˓ùù˸ǃå Ǒùùˮ˟
 óå˦ù˳ǃå ˙ù˻˻ƺƙ Ǐùǃå èíá Ǒù˯ǃå Ɨù ˯ǃðƓ ǃå ƴ˟å˦ǀǃƓùȺ Ɠùǋ̇ ƛƋƙ ˣǃ˘ùḪā Ǒˮ˟ ɖɂ̇ ˟ ɖƬ èƓ Ǆ˸Ƶ

 ā û˦ǀù˵ǃå ç̇ù˰Ḫ ƗùǄǀ˲ǃå Ɠùǌ˲ǆǚǆ ð̇ùƕåā ƗɜǈƓɜ˸ǃåā ƗƑƓɂ̊˻ƽǃå Ɨƪ̠ǌ˹ǃå Ɨ Ƒå˦ù˵ƶǃå ɆùƮå˦ƽǃå
.Ɨ˸ˢ˹˸ǃåā 
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2.ƕƨäî˕ǁä ƕƾ˞˷˶ǁ  Ǐƺä̠ Ƹ˯ǁä Ʋƽˤ˶ǁä. 

 Ɨùùùù˹ǒ̠ǆ û̇ùùùùƬ ǑǃƓ˸ùùùùƬ ǑùùùùƼ Ɨùùùùƪåï̠ǃå Ɨùùùùǀɣ˹ǆ ƴùùùùǀƙɆɜùùùùƬ ÿƓùùùùɂ̇ ƹ)1( Ü  Ǒùùùùˮ˟ ɖùùùùɂ̇ ˠǃå ˗ùùùùƶɂā
 ˤƪå˦ǀǃå Ɨ˹ǒ˗ǆ ˥˻ƕ ɆƮ˦ǃå ƗǀǄơ.ÿƓɂ̇ ƹā 

3:ƕƨäî˕ǁä ƕƾ˞˷Ǆ ƕ Ɯˤǁˤ˹Ɯ . 
 ǑùùƼ ƴùùǀȻ ɏ˘ùùǃåā Ɨùùƪ˦ƽǈ ƴùùƽƙ̇ ǆ ˥˸ùùư Ʉùù˵ḧ˯˸ǃå Ǒùùǀ ˠǃå ƴȺƓùù˯˯ǃå ˥ùùǆ ß̊ ùùƞ Ɨùùƪåï˗ǃå Ɨùùǀˠ˹ǆ
 çïƓùùùƽ˱ǃå Ɇǌùùùƪ Ɋùùùƪ˦˯˸ǃå ˙ùùù˲ ǃå ˥ùùùƵ Ɨ ǃƓ˸ùùù˵ǃå Ɨùùù ơƓ˹ǃå ˥ùùùǆ ƓǌǄùùù˶ƽȻ Ɠùùù ˮ˻Ǆǃ ǑùùùɁ̇ ƺǃå ýƓ˸ùùù˵ǃå
 ô˦ùùùơ Ɨùùù Ɂ˦˹˱ǃå Ɨùùù ơƓ˹ǃå ˥ùùùǆā Ɠƿ̇ ùùùƬ ˛ùùù˸˳ǃå Ɨùùùǀˠ˹ǆ ǑùùùƼ ˙˲ ǃƓùùùȺ Ǒùùùǀ˯Ǆ˻ǃ ƴùùùƽƙ̇ ˸ǃå ˗ùùù˯˸ɂā

Ɨùùƪ˦ƽǈ Ɇùùˮƞ ǑùùƼ ï˦˳ùù˶ǃå ÷˦ ùù˹˯ƙā  ˛ǆå˗ùùƹ  èåïāí ç˗ùùƶȺ è̇ ùùǆ ˖ùù˻ơ ˔˻ùùƪ̇ ˯ǃå Ɨùù˭˻ƕ ÷˦ ùù˹˯ƕ
 Ǐùùǃå ƗùùɂïƓƿ ï˦˳ùùƮ ˥ùùǆ Ɨ Ɂ˦ùùƪ̇ ǃå ï˦˳ùù˶ǃå ÷å˦ùùǈá ƴùù ˸ƞ ˔ùùƪ̇ ˯ǃ Ǌùùƶƞå̇ ƙā ˙ùù˲ Ǆǃ þ˗ùùǀƙ ˥ùùǆ

 Ɨùù ǃƓǀ˯ǈå Ɨùùù˭˻ƕ ǑùùƼ ˕ˮùùùƪ̇ ƙ ï˦˳ùùƮā Ɨùùùǀ ˸Ƶā ǊǄ˲ùùư Ɨùùɂ̇ ˲Ⱥ˻ùùƕ Ɠùùùǆ ˥ Ɠùùù˸Ḫ Ɨùùɂ̇ ˲ ǃåā ƗùùùɂïƓǀǃå
˕ùǒǙ˦ ǈ˦ƽǃåā ˕ùǃðƓ ǃå Ɇ˰ǆ ƗɂïƓǈ þƓ˴ƞǕ ç̇ ˵˯˹˸ǃå èǚƤå˗˯ǃå ˞ƶȺ ˗ƞå˦˯ǒ ]1[  ˙ù˸ƶǃå ß˗ùɁā

 ˥ɂ˦ùùùḧ˯ƕ (ǑǄƽùùù˴ǃå ǑùùùƪƓɂ̇ ˯ǃå) ɊùùùƪāǕå çƓùùù ˲ǃå ˔ùùùǀơ ƗùùùȻå˗ƕ ƴùùùǆ Ǒùùùǀ ˠǃå ƴȺƓùùù˯˯Ǆǃ Ǒƞ˦ùùùǃ˦˻˱ǃå
)ɆɜƬ ɏ˦Ǆƶùùùǃå ǑƪƓ˯ɂ̇ḧǃå ̇˸ƶȺ Ɨǈ̇ƺƙ ̇˶ ƿ ˥ɂ˦ḧ˯ƕ Ǒǌ˯˹ɂā Üò̇ǂ2.( 
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) ɆɜƬ1ǑɁ̇ ƺǃå Ɇˮ˱ǃå ˥ǆ Ɨƪåï˗ǃå Ɨǀˠ˹ǆ ƴƿ˦ǆ :(. 
 

 

) ɆɜƬ2 Ɨǀˠ˹ǆ ǑƼ Ɨƽ˵ḧ˯˸ǃå Ɨ ƞ˦ǃ˦˻˱ǃå èƓ˹ɂ˦ḧ˯ǃå :(.ÿƓɂ̇ ƹ ]2[ 

4:˕˹˴ǁä ɍ˕˹ƨ ˣɀˤḥƗ . 
) Ɨˠùƪå˦ƕ ç̇ ǆ ýāǕ ˥ɂ˦ḧ˯Ǆǃ ˤƪǙå å˘ǋ Ɠ ˠƵáEl Hinnawy & Cheshited 1975 (

 ǑùùƼ ƗǄ˲ùùư Ɨùùɂ̇˲Ⱥ Ɨùù˭˻ƕ ǑùùƼ Ɨùùƪ̇˯˸ǃå Ɨùùǈ˦Ɂ̇ḧǃå ï˦˳ ùù˶Ǆǃ Ǒùùǀ˟ ƴȺƓùù˯ƙ ˥ùùǆ ÿ˦ùùḧ˯ǒ ̟ùù˻ơ
 Ɨ˻ùùƬ˦ƕå ˥ɂ˦ùùḧƙ û˦ùùƼā ƗùùɁ̇ƺǃå Ɨùùǀɣ˹ ǃ˸å ǑùùƼ ƗùùǄɜḪ ˥ɂ˦ùùḧƙ û˦ùùƼ ÿ˦ùùɜȻ ̟ùù˻˲Ⱥ ÿƓùùɂ̇ƹ Ɨùùǀɣ˹ǆ
 ƓùƪƓƪá ÿ˦ùḧ˯˸ǃå ÿ̇ùƽȻ ˦ù˷Ƶ ɏ˦ùǄƶǃå ˥ɂ˦ù˷Ƶ ˥ùǆ ˥ɂ˦ùḧ˯ǃå ɄǃƋù˯ɂā Ɨʾ̇ ù˵ǃå Ɨùùùùùùùùǀɣ˹ ǃ˸å ǑƼ

Ɨùùùù ˹˻ˠǃå Ɨùùùùɂ̇ ˻˱ǃå ïƓùùùù˱ơǕå ˥ùùùùǆ  )  ˣ˸ùùùù˴Ⱥ  (ýïƓùùùù˸ǃå)60-80  ƴùùùùǆ Ɨùùùù ˯˻ǆ˦ǃā˗ǃåā (˙ùùùù˯ǆ
           ˣ˸ùùùùù˴Ⱥ Ǒùùùùùˮ˟ ˥˻ùùùùùƵ ˦ùùùùù˷Ƶ ˦ùùùùùǌƼ ǑǄƽùùùùù˴ǃå Ɠùùùùùǆá Ü˛ ùùùùù˱ǃåā ˥˻ùùùùùˠǃå ˙ùùùùù˱ơ ˥ùùùùùǆ èǚƤå˗ùùùùùƙ

 )60-70 ] (˙˯ǆ3 ǑƼ èāƓƽ˯ǒ ɏ̆ǃå ̞ǒƓǆ˦ǃā̠ǃå ï˦˳ Ʈ ˥ǆ Ǒˮ˟  ˥˻Ƶ ˦˷ Ƶ ÿ˦ḧ˯ɂā [
ùùǀ˟ èǚƤå̠ùùƙ ƴùùǆ ǑùùƮƓƮï Ǐùùǃå ̇ƽùùƮá ÿ˦ùùǃ èåî Ɨ˹ùù˵˳ǃåā Ɨùùǀʾ̠ǃå ˥˻ùùƕ Ǌùùƙåï˦Ǆƕ ʕùù˱ơ èƓ

 ̇ƤƋù˯˸ǃå ɏ̇ù˻ƬƓɣǃå ̇ù˸Ƶ ǏùǄƵ ý̠ùƙ Ǒù˯ǃå ̇˻ƼƓùơǕå ˥ùǆ ç̇Ƽā ǊȺ ̠ƞå˦˯ɂā ýïƓ˸ǃå ˥ǆ Ɨǀʾï
] (ǑǈƓǆ˦˹˻ùù˴ǃå)4 ëāå̇ ùù˯ǒ ˃ ˹ùù˶˯ƕ Ɨɂ̇ ˳ùù˶ǃå ƗùùǈƓ˯˸ǃå ÷ƓùùƽƙïƎȺ Ǒùùˮ˟ ˥˻ùùƵ ˦ùù˷Ƶ ˚ùù˻˸˯ɂā  [
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 ˥˻ùùùùùùùùƕGoodÜVery Good  æ úā̇ùùùùùùùùƶ˸ǃå ɏ̇ ù˳ùùùùùùù˶ǃå Ɨùùùùùùùù˻Ḫ̇˯ǃ Ɨùùùùùùùù˱˯ǈ xùùùùùùùùǃîā
)DOLOSTONE] (5ɂð ǏǄƵ ɏ̇˳˶ ǃå ̝ Ḫ˻˯̇ǃå ̠ƵƓƪā Ü[ Ɨù ɜ ǈƓɜ ˸ǃå Ɨùɂ˦˱˯ǃå ɆƶƼ çíƓ

]ƗƑƓ˸ḧǃå Ɨɂ˦˱ ǃ˯å ̇˻ƛƋƙā ɉƓ˵ǈ Ʉƶưā ɏïå̇˲ǃå ̇˻ƛƋ˯ǃå ƗƮƓ˳Ɂā6.[ 

5:ƕƨäî˕ǁä ƕǂɚ˳Ǆ .                                                                       
ùˮƙā ƗùɂïƓ˹ǃå èǚƤ˗ù˯ǃå ˞ùƶȺ í˦ùƞā ˥˻ˮƙ Ǒˮ˟ ǑǄˮ˱ǃå ɖɂ̇ ˠǄǃ Ɨɂðå˦˸ǃå èåï˗˲˹˸ǃå ƴ ˯˯ƕ ˥˻

 ɖùùùƬ èƓùù Ǆ˸Ƶ ƴùù˟å˦ǀǃå ǉ˘ùùǋ Ʉùùù˵ḧ˯ǃ ð˙ùùƕǕå ˔ˮùù˴ǃå ÿáā Ɨùù ˯ǃðƓȺ ï˦˳ùùùƮ ˥ùùƵ çïƓùù ʸ Ɠùùǌǈá
 ï˦˳ùùù˶ǃå ǑùùùƼ Ɨ˲ùùùưåā èå̇ ùùù˻ƺƙ í˦ùùùƞā Ɍơ˦ùùùǃ ˗ùùùƿā Ǒùùùˮ˟ ǑùùùǄˮ˱ǃå ɖùùùɂ̇ ˠǃå ˗ùùù˸ǃ èåï˗ùùù˲˹˸ǃå
 ɆùƮå˦ƽǄǃ þƓùsǈ ˥ùǆ ̇ù˰ǂá í˦ùƞā ˥˻ùˮƙ ̞ù˻ơ ɆùƮå˦ƽǃåā û˦ǀù˵ǃå ç̇˰Ḫ Ɠǋð̇ƕá ˥ǆā ƗƵ˦ɣ ǀ˸ǃå

ùùùùƬƓɜ˸ǃå Ʉƶùùùùư ǏùùùùǄƵ ƗùùùùǄǃ˗ǆ Ɠǌùùùù˷ƶȺ ƴùùùùǆ ƴ˟Ɠùùùùǀ˯ƙ ˥ùùùùǆā ÜƗùùùùɂïƓ˹ǃå èǚƤ˗ùùùù˯ǃƓȺ ç̇ ƛƋùùùù˯˸ǃå Ʉ
 Ɠùù˸ǄḪ èƓùùǀ ˠǃå Ɇùù˻ǆ Ɨùùɂāåð ˙ùù˻ƺƙ ˙ùùƬƓ ˸ǃå ñƓùù ʿǃƓȺ Ɠǋ˗ùù˻ǂƋƙā Ɠǋ˗ùùƮï ˤùùƙ Ǒùù˯ǃå èƓùùˢơǚ˸ǃå
 Ʉƶùùư ƗùùǃƓơ éå̠ùùơã ǑùùƼ ʕǌùù˴ƙ ç̇ǋƓùùsǃå ǉ̆ùùǋ Ɇùù˰ǆ í˦ùùƞā ÿã ÜɏïƓùù˹ǃå ƴ˟Ɠùùǀǃå ˥ùùǆ Ɠùù˹Ɂ̇˯ƿå
ã ɏí˓ùƙ Ɠǋïā̠ùƕ Ǒù˯ǃåā ƗùḪ̇˲ǃå èå̊ùƽ˲ǆ ɆùƶƽȺ ɏ̇ ù˳Ʈ ïƓǌǈå Ǐǃå ɏí˓ǒ Ɠ˸ǆ ÜɄƬƓɜ˸Ǆǃ Ǐùǃ

éå˗ơã .ïƓ ǌǈå éā˗ơ ýƓơ ǑƼ ɖɂ̇ ˠǃå Ǒǆ˗˳˯˴ǆ ǏǄƵ ï˙ư 

6:ƕƨäî˕ǁä ùä˕ǉà. 
 Ɠǋ̠ǋå˦ùùùùùù˵Ⱥ ˥ŋƶ˸˯ùùùùùǃåā Ɠùùùùùǌ˯ƶˮ ǃɣ ǑƑ̠ùùùùùùˮ˸ǃå ʕùùùùùǌƽǃåā ƗǄɜùùùùù˵˸ǃå í˦ùùùùùùƞ˦ƕ ñƓùùùùù˴ơǗå ƗùùùùùȻå̠ƕ ƴùùùùùǆ
 ǑùùùùùùƼ ǑùùùùùùǄˮ˱ǃå ɖùùùùùùɂ̇ ˠǄǃ Ɨùùùùùùɂðå˦˸ǃå èåï˗ùùùùùù˲˹˸ǃå Ɨɂïå̇ ǀ˯ùùùùùùƪå ˤ ùùùùùù˻ǀƙ ˦ùùùùùùǋā þƓùùùùùùƵ ú˗ùùùùùùǋ ð˙ùùùùùùƕ

 ïƓùùùùùù ǌǈǗå ÷˦ ùùùùùùǈ ˗ùùùùùùǒ˗˲ƙā Ɨùùùùùùƪåï˗ǃƓȺ ƗƼ˗ǌ˯ùùùùùù˴˸ǃå ƴùùùùùùưå˦˸ǃåÜɆùùùùùù˸˯˲˸ǃå  ɄùùùùùùƬƓɜ˸ǃå ƗùùùùùùǈïƓǀǆā
˙ùùùùùù˻ƹ ɄùùùùùùƬƓɜ˸ǃå ƴùùùùùùǆ Ɨùùùùùù ˯ǃðƓ ǃå ƴ˟å˦ǀǃƓùùùùùùȺ ç̇ ƛƋùùùùùù˯˸ǃå  ˥ùùùùùùǆ (Ɨùùùùùù ʹ ˮ˟ ɄùùùùùùƬƓɜǆ)  ç̇ ƛƋùùùùùù˯˸ǃå
 .ɄƬƓɜ˸ǃå Ɇḧǃ Ɨ ƪ˗˹ǌǃå ˝ƑƓ˶˳ǃå Ɨƪåïí ýǚƤ 
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7.ɍ̠˱ ǁ˴ä ɇʕƾ˲ǁä . 

] çƋ˱ùùùùùùùùùùùùùùùƼā ƗùùùùùùùùùùùùùƵ̇ ˴Ⱥ é˗ù˲ƙ Ɠǌǈ˦Ḫ èƓḪ̇ ˲ǃå ˙ˠƤå ˥ǆ ï˦˳˶ǃå ɊƿƓ˴ƙ èƓ Ǆ˸Ƶ ˗ƶùùùƙ7 [
 Ʉƶùùùư ƗùùùǃƓơ éå̠ùùùơã ýǚùùùƤ ˥ùùùǆ ç̇ǋƓùùùl ǉ̆ùùùǋ éā̠ùùùơ ǑùùùƼ ɆùùùƵƓƼ ïāí ɏ̇ùùù˵ǃå ɉƓùùù˵˹Ǆǃā
 Ɨùùɂ̇ ƶ˯ǃå ɉƓùù˵ǈ çíƓùùɂð ǑùùƼ ˤǌùù˴Ȼ ˣǃ˘ùùƕ ˦ùùǌƼ ï˦˳ùù˶ǃå ƴùùˠƿ ˤ˯ùùǒ Ɠǆ˗ùù˹ƶƼ èåï˗ùù˲˹˸ǃå èƓùùǈ˦ɜ˸ǃ
 ïƓùùˠǆǕå ý˦ùùˠǌƕ Ɨ Ǆùùùùùùùˮ˱ǃå èåï˗˲ùùùù˹˸ǃå ˙ƛƋ˯ùùùƙā Üɉ˦ǀùù˴ǃå éā˗ùùơ Ɨùù ǃƓ˸˯ơå íåí̊ ùù˯Ƽ ï˦˳ùù˶Ǆǃ
 ˙ùùǀ˯ƽƙ èåï˗ùù˲˹˸ǃå ˣùùǄƙ ˕ùùǈƓḪ åîã ƗùùƮƓ˳Ɂā ƓǌùùùùùƿǙ̊ ǈå āá ï˦˳ùù˶ǃå ɊƿƓùù˴ƙ èƓ ùùùùǄ˸Ƶ íåí̊ ùù˯Ƽ

åā ǑƙƓùù ˹ǃå ßƓùùˠƺǄǃ Ɨùùư̇ Ƶ ˙ùù˰ǂá çƓùùˠƺǆ ˙ùù˻ƺǃå ƗùùɁ̇ ˯ǃåā èåï˗ùù˲˹˸ǃå Ɇùùƶƞ ǏùùǄƵ ˗ƵƓùù˴Ȼ ɏ˘ùùǃ
]ÜƓǌ˲ˠƪá ǏǄƵ íå˦˸ǃå ƗḪ̇ ˲ǃ8 ɄĈƶù˷Ȼ îã Ɠù˸ǌǆ Ɨɂ̇˳ ǃ˶å ƗǄ˯ḧǄǃ ǑǄƤå̠ǃå xƪƓ˸˯ǃå ̠ƶɂā [

 èƓùùùǈ˦Ɂ̇ ḧǃå ǑùùùƼ ƗùùùƮƓ˳Ɂā Ɨùùù ƑƓ ˸ ḧǃå Ɨùùùɂ˦˱˯ǃå ˙˻ƛƋùùùƙ Ɨ˱ùùùù˻˯ǈ Ɠ ùùùùù˱ɂï˗ƙ ˕ùùùƿ˦ǃå ƴùùùǆ ˣùùùƪƓ˸˯ǃå
 Ɇ˻ǌù˴ƙ ǏǄƵ Ɇ˸ƶ˯Ƽ ˥Ɂ̇ ḧ˯ǃåā ÿƓɁā˘Ǆǃ ƗǄƕƓǀǃå åîã ƗùƮƓ˳Ɂā Ɠǌ˟˦ǀùƪā Ɇù˯ḧǃå ýƓù˶ƽǈå Ɨù Ǆ˸Ƶ

 ˥˻ƕ ï˗˲˹˸ǃå Ɇ˻ǆ Ɨɂāåð ˕ǈƓǂ²)70-²90 .( 

) þƑɀ˗Ʒ ƕƾ˞˷˶ȸ ƕ ˭ǁïƑ ǁä Ʋ˝äˤƾǁäDikes.( 
 ƓùùǌƵå˦ǈá ð˙ùƕáā Üýā˚ùƶ˸ǃå ñáïā ÿƓùɂ̇ ƹ æƓù ʾ ˚ùǂå̇ ǆ ǑùƼ þƓùƵ Ǌùƞ˦ƕ ƗùɂïƓ˹ǃå ƴù˟å˦ ǀǃå ˙ù˵˯˹ƙ

å ā ˥˻ùùƪ˦ǒǙå Ǒù˯Ǆơ̇ ǆ ˥˻ùƕ ƓùùǋïƓ˸Ƶá ëāå̇ ù˯ƙā Ü˕ùǒǙ˦ ǈ˦ƽǃåā ˕ùǃðƓ ǃå ĄƓùù˷Ȼá ̇ù˵˹˯ƙā Ü˥˻ùƪ˦Ǆ˻ˮǃ
] ÿƓùùɂ̇ ƹ Ɨùù ʾ ǑùùƼ ˗˻ùù˶ǃå ɏ˗˻ùùƪā ƗùùǄɜḪ ˥ɂ˦ùùḧƙ ˥˻ùùƕ ýƓùù˶ƙǙå ɖ˟Ɠùù˹ǆ ǑùùƼ9 ßƓùù˹ƛá ˥˻ùùˮƙā [

) èƓƵƓƽƙïå ǑƼ Ɨ ˯ǃðƓȺ ƴ˟å˦ƿ í˦ƞā Ɋɂ̇ ˳˯ǃå Ɨ Ǆ˸Ƶ 603  Ü˙ù˯ǆ589  Ɏ˦ù˯˴ǆ û˦ùƼ (̇ù˯ǆ
 Ɏ̇ùùùƤá ƴùùùưå˦ǆ ǑùùùƼā  ƴùùùưå˦˸ǃå ˞ ùùùƶȺ ǑùùùƼ ̠˻ùùù˶ǃå ɏ̠ ù˻ùùƪ ˥ɂ˦ùùùḧƙ û̇ùùù˯˳ƙ ̇ùùù˲ǃå Ơɣùùùƪ

˯ǈ ƴ˟å˦ǀǃå ǉ˘ǋ ˕ƽ˵ḧƙ ɏí˓ù˸ǃå Ǒùˮ˟ ǑùǄˮ˱ǃå ɖùɂ̇ ˠǃå ɖù˵ǃ èåï˗ù˲˹˸ǃå ƴùˠƿ èƓù Ǆ˸Ƶ Ɨù˱
 ˥˻ƕƓǆ ï˦˳˶ǃå ƴˠƿ Ɨɂāåð ëāå̇ ˯ƙā ÜÿƓɂ̇ ƹ Ɨ˹ǒ˗˸ǃ²70-²90        Ǒùˮ˟ ˥˻Ƶ ˦˷Ƶ ï˦˳˶ǃ

 Ɠǌǆå˗ùùƿá ˕ùù˲ƙ Ɠùùǆ Ǐùùǃã Ɨɂ̇ ˳ùù˶ǃå Ɇùù˯ḧǄǃ ƗùùùùùùùùùùùùḪ̇ ơ Ǌùù˹Ƶ ˤ˱˹ùùǒ ÿå̊ ùùƙǙå Ɨùùɂāåð ǑùùƼ ˙ùù˻ƺ˯ǃå ÿã
]ï˦˳˶ǃå ɊƿƓ˴ƙ ˤƪƓȺ ƗǃƓ˲ǃå ǉ˘ǋ ú̇ ƶƙ10.[ 
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8 ..ɄøøøøøƬäʕƻǁäĀ úʕƾ˳ǂǁ ƕøøøøøø˹ƨ̞ Ǌ˷ǁä òäʕøøøøøø˱ǁä 
1.8 ƑǊ˶ǉà :ƕ ƏƑɀ˘˹ƻǁä òäˤ˱ǁä  
à- ê˦ ùùùùùùùùùùùùùù˸˯ǃåRoughness˗˶ǀȻ : ǊȺ ɆɜƬ Ơùùùùùùùùùùˠƪ ɖ˵ǃå ˗˸˯ƶɂā ɄùùùùƮ˦ǃå ǏǄƵ ɆƮá 

 ÿ˦ḧƙ éǚƛ Ɠǌ˹ǆā  Ơˠ˴ǃå ÷å˦ǈá: Ơùùùùùùˠƪá Ɨ˸ƵƓùùùǈ Smooth  Ɨùùùù˹˵Ƥ  Ơùùùùùùˠƪá Ü Very 
RoughƠùùˠƪá Ü ˥ùùù˻ƕ Ɨù˸ƵƓǈ Ɨ˹ù˵ƤāRough  ]11 ˕ùǄƿ Ɨ˹ù˵Ƥ ƠˠùƪǕå ˕ùǈƓḪ Ɠù˸ǄḧƼ [

 (Ɨǈ˦˵˳ǃå ˔ˮ˴Ⱥ ƗḪ̇ ˲ǃå ɆǄǀƙā ˗˲ƙ )ƗḪ̇ ˲ǃå 
 å- ýƓùùùùùùùùùù˶ƽǈǙåSeparation˗ùù˶ǀɂā : Ɠùùǌƕ  ˤ ùù˻ǀƙ ˤ˯ùùɂā ˤǄ˸ǃƓùùȺ ɆùùƮƓƽǃå ÷Ɠùù˴ƙå ïå˗ùùǀǆ

Ɨ Ǆǀ˲ǃå èƓƪƓ ʿǃå ) ýā˗ƞ ˥ǆ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå1.( 
) üĀ˕Ɯ1 Ǘä ˁ ˷˴Ɨ :( .ǈƨƑ ʼ ǍǂƳ ÞƑ˷Ɠ üƑ˴ƻǆ]12[ 

 
 2.8 :ƕ ɚ ǆƑɚ ˶ǁä òäˤ˱ǁä . 

 ̝ùù˻ǂå̇˯ǃå ̇ùù˰ǂå ˥ùùǆ ̠ùùƶƙā Ɨùùƶˮ  ˟ç̇ǋƓùùl Ǒùùǋ Ɨɂ̇˳ùù˶ǃå ɄùùƬƓɜ˸ǃå ǑùùƼ ɆùùƮå˦ƽǃåā û˦ǀùù˵ǃå
 ǏùǄƵ  Ɨù Ƒ̇ ǆ ƗùḪ̇ ơ ɏá Ǐǃã ˙ǀ˯ƽƙ Ǒǋā Ɨ ʹ ˮ˟ Ɇǆå˦ƶǃ Ɨ˱ ˯ǈ ï˦˳˶ǃå ǑƼ Ɠƛā˗ơ Ɨɂ˦ǈƓ˰ǃå
 ƗḪ̇ ˯ù˵ǆ Ɨù˸ˢǈáā èƓùƵ˦˸˱˸Ḫ é˗ù˲ƙ Ɠǆ Ɠ ǃƓƹ ƓǌǈƎƼ çí̇ ƽ˹ǆ é˗˲ƙ ÿá ˥ɜ˸Ȼ Ɠǌǈá ˥ǆ ˤƹ̇ ǃå

˳Ⱥ Ɠǌ˹Ƶ ˙˻ˮƶ˯ǃåā ƓǌƪƓ ʾ ˥ɜ˸ɂā]˥˻˯˻ƮƓ13ǑƙǓƓḪ [: 
 
 

Term Aperture 

Wide >200 mm 

Moderately wide 60 ï 200 mm 

Moderately narrow 20 ï 60 mm 

Narrow 6 ï 20 mm 

Very narrow 2 ï 6 mm 

Extremely narrow 0 ï 2 mm 

Tight < 2 mm 
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1.2.8  ɄƬäˤƻǁä ýƑˠǆ ƕ ƬƑƢ Joint  System 
å ñƓùùùùù˻ǀȺ û˦ǀùùùùùùùùùùù˵ǃå þƓùùùùùùùùùùùùùsǈ ɄùùùùƮ˦ǒƪǆǃùùùùùùǒƕ ƗƼƓе  Ʉùùùù˵ɜ˸ǃƓȺ Ɨùùùù˸ˢǈǖǃ Ɨùùùùǈ˦ɜ˸ǃå ɆùùùùƮå˦ƽǃå

) ̟ ù˻ùùùùùùơ Üɏ̇ ù˳ùù˶ǃåJS (= åǒƕ ƗƼƓƪǆǃе åƬǃ û˦ùùùƿ/ å í˗ùùùƵƓǈǒƶǃ èǌǈǒƕб ̠ùùùƵƓ˯ǃå ÿ˦ùùùɜȻ ā Ü
Ɇùƿá ƗɂïƓ˹ǃå ï˦˳ ˶ǃå ǑƼ û˦ǀ˵ǃå ˥ƕ˻  ˥ùǆ20  ɏ˘ùǃå Ɨ Ɂ˦ùƪ̇ ǃå ï˦˳ù˶ǃå ˛ùɜƵ ǏùǄƵ Üˤùƪ

 Ǐǃã Ɇ˶Ȼ ˗ƿ100  ǏùǃāǕå ƗùƵ˦˸ ˱˸Ǆǃ ĄƗùƶ˟Ɠƿ āá ɖùˮɣǃ˯å ƠɣùƪǕ ĄƗùɂðå˦ǆ ƓŊǆã ÿ˦ḧƙā ÜĄå̇˯ǆ
 Ɨùɂāå̊ ƕ90] ²14 ˕ùùǈƓḪ åîã ǏùǃāǕå :˥˻˯ǃƓùơ ǏùùǄƵ Ǒùǋā ï˦˳ù˶ǃå ƗùùǈƓ˯ǆ ɆùƮå˦ƽǃå ɆùǄǀƙā Ü[

:ǑƙǓå ˦˲˹ǃå ǏǄƵ ˔˴˲˯Ƽ ˗ơåā ǉƓ˱ƙå èåî ɆƮå˦ƽǃå 
 
Sa= s1+s2+s3+Ľ.sn/nĽĽĽĽĽĽĽq1          

                        ˖˻ơnå ÷˦ ˸˱ǆ /ƼƓƪǆǃ èåǒƕе åǃ = ɆƮå˦Ƽ (js) = Sa 
ǑǈƓùùùùùùù˰ǃåā ýāǕå ɆƮƓùùùùƽǃå ˥˻ƕ ƗùùùƼƓ˴˸ǃå=  S1 

=   ǑǈƓùù˰ǃåā ýāǕå ɆƮƓùùùùùùƽǃå ˥˻ƕ ƗùùùùùùƼƓ˴˸ǃå S2 
=  èƓùùùùùùùƼƓ˴˸ǃå í˗ùùùùùƵƗùùùùùùùùùùùùùùùùùùùùƪƓǀ˸ǃå n 

ǓƓḪ ̝˴˲ Ƽ˯  ƗƽǄ˯˳ǆ ƓȻåā̊ƕ û˦ǀ˵ǃå ˥ǆ Ɨ˸s ǈá éǚƛ ̞ƶ˟Ɠǀƙ åîã ƓŊǆá:Ǒƙ  
 

(js)      = Set(1)+ Set(2)+ Set (3) /3 ĽĽĽĽĽ..q2]14.[ Sa     = 

) üĀ˕Ɯ2] .úʕƾ˳ǁä xƓ˹ ƕƺƑ˲˶ ǁä ǍǂƳ ìƑ˶˭ƳǗƑȸ  úʕƾ˳ǁä ˁ ˷˴Ɨ ýƑɣǆ ƞƮʕǐ :(15[ 
Description Symbols Intervals (cm) 

Extremely wide spaced F1 >200 
Widely spaced F2 200-60 

Moderately wide spaced F3 60-20 
Closely spaced F4 20-6 



 

ϸϹЛЮϜ  17Volume  

ϽϠϜ Эт2019 April  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   фп 

 
 

 
  2.2.8  ˗˱øøøøø˴ǁä ƕøøøøøǆƑ˭Ǆ ˣ˹øøøøø˹ƴƗRock Quality Designation       Ɨ ˸ùùùùù˴ƙ

 ˗ùùùùùǒ˗˲ƙ ā Ɨɂ̇ ˳ùùùùù˶ǃå ƗùùùùùǄ˯ḧǃå ɄùùùùùƮ˦ǃ þ˗˳˯ùùùùù˴Ȼ ˙ùùùùùƬ˓ǆ ˦ùùùùùǋ ï˦˳ùùùùù˶ǃå Ɨùùùùù ʸ˦ ǈ ˥˻ùùùùù˻ƶƙ āá
) ýā˗ùùùùƞ Ɠùùùǌƙ˦ƿ3 ƗùùùùǃíƓƶ˸ǃå þ˗˳˯ùùù˴ƙā (3 q  ɆùùùùƮå˦ƽǃå ˤùùùù˱ơ ǏùùùǄƵ íƓùùùù˸˯ƵǙƓȺ ƓǌùùùƪƓ ʿǃ

.˗ơå˦ǃå ˔ƶɜ˸ǃå ˙˯˸ǃå ǑƼ   
3 q)..............................RQD= 115- 3.3(JV] .20˔˹Ɵ [No. of 

Joints in 1m³ = Jv  
 ˥˻˯ǀɂ̇ ˠȺ ˔˴˲ƙā ]15[   
V ǍǁĀǓä ) ɆƮå˦ƽǃå Ɨ˸ˢǈá ˥ǆ ˙˰ǂá āá ˗ơåā í˦ƞā ýƓơ ǑƼset. ƗǃíƓƶ˸ǃå ɖˮˠƙ ( q4 
 

Jv = 1/S1 + 1/S2 + 1/S3 + Ľ1/SnĽĽĽĽĽĽĽĽĽ...Ľ.Ľ.q4  
) ˖˻ơs1,s2,s3.þƓˢǈ ɆḪ ǑƼ ɆƮå˦ƽǃå ˥˻ƕ ƗƼƓ˴˸ǃå Ɋƪ˦˯ǆ ( 
V ƕ ǆƑˮǁä ) þƓˢǈ ˥ǆ ˙˰ǂá í˦ƞā ýƓơ ǑƼset í˦ƞā ƴǆ () ƗƑå˦˵Ƶ û˦ǀƬNr ˤ˯ǒ (

...........ƗǃíƓƶ˸ǃå ɖ˻ˮˠƙ q5  
Jv = 1/S1 + 1/S2 + 1/S3+ Ľ..1/Sn + Nr/(5ÕA) ĽĽĽĽĽĽ.... 
q5 

  ) üĀ˕Ɯ3] .ƕɀ˗˱˴ǁä Ʉ˭ḥǁä ƕǆƑ˭Ǆ ƕ ƬƑ˱ȸ ˁ ˷˴˭ǁä ýƑˠǆ :(16[ 
Symbols RQD %        Descriptive Term 

R1 90 ı 100 Very Good 
R2 75 ı 90 Good 

Very closely spaced F5 6-2 
 Extremely closed spaced F6 <2 
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R3 50 ı 75 Fair 
R4 25 ı 50 Poor 
R5 <25 Very Poor 

 
9 :Ʉ˶ƴǁä ƕƾɀ˗˝Ā ƕ ǆä˕˹˶ǁä ƕƨäî˕ǁä . 

Ɨùùùùùùùùùùùƪåï˗ǃå ƴùùùùùùùùùùƿ˦˸ǃ þƓùùùùùùùùùùƵ ˚ùùùùùùùùùùùǆï ïƓùùùùùùùùùù ˯Ƥå ˤùùùùùùùùùùƙ (L- T- G- 19)) ˚ùùùùùùùùùùǆ̇ ǒ îã ÜL Ǒùùùùùùùùùùùǃå (
 ƠǄˠùùùùùùùùùùùù˶ǆlocation)) ˚ùùùùùùùùùùùùǆ̇ ƙā (T) ˚ùùùùùùùùùùùùǆ̇ ƙā ǑùùùùùùùùùùùùǄˮ˱ǃå Ǒùùùùùùùùùùùùˮ˟ ɖùùùùùùùùùùùùɂ̇ ˟ Ǒùùùùùùùùùùùùǃå (G (

) ÿƓùùùùùùùùùùùɂ̇ ƹ Ɨùùùùùùùùùùùǀˠ˹ǆ ǑùùùùùùùùùùùǃåGYRIAN ˤƿ̇ ùùùùùùùùùùùǃå ˚ùùùùùùùùùùùùǆ̇ ɂā (19 Ɨùùùùùùùùùùùùƪåï˗ǃå ßå̇ ùùùùùùùùùùùƞã Ɨ˹ùùùùùùùùùùùƪ 
2019 ) Ɇɜùùùùùùùùùùùùù˵ǃå ˥˻ùùùùùùùùùùùùùˮɂā2 Ǚ ÿƓùùùùùùùùùùùùùƶƿ˦ǆ ˘ùùùùùùùùùùùùùƤá ˤùùùùùùùùùùùùùƙ ˗ùùùùùùùùùùùùùƿā Üƴùùùùùùùùùùùùùƿå˦˸ǃå ƴùùùùùùùùùùùùùư˦ǆ (

 ƴùùùùùùùùùùùùùùùƿ˦˸ǃå Ɠùùùùùùùùùùùùùùù˸ǋā Ɨùùùùùùùùùùùùùùù ˯ǃðƓȺ ƴùùùùùùùùùùùùùùù˟å˦ƿ ɏƋùùùùùùùùùùùùùùùȺ ÿå̇ ƛƋùùùùùùùùùùùùùùù˯ǒ(L1- T- G- 19)  ƴùùùùùùùùùùùùùùùƿ˦˸ǃåā
(L3- T- G- 19)  Ɨùùùùùùùùùùùùùùùƪåïí ˥ùùùùùùùùùùùùùùùǆ Ɠùùùùùùùùùùùùùùùǌ˻ǄƵ Ɇùùùùùùùùùùùùùùù˶˲˯˸ǃå ƝƑƓùùùùùùùùùùùùùùù˯˹ǃå ƗùùùùùùùùùùùùùùùǈïƓǀǆ ˤ˯ùùùùùùùùùùùùùùù˻ǃ

 Ɠùùùùùùùùùùùùùùùù˸ǋā Ɨùùùùùùùùùùùùùùùù ˯ǃðƓȺ ƴùùùùùùùùùùùùùùùù˟å˦ǀȺ ÿå̇ ƛƋùùùùùùùùùùùùùùùù˯˸ǃå ÿƓùùùùùùùùùùùùùùùùƶƿ˦˸ǃå ƴùùùùùùùùùùùùùùùùǆ Ɨ ùùùùùùùùùùùùùùùùƪ˗˹ǌǃå óå˦ùùùùùùùùùùùùùùù˳ǃå
ƴùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùƿ˦˸ǃå(L2- T- G- 19)  ƴùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùƿ˦˸ǃåā(L4- T- G- 19) èåāíǕå ˤùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùǋáā Ü

 ÜƗǀ ùùùùùùùùùùùù˷ǃå ɆùùùùùùùùùùùùƮå˦ƽǃå ñƓùùùùùùùùùùùù ʿǃ Ǌùùùùùùùùùùùù ǈïā èåî Ǌùùùùùùùùùùùùǆ˗ƿā ƗǄùùùùùùùùùùùùƮ˦ƕ Ü˕ǆ˗˳˯ùùùùùùùùùùùùƪá Ǒùùùùùùùùùùùù˯ǃå
)ðƓùùùùùùùùùùùùùùùùùǌƞ Üýå˦ùùùùùùùùùùùùùùùùù˟Ǖå ƗùùùùùùùùùùùùùùùùùƽǄ˯˳ǆ ñƓùùùùùùùùùùùùùùùùù ʾ Ɨ˟̇ ùùùùùùùùùùùùùùùùùƬáāGPS) ˞ǆƓùùùùùùùùùùùùùùùùùơā Ü(HCL (

 Ɨ ùùùùùùùùùùù˴˹ƕ Ʉùùùùùùùùùùùƽ˳ǆ10%  Ɇ˻ùùùùùùùùùùùùƮƓƽƙ ɏ˦ùùùùùùùùùùù˲Ȼ ̝ùùùùùùùùùùù˻˯Ḫā ÜèƓùùùùùùùùùùùsơǚǆ ˥ɂā̠ùùùùùùùùùùùùƙ Ɨùùùùùùùùùùùƪå̇Ḫ
ÜèƓ˹˻Ƶ ƴ˸ƞ ñƓ ǂáā ÜƗǀˠ˹˸ǃå Ɨ ƞ˦ǃ˦˻ƞ ) ɆɜƬ2(.  
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) ýā˗˱ǃå ˥ˮɂā4Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå ƝƑƓ˯ǈ (  .Ɨ ǈå˗˻˸ǃå Ɨƪåï˗ǃå ˥ǆ 

 
 
 
 
 
 
 
 
 
 
 

 

) ɆɜƬ2 ƴƿ˦ǆ :(.Ǒˮ˟ ǑǄˮ˱ǃå ɖɂ̇ ˠǄǃ Ɨɂðå˦˸ǃå èåï˗˲˹˸ǃå ǏǄƵ Ɨƪāï˗˸ǃå ɄƬƓɜ˸ǃå 
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 ) üĀ˕Ɯ4 ƕ ƨ˕˷Ǌǁä òäʕ ˱ǁä ƕƨäîì ƛƏƑ˭ǆĀ ƕ ǆä˕˹˶ǁä ƕƨäî˕ǁä çƑǆƑ Ɠ ( 

 

10ƛƏƑ˭˷ǁä . 
1.10 ) ˣ˹ƴƽˤøøøøøøøøøø˶ǂǁ ƕøøøøøøøøøøƨäî˕ǁä ƛƏƑøøøøøøøøøø˭ǆL1- T- G- 19 ÛL3- T- G- 19(  ƴùùùùùùùùùùƞ̇ ƙ

 úǚ˯ùùùùùùùƤǙå ˤùùùùùùùƹïā ÜǑùùùùùùùˮ˟ ˥˻ùùùùùùùƵ ˦ùùùùùùù˷Ƶ ˗˻ùùùùùùù˶ǃå ɏ˗˻ùùùùùùùƪ ˥ɂ˦ùùùùùùùḧ˯ǃ ˥˻ƶƿ˦ùùùùùùù˸ǃå ï˦˳ùùùùùùùƮ
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 ƗùùùùùùùùǈƓ˯ǆ ÿá ˥˻ùùùùùùùˮƙ ˥˻ƶƿ˦ùùùùùùù˸ǃå ÷Ɠùùùùùùùùƽƙïå ǑùùùùùùùƼ Ǒˮùùùùùùù˴˹ǃå)RQD(  ˕ƽùùùùùùùùƮā ˥˻ƽùùùùùùù˵ɜ˸ǃå ǚùùùùùùùḪ
) ç˗ùùùùùùùùù˻˱ǃƓȺGood ˕ùùùùùùùùùƺǄƕ Ɨ ùùùùùùùùù˴˹ƕ (89.2 %  ƴùùùùùùùùùƿ˦˸ǃå ǑùùùùùùùùùƼL1  Ɨ ùùùùùùùùù˴˹Ɂā83.22 % 
ƴùùùùùùùƿ˦˸ǃå ǑùùùùùùùƼL3 ƗùùùùùùùǄƿ Ǐùùùùùùùǃå ǉí̇ ùùùùùùùǆ ï˦˳ùùùùùùù˶ǃå ƗùùùùùùùǈƓ˯ǆ ÷Ɠùùùùùùùƽƙïå ÿɀā Ü û˦ǀùùùùùùù˵ǃåā ɆùùùùùùùƮå˦ƽǃå

) Ɨùùùùùù˸ ʾ æƓùùùùùù˴ơ Ɠùùùùùùǌ˻ǃã ˗˹ùùùùùù˴Ȼ Ǒùùùùùù˯ǃåā Ɨùùùùùù˸ˢ˯˹˸ǃåā Ɨ Ƒå˦ùùùùùù˵ƶǃå(Jv) ˥˻ƽùùùùùù˵ɜ˸ǃå ǚùùùùùùḪ ǑùùùùùùƼ (
 ƴùùùùùƿ˦˸ǃå ǑùùùùùƽƼL1  Ɠùùùùùǌ˯˸ ʾ ˕ùùùùùƺǄƕ7.8  ǑùùùùùƼm3  Ʉùùùùù˵ɜ˸ǃå ǑùùùùùƼ Ɠùùùùùǌ˯˸ ʾ ˕ùùùùùƺǄƕ Ɠùùùùù˸˹˻ƕL3 

9.6  ǑùùùùùùƼm3   Ɨùùùùùù˴ Ƒ̇ ǃå ɆùùùùùùƮå˦ƽǃå ˗ùùùùùùƵƓ ƙ ïå˗ùùùùùùǀǆ Ɍùùùùùùơǚǒ Ɨùùùùùù Ǆǀ˲ǃå èå˗ǋƓùùùùùù˵˸ǃå ˥ùùùùùùǆā
) ɆùùùùùùùùùùùƮå˦ƽǃå þƓùùùùùùùùùùùˢǈs1,s2ǃå ïå˗ùùùùùùùùùùùǀǆ ƸùùùùùùùùùùùǄƕ îã ( ƴùùùùùùùùùùùƿ˦˸ǃå ǑùùùùùùùùùùùƼ ˗ùùùùùùùùùùùƵƓ ˯L1 231cm 

 ˃ ˹ùù˶˯ƕ)Extremely wide spaced(  ƴùùƿ˦˸ǃå ǑùùƼāL3  ˕ùùƺǄƕ Ɨùù˸ ʿȺ189  
˃ ˹ùùùùùù˶˯Ɂā )Widely spacedÛ(  ĄƓùùùùùùƪ̠ǋ˹ ɏ̇ ù˳ùùùùù˶ǃå Ʉùùùùùù˵ɜ˸ǃå Ʉƶùùùùùùư í̠ùùùùùù˲˯ɂā

 Ɨùùùùùùùù˸ˢǈǕå èíåð Ɠùùùùùùùù˸ǄḧƼ Ɠùùùùùùùùǌ˹˻ƕ Ɠùùùùùùùù˸ ʼ ƴ˟Ɠùùùùùùùùǀ˯ƙ Ǒùùùùùùùù˯ǃå ɆùùùùùùùùƮå˦ƽǃå Ɨùùùùùùùù˸ˢǈá ˗ùùùùùùùùƞå˦ƙ Ɏ˗ùùùùùùùù˸Ⱥ
ǏùùùùùǄƵ Üɏ̇ ù˳ùùùùƮ Ʉùùùùù˵ɜǆ ɏǕ Ɨùùùùùǈ˦ɜ˸ǃå ï˦˳ ùùùùù˶ǃå Ʉƶùùùùùư ̞ùùùùùƶ˟Ɠǀƙā  Ʉùùùùù˵ɜ˸ǃå ˛ùùùùùɜƵ

) Ɇɜùùùùùùù˵ǃƓȺ ˥˻ùùùùùùùˮ˸ǃå3) ɊùùùùùùùǀƼ ˥˻ǆƓùùùùùùùˢǈ í˦ùùùùùùùƞā Ɍơǚ˹ùùùùùùùƼ (s1,s2 þƓùùùùùùùˢ˹ǃå  ÿá Ơùùùùùùù˷˯ɂā (
ýāǕås1  û̇ùùùùùƬ ýƓ˸ùùùùùƬ ǊùùùùùǋƓ˱ƙå ÿ˦ùùùùùɜȻ-  ˙ƛ˓ùùùùù˸ǃå ƗùùùùùḪ̇ ˲ǃå ǉƓùùùùù˱ƙå ǉ˘ùùùùù˳˯ǆ æ̇ ùùùùùƹ æ˦ùùùùù˹ƞ

) þƓùùùùùùùˢ˹ǃå Ɠùùùùùùùǆáā ÜƗùùùùùùùƪ˦ƽǈ ƴùùùùùùùƽƙ̇ ǆ ǑùùùùùùùƼs2 ̞ùùùùùùù˲ƙā Ɏ̠ùùùùùùù˸ǃå ̝ ù˻ùùùùùùƪ̇ǃ˯å ɏ˦ù˯ùùùùùù˴ǆ ̆ùùùùùùù˳˻˯Ƽ (
 çíƓùùùùɂð Ǐùùùùǃå Ɨùùùù˸ˢǈǕå ƗùùùùǄƿā ˗ùùùùƵƓ ˯ǃå ˗ùùùùƞāáā ÜɎ˗ùùùù˸ǃå) ƗùùùùǈƓ˯˸ǃåRQD Ǐùùùùǃå ǉí̇ ùùùùǆ ˣùùùùǃîā Ü(

) ÷˦ ùùùùùùǈ ˥ùùùùùùǆ ˥ɂ˦ùùùùùùḧ˯ǃå å˘ùùùùùùǋ ï˦˳ùùùùùùƮ ÿáDoloston ÷ƓùùùùùùƽƙïǙ Ǌ˯ƕǚùùùùùù˶Ⱥ ðƓùùùùùù˯˸Ȼ ɏ˘ùùùùùùǃåā (
˙ùùùùù˷ƤǕå ).þ˦˻ùùùùù˴˹ƹƓ˸ǃåā Ɨ ùùùùù˴ǈ2017 ˦ùùùùùù˷ƶǃ Ɨùùùùùǈ˦ɜ˸ǃå Ɨɂ̇ ˳ùùùùù˶ǃå ɄùùùùùƬƓɜ˸ǃå ˤùùùùù˴˯ƙā.(

 Ǒùùùùùˮ˟ ˥˻ùùùùùƵƓùùùùùǋïƓǀ˯ƼƓȺ  ï˦˳ ùùùùù˶ǃå ƗùùùùùȺåîã Ɠùùùùùǌ˻ǃã Ɏ̊ùùùùùƶȻ ƗùùùùùƑƓ˸Ḫ Ɨùùùùùɂ˦˱ƙ èƓùùùùùǄ˸Ƶ éā̠ùùùùù˲ǃ
 Ɨùùùùùùùɂ˦˱˯ǃå ɉƓùùùùùùù˵ǈ Ɠùùùùùùùǌ˻Ƽ íåí̊ ùùùùùùùɂā ǚùùùùùùùḪ ǑùùùùùùùƼ Ɨɂ̇ ˳ùùùùùùù˶ǃå Ɨùùùùùùùǀ ˠǃå ˕ùùùùùùùˢƼƓơā ÜƗùùùùùùù ɜ ǈƓɜ ˸ǃå

) Ɨùùùùùùù˸ ʿȺ Ɇùùùùùùù˻˸ǃå Ɨùùùùùùùƞïí ǏùùùùùùùǄƵ ˥˻ƶƿ˦ùùùùùùù˸ǃå2²- 4² ˥˻ǋƓùùùùùùù˱ƙƓȺ (S- SE í˦ùùùùùùùƞā þ˗ùùùùùùùƶǃ Ü
 ÿã Ɨùùùùùùù ˯ǃðƓ ǃå ƴ˟å˦ǀǃƓùùùùùùùḪ ˙ƛ˓ùùùùùùùǆùùùùùùù˻˸Ȼ Ɠùùùùùùùǆ ̊ Ɨˠùùùùùùùƪ˦˯ǆ ƓùùùùùùùǌǈƋȺ ˥˻ƶƿ˦ùùùùùùù˸ǃå ǑùùùùùùùƼ ɆùùùùùùùƮå˦ƽǃå
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) ɖ˻ùùùù˷ǃåModerately narrow Ǌùùùù ǄƵā (ùùùùɜ˸Ȼ Ǚ ˥ ɆùùùùƮå˦ƽǃå ˥˻ùùùùƕ íå˦ùùùù˸ǃå ˤǌùùùù˴ƙ ÿá
.Ɇ˯ḧǃå ƗḪ̇ ơ ǑƼ 

2.10 ) ˣ˹ƴƽˤ˶ǂǁ ƕƨäî˕ǁä ƛƏƑ˭ǆL2- T- G- 19 ÛL4- T- G- 19.( 
 Ɨùùùùùùù ɜ ǈƓɜ ˸ǃåā Ɨùùùùùùù ƑƓ ˸ ḧǃå Ɨùùùùùùùɂ˦˱˯ǃƓȺ ç̇ ƛƋùùùùùùù˯ǆ Ǒ˯ǃðƓùùùùùùùȺ ƴ˟ƓùùùùùùùǀȺ ˥˻ƶƿ˦ùùùùùùù˸ǃå ï˦˳ùùùùùùùƮ ˙ƛƋùùùùùùù˯ƙ

ùùùùùǃå ï˦˳ùùùùùƮ ǑùùùùùƼ ˥˻ƶ˟Ɠùùùùùǀǃå ǚùùùùùḪ ˙ƛ˓ùùùùùɂāǑùùùùù˯ǃå ˕ǒƓǆ˦ǃā˗  ˗˻ùùùùù˶ǃå ɏ˗˻ùùùùùƪ ˥ɂ˦ùùùùùḧ˯ǃ ƴùùùùùƞ̇ ƙ
) ɆɜùùùùƬ Ʉùùùù˵ɜ˸ǃå ǑùùùùƼ ˥ƶ˸˯ǃƓùùùùɁā Ǒùùùùˮ˟ ˥˻ùùùùƵ ˦ùùùù˷Ƶ4 ƴùùùùƿ˦˸ǃå ˥ùùùùǆ ß̊ ùùùùƞ Ɇùùùù˰˸Ȼ ɏ˘ùùùùǃåā (

)L2) ɆùùùùùùƮå˦ƽǄǃ Ɨùùùùùù˸sǈá ƗùùùùùùƶɁïá ÿ˦ùùùùùùḧƙ Ɍùùùùùù˲Ǆǈ (S1,S2,S3,S4 Ɨùùùùùù˸ˢǈǕå ˕ùùùùùùƶ˟Ɠǀƙ Ü(
ƓùùùùùùùȻåā˚ƕ ) þƓùùùùùùùˢ˹ǃå ˥˻ùùùùùùùƕ Ɨùùùùùùùɂāå̊ ǃå ˕ùùùùùùùǈƓḧƼ ƗùùùùùùùƽǄ˯˳ǆs1,s2 (90 ² ß˦ùùùùùùù˵ǈ Ɍùùùùùùù˲Ǆǈā ÜĄƓùùùùùùùɂ̇ǀƙ

) ˖ùùùùǃƓƛ þƓùùùùˢǈS3ç˦ ùùùùƿ ˙˻ƛƋùùùùƙ ˥ùùùùƵ ƝƙƓùùùùǈ ( ) ɆɜùùùùƬ ɌùùùùơǙ Ǒ˯ǃðƓùùùùȺ ƴ˟Ɠùùùùƿ ɆùùùùƶƽȺ Ɋƺùùùùư4 (
) þƓùùùùùùùˢ˹ǃå ƴ˟Ɠùùùùùùùǀ˯ɂāS3) ˥˻ǆƓùùùùùùùˢ˹ǃå ƴùùùùùùùǆ çíƓùùùùùùùơ Ɨùùùùùùùɂāå̊ ƕ (S1,S2 þƓùùùùùùùˢǈ ˗ùùùùùùùǃ˦ƙ Ɠùùùùùùù˸˹˻ƕ Ü(

 

)Ʉɚƪ3Ǐ˭ǁïƑ ǁä Ʋ˝ƑƾǁƑȸ ˗ƙƉ˭Ǆ ˗˹Ʒ ɂ˳ɚǄ :( )Ʋƽˤ˶ǁƑȸ L3- T- G- 19.( 
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) ƴùùùùùùȺåïs4 Ɨùùùùùùɂāå̊ ƕ ˗ùùùùùùǆƓƶ˯ǆ (90 ²) þƓùùùùùùs˹ǃå ƴùùùùùùǆ ĄƓùùùùùùɂ̇ǀƙs3 ƗùùùùùùǃƓơ éå˗ùùùùùùơã ǑùùùùùùƼ ˤǋƓùùùùùùƪ (
 ç̠ùùùùùùùǃ˦˸˯ǃå ç˦ùùùùùùùǀǃå) ÿ˦ùùùùùùùḧƙ xǃ̆ùùùùùùùɁā ƗƑå˦ùùùùùùù˵Ƶ û˦ǀùùùùùùùƬ Ąå̠ùùùùùùùǃ˦ǆ Ʉƶùùùùùùùư1ů ƴ˟Ɠùùùùùùùǀǃå ˥ùùùùùùùǆ (

ǃå ˔ˮùùùùùù˴ǃå Ǒ˯ǃðƓùùùùùù ǃå ǏùùùùùùǄƵ è̇ ˠ ùùùùùùƪ Ǒùùùùùù˯ǃå þƓùùùùùùƶǃå Ʉƶùùùùùù˷ǃå ƗùùùùùùǃƓơ éå˗ùùùùùùơã ǑùùùùùùƼ Ǒùùùùùù˴ Ƒ̇
) ˥˻ƽùùùùùùùùùùùùùùùù˵ɜ˸ǃåL2- T- G- 19 ÜL4- T- G- 19 ǏùùùùùùùùùùùùùùùùǄƵ Ʉƶùùùùùùùùùùùùùùùù˷ǃå å˘ùùùùùùùùùùùùùùùùǋ ˙ùùùùùùùùùùùùùùùùƛáā (

) ˤ ùùùùùùùùʾ æƓùùùùùùùù˴ơ ˗ùùùùùùùù˹ƶƼ ƗùùùùùùùùƪƓǀ˸ǃå Ɨ ùùùùùùùùƪ˗˹ǌǃå ˝ƑƓùùùùùùùù˶˳ǃåRQD í˦ùùùùùùùùƞā ǑùùùùùùùùƼ ĄƓùùùùùùùùưƓɂï (
 ƗùùùùùùƶɁïǕå Ɨùùùùùù˸ˢǈǕåþå˗˳˯ùùùùùùƪƓȺ ) èǙíƓùùùùùùƶ˸ǃåq3- q5 ýāǕå ƴùùùùùùƿ˦˸ǃå ˃ ˹ùùùùùù˶ƙ ÿá ˥˻ùùùùùùˮƙ (

)poor  ˕ùùùùùùùƺǄƕ Ɨ ùùùùùù˴˹ƕ ()37.78 %( ƴùùùùùùùƿ˦˸ǃå ǑùùùùùùƼ ˃ ˹ùùùùùùù˶˯ǃå èå˘ùùùùùùɁā)L4(  Ɨ ùùùùùùù˴˹Ɂā
 ˕ùùùùùùùùƺǄƕ)48.34 %Û(  Ɇùùùùùùùùù˯Ḫ ÿ˦ùùùùùùùùùḧƙ ĄƓùùùùùùùùùǄǀơ Ǒ˯ǃðƓùùùùùùùùùǃå ƴ˟Ɠùùùùùùùùǀǃå ̇˻ƛƋùùùùùùùùùƙ ̠ǋå˦ùùùùùùùùùƬ ˥ùùùùùùùùùǆā

 ñƓùùùùù ʿɁā ÜýƓɜùùùùùƬǕåā þƓùùùùù˱ơǕå ǑùùùùùƼ ƗùùùùùƙāƓƽ˯ǆ Ɨɂ̇ ˳ùùùùùƮ û˦ǀùùùùù˵ǃå þƓùùùùùsǈ  ĄƓùùùùùưƓɂï ǊȺƓùùùùù˴ơā
ƗùùùùùùùùùǃíƓƶ˸ǃå ˥ùùùùùùùùùǆ)q1,q2()    ˥˻ùùùùùùùùùƕ ëāå̇ ùùùùùùùùùƙ ˗ùùùùùùùùùƵƓ ˯ǃå ˃ ˹ùùùùùùùùù˶ƙ ÿá ˥˻ùùùùùùùùùˮƙā ÜClosely 

spaced- Moderately wide spaced ƴ˟Ɠùùùùùùǀǃå ˙˻ƛƋùùùùùƙ ˙ǋƓùùùùùùˢǆ ˥ùùùùùǆā Ü(
ýā˗ùùùùùƞ) Ǌùùùùù˯˸ ʾā Ɇùùùùù˻˸ǃå ǉƓùùùùù˱ƙå ˙ùùùùù˻ƺƙ Ǒ˯ǃðƓùùùùù ǃå4 ˕˸ǌùùùùùƪáā Üƴ˟ƓùùùùùǀǃƓȺ ç̇ ƛƋùùùùù˯˸ǃå èƓùùùùùǀ ˠǃå (
) ˕ùùùùùƺǄƕ Ɨùùùùùùɂāå̊ ƕ Ǌùùùùùùƶˠƿā ï˗ùùùùù˲˹˸ǃå ɖùùùùùùƬ Ɨùùùùù Ǆ˸Ƶ90 (² ï˦˳ùùùùùù˶ǃåā ƴ˟Ɠùùùùùùǀǃå Ʉùùùùù˵ḧƙ ǑùùùùùùƼ

 ɏ̇ ù˳ùùùù˶ǃå ɉ˦ǀùùùùù˴ǃå ÷˦ùùùùùǈ ˥ùùùùùǆ ïƓùùùùùǌǈå éā̠ùùùùù˲ǃ Ɨùùùùùư̇Ƶ ̇ùùùùù˰ǂá ƠùùùùùƮá ǑǃƓùùùùù˯ǃƓɁā ç̇ƛƋùùùùù˯˸ǃå
 Ʉùùùùùùùù˵ɜ˸Ǆǃ ƗùùùùùùùùƮƓ˳Ɂā)L1 (ɆùùùùùùùùƮå˦ƽǃå ) ƗùùùùùùùùḪ̇ ˲ǃå èƓɂ˦˯ùùùùùùùù˴ǆ í˦ùùùùùùùùƞ˦ƕ ˚ùùùùùùùù˻˸˯ǒ ɏ˘ùùùùùùùùǃåā (

ƪ˦˯˸ȺɊ  ˥˻ƶƿ˦˸ǃå ǚḧǃ ÷Ɠ˴ƙåmm60.15. 
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11:éƑ˭˷˭ƨǗä . 
1- ƴ ˯˯ƕ )ýā˗˱ǃå4 ƴùƿ˦ǆ ǑùƼ ˙ù˻ƺ˯ǃå ƴùǆ ˤ ùʿǃå ǑƼ ˥ǒƓ ˯ƙ Ɨ ƪ˗˹ǌǃå óå˦˳ǃå ÿá Ɍơǚǈ (

) ƴùƿ˦˸ǃå ǑùƼ Ɇùǀƙ ï˦˳ù˶ǃå ƗùǈƓ˯˸Ƽ ÜɄù˵ɜ˸ǃå ï˦˳ùƮ ǑùƼ ˙ƛ˓ù˸ǃå ÷˦ ǈā Ʉ˵ɜ˸ǃåL4,L2 (
) Ɠǌˠùùƪ˦˯ǆ ƸùùǄƕ îã ÜǑ˯ǃðƓùùȺ ƴ˟Ɠùùƿ ˙˻ƛƋùù˯ƕ ˚ùù˻˸˯ƙ Ǒùù˯ǃå ƴùùưå˦˸ǃå ǑùùƼ ɏá43.06% í̇ ùùǆā (

 í˦ùùùùƶȻ Ʉƶùùùù˷ǃå å˘ùùùùǋ÷ƓùùùùƽƙïǙ ùʕùùùʾ ÷Ɠùùùùƽƙïå ɏá ÜƗƑå˦ùùùù˵ƶǃå û˦ǀùùùù˵ǃåā ɆùùùùƮå˦ƽǃå í̠ùùùùƵ  ˤùùùù˱ơ
 û˦ǀ˵ǃå(Jv) þ ǑƼ3) þƓƵ Ɋƪ˦˯˸Ⱥ Ü21.8.( 

2- )˥˻ƶƿ˦ùù˸ǃå ǑùùƼ ï˦˳ùù˶ǃå ƗùùǈƓ˯ǆL3,L1) Ɠǌˠùùƪ˦˯ǆ ƸùùǄƕ (86.24%         ˗ùù˻ƞ ˃ ˹ùù˶˯Ɂā (
 ˣǃ˘ùùùƕ Üï˗ùùù˲˹˸ǃå èƓùùù ƛ ǏùùùǄƵ ˗ùùùḪ˓ǒ ï˦˳ùùù˶ǃå ƗùùùùùǈƓ˯ǆ ÷Ɠùùùùùùùùùùùùùùùƽƙïå ÿɀāùùùƞ˦ƙ Ǚ ̠ Ɨùùù ǃƓ˸˯ơå ɏá

ïƓ ǌǈå. 
3-  ˤ ʿǃå æïƓǀƙā ÜǑ˯ǃðƓ ǃå ƴ˟ƓǀǃƓȺ ç̇ ƛƋ˯˸ǃå ƴưå˦˸ǃå ǑƼ Ɨ ƪ˗˹ǌǃå óå˦˳ǃå ˤ ʾ æïƓǀƙ ÿã

 Ɨɂ̇˳ù˶ǃå èƓƽù˶ǃå èå̆ƕ ̊˻˸˯ǒ ɏ̇˳˶ ǃå ˥ɂ˦ḧ˯ǃå ÿ˦ḧǃ ƴƞ̇ǒ Üç̇ƛƋ˯ǆ ̇˻ƺǃå  ƴưå˦˸ǃå ǑƼ

 

)  ɆɜƬ4Ǒ˯ǃðƓȺ ƴ˟ƓǀȺ ̇ƛƋ˯ǆ ɏ̇ Ʈ˳ Ʉ˵ ɜǆ :( ) L2- T- G- 19( 
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 ɖùùùùƼå˦ƙāùùùùḪî Ɠùùùùǆ ̇ ÿā̇ùùùùƤàā ̇ùùùù˷ƤǙå) Ɨùùùùƪåï̠ƕ çíïå˦ùùùùǃå ƝƑƓùùùù˯˹ǃå ƴùùùùǆ2016 æïƓùùùùǀƙ ý˦ùùùùơ (
 ˤƹï èƓǈ˦Ɂ̇ ḧǃå ï˦˳˶ǃ Ɨ ƪ˗˹ǌǃå ˝ƑƓ˶˳ǃåúǚ˯Ƥå ÷ƓƽƙïǙå ]17[ . 

4- Ɠùù˸Ⱥ  Ɨɂ̇ ˳ùù˶ǃå ɄùùƬƓɜ˸Ǆǃ Ɨ ùùƪ˗˹ǌǃå óå˦ùù˳ǃå ˙ùù˻˻ƺƙ ǑùùƼ ˕˸ǋƓùùƪ Ɨùù ˯ǃðƓ ǃå ƴùù˟å˦ǀǃå ÿá
 Ɠùǌƞåïíã ˥ùɜ˸Ȼ ǊùǄƵ ÜǉƓù˱ƙǙåā èƓùǀɣǃå Ɇù˻ǆ ̇ù˻˻ƺƙā ɄùƬƓɜ˸ǃå Ʉƶùư ǑùƼ ĄƓ˷Ȼá ̞ ǌ˸ƪáā

.Ɨɂ̇ ˳˶ǃå ɄƬƓɜ˸ǃå ǑƼ ç̇ ƛ˓˸ǃå Ɨ ɜ ǈƓɜ ˸ǃå Ɨɂ˦˱˯ǃå Ɇǆå˦Ƶ ˥˸ư 
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Analysis of Survey Data on Open Educational 

Resources 

Abdusalam F. Nwesri and  H. Harmain 

Faculty of Information Technology, University of Tripoli, Tripoli, Libya 

{ a.nwesri, h.harmain}@uot.edu.ly 

ǁä˛˱ǂ˶ 
 Ɨ ˹ǀƙ Ɨ ǄḪ ǑƼ ǉâå̇ ƞå ˤƙ ɏ˘ǃå ÿƓ ˮ˯ƪǙå èƓǈƓ ˮǃ ǑǃāǙå Ɇ˻Ǆ˲˯ǃå Ɨƿï˦ǃå ǉ˘ǋ ô̇ ƶƙ
 ˤƙ .Ɨ Ǆˠǃå Ɏ˗ǃ ï˗˶˸ǃå Ɨơ˦˯ƽ˸ǃå ïíƓ˶˸ǃå þå˗˳˯ƪå ý˦ơ ˛Ǆƕå̇ ˟ ƗƶǆƓ˱Ⱥ èƓǆ˦Ǆƶ˸ǃå
 Ɏ˗ǆ ˤ ˻ǀƙ ˦ǋ ÿƓ ˮ˯ƪǙå å˘ǋ ˥ǆ ú˗ǌǃå .Ɨ ǈā˙˯ḧǃå çï˦˶Ⱥ Ɨ Ǆˠǃå ˥ǆ èƓǈƓ ˮǃå ƴ ˸˱ƙ

ǃ ˤǌǆå˗˳˯ƪåā Ɨ Ǆˠǃå üåïíå ƝƑƓ˯ǈ .Ɨ Ǆḧǃå ɆƤåí ï˗˶˸ǃå Ɨơ˦˯ƽ˸ǃå Ɨ ˸ Ǆƶ˯ǃå ïíƓ˶˸Ǆ
 ÿå ˕ƽ˵Ḫ ÿƓ ˮ˯ƪǙå90%  Ɨơ˦˯ƽ˸ǃå Ɨ˸Ǆƶ˯ǃå ïíƓ˶ ǃ˸å ÿ˦ǆ̠˳ ˯˴Ȼ ƗǄḧǃå ƗǄ˟ ˥ǆ

.ï˗˶˸ǃå 

Abstract 

This paper reports on a preliminary analysis of survey data on 

using open educational resources at the Faculty of Information 

Technology, University of Tripoli. The survey data was collected 

electronically from students. The objective of the survey is to 

assess the awareness and usage of open educational resources 

within the faculty. Results of our survey reveal that 90% of 

students are using open educational resources.  

Keywords: Open educational resources; OER; open textbooks; 

open learning. 
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Introduction  

Open Educational Resources (OER) are ñmaterials used to support 

education that may be freely accessed, reused, modified and 

sharedò (UNESCO 2011,2015).  OER has received great attention 

in the past two decades. In 2012, UNESCO called on governments 

to adopt policies and support capacity development to promote the 

use of OER (UNESCO, 2012). OERs have been considered as one 

of the most significant educational movements in the 21st century 

(Shear et. al., 2015).  Institutions and governments have supported 

creating OER to aid learning and to lower educational costs for 

students (Florida Virtual Campus, 2012, Florida Virtual Campus, 

2016; Jhangiani et. al., 2017). 

OER materials have been reported to increase learning outcome. 

John Hilton (2016) surveyed 9 studies relating to the influence of 

OER on the learning outcomes. He reported that only one study 

reported non-significant negative effects on learning outcomes, 

three others showed a significant improvement in favor of using 

OER, three studies showed no significance and the remaining two 

studies did not report any statistical measures.  In a recent large-

scale study on the impact of OER on student grades, results show 

that students who used OER textbooks significantly outperformed 

students who used traditional textbook (Colvard et. al., 2018).  

OER materials can help resolve many issues in education. Access 

to free textbooks is one issue: students in higher education in 

Libya rely on lecture notes more than textbooks due to the lack to 

availability of textbooks. Lecturers usually prepare the learning 

materials (usually PPT presentations) and present them to students 

either electronically or in paper form. Access to online resources 
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such as textbooks will help improve the quality of teaching 

materials within Libyan higher education institutions.     

The goal of this research paper is two fold: 1) measure the use of 

OER at the Faculty of Information Technology, University of 

Tripoli; 2) increase the awareness and importance of the OERs 

among students at the faculty. 

Methodology 

For the purpose of our study, a quantitative survey was developed. 

The survey questions were well designed to measure the use and 

attitudes toward using OERs.  

The following research questions were used to guide the study: 

Are students aware of OER? (Yes/No) 

Are students using OER? (Yes/No) 

What type of OERs are students using? ( tutorials, PowerPoint 

presentations, textbooks, video, audio, software tools)  

What is the impact of using OER on students learning? (Low, 

medium, High) 

Are faculty in the sample using OER? (yes/no) 

What type of OER have faculty used? ( tutorials, PowerPoint 

presentations, textbooks, video, audio, software tools) 

What type of OER are faculty creating? ( tutorials, PowerPoint 

presentations, textbooks, video, audio, software tools) 



 

ϸϹЛЮϜ  17Volume  

ϽϠϜ Эт2019 April  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   ммм 

 
 

What factors could facilitate using OER? (Support from 

administration, recognition, academic quality, staff awareness, 

desire to reduce cost to students) 

Participants 

The faculty of Information Technology at the University of Tripoli 

has around 1300 student enrolled by the spring 2018 term. The 

anonymous survey targeted all students at the faculty. 162 students 

responded to the survey, 111 students completed all questions and 

the remaining 51 did not. All results shown below are based on 

completed surveys.  

 Table 1 shows the number of participants based on gender. By the 

time of conducting this survey, the total number of students is 

1280 out of which 481 are female students. The sample 

participated reflected the female to male ratio at the faculty.  

Survey Sample 

 

Table 1:  Survey sample based on gender 

% n Gender 

71.17% 79 Male 

28.83% 32 Female 

 

Table 2 shows the distribution of students based on their study 

level. Students from all levels participated in the survey. 

71%
29%

Male Female
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Internet  Connectivity 

We believe that Internet connectivity is a vital factor to increase 

OER usage. We surveyed students on Internet connection they use 

to assess whether the faculty or the university in general 

encourages students to get connected. Table 3 shows the Internet 

connection used by the survey sample. 

Table 2: Survey sample based on study level 

Level Of Study (term) n % 

1st  16 14.41% 

2nd  8 7.21% 

3rd  11 9.91% 

4th 18 16.22% 

5th 9 8.11% 

6th 16 14.41% 

7th 13 11.71% 

8th 7 6.31% 

> 8th 13 11.71% 

 

 

  

1st 
15%

2nd 
7%

3rd 
10%

4th 
16%4th 

8%

6th 
14%

7th 
12%

8th 
6% > 8th 

12%
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Table 3: Internet connection used 

Connection n % 

Mobile 

phone 

88 79.28% 

University 47 42.34% 

Home 100 90.09% 

Café 39 35.14% 

 

 

 

Results show that students use all available internet connectivity 

options. However, the survey shows that students tend to use the 

Internet more at home than university with 88% of students use 

mobile phones to get connected.  

It is worth mentioning that the university provides free Internet 

connectivity on the main campus to all students, staff and 

employees. However, there are no public places such as computer 

labs and libraries connected where students can use while being at 

the university. This explains the low rate of using Internet at 

university. 

  

79.28%

42.34%

90.09%

35.14%

mobile phone university home ŎŀŦŞ
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How often students get connected 

Time taken on using Internet is one factor that shows students 

ability to view materials on the Internet. As IT students, we expect 

students to spend more time on the Internet in order to fulfill their 

course commitments.  Table 4 shows daily average hours students 

take using the Internet.  

Table 4 shows that the majority of students spend more than 3 

hours daily with about 45% spend more than 6 hours per day. 

Table 4: Internet connection used 

Time (h) n % 

0-1 3 2.70% 

1-2 2 1.80% 

2-3 20 18.02% 

3-4 13 11.71% 

5-6 22 19.82% 

> 6 51 45.95% 

 

Survey Results 

Research question 1: Are students using OER? 

0-1 
2%

1-2
2%

2-3
18%

3-4
12%

5-6
20%

 <6
46%
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Table 5 shows that 90% of students are aware of OER and already 

using them.   

Table 5: OER awareness 

Using OER? n % 

Yes  100 90.09% 

No  11 9.91% 

 

Research question 3:  What type of OERs are students using? 

Table 6: Type of OER used 

OER Type n % 

Lectures  3
1 

31.00% 

Tutorials  6
6 

66.00% 

Videos  8
3 

83.00% 

Presentation
s  

2
6 

26.00% 

Books  5
3 

53.00% 

Graduation 
projects  

1
1 

11.00% 

Other 6 6.00% 
 

 

The answers of the 100 students who have answered YES to the 

last question are shown in Table 6. Results show that students use 

videos more than any other materials (83%). Then they use 

Yes 
90%

No 
10%

31.00%

66.00%
83.00%

26.00%

53.00%

11.00%
6.00%
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tutorials (66%), followed by books (53%), lectures (31%), 

presentations (26%) and graduation projects (11%). 6% of students 

indicated that they used other material. 

To assess the use of OER by students while studying, we asked 

students to choose the way they get their study materials. 

Participants were asked the following question: 

How do you get the Educational Material for subject you study? 

I copy them from other students 

I buy a paper copies from a boot at the university 

Through the subject website 

Through a news group on Facebook, Google éetc 

Similar websites on other universities 

Others  

Table 7: How students get 
Educational Material 

Choice n % 

1 21 19.09% 
2 62 56.36% 
3 39 35.45% 
4 69 62.73% 
5 17 15.45% 
6 3 2.73% 

 

 

Answers to this question reveal that students tend to get hard 

copies of study materials either by copying them or buying ready 

copies. However, 69 (62.73%) students answered that they get 

them through a newsgroup dedicated to the subject. It is worth 

19.09
%

56.36
% 35.45

%

62.73
%

15.45
%

2.73%

1 2 3 4 5 6
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mentioning that 35% also indicated that they get materials using a 

subject dedicated website.  

To assess the resources where students get their OER, we asked 

students to write down five websites they use to get OER. The 

questions was ñWrite down websites you use to obtain OER 

materials?ò.  Websites reported by students are grouped and 

counted. Top reported websites by students: (Youtube:59; 

Udamy:23; Google:14; Udacity: 9; Khan Academy:7; Lynda:6; 

Coursera:5; Edx:5; Facebook:4; W3School:4; Github: 3; 

Wikipedia: 3) . It is important to note that some of these websites 

do not provide OER, they however, offer Educational Materials for 

free but not under OER license.  Although the concept of OER was 

highlighted at the beginning of the survey, many students perceive 

non-OER free materials as OER.  

Research question 4: What is the impact of using OER on students 

learning? 

Table 8:  Impact of using OER 

Impact n % 

Low 3 3.00% 
Medium 18 18.00% 
Good 27 27.00% 
Very 
good 

32 32.00% 

High 20 20.00% 
 

 

Students were asked to rate the impact of using OER on their 

learning outcome. About 80% of the students indicated that OER 

has positive impact on their studies.  

Research question 5: Are faculty offering any OER? 

low 
3%

medium

18%

good 
27%very 

good 
32%

high 
20%
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Table 9 shows that 95% percent say that the faculty is not 

providing any OER.  

Table 9: OER offered by faculty 

Faculty using 

OER? 

n % 

Yes  16 14.41% 

No  95 85.59% 

 

 

Research question 6:  What type of OERs is faculty offering? 

Table 10: Type of OER used by 

faculty 

OER Type n % 

Lectures 4 25.00% 

Tutorials 1 6.25% 

Videos 4 25.00% 

Presentations 5 31.25% 

Books 12 75.00% 

Graduation 

projects 

2 12.50% 

Exams papers 3 18.75% 

 

 

On the types of the OER that the faculty is offering, of those who 

said that the faculty is providing OER, 12 students (75%) said that 

Yes 
14%

No 
86%

25.00%

6.25%

25.00%
31.25%

75.00%

12.50%
18.75%
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the faculty is providing books, while 5 others said that the faculty 

is providing presentations. To our knowledge, the faculty is not 

officially providing any OER, however, some lecturers do provide 

such materials while teaching. 

Research question 7:  What type of OER are faculty creating? 

To answer this question, students were asked two questions: 

a) Does Lecturers publish any Educational Resources on the 

Internet? 

Table 9: Does staff publish ER on the 

Internet 

Does staff 

publish any ER? 

n % 

Yes 51 45.95% 

No 60 54.05% 

 

 

The answers to this question was encouraging, 45.95% answered 

that lecturers at the faculty are creating OER, while 45.05% 

answered they do not.  The below question was asked further to 

those who stated that lecturer are creating OER. 

 b) In General, lecturers make Educational Resources 

Available to students in the subject only? 

Available to all students? 

Yes 
46%No 

54%
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Table 10: ER availability 

Lecturer make 

ER available to? 

n % 

Enrolled 

Students only  

29 58.00

% 

All students  21 42.00

% 

. 

 

Answers to this question show that only 42% of lecturers make ER 

available to all students, while 29% make them available to 

enrolled students only. This indicated the volume of OER the 

faculty is creating is not yet high.   

Research question 8:  What factors could facilitate providing 

students with OER? 

This question was a free question, 62 students responded with their 

opinion on what factors that facilitate providing OER to students. 

Responses are summarized as  

Creating an electronic library at the university for OER  

Creating websites for subjects that contain related materials 

Providing good and free Internet connection for students 

Creating an electronic library for the faculty Educational materials   

Recording lectures and providing access to them online 

Lecturers should direct students to OER 

enrolled  
students  

only 
58%

All 
students 

42%
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Technical support 

Providing venues for Internet to students at the university campus 

Providing an access to Electronic libraries such IEEE and other 

licensed libraries 

Increase the awareness about OER within students  

Conclusions 

The main goal of this research paper was to measure the use of 

OER at the Faculty of Information Technology, University of 

Tripoli and to increase the awareness and importance of the OERs. 

The survey results show that our students are very aware of the 

OER and do use them to some extent. About 80% of the students 

responded very positive to using OER in their study and they 

believe that OERs have great impact on their understanding of the 

subjects they study.  

The survey results also show that most faculty teaching staff donôt 

refer students to or encourage them to use OERs. This is an area 

that needs to get more attention by the faculty administration. 

However, it is worth mentioning that this research has two 

limitations. First, the low response rate (111 out of the 1300 

enrolled faculty students). Second, we did not include faculty 

members in the survey. Our future work in this area will focus on 

overcoming these limitations and we will try to get the faculty 

administration involved in the process of formally adopting OERs. 

We also plan to extend our research to cover all faculties within 

the University of Tripoli.  
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˛˱ǂ˶ǁä 

ǌǄƶ˱Ȼ Ɠ˸ǆ Üç̠˻ƞ Ɨɂïå̇ơ Ɨ˱ǃƓƶǆ çï̠ƿā åĄ̠ƞ ƗǃƓƵ ƗǈƓ˯ǆ ç˦ǀȺ þ˦˻˴˹ƺ˸ǃå xƑƓƪ ƴ˯˸ ƙ˯Ɠ 
 ɆǂƉ˯ǃå ƗǆāƓǀǆ ÿƎƼ Üxǃî ƴǆā .èåïƓ˴ǃå ƗƵƓ˹Ʈā ÿå̇ɣ˻ ǃå èƓƵƓ˹˶ ǃ åĄ̠˻ƽǆ Ąǚǒ̠ƕ
 ǉ˘ǌǃ ƴƪå˦ǃå þå˗˳˯ƪǙå ˕ƽƶưá ˗ƿ ǑǃƓƶǃå Ǒ˲ˠ˴ǃå ɆƵƓƽ˯ǃå ˥Ƶ Ɨ˱ƙƓ˹ǃå Ɨ˷ƽ˳˹˸ǃå
 / þ˦˻˴ ˹ƺ˸ǃå) ˥ǆ ƗƼ˦ƽ˶ǆ èƓ Ḫ̇ ǆ ƗƶɁïǕ ɆǂƉ˯ǃå ü˦Ǆƪ Ɨƪåïíā ˖˲Ⱥ ˤƙ .ˣƑƓ ˴ǃå

ǌḧǃå èåïƓ ˯ƤǙå ýǚƤ ˥ǆ (þ˦˻˹ǆ˦ǃǕå ÿðā ý̠ƶǆ ǑƼ ÿð˦ǃåā ƗƑƓ˸Ḫ ā̇3.5%  ˥ǆ
 èƓ˱˯˹ǆ Ɇ˻Ǆ˲ƙ ˤƙ .ƗƼ̇ ƺǃå çïå̇ ơ Ɨƞïí ǑƼ ƗƽǄ˯˳˸ǃå Ɨư˦˸˲ǃå Ɨƞïíā þ˦ǒí˦˶ǃå ˗ɂï˦Ǆǂ
 Üÿð˦ǃåā ƗƑƓ˸Ḫā̇ǌḧǃå èåïƓ˯ƤǙå ɖɂ̇˟ ˥Ƶ ÿā̇˯ḧǃǗå Ơ˴ǆ ɖɂ̇˟ ˥Ƶ ɆǂƉ˯ǃå

 ɏ̇ǌ˱ ǃ˸å ̋ ƽ˲ǃåāOM .˔˻Ḫ̇ ˯ǃå ˙ƮƓ˹Ƶ ˥˻˴˲ƙ ɖɂ̇ ˟ ˥Ƶ ˣǃ˘Ḫā 

 Ɍơ˦ǃ ƝƑƓ˯˹ǃå ˥ǆ ɆǂƉ˯ǃå Ɨǀ ˟ ˥ɂ˦ḧƙ ˥Ƶ ǑƪƓƪá Ɇɜ˵Ⱥ ƝƙƓǈ ɆǂƉ˯ǃå ɄǄƙ ÿáMg 
(OH) 2  èƓ˹˻Ƶ10 ā15  æïƓ˱˯ǃå ƴ ˸˱ǃ ɉā˙˵ǃå Ɇ˷Ƽá .ɆǂƉ˯Ǆǃ ƗǆāƓǀǆ ǏǄƵá ˙ǌˢƙ

˗ˮǄƙ çïå̇ ơ Ɨƞïí :˗ǒ˗˲˯ǃᴈ 500 ˥ǆ ˗ˮǄ˯ǃå ˕ƿā Ü5  Ǒǋ ƗƼƓưǗåā ÜɖƑƓƿíB4C ƕ Ɨ ˴˹

mailto:1telfarah@yahoo.com
mailto:2Abobakerbohali@yahoo.com
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2.5 % ˦ǋ ɆǂƉ˯ǃå ý˗ƶǆā .35.51mpyƑ̇ ǃå èƓǈƓ ˮǃå ˝ ˳Ǆƙ ˤƙ . ˥ǆ Ɨƞ̇ ˳˯˴˸ǃå Ɨ ˴
 ýā˗˱ǃå ǑƼ æƓˠǀ˯ƪǙå Ǐ˹˲˹ǆ2. 

Abstract 

Magnesium alloys has a very high specific strength and good 

processing capacity, making it a meaningful alternative to the 

aerospace and automotive industries.  However, the low corrosion 

resistance caused by high surface reactivity has weakened the 

widespread use of these alloys. The corrosion behaviour of four 

magnesium / aluminium matrix composites was investigated by 

electrochemical and weight tests in 3.5 wt% NaCl and different PH 

at room temperature. The corrosion products were analysed by 

scanning electron by electrochemical and weight tests, Optical 

Microscopy (OM) and by optimizing the composition elements.  

From the results is noted that the corrosion damage is mainly 

caused by the formation of Mg (OH)2 corrosion layer. Samples 

10and15 show the highest corrosion resistance. The best 

conditions for all experiments to determine: sintering temperature 

of 500 ᴈ, sintering time of 5 minutes, and the additive is B4C; 

adding ratio of 2.5%.The corrosion of rate is 35.51mpy.The main 

data extracted from the polarization curve are summarized in Table 

2.  

KeyWords: corrosion; optimization; metal matrix composites; 

Optical Microscopy. 

1. Introduction. 

Magnesium-based light alloys belong to a class of structural 

materials with more and more industrial concerns. Magnesium 

alloys show the lowest density, low cost and large usability in 

engineering metal materials [1]. Therefore, this light alloy has a 
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promising future [2]. Due to their low density, high specific 

strength and rigidity, magnesium alloys have become candidate 

materials for many applications in the microelectronics and 

automotive and aerospace industries. The relative density of 

magnesium is 1.74 g / cm3, 35% lower than the relative density of 

aluminium, and the weight of typical magnesium alloys is 35% 

lower than the weight of their aluminium counterpart [3]. 

Magnesium and magnesium alloys are non-magnetic and have 

relatively high heat conductivity, as well as good vibrations and 

impact absorption capacity [4]. The severe limitation of the 

potential use of several magnesium alloys is their sensitivity to 

corrosion. Magnesium alloys, especially those with high purity, 

have good resistance to atmospheric corrosion. However, 

corrosion sensitivity in chloride-containing environments is a 

serious problem [3]. Over the past 40 years, alloy design and 

development, new surface treatment and improved corrosion 

mechanism knowledge have led to an increase in the actual and 

potential applications of magnesium alloys [5]. 

Mg Corrosion resistant alloys depend on several factors: (a) the 

environment, (b) alloy composition and microstructure, and (c) the 

properties of the film developed in the medium in which they are 

exposed. With regard to the environment, the corrosion resistance 

of magnesium alloys in chloride-containing solutions is highly 

dependent on pH and Cl Concentration, no significant effect of 

oxygen concentration [6][7]. In general, magnesium and its alloys 

are dissolved at very low rates in alkaline or poor buffered sodium 

chloride solutions, where the pH can be increased by the formation 

of partially protected Mg (OH)2 layers[6] . On the other hand, 

chloride ions promote rapid attack in neutral aqueous solutions, 

even higher acid solutions [6][8]. With the increase of Cl -, the 

corrosion rate also increases. Ion concentration [6]. The corrosion 
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of magnesium alloys in free-corrosion potentials in non-oxidizing 

neutral or alkaline chloride solutions usually begins with irregular 

pits and its diffusion horizontal and covering the entire 

surface[9][10] . However, this mechanism is different from the 

autocatalytic pitting experienced by stainless steel[11][12] . Since 

there seems to is no large tendency to deep pitting, possibly due to 

increased pH and formation of magnesium hydroxide film. 

However, this is not always true, since the microstructures have a 

significant effect on the corrosion mechanism, especially in two-

phase magnesium alloys. With regard to the composition of the 

alloy composition and the microstructure, it is known that the 

alloying element not only changes the mechanical properties of 

magnesium but also imparts mechanical properties to magnesium 

on the corrosion behaviour of the significant impact. The alloying 

elements may form secondary particles, which are superior to the 

magnesium matrix, and thus are convenient corrosion or 

enrichment of corrosion products, which may inhibit the corrosion 

rate[13] . 

In general, it has been reported that increasing the Al concentration 

in the Mg-Al alloy has a beneficial effect on the corrosion 

behaviour in the chloride medium [14][15]. But specifically Al's 

mechanisms and effects are still not well understood. For example, 

Lunder[16]  found that the concentration of 2-8 wt% Al in die-cast 

AS(AlïMgïSi alloys), AM(Al-Mg-Mn) and AE(Al-Mg- mixture 

of rare earth elements)alloys increased However, reducing the 

corrosion rate in 5% NaCl, the reduction in corrosion rate appears 

to be related to a decrease in the impurity content as the Al content 

increases. The most recent data compares the corrosion rates of 

high purity alloys in 3% NaCl [17]. The results show that the 

corrosion rate of HP-Mg5Al alloy is significantly higher than that 

of HP-Mg, which is due to the micro electrochemistry of adjacent 
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b. On the other hand, high purity two-phase industrial Mg alloys 

(MEZ, AM60 and AZ91D) have the same properties HP-Mg, 

although in fact these commercial alloys each have a two-phase 

microstructure. The purpose of this work is to study the corrosion 

behaviour of the four magnesium / aluminium matrix composites 

in the 3.5% NaCl,. The effects of immersion time and Al 

concentration on corrosion resistance were monitored by 

electrochemical and weight tests, Optical Microscopy (OM) and 

by optimizing the composition elements. 

2. Experimental procedures 

2.1. Test material 

The chemical compositions of the tested magnesium matrix 

carbides reinforced composites have been manufactured by hot 

pressing as one of the powder metallurgy methods.  As a matrix 

material, (% 95Mg +% 5Al) alloy with a mixture of 99.8% purity, 

-325 mesh size, aluminium powder having a purity of 99.5% and a 

grain size of -325 mesh size was used for all experiments. For 

carbides, they have a purity of 99.5% and a grain size of -325 

meshes. The parameters and levels used in the production are 

listed in Table 1.  

 Table1. Parameters and levels used in composite production 

Parameters 
Levels 

1 2 3 4 

A Sintering temperature  (oC) 400 450 500 550 

B Sintering time (minute) 1 3 5 7 

C Type of Additive B4C SiC Mo2C TiC 

D Rate of additive (by weight %) 0 2.5 5 10 
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2.2. Sample Preparation 

on The sample preparation procedure for electrochemical 

experiment follows four steps; Step 1: For polarization and Tafel 

polarization test, the magnesium alloy was connected to a copper 

wire at first. Step 2: After a wire was attached to the sample, it was 

embedded in a mould with the mixture of (polyester, Peru oxygen 

and potassium permanganate) resin at room temperature. Step 3: 

cold-mounting the mixture of (polyester, Peru oxygen and 

potassium permanganate) was poured into a plastic mould 

containing the assembly from steps 1 and 2. The samples were 

allowed to set for at least 4 h to ensure proper curing of the 

mixture of (polyester, Peru oxygen and potassium permanganate). 

Step 4: After cooling, it was removed from the mould. The 

samples were dried in a cold air stream immediately after the 

grinding process.  By taking several sizes of paper used in this 

device, 360, 800, 1000 and 1200. At the time of polishing water 

was used as a coolant. However, small amount of distilled water 

was used because magnesium reacts with water and forms Mg 

(OH) 2 the surface. After polishing, the samples were cleaned in 

the ethanol bath using ultrasonic cleaner to remove any dust from 

the surface.  

2.3. Electrochemical measurements 

A three-electrode corrosion cell which included a reference 

electrode (RE), working electrode (WE) and auxiliary electrode 

(AE), was used for all electrochemical corrosion tests. The cell had 

a capacity of 1000 mL. The WE, which was the test specimen, was 

centrally located in the test cell such that the exposed surface was 

facing the AE, which was a graphite rod for all experiments. A 

Saturated Calomel Electrode (SCE), in a salt bridge filled with 

saturated KCl, was used as the RE for all tests. This electrode was 
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placed approximately 1-2 mm from the WE surface to minimize 

Osmic electrolyte resistance. All electrochemical tests were 

conducted at room temperature using a GAMRY Reference 600 

potentiostat. The RE was always calibrated against a standard RE 

in saturated KCl before testing. Any potential difference observed 

was used to correct the experimental data. However, if the 

potential difference was more than ± 10 mV, the RE was changed. 

2.4. Immersion tests 

The corrosion behaviour of the composites was studied by weight 

loss method using mass loss and corrosion rate measurements as 

basis for evaluating the results generated. The corrosion test was 

carried out by immersion of the test specimens in 3.5wt% NaCl 

solutions which were prepared following standard procedures. The 

specimens for the test were cut to size (40 mm x 10 mm x 10 mm) 

mm and then mechanically polished with emery papers from 320 

down to 1200 grades to produce a smooth surface.   The presence 

of these Elements confirms the presence of silicon carbide 3.5wt% 

NaCl at room temperature (25 ᴈ). The corrosion setups were 

exposed to atmospheric air for the duration of the immersion test. 

The weight loss readings were monitored on a period of three days. 

The mass loss (mg/cm2) for each sample was evaluated in 

accordance with ASTM G31 standard recommended practice 

following the relation:    M. l = CW/A Where M.l is the mass loss 

(mg/cm2), CW is the cumulative weight loss (mg), and A is the 

total surface area of the sample (cm2). Corrosion rate for each 

sample was evaluated from the weight loss measurements 

following the relation:  C.R = KW/ɟAt. Where C.R is corrosion 

rate (mmy), W is weight loss (g), D is the density (g/cm3), A is the 

area (cm2), T is time (hours), and K is a constant equal to 87500.  

W = Wi Ȥ Wf, Where W is the weight loss (g), Wi is the initial 
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weight (g) and Wf is the final weight (g). Three repeat tests were 

carried out for each composition of the composite, and the 

reproducibility and repeatability were found to be good as there 

were no significant differences between results from triplicates. 

[18][19] . 

3. Results and Discussion 

In order to study the corrosion behaviour of the four magnesium / 

aluminium matrix composites, , the Tafel polarization curve used  

to evaluate the corrosion resistance of the Mg-Al alloy. The Tafel 

curves for the various treatments of Mg-Al alloy in 3.5 wt% NaCl 

solution are shown in (Figures . 1,2,3,4). Using the ground 

condition as a reference curve, the four magnesium / aluminium 

matrix composites sample curve moves significantly upwards. The 

corrosion potential is increased from -1.599 V of the Mg-Al matrix 

to -0.124 V of the 16 samples machined surface. In the Tafel 

extrapolation method for measuring the corrosion rate of Mg, the 

corrosion current density, icorr (mA / cm2) is estimated by the 

Tafel extrapolation polarization curve, and icorr is related to the 

average corrosion rate using [25][26] : Pi = 22.85 X icorr For the 

Mg-Al matrix, the corresponding corrosion current density 

obtained by Tafel fitting was 4.9 × 10-5 A / cm 2  7.48 × 10 -4 A / 

cm  2 5.1 × 10 -5 A / cm 2 and 4.36 × 10 -5 A / cm 2, respectively 

283 mpy), 431mpy, 29.46*103mpy, 72.4 mpy Mg-Al matrix is 

reduced. These results indicate that the corrosion resistance is 

significantly improved Mg-Al matrices. A visible change in 

sample current density can be attributed to the carbonization layer. 

In the discharge process, can be considered to be electrochemical 

processing, carbon potential is higher than magnesium, the 

chemical properties of oxides than the substrate is more stable. As 

shown, the carbonized layer shows good barrier properties to 
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preventclon and other harmful ions to destroy the surface. This is 

the reason why the corrosion resistance of  magnesium alloy is 

improved. 

Figure 1. Tafel  Polarization of Mg AL alloys at different concentrations 

in Na Cl solution with pH = 2. 

 

Figure 2. Tafel Polarization of  Mg AL alloys at different concentrations 

Na Cl solution with pH = 3 
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Figure 3. Tafel Polarization of Mg AL alloys at different concentrations 

in Na Cl solution with pH = 8. 

 

Figure 4. Tafel Polarization of Mg AL alloys at different concentrations 

in NaCl solution with pH = 11 
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Table2: Experimental Results of corrosion effects on Mg AL 

composites in 3.5%NaCl solution 
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1 1 1 1 1 400 1 
B4C-  

saf 
0 283 0.0463 0.115 49 -1.599 

2 1 2 2 2 400 3 SiC 2,5 216 0.1434 1.089 316 -1.57 

3 1 3 3 3 400 5 Mo2C 5 549 0.2516 0.278 926 -0.956 

4 1 4 4 4 400 7 TiC 10 1320 890.6 861.9 2.08 -1.57 

5 2 1 2 3 450 1 SiC 5 1056 0.097 1.01 1.6 -1.53 

6 2 2 1 4 450 3 B4C 10 431 0.1105 0.469 748 -1.54 

7 2 3 4 1 450 5 
TiC-   

saf 
0 1052 0.3258 1 1.82 -1.53 

8 2 4 3 2 450 7 Mo2C 2,5 29460 2.21 8.274 51.1 -1.54 

9 3 1 3 4 500 1 Mo2C 10 62490 1.626 22.51 102 -1.49 

10 3 2 4 3 500 3 TiC 5 879 0.0639 0.419 1.48 -0.124 

11 3 3 1 2 500 5 B4C 2,5 72.4 .0787 0.396 436 -1.52 

12 3 4 2 1 500 7 
SiC-   

saf 
0 235 0.054 0.317 126 -1.51 

13 4 1 4 2 550 1 TiC 2,5 272 .0622 0.977 506 -1.52 

14 4 2 3 1 550 3 
Mo2C-   

saf 
0 84 .0745 0.352 142 -1.55 

15 4 3 2 4 550 5 SiC 10 125 .0238 0.105 19.7 -1.04 

16 4 4 1 3 550 7 B4C 5 177 .0564 0.443 307 -1.5 
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Table 3. Immersion test in 3.5%NaCl solution 

samples 

NO 

weight before 

corrosion(gm) 

weight after  

corrosion(gm) 

 weight 

losses(gm) 

Rate of 

corrosion(mpy) 

1 2.4769  2.0221  0.4548 79.412 

2 2.7032  2.3207  0.3825 66.789 

3 2.9667  0  2.9667 518 

4 2.7342  1.9189  0.8153 142 

5 2.6298  2.1462  0.4836 84.44 

6 2.8443  2.28  0.5643 98.532 

7 2.0747  1.6301  0.4446 77.631 

8 2.678  0.7198  1.9582 341.92 

9 2.5842  0  2.5842 496.238 

10 2.6638  2.2291  0.4347 75.885 

11 1.4353  1.2319  0.2034 35.51 

12 2.7288  2.0011  0.7277 127.063 

13 2.719  2.0079  0.7091 123.815 

14 2.4857  2.0001  0.4856 85 

15 2.3395  2.0555  0.284 49.589 

16 2.669  2.1165  0.5525 96.471 

Figure 5. A logarithmic graph of the corrosion rate comparison of all 

magnesium matrix composites (for 16 samples given in Table 2) 
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4.5. Optical Microscopy 

The microstructure was analyzed by means of an optical 

microscope to examine the composite material produced. The Mg 

AL matrix carbides reinforced composites were first ground and 

then polished with different grades of sandpaper, then washed and 

the samples were again polished. After compatibility with Keller's 

reagent, they were analyzed under different magnification optical 

microscopy, and all samples before and after corrosion were 

analyzed, the shape is as follows, the shape of 6~ 9. From this 

analysis it can be seen that the shape and composition of the 

sample changed after erosion, all of which were affected except of 

the sample of composites containing of Mg AL - 2.5% B4C, 500 ° 

C and 5 min sintered sample,(a)before corrosionand (b)after 

corrosion, which had less effect of corrosion than other samples 

shown below.  

  

(a) (b) 

Figure 6. Optical micrograph of composites containing of Pure MgAl) 

sample sintered at 400 °C for 1 inute,(a)before corrosionand (b)after 

corrosion 



 

ϸϹЛЮϜ  17Volume  

ϽϠϜ Эт2019 April  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мот 

 
 

  

(a)  

 

 (b) 

 

Figure 7. Optical   micrograph   of   composites   containing   of  MgAl - 

% 2.5  SiC,  sample sintered at 400 °C for 3 minutes,(a)before 

corrosionand (b)after corrosion 

 

  

(b) (a) 

 

Figure 8. Optical micrograph of composites containing of MgAl - % 5 

Mo2C, sample sintered at 400 °C for 5 minutes ,(a)before corrosionand 

(b)after corrosion 
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(a) (b) 

Figure 9. Optical micrograph of composites containing of Mg AL - 

2.5% B4C, 500 ° C and 5 min sintered sample,(a)before corrosionand 

(b)after corrosion. 

 

5.  Conclusion 

1. The corrosion attack of all tested magnesium alloys occurs 

at the interface of the magnesium / aluminum matrix 

composites intermetallic compounds by forming the 

galvanic. Later, the nucleation and growth of irregular and 

less protective etch layers consist mainly of Mg (OH) 2A-

Mg matrix. The increase in aluminum concentration in the 

nominal composition of the alloy reduces the activity of 

pure Mg in 3.5 wt% NaCl. However, magnesium / 

aluminum matrix composites still exhibited high corrosion 

rates. 

2. The main reason for the higher corrosion resistance of 

magnesium / aluminum matrix composites is related to the 

double mechanism. First, the magnesium matrix dissolves 

and corrodes the process attack is favorable for aluminum 

enrichment on the metal surface and allows the formation 

of semi-protective Al-rich oxide layers, thereby enhancing 
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the corrosion resistance of the alloy. In addition, the b-

phase layered aggregation network acts as an obstacle to 

the corrosion attack process. 

3. Magnesium / aluminum matrix composites have corrosion 

behavior, but different solidified structures change the 

mechanism of corrosion attack alloy. In this case, the 

corrosion resistance is completely attributed to the presence 

of a eutectic aggregate network with a high B4C content, 

which limits the corrosion attack. 

4. Taking into account the best conditions for all experiments 

to determine: sintering temperature of 500 ᴈ, sintering 

time of 5 minutes, and the additive is B4C, adding ratio of 

2.5%.The corrosion of rate is 35.51mpy. 

5. The effects of pH and concentration on the corrosion 

behavior of Mg-Al alloys in NaCl solution was 

investigated. The corrosion rate of magnesium alloys in 

NaCl solution generally increases with increasing 

concentration and decreasing PH. 
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ЉϷЯгЮϜ 
å ƴƿ˦ǆ ˗ǒ˗˲ƙ ˦ǋ Ɨƪåï˗ǃå ǉ˘ǋ ˥ǆ Ǒ˴ Ƒ̇ ǃå ú˗ǌǃå ɖɂ̇˟ ˥Ƶ Ǒǃ˦ˮǃå ðƓǌ˱ǃå ǑƼ Ɏā̠ƶǃ

 ƝƑƓ˯ǈ ƴǆ Ɨƙ˦˶ ǃå û˦Ƽ èƓƞ˦˸ǃƓȺ ̋ ˳˵ ǃ˯å ƝƑƓ˯ǈ ƗǈïƓǀǆ xǃ̆Ḫā .ɏ̇ˮ˳˸ǃå ̋ ˳˵ ǃ˯å
 í̠Ƶ Ɠǌ˹ǆ .ý˦ƕ Ɨ˹˻Ƶ ˥˻˴˸Ƥā Ɨƶ˴ƙ ƴ˸ƞ ʕƙ  ̟ ơ˻ .ý˦ǃˮå èƓ˹˻Ƶ ǑƼ ɏ̇ǌ˱ ǃ˸å ̋ ƽ˲ǃå

18  ýƓƞ̇ ǃå ˥ǆ èƓ˹˻ƶǃå í˗Ƶ ÿƓḪā  ßƓ˴˹ǃå  ˥ǆ Ǌ˹˻Ƶ41 ƴ˸ƞ ˤƙā  .èƓ˹˻ƶǃå  ˥ǆ
Ǐƽ˵˯˴ǆ þƓƶǃå ɏïå˦ǌǃå  ÜǏƽ˵˯˴ǆā  Ü ßǚ˱ǃå Ǐƽ˵˯˴ǆā ýƓƽ˟Ǖå ˔˟çíƓ āy ƗƶǆƓ˱ǃå  Ü

 ˥ǆ Ǒǋā Ɨƶ ˯˸ǃå Ɨ ˸Ǆƶǃå ɉā˙˵ǃå ˔˴ơ ý˦ˮǃå èƓ˹˻Ƶ ƴ˸ƞ ˤƙ .þ̇ ǌǃå  Ɨ˲˶ǆā  Ɋƪ˦˯ǆ
  ƴ˸ƞ ʕƙā ƗǃƓơ Ɇḧǃ Ɨƙ˦˶ ǃå û˦Ƽ èƓƞ˦˸ǃƓȺ ̋ ƽ˲ǃå ̠ƶȺ ç̇ƬƓǆ Ǐư̇ ǃ˸å ˥ǆ ý˦ǃˮå ïƓƙ

å ˤƙ ˖˻ơ ˤǌ˴ƽǈá Ǐư̇ ˸ǃå ˥ǆ ÿƓ ˮ˯ƪǙå ƝƑƓ˯˹ǃå ˕ǈƓḪ  :Ɨ ǃƓ˯ǃå ƝƑƓ˯˹ǃå ǏǄƵ ï˦˰ƶǃ
 ƗǀƼå˦˯˸ǃå17 )28.81Ė ƗǀƼå˦˯ǆ ˙˻ƹ ƝƑƓ˯˹ǃå ˕ǈƓḪā .(42 )71.18Ė è̇ ǌˡáā .(

 ˕ǈƓḪ éƓǈǗå ǑƼ ƗȺƓƮǗå Ɨ ˴ǈ ÿá ƝƑƓ˯˹ǃå4 )22.2Ė ˥˻ƕ ƗȺƓƮǗå Ɨ ˴ǈ ˕ǈƓḪā Ü(
 ï˦Ḫ˘ǃå15 )36.5Ėǃå ˣǃƓ˴˸ǃå æƓǌ˯ǃƓȺ ƗȺƓ˶˸ǃå èǙƓ˲Ǆǃ ǑǃƓ˸ƞǗå í˗ƶǃå ƸǄɁā .( Ɨ ǃ˦ˮ
19 ) ƗǃƓơ32.2Ė ǊƵ˦˸˱ǆ Ɠǆ (59 ƗǃƓơ  ý˦ǃˮå Ɨ˹˻ƶǃ ɏ̇ǌ˱ ǃ˸å ̋ ˳˵ ǃ˯å ÿƓḪā Ü

 ƓȻǚƤ í˦ƞā Ǐǃã ƗƼƓưǗƓȺ Ǒǃ˦ˮǃå  ðƓǌ˱Ǆǃ Ɨ˹ˠ ˸ǃå Ɨ Ƒǚˠǃå ƓȻǚ˳ǃå ˥ǆ ÷˦ ǈ ǏǄƵ ˗˸˯ƶȻ
 ˗ǒ˗˲˯ǃ Ɠɂ̇ ǌ˱ǆ èƓ˹˻ƶǃå ˗ǒ˗˲ƙ ˤƙ .ý˦ˮǃå ǑƼ ˥˻ǆ˦ˮǃǕåā ßå̇ ˸˲ǃå þ˗ǃå ƓȻǚƤā ßƓ˷ ˮǃå þ˗ǃå

 ˥ǆ Ɏā̠ƶǃå ƴƿ˦ǆ  ƝƑƓ˯ǈ ˕ǈƓḪ ƗǃƓ˲ǃå ǉ˘ǋ ǑƼ . Ɨ Ƒǚˠǃå ƓȻǚ˳ǃå ÷˦ ǈ ˝ ˳˵ƙ ýǚƤ
 ̇˻ Ḫˮ Ɇɜ˵Ⱥ Ɏā̠ƶǃå í˦ƞā Ǐǃã ̇˻ ƙ˵ Ǒ˯ǃå( ç̇˰˻Ḫ āá Ɨɣƪ˦ǆ˯ )Ɨ̔Ƭ̇ ǃ˲å  ƗƑǚɣǃå ƓȻǚ˳ǃå

mailto:Ahmedalhersh2018@gmail.com
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 ǏǄƵ ý̠ƙ Ǒ˯ǃå ƗƑǚɣǃå ƗǃƓǀ˯ǈǙåā Ɨ̔Ƭ̇ơ ƓȻǚƤ í˦ƞā ÿá ˥ơ˻ ǑƼ .ý˦ǃˮå Ɏ̇ ǆ˱ ǑƼ
 ˦ƞāā .ƗǈƓ˰˸ǃåā ý˦ǃˮå Ɏ̇ ǆ˱ ǑƼ Ɏā̠Ƶ í˦ƞā í˦ƞā ǏǄƵ ý˗ƙ Ɨɂ˦ǄḪ Ɨ Ɂ˦ˮǈá ƓȻǚƤ í

 ̋ ƽ˲ǃå ƝƑƓ˯ǈ ˞ ƶȺ ƴǆ ƗǀȺƓɣ˯ǆ ƝƑƓ˯˹ǃå ǉ̆ǋ ̞ ǈƓḪā Ɨɂ˦Ǆḧǃå ̝ ƕ˻ƓǈǙå ǑƼ Ɏā̠ƶǃå
.å̇ˮ˻Ḫ Ɠƿ̇Ƽ ƗǀƼå˦˸˯ǃå ̇ ƹ˻ ƝƑƓ˯˹ǃå è̇ǌlá ˥ ơ˻ ǑƼ .Ɨƙ˦˶ ǃå û˦Ƽ èƓƞ˦˸ǃƓȺ  ˖˻ơ

 .Ɨ́ ˮ˟ ƗǃƓơ ǑƼ ÿƓḪ Ǒǃ˦ˮǃå ðƓǌ˱ǃå ÿá Ɨƙ˦˶ ǃå û˦Ƽ èƓƞ˦˸ǃƓȺ ̋ ƽ˲ǃå ƝƑƓ˯ǈ è̇ǌlá
 ǑƼ Ɨǃ˦ˮǃå èƓȺƓǌ˯ǃǙå ˥ǆ ǑǈƓƶƙ èǙƓ˲ǃå ÿá ɏ̇ǌ˱ ǃ˸å ̋ ƽ˲ǃå ƝƑƓ˯ǈ è̇ǌlá ˥ơ˻ ǑƼ

ƗƙāƓƽ˯ǆ Ɇơå̇ ǆ  ýƓɜƬƋȺ Ɨ Ƒǚˠǃå ƓȻǚ˳ǃåā þ˗ǃå āá ƗȻ˗ǒ˗˶ǃå ƓȻǚ˳ǃå í˦ƞā å˘ǋ ˗ǂáā
Ǖåā þƓ˱ơǕå ɄǄ˯˳˸Ⱥ èåï˦Ǆˮǃå ˥ǆ ƗƽǄ˯˳ǆ ÷å˦ǈá ï˦ǌˡā ƗƽǄ˯˳ǆ.ИϜнж 

ABSTRACT  
The primary aim of this study was to determine the location of 

infection in the urinary system by laboratory diagnosis . To 

compare the results of ultrasound diagnostics with the results of 

microscopic examination in urine samples. Fifty nine urine 

specimens were collected. Total  numbers  of Females were18 and 

Males were 41 .Specimens were collected from Al -Hawari general 

Hospital ,Pediatrics  Hospital , Al-Gala Hospital, Al jameea clinic  

and Al-Haram clinic. Fifty nine  mid stream urine (MSU) 

specimens were collected from patients taken immediately after 

the ultrasound examination for each case and a questionnaire was 

taken from patients themselves. A comparison was made between 

the results of the ultrasound examination and the results of the 

examination of urine samples by microscopy. The following 

results were found: The compatible results were 17(28.81%). And 

the incompatible results were 42(71.18%). The results showed that 

the percentage of infection in Females were 4(22.2%), and the 

proportion of infection among males was 15(36.5%). And the total 

number of cases infected with UTI  were19 ( 32.2%) out of 59 

cases. The microscopic diagnosis of the urine sample depends on 

the type of epithelial cells lining the urinary system in addition to 

the presence of white blood cells, red blood cells and albumin in 

the urine. The microscopic samples were determined the location 
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of the infection by diagnosing the epithelial cell type. In this case, 

the results of squamous epithelial cells (medium or large amount ) 

that indicated the presence of infection were significant in the 

urethra, while the presence of squamous and transitional epithelial 

cells that indicate an infection in the urethra and bladder, the 

presence of renal tubular cells indicates kidney infection and these 

results were identical with ultrasound findings. While the 

inconsistent results showed a significant difference. Ultrasound 

results showed that the urinary system was in a normal state. While 

the results of the microscopic examination that the cases suffer 

from urinary infections of varying intensity such as the presence of 

pus cells, blood and epithelial cells in different forms and the 

emergence of different types of crystals of different sizes and 

types. 

Key words: Urinary Tract Infection;  epithelial cells;  location of 

infection;  microscopic examination;  ultrasound examination.  

1.Introduction  

Urinary tract infections (UTIs) are among the most   common 

bacterial infections. It has been estimated that symptomatic UTIs 

result in as many as 7 million visits to outpatient clinics, 1 million 

visits to emergency departments, and 100,000 hospitalizations 

annually [1]. UTIs have become the most common hospital-

acquired infection, accounting for as many as 35% of  nosocomial 

infections, and they are the second most common cause of 

bacteremia in hospitalized patients [2,3]. The annual cost to the 

health care system of the United States attributable to community-

acquired UTI alone is estimated to be approximately $1.6 billion 

[4]. UTIs are challenging, not only because of the large number of 

infections that occur each year, but also because the diagnosis of 

UTI is not always straightforward. Physicians must distinguish 

UTI from other diseases that have a similar clinical presentation, 

some UTIs are asymptomatic or present with atypical signs and 

symptoms, and the diagnosis of UTIs in neutropenic patients (who 

do not typically have pyuria) may require different diagnostic 
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criteria than those used for the general patient population. Because 

of these factors, physicians frequently rely on a small number of 

imperfect laboratory tests to augment clinical impressions; even 

when clinical diagnoses are unequivocal, physicians may order 

laboratory tests to identify the cause of the infection and/or to 

provide isolates for antimicrobial susceptibility testing. It therefore 

comes as no surprise that the laboratory examination of urine 

specimens accounts for a large part of the workload in many 

hospital-based laboratories. In fact, in many clinical laboratories, 

urine cultures are the most common type of culture, accounting for 

24%ï 40% of submitted cultures; as many as 80% of these urine 

cultures are submitted from the outpatient setting. The purpose of 

this review is to summarize the laboratory diagnosis of routine UTI 

using current diagnostic methods. The review will not cover the 

diagnosis of UTI in special patient populations, a topic that merits 

a separate review. Urinary tract infection (UTI) describes 

microbial colonization or inflammation of the bladder (cystitis), 

urethra (urethritis), or renal pelvis and kidneys (Pyelonephritis). 

UTIs are one of the most widely spread and costly medical 

complication of pregnancy, occurring in nearly 20% of all 

pregnancies. They are also accountable for 10% of all admissions 

to hospital during pregnancy[5][6][7][8] . Urinary tract infections 

(UTIs) are the most prevalent bacterial infections encountered 

during pregnancy. It includes two groups: asymptomatic (ASB) 

and symptomatic bacteriuria. Asymptomatic bacteriuria is defined 

as the persistent presence of bacteriuria within the urinary tract of 

women who have no symptoms. A specimen of clean voided urine 

containing more than 100.000 colonies per milliliter of a single 

organism is diagnostic. Symptomatic bacteriuria combines lower 

UTI (cystitis) and upper UTI (Pyelonephritis) [18][19]. 

1.2 Objectives  of the study  

1. To determine the location of infection in the urinary system by 

laboratory diagnosis . 
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2. To compare the results of ultrasound diagnostics with the results 

of microscopic examination in urine samples. 

2.LITERATURES REVIEW 

2.1 Urinary tract infection (UTI) 

     urinary infection is define as bacteriuria, the multiplication of 

bacteria in urine within the renal tract, with a concentration greater 

than 10ϐ organism/ml is regarded as significant bacteriuria, urinary 

tract infection remain a major clinical problem over 50 years after 

introduction of antimicrobial chemotherapy many consultations in 

general practice are because of urinary infection, Infection of 

urinary tract may involve anywhere along urinary tract (bladder, 

kidney, pelvis, parenchyma, or urethra) [20]. 

2.2 Epidemiology  

     Urinary tract infections are the most frequent bacterial infection 

in women. [21]They occur most frequently between the ages of 16 

and 35 years, with 10% of women getting an infection yearly and 

more than 40ï60% having an infection at some point in their lives. 
[22][23] Recurrences are common, with nearly half of people getting 

a second infection within a year. Urinary tract infections occur 

four times more frequently in females than males. [22] 

Pyelonephritis occurs between 20ï30 times less frequently. [23] 

They are the most common cause of hospital acquired 

infections accounting for approximately 40%.[24] Rates of 

asymptomatic bacteria in the urine increase with age from two to 

seven percent in women of child bearing age to as high as 50% in 

elderly women in care homes. [25] Rates of asymptomatic bacteria 

in the urine among men over 75 are between 7-10%.[26] 

Asymptomatic bacteria in the urine occurs in 2% to 10% of 

pregnancies.[27]   Urinary tract infections may affect 10% of people 

during childhood. [22] Among children urinary tract infections are 

the most common in uncircumcised males less than three months 

of age, followed by females less than one year. [28]  Estimates of 

frequency among children however vary widely. In a group of 
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children with a fever, ranging in age between birth and two years, 

two to 20% were diagnosed with a UTI. [28] 

2.5 Urinary tract system 

     Urinary tract makes and store the urine until itôs evacuated. The 

urinary tract is divided into two major divisions: upper, which 

include (kidney, renal pelvis and ureters and lower, which 

include(urinary bladder and urethra) .[31] 

 

2.5.1 Kidney 

     Two kidneys function to excrete most of waste products of 

metabolism, which leave the kidneys as urine. They lie behind the 

peritoneum on the posterior abdominal wall on either side of 

vertebral column, the right kidney lie slightly lower than the left 

one and neuron is the functional unite [32] . The kidneys measure 

about 4 İ inches long, 2 İ inches wide, 1 İ thick.[31] 

 

2.5.2 Ureters 

     the two Ureters are muscular tubes that extend from kidney to 

the posterior surface of the urinary bladder, the urine is propelled 

along the ureter by peristaltic contractions of muscle coat, each 

ureter measure about 10 inch in long, Ureters have three 

constrictions along  its course: where the renal pelvis (funnel-

shaped) joins the ureter, where it is kinked as it crosses the pelvic 

brim, and where it pierces the bladder .[32] 

2.5.3 Urinary bladder 

     Urinary bladder is immediately directly behind the pubic bone 

within the pelvis, itôs receptacle for the storage of the urine, in 

adult maximum capacity of about 500ml, itôs strong muscle and 

itôs shape is vary according the amount of urine, empty bladder is 

pyramidal. Having apex, base, neck and two in ferolateral 

surface.[32] 

 

2.5.4 Urethra 

     Urethra is muscular tube for the passage of urine in both sex 

and semen in male. Extend from the bladder neck to the tip of 
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penis in the male, and the area between the vagaina and pubic bone 

in female[33]. In female urethra is about 1.5 inch; in male is about 8 

inch .[32] 

2.6 Histological structure of urinary system 

2.6.1 Urethra 

1. Penile urethra within corpus spongiosum. 

2. Pseudostratified columnar epithelia. 

3. Distal end - stratified squamous. 

 

 
Figure(1):urethra histology 

 

2.6.1.1 Squamous  epithelial  cells 

These can be keratinized or non-keratinized. Non-keratinized 

squamous epithelial cells originate from the distal urethra, prepuce 

and/or vagina. They are larger than transitional cells and have 

small central nuclei. They can be round or have one or more flat 

border. Keratinized squamous epithelial cells are from the skin or 

vulva and are large cells with angular borders. They may or may 

not have nuclei. Nuclei are more visible in cells when the urine is 

stained with Sedi stain. If in doubt about the origin of the cells, a 

Wright's stain (routine hematologic stain) can be performed on a 

urine sediment and demonstrates the central nuclei and angular 

borders of squamous epithelial cells. Squamous cells are 
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frequently seen as contaminants in voided urine samples and can 

also contaminate samples collected by catheterization. Urine 

collected by cystocentesis should not contain any squamous 

epithelial cells. Note that although these cells are considered 

contaminants, large numbers may represent abnormal 

genitourinary conditions, specifically squamous metaplasia of the 

prostate in the dog. This occurs secondary to excess estrogen, 

usually secreted by testicular tumors (particularly Sertoli cell 

tumors, but this has also been reported with interstitial cell 

tumors).  

2.6.2 Cyst Bladder 

1.   Epithelium - transitional epithelia. 

2. Apical plaques - thickened domain allows great changes in 

surface area. 

3. Lamina propria - mainly of dense connective tissue, with many 

bundles of coarse collagenous fibers. 

4. Muscularis - consists of an inner longitudinal and outer 

circular layer of smooth muscle cells. 

5. In the bladder (and lower parts of the ureters) an additional 

outer longitudinal layer of muscles is added to the first two. 
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Figure (2 ) : Bladder histology 

2.6.2.1 Transitional epithelial cells 

The urinary tract from the pelvis down the ureters to the bladder 

and the proximal urethra is lined by transitional epithelial cells. 

These cells vary in size and shape depending on the location from 

which they originate, e.g. those from the renal pelvis are more 

caudate whereas those from the bladder are more round to 

polygonal and vary in size. These cells naturally slough into the 

urine in quite low numbers, so none to a few transitional epithelial 

cells are seen in the urine from healthy animals. Note that this 

depends on the method of urine collection, since these cells will be 

sloughed (traumatically) when the bladder is catheterized. 

Transitional epithelial cells must be distinguished from WBC, 

because they both have the same granular appearance. In general, 

transitional epithelial cells are larger and have more irregular 

borders than WBC.  

2.6.3 Renal  

2.6.2.1 Renal tubular epithelial cells 

These are rarely seen in the urine and, as mentioned above, are 

very difficult to distinguish from transitional epithelial cells. If 

https://embryology.med.unsw.edu.au/embryology/index.php/File:Bladder_histology.jpg
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large numbers of smaller epithelial cells of uniform appearance 

(size and shape) are observed in the urine, a renal origin for these 

cells is suspected. Figure (3 ) : Ureters histology Transitional 

epithelial cells tend to be more variable in size and shape (to some 

extent). Sloughing of large numbers of renal tubular epithelial cells 

would indicate renal tubular injury. And figure (4) appearance the 

different shapes of epithelial cells in different sites in urinary 

system. 

2.6.4 Ureters 

1. Epithelium - transitional epithelia. 

2. Lamina propria - mainly of dense connective tissue, with many 

bundles of coarse collagenous fibers. 

3. Muscular is consists of an inner longitudinal  and outer 

circular layer  of smooth muscle cells.  

4.  

.  
Figure (3 ) : Ureters histology 
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Figure ( 4 ): Different forms of Epithelial cells 

  

2.7 Type of infection 
     Infection is most often due to bacterial from patientôs own 

bowel flora. Transfer to the urinary tract may be via the blood 

stream, the lymphatic or by direct extension, but the most often via 

the ascending transurethral rout  .[37] 

2.7.1 Infection of the urethra (urethritis).  
      This type of UTI can occur when GI bacteria spread from the 

anus to the urethra. Also, because the female urethra is close to the 

vagina, sexually transmitted infections, such as herpes, gonorrhea, 

Chlamydia and mycoplasma, can cause urethritis.[39] 

2.7.2 Infection of the bladder (cystitis).  

     This type of UTI is usually caused by Escherichia coli (E. coli), 

a type of bacteria commonly found in the gastrointestinal (GI) 

https://en.wikipedia.org/wiki/Urinary_tract_infection#cite_note-Review08-4
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tract. However, sometimes other bacteria are responsible. Sexual 

intercourse may lead to cystitis, but you don't have to be sexually 

active to develop it. All women are at risk of cystitis because of 

their anatomy  specifically, the short distance from the urethra to 

the anus and the urethral opening to the bladder.[39] 

2.7.3 Infection of Pyelonephritis 
      is an inflammation of the kidney tissue, calyces, and renal 

pelvis. It is commonly caused by bacterial infection that has spread 

up the urinary tract or travelled through the bloodstream to the 

kidneys. A similar term is "pyelitis" which means inflammation of 

the pelvis and calyces. In other words, pyelitis together with 

nephritis is collectively known as Pyelonephritis. Severe cases of 

Pyelonephritis can lead to Pyonephrosis (pus accumulation around 

the kidney), sepsis (a systemic inflammatory response of the body 

to infection), kidney failure, and even death.[42] 

2.8. Diagnosis 

     In straightforward cases, a diagnosis may be made and 

treatment given based on symptoms alone without further 

laboratory confirmation. [60]In complicated or questionable cases, it 

may be useful to confirm the diagnosis via urinalysis, looking for 

the presence of urinary nitrites, white blood cells(leukocytes), 

or leukocyte esterase. [61]Another test, urine microscopy, looks for 

the presence of red blood cells, white blood cells, or bacteria. 

Urine culture is deemed positive if it shows a bacterial colony 

count of greater than or equal to 103 colony-forming units per mL 

of a typical urinary tract organism. Antibiotic sensitivity can also 

be tested with these cultures, making them useful in the selection 

of antibiotic treatment. However, women with negative cultures 

may still improve with antibiotic treatment.[60] As symptoms can 

be vague and without reliable tests for urinary tract infections, 

diagnosis can be difficult in the elderly .[62] 

2.8.1 UTIs diagnosed 

     To find out whether a person has a UTI, the health care provider 
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will ask about urinary symptoms and then test a sample of urine 

for the presence of bacteria and white blood cells, which are 

produced by the body to fight infection. Because bacteria can be 

found in the urine of healthy individuals, a UTI is diagnosed based 

both on symptoms and a laboratory test. The person will be asked 

to give a ñclean catchò urine sample by washing the genital area 

and collecting a ñmidstreamò sample of urine in a sterile container. 

This method of collecting urine helps prevent bacteria around the 

genital area from getting into the sample and confusing the test 

results. Usually, the sample is sent to a laboratory, although some 

health care providersô offices are equipped to do the testing. For 

people with recurring infections and patients in the hospital, the 

urine may be cultured. The culture is performed by placing part of 

the urine sample in a tube or dish with a substance that encourages 

any bacteria present to grow. Once the bacteria have multiplied, 

which usually takes 1 to 3 days, they can be identified. The health 

care provider may also order a sensitivity test, which tests the 

bacteria for sensitivity to different antibiotics to see which 

medication is best for treating the infection. If     a person has 

recurrent UTIs, the health care provider may order some additional 

tests to determine if the personôs urinary tract is normal.[63] 

Tests and procedures used to diagnose urinary tract infections 

include: 

 Urine samples2.8..2 

2.8.2.1 Analyzing a urine sample 

Your doctor may ask for a urine sample for lab analysis to look for 

white blood cells, red blood cells or bacteria. To avoid potential 

contamination of the sample, you may be instructed to first wipe 

your genital area with an antiseptic pad and to collect the urine 

midstream. 

https://en.wikipedia.org/wiki/Urinary_tract_infection#cite_note-Review08-4
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2.8.2.2 Growing urinary tract bacteria in a lab 

 Lab analysis of the urine is sometimes followed by a urine culture. 

This test tells doctor what bacteria are causing the infection and 

which medications will be most effective.[64] 

2.8.3 Creating images of urinary tract 

2.12.3.1 Kidney and bladder ultrasound 

Ultrasound uses a device, called a transducer, that bounces safe, 

painless sound waves off organs to create an image of their 

structure. The procedure is performed in a health care providerôs 

office, outpatient center, or hospital by a specially trained 

technician, and the images are interpreted by a radiologistð a 

doctor who specializes in medical imaging; anesthesia is not 

needed. The images can show abnormalities in the kidneys and 

bladder. However, this test cannot reveal all important urinary 

abnormalities or measure how well the kidneys work.[65] 

2.8.3.2 Voiding cystourethrogram 

     This test is an x-ray image of the bladder and urethra taken 

while the bladder is full and during urination, also called voiding. 

As the person lies on the x-ray table, a health care provider inserts 

the tip of a thin, flexible tube called a catheter through the urethra 

into the bladder. The bladder and urethra are filled with a special 

dye called contrast medium, to make the structures clearly visible 

on the x-ray images. The x rays are taken from various angles 

while the bladder is full of contrast medium. The catheter is then 

removed and x-ray images are taken during urination. The 

procedure is performed in a health care providerôs office, 

outpatient center, or hospital by an x-ray technician. The 

technician is supervised by a radiologist while the images are 

taken. The radiologist then interprets the images. Anesthesia is not 

needed, but light sedation may be used for some people. This test 

can show abnormalities of the inside of the urethra and bladder. 

The test can also determine whether the flow of urine is normal 

https://en.wikipedia.org/wiki/Urinary_tract_infection#cite_note-Review08-4
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when the bladder empties.[66] 

2.8.3.3 Computerized tomography (CT) scan 

     CT scans use a combination of x rays and computer technology 

to create three-dimensional (3-D) images. A CT scan may include 

the injection of contrast medium. CT scans require the person to lie 

on a table that slides into a tunnel-shaped device where the x rays 

are taken. The procedure is performed in an outpatient center or 

hospital by an x-ray technician, and the images are interpreted by a 

radiologist; anesthesia is not needed. CT scans can provide clearer, 

more detailed images to help the health care provider understand 

the problem.[67] 

2.9. Prevention  

     A number of measures have not been confirmed to affect UTI 

frequency including: urinating immediately after intercourse, the 

type of underwear used, personal hygiene methods used after 

urinating or defecating, or whether a person typically bathes or 

showers. [60]  There is similarly a lack of evidence surrounding the 

effect of holding one's urine, tampon use, and douching. [79]  In 

those with frequent urinary tract infections who use spermicide or 

a diaphragm as a method of contraception, they are advised to use 

alternative methods.  [79]In those with benign prostatic 

hyperplasia urinating in a sitting position appears to improve 

bladder emptying which might decrease urinary tract infections in 

this group. [80]  Using urinary catheters as little and as short of time 

as possible and appropriate care of the catheter when used prevents 

infections.  [81]They should be inserted using sterile technique in 

hospital however non-sterile technique may be appropriate in those 

who self-catheterize. [82]The urinary catheter set up should also be 

kept sealed. [82] Evidence does not support a significant decrease in 

risk when silver-alloy catheters are used.[83] 

2.10. Treatment 

The mainstay of treatment is antibiotics. Phenazopyridine is 

occasionally prescribed during the first few days in addition to 
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antibiotics to help with   the burning and urgency sometimes felt 

during a bladder infection. [95]However, it is not routinely 

recommended due to safety concerns   with its use, specifically an 

elevated risk of Methemoglobinemia (higher than normal level 

of Methemoglobin in the blood).[96]  Acetaminophen (paracetamol)  

may be used for fevers.[97]There is no good evidence for the use of 

cranberry products for treating current infections.[98][99] 

3. MATERIAL AND METHODS  

3.1.Methods 

3.1.1.Study area 

Specimens were collected from Al -Hawari general Hospital 

,Pediatrics  Hospital , Al-Gala Hospital, Al jameea clinic  and Al-

Haram clinic. 

3.1.2.Study population  

Fifty nine urine specimens were collected. Total  numbers  of 

women was18 and men was 41 . 12 were children and 38 adults. 

3.1.3.Collection of specimens 
Fifty nine  mid-stream urine (MSU) specimens were collected 

from patients taken immediately after the ultrasound examination 

for each case and a questionnaire was taken from patients 

themselves. 

 3.1.4 Date of collection 
A total of 59 urine samples were collected from 5-12-2017 to 10-

12-2017. 

3.1.5 Statistical Analysis 

Statistical Package for Social Science (Excel ). 

3.2.Materials 

3.2.1  Instruments and equipment 
-Centrifuge 

- Urine container 

-slides and cover slides 

-Urine dipstick stripes ( 10 parameters ) 

-Microscope 
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4.RESULTS AND DISCUSSION 

     A total of 59 samples of med- stream urine were collected from 

patients after the completion of the ultrasound examination. The 

number of males was (41) cases and the females were( 18) cases. A 

comparison was made between the results of the ultrasound 

examination and the results of the examination of urine samples by 

microscopy. The following results were found: Pus or blood, 

epithelial cells with different shapes and the appearance of 

different types of crystals in different sizes and types. 

The compatible results was 17(28.81%). And the results were 

incompatible was  42(71.18%). The following figure( 5  ). The 

results showed that the percentage of infection in Females was 

4(22.2%), and the proportion of infection among males was 

15(36.5%).The percentage of children infected was 4(19.04%). 

And the total number of cases infected with UTI  was19 ( 32.2%) a 

total of 59 cases,   Microscopic diagnosis of urine sample was 

depend on type of epithelial cells lining the urinary system in 

addition to the presence of white blood cells, red blood cells and 

albumin in the urine. The microscopic specimens were identified 

to determine the location of infection by a diagnostic the type of 

epithelial cells. In this case of squamous epithelial cells in a 

moderate  or plenty that indicate of  a significant the presence of 

infection in the urethra. While the presence of squamous and 

transitional epithelial that indicative of the presence infection in 

urethra and bladder. And the presence of renal tubular cells 

indicative of kidney infection and proved these results with the 

results of ultrasound examination. While incompatible results 

showed a significant difference. The results of the ultrasound 

examination showed that the urinary system was in a normal 

condition. While The results (table1and table 2) of the microscopic 

examination showed that the cases suffer from urinary infections 

of varying severity such as the presence. 
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Table (1 ) :The percentage of  compatible and incompatible  results 

  

Results Number of samples Percentage % 

Compatible results 17 28.81% 

Incompatible results 42 71.18% 

Totale of samples 59s 

 

 
 
Figure (5) : The percentage of  compatible and incompatible  results. 

 

Table(2) : The difference between infected and non-infected patients 

in male and female. 

Gander Infected Non infected Total 

Male 15 26 41 

Female 4 14 18 

Total 19 40 59 

 

28.81%

71.18%

compatible

incompatible
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Figure (6) : The difference between infected and non-infected patients in 

male and female 

 

 

Figure (7 ï a): Compatible results -Ultrasound report 
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Figure (7 ï b). Compatible results- Microscope report 

 

 
 

Figure (7 ï c) : Compatible results -Image of microscope 
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Figure (8 ï a). Incompatible result - Ultrasound report 

 

 
Figure (8 ï b). Incompatible result -  Microscope report 

 

 
Figure (8 ï c) : Incompatible result -  Image of microscope 
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Figure (9 ï a): Incompatible result -  Ultrasound report 

 

 
Figure ( 9 ï b) Incompatible result - Microscope report 

 

 
Figure (9 ï c) : Incompatible result - Image of microscope 
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5.CONCLUSION 

     The results based on the study concluded that microscopy is 

very important to determining the infection of microbial and 

determine the location of infection in urinary system by 

determining the type of cells lining the urinary system as well as 

the lack of material cost of the test and the speed of completion of 

this test in the diagnosis of the disease to help the doctor in the 

treatment of patients with urinary tract infections. Everyone knows 

that the length of time in the injury leads to complex problems 

difficult to cure. The Ultrasound of the urinary system is expensive 

and may take time to obtain, especially in the current situation. 

Knowing that diagnosis Ultrasound is of medical importance in the 

diagnosis of many diseases in the urinary system such as 

obstructive and anatomical diseases, which cannot be detected in 

routine urine examination. 

 

6.RECOMMENDATIONS 

1. It is advisable to research this topic in the future to reach the 

most accurate and quick results that benefit  to the patient. 

2. It is recommended that early examinations of cases to avoid the 

complex problems that occur to the patient and may lead to renal 

failure. 

3. It is recommended to cooperate between doctors specializing in 

urinary diseases and lab workers to reach the best solutions to treat 

the injured. 

4. Encourage laboratories to add cellular diagnostics to Urine 

analysis. 
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Abstract 

In interpolation of aquifer transmissivity due to unknown 

distributed values, both the best and the unbiased aspects are 

frequently difficult to obtain. For that purpose, this study aim is to 

compare between seven geostatistical interpolation methods based 

on geographic information system GIS, for prediction of Tazerbo 

wellfield aquifer Transmissivity (T) m2/min. As well as setting the 

criteria for choosing the most appropriate interpolation method to 

predict the spatial distribution maps based on measured data from 

108 wells at Tazerbo Wellfield, GMMR, SE Libya. As validation 

results, it was found that Radial Basic Function (RBF), and Inverse 

Distance Weighting (IDW) are the most suitable methods for 

creating the transmissivity T m2/min maps for the study area, with 

MAPE%=0, and E=1. The aquifer properties maps produced in the 

geographic information system (GIS) give additional data and 

information that describe the aquifer system, will ultimately 

improve sustainable groundwater management in Libya.  

 

Keywords: GIS, Geostatistics Interpolation, Transmissivity, 

Tazerbo wellfield. 

˛˱ǂǄ 
 Ɠ˸ǈāí ˔ƶƮ Ɠǌ˯ƪåïí íå̇ ˸ǃå Ɨ ʼ˦ƞ èƓǈå̊ ˳ǃå Ɨ ǄƿƓǈ ý˗ƶǆ ˤ ʿǃ ǑǈƓɜ˸ǃå ɉƓ ˹˯ƪǙå ÿå
 ÜɖǄˠ˹˸ǃå å˘ǋ ˥ǆ .æƓ˴˲ǃå āå ˓ˮ˹˯ǃƓȺ Ɨƿ˗ǃå ˖˻ơ ˥ǆ Ɨ ƪƓ˹ǆ ɉƓ ˹˯ƪå Ɨǃåí þå˗˳˯ƪå
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 ɉƓ˹˯ƪǚǃ û̇  ˟ƴƪ ˥ƕ˻ ƗǈïƓǀ˸ǃå Ǐǃã Ɨƪåï̠ǃå ǉ̆ǋ ú̠ǌƙ Ɨ˭˻ˮƕ ç̇ Ƽ˦˯˸ǃå ǑƑƓ˶ơå˦˻˱ǃå
 Ɨ ʼå̇ ƺ˱ǃå èƓǆ˦Ǆƶ˸ǃå þƓˢǈGIS Ɨ ǄƿƓ˹ǃå ˤ ʿȺ ˓ˮ˹˯Ǆǃ Ü/min2(T) m  ïƓȺå Ɇǀơ ÿå̊ ˳ǃ

 Ǒƿ̇ ˵ǃå ýƓ˸˵ǃƓȺ ˤ ˢƶǃå ǑƵƓ˹˶ǃå ˙ǌ˹ǃå ÷ā˙˵ǆ ˥ǆ ǑǃāǙå ƗǄơ̇ ˸ǃƓȺ ǑƼ˦˱ǃå ˦ɁïðƓƙ
 ˥ǆ ǑƑƓ˶ơå˦˻˱ǃå ɉƓ ˹˯ƪǙå êîƓ˸ǈ ˥˻ƕ ƗǄưƓƽ˸Ǆǃ ˙˻ǒƓƶǆ ƴưā Ǐǃã ƗƼƓưǗƓȺ .Ɠ ˮ˻Ǆǃ
 ÜƗƪåï˗ǃå Ɨǀˠ˹ǆ ɆǆƓḧǃ Ɨ ǄƿƓ˹Ǆǃ ǑǈƓɜ˸ǃå ƴɂð˦˯ǃå ɊƑå̇ Ƥ ˤƪïā íå˗ƵǗ ÜæƓ˴˲ǃƓȺ Ɨƿ˗ǃå ˖˻ơ

 í˗ƶǃ ƣ˷ǃå ïƓ ˯Ƥå ƝƑƓ˯ǈ Ǐǃå åíƓ˹˯ƪå108  ˥˻ƕ ƗǈïƓǀ˸ǃå ɖƼā ā .˦ɁïðƓƙ ïƓȺå Ɇǀ˲Ⱥ ˙˭ƕ
˥˻ƞî˦˸˹ǃå ÿá ˥˻ˮƙ ÜƗƶ ˴ǃå Ɨ ƑƓ˶ơå˦˻˱ǃå êîƓ˸˹ǃå ƝƑƓ˯ǈRadial Basic Function 

(RBF), Inverse Distance Weighting (IDW)  ā ßƓˠƤ Ɨ ˴ǈ ɆƿƓȺ ˔˴ǈǙå Ɠ˸ǋ
 èƓǆ˦Ǆƶ˸ǃå þƓˢǈ ǑǄƵ íƓ˸˯ƵǙƓȺ Ɨ Ʈ˦˯ǃå Ü˖˲ ǃå ƗȻƓǌ˹ƕ .Ɨ ǄƵƓƽǃå ɆǆƓƶ˸ǃ Ɨ˸ ʾ ǑǄƵå

) Ɨ ʼå̇ ƺ˱ǃåGIS(  èƓǈå̊ ˳ǃå Ɨ ƞƓ˯ǈåā ˝ƑƓ˶Ƥ ɄƮ˦ǃ ǑǈƓɜ˸ǃå ƴɂð˦˯ǃå ɊƑå̇ Ƥ êƓ˯ǈǗ
ǃ Ɨǆå˗˯˴˸ǃå çïåíǗå ˥˻˴˲˯ǃ Ɨǃā˗ǃå ɆǆƓɜȺ ƗƵð˦˸ǃå Ɨ ʼ˦˱ǃå. Ɠ ˮ˻Ǆƕ Ɨ ʼ˦˱ǃå ǉƓ ˸Ǆ 

:ƕǁä˕ǁä çƑ˶ǂḥǁä  ÜǑƑƓ˶ơå˦˻˱ǃå ɉƓ ˹˯ƪǙå ýåāí Ü Ɨ ʼå̇ ƺ˱ǃå èƓǆ˦Ǆƶ˸ǃå ˤˢǈ ÜƗ ǄƿƓ˹ǃå
.˦ɁïðƓƙ ïƓȺå Ɇǀơ 

 

1. INTRODUCTION  

Libya receives very low precipitation due to its location in an arid 

climate. For that reason, Libyan government established the Great 

Man-Made River project (GMMRP) for transporting 6.5 Mm3/day 

from aquifers located beneath the deserts to the coastal cities (Al 

Faitouri, 2013). For this study, one from three aquifers in the Sirt 

and Al Kufra Basin (GMMRP- Phase I) will be focusing witch is 

Tazerbo wellfield, (Figure1). The groundwater aquifer in Tazerbo 

wellfield is the one of source of household and agricultural needs 

in Libya. Therefore, it is necessary to rationalize the ground water 

in this area through proper planning, which depends on models to 

help the decision-maker to take the correct steps in the planning 

and investment optimization of this project. Proper planning 
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requires analysis and study the aquifer behavior, and the 

development of accurate digital maps that show its properties.  

 

Figure.1. Layout of the Great Man-Made River Project, and Tazerbo 

Wellfield location- Libya with ID for each well. 

 

One of the problems facing hydrogeological studies is the 

estimation of the data values in a given location, either because the 

data are missing or the site does not have measurements. The 

scientific method in this case is to take random samples from that 
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area and then to predict unknown points. These mathematical 

processes are called geostatistical interpolation. With the 

development of GIS technology, interpolation, analysis of 

groundwater data with geostatistical models has become easier and 

more operable (Xiao, and et al, 2016). 

Many researchers applied geostatistical techniques for spatial 

distribution of groundwater aquifer properties listed as: 

Ahmadzadeh, and Jafari, 2015, their study is a comparison of 

geostatic methods based on GIS for determining the best 

interpolation method for zoning the aquifer transmissivity in 

Shabestar plain. In their research, the Inverse Distance Weighting, 

local interpolation and Kriging methods were adopted. Their 

results indicated that Kriging method with exponential variogram 

are chosen as the best method of interpolation and map creation. 

Mace, 2011, his study in Texas had shown the estimation of 

transmissivity from specific capacity data points of 1083 in the 

Edwards aquifer, 1973 in the sandstone aquifers of North Central 

Texas, and 9500 in the Carrizo-Wilcox aquifer. The Geostatistical 

techniques were developed named Kriging with linear regression 

and Cokriging. His results show that the Cokriging may offer 

better results than Kriging with linear regression. LO and et al, 

2016, in their research a mapping of the transmissivity of the 

Senegalese deep aquifer system, using geostatistical methods with 

Kriging as an estimator. Their results show that the semivariogram 

of the transmissivity coefficient could be described by spherical 

model. Al-Murad, and et al, 2018, in their study a Kriging is used 

to characterize the transmissivity of the two aquifers in Kuwait 

(the Dammam and Kuwait Group aquifers). His results show that 

extrapolated transmissivity values using Kriging can be used for 

development of numerical modeling studies for the aquifer system 

in the region of his study. 
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In this study the main objective is to assess the accuracy of various 

Geostatistical interpolation methods, including the (Empirical 

Bayesian Kriging (EBK), Radial Basic Function (RBF), Inverse 

Distance Weighting (IDW), Global Polynomial Interpolation 

(GPI), Kernel Interpolation With Barriers (KIB), Local Polynomial 

Interpolation (LPI), Diffusion Interpolation With Barriers (DIW)) 

to determine the best interpolation method for estimation the 

transmissivity of Tazerbo wellfield aquifer. 

2- Study Methodology and Area of Study: 

1-2 Area of Study: 

Tazerbo wellfield is one of three wellfields of GMMRP Phase I. It 

is bounded by longitudes 210 and 220 E and by latitudes 250 and 

260 N and consists of 108 production wells distributed in 6 lines, 

with a distance of 1.3 km between two wells and distributed into 

three parallel lines; each line is divided in two sections, and each 

line is 50 km long and consists of 36 wells see Figuer1. The total 

depth of the production wells in Tazerbo wellfield ranges from 460 

to 580 m. The depth to water is variable, from 260 m in the NE and 

NW to 400 m in the SE and SW. Transmissivity had been 

estimated based on the  pumping tests is between 3.71×10-2 to 

7.92×10-3 m2/s, and the storability is between 2.1 ×-04 to 0.77×10-04 

(Al Faitouri,2013). 

 

2-2 Cooper-Jacob Methods For Determining The Aquifer 

Transmissivity: 

 Cooper-Jacob, 1946, in his analysis presented a pumping test in 

which drawdown at a piezometer distance r  from the abstraction 

well is monitored over time. This is also based upon the Theis 

method analysis from the definition of u. It can be seen that u 

decreases as the time of pumping increases and as the distance of 
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the piezometer from the well decreases. W (u) is the well function, 

estimated by (Kruseman, and Ridde, 2000): 

ὡ ‘ πȢυχχÌÎ‘ ‘
ό

ς
ςȦ

ό

σ
σȦ

ό

τ
τȦ Ễȟ 

(1) 

 

and u is defined as: 

ό
ὶὛ

τὝὸ
      

(2) 

 

Where: 

  t= time since beginning of pumping, T= Transmissvity, s= 

storage coefficient for confined aquifers, r = piezometer distance 

from the abstraction well  .                                                        

So, for piezometers close to the pumping well after sufficiently 

long pumping times, ln(u) become negligible. Hence for small 

values of u, the drawdown can be approximated by: 

 

ί
ςȢσὗ

τ“Ὕ
 ÌÏÇ
ςȢςυὝ

ὶὛ
 ὸ    

(3) 

 

Where: 

Q= constant flow rate of the pumping well,  ί = the drawdown.                                                          

Because of Q, T, and S are constant, if used drawdown 

observations at a short distance r from the well, a plot of 

drawdown s versus the logarithm of t forms a straight line. If this 

line is extended until it intercepts the time-axis where s =0 , t = t0 , 

and the slope of the straight line (Figure 2), the drawdown 
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difference as per log cycle of time log t/to = 1 also substituting 

these values into Equation 3  gives (Kruseman, and Ridde, 2000): 

 

Ὕ
ςȢσὗ

τ“Ўί
  

(4) 
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Figure 2 Drawdown Time ï Cooper-Jacob method. 

 

3-2. Geostatistical Interpolations Methods: 

Geostatistical analyst uses sample points taken at different 

locations in a landscape and creates (interpolates) a continuous 

surface. The features of Geostatistical analyst are discussed in 

details in the next parts.: 
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1. Empirical Bayesian Kriging (EBK) Interpolation model: 1. 

Kriging is a prediction method that considers values of a variable 

in ensamples points as a linear composition of the values of 

surrounding points. Considering the values of variable Z in n 

measured points as following: 

 

: :ὼ ȟ:ὼ ȟȣȢ:Ø     (6) 

Estimation  of  Z in point  X0 using  Kriging  estimation is defined 

as: 

 

ὤὼ  ‗Ȣ:Ø    (7) 

Where: 

 ὤὼ  interpolated value for grid node, :Ø  the measured 

points, ‗ = Kriging  statistical weight.  

This method can be used to produce an accurate grid of data, or 

can be custom-fit to a data set by specifying the appropriate 

variogram model. The experimental variogram measures the 

average degree of dissimilarity between unknown values and a 

nearby data value and thus can depict autocorrelation at various 

distances. The value of the experimental variogram for a 

separation distance of h  (referred to as the lag) is: 

 

ɾÈ
ρ

ςÎÈ
ÚØ ÚØ È         

 

(8) 

Where:  

n (h) = the number of data pairs within a given class of distance and 

direction.  
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The most important part of Kriging is statistical weighs assigned to 

ɚi. To avoid bias of estimation, the weights should be determined in 

a way that summation is equal to one . 

-2Inverse Distance Weighted (IDW) Interpolation Model: 

In interpolation with IDW method, a weight is attributed to the 

point to be measured. The amount of this weight is depended to the 

distance of the point to another unknown point. The general 

formula of inverse distance weighted as follows: 

 

ὤὮ

В

В
           

 

(9) 

 

È Ä ɿ             
(10) 

 Where: 

ὬὭ  effective separation distance between grid node j and the 

neighboring point i.  ὤὮ Interpolated value for grid node j, Ú  

neighboring knowing points, Ὠ  distance between grid node j 

and the neighboring point i, ɼ   weighting power parameter, ɿ  

smoothing parameter. 

The weighting power parameter determines how quickly weights 

fall off with distance from the grid node. As the power parameter 

increases, the generated surface is a "nearest neighbor" interpolator 

and the resultant surface becomes polygonal. The polygons 

represent the nearest observation to the interpolated grid node. The 

Smoothing factor parameter is allowed to incorporate an 

"uncertainty" factor associated with the input data. The larger the 
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smoothing factor parameter, the less overwhelming influence any 

particular observation has in computing a neighboring grid node. 

-3Global polynomial (GPI) Interpolation Model:  

Global polynomial interpolation fits a smooth surface that is 

defined by polynomial mathematical function to the input sample 

points. The global polynomial surface changes gradually and 

captures coarse surface-scale pattern in the data. Global 

polynomial interpolation simply uses multiple regression method 

for all of the data. A response surface is fitted to the x- and y- 

coordinates, for an example the third - order  trend model is: 

 

:ØȟÙ ‍ ‍Ø ‍Ù ‍ὼ ‍ώ ‍ὼώ

‍ὼ ‍ώ ‍ὼώ ‍ὼώ

‐ὼȟώ     

 

(11) 

 

Fitting  regression models by estimating parameter (‍  uses 

ordinary least squares. 

Where:  

 :ØȟÙ=datum at the location ØȟÙ ,‍j =constant parameter, 

and ‐ὼȟώ = random error .  

-4Local Polynomial (LPI) Interpolation Model:  

Local polynomial interpolation is similar to global polynomial 

interpolation, except that it uses data within localized ñwindowsò 

rather than using all of the data, so it fits local trends it uses 

weights. The window can be moved around, and the surface value 

at the center of the window call it ‘─ (x ,y), is estimated at each 

point . Weighted least squares is used by minimizing: 
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× : ØȟÙ ʈϚØȟÙ             

̨

 
 

(12) 

 

weight × ÅØÐσὨϚ Ⱦὥ ȟ 

Where: 

 n = number of points within the window, ὨϚ = distance between 

the point and the center of the widow, a = parameter that controls 

how fast weights decay with distance , ʈϚØȟÙ  = value of the 

polynomial. 

 For an example of  second -order polynomial: 

ʈπØȟÙ ‍ ‍Ø ‍Ù ‍ὼ ‍ώ

‍ὼώ ‍ὼώ ‍ὼώ ‐ὼȟώ  

(13) 

5-Radial Basis Functions (RBF) Interpolation Model: 

Radial basis functions (RBF) methods are a series of exact 

interpolation techniques, that is, the surface must go through each 

measured sample value. There are five different basis functions: 

thin-plate splint, splint with tension, completely regularized splint, 

multiquadric function, and inverse multiquadric splint. Each basis 

function has different shape and results in different interpolation 

surface. RBF methods are a form artificial neural network.  

-6Kernel Interpolation With  Barrier (KIWB) Interpolation Model:  

The Kernel Interpolation model uses the shortest distance 

between points so that points on the sides of the specified 

nontransparent (absolute) barrier are connected by a series of 
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straight lines. Kernel Interpolation uses the following radically 

symmetric kernels: Exponential, Gaussian, Quartic, Epanechnikov, 

Polynomial of order 5, and constant. The bandwidth of the kernel 

is determined by a rectangle around the observations. 

-7Diffusion Interpolation With Barriers (DIWB) Interpolation  

Model: 

 Diffusion Interpolation refers to the fundamental solution of the 

heat equation, which describes how heat or particles diffuse with 

time in a homogeneous medium. The predictions made using this 

method gently flow around barriers. The Diffusion Interpolation 

can use a complex distance metric defined by the cost surface 

which is a common raster function that calculates the cost of travel 

from one cell of a raster to the next. 

4-2 Models Performance Verification : 

Cross validation compares the measured and predicted values. The 

statistics calculated on the prediction errors serve as diagnostics 

that indicate whether the model is reasonable for decision making 

and map production. To judge if a model provides accurate 

predictions, verify that: 

 

1- Mean  absolute percentage error (MAPE%) 

ὓὃὖὉϷ
ρππ

ὲ

ὤέὦίȢ ὤὴὶὩȢ

ὤέὦίȢ
 

 

(14) 

2- Efficiency factor (E): 

Efficiency factor (E = 0 to 1) is calculated on the relationship 

between the predicted and observed mean deviations and it can 

show the correlation between the predicted and observed data.  
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% ρ
В :ÏÂÓȢ :ÐÒÅȢ

В :ÏÂÓȢ :ÏÂÓȢ
    

 

(15) 

 

3- 95% confidence limit (95CI%): 

The Standard error of the mean observed data is given as : 

Ó
Ѝ
                                                                                                                 

The quantity (:ÏÂÓȢ :ÏÂÓȢ) / Sx has a t-distribution with (n-

1)  degrees of freedom, And for 95% confidence limit 

 

:ÏÂÓȢρȢωυ
Ἳ

Ѝἶ
ὤὴὶὩȢ ὤέὦίȢρȢωυ

Ἳ

Ѝἶ
   (16) 

 

The value on the left side of the inequality yields the lower limit, 

and on the right side yields the upper limit for the mean observed 

data , known as the Confidence Level.  

Where: 

n= number of data, Zobs.i= observed value, Zpre.i= predicted value, S 

= standard deviation, :ÏÂÓȢ = the mean of observed data. 

 

A better fit and a perfect prediction, with zero indicating MAPE%  

and high value of E. Furthermore the model if have a good 

performance well produce results within the range of 95CI% of the 

mean observed data.  

3- Evaluation of Geostatic Interpolation Methods For Estimation 

Tazerbo Wellfield Aquifer Transmissivity : 

In order to predict the aquifer Transmissivity of Tazerbo wellfield 

(T m2/min), used pumping test data of 108 wells in the study area, 
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were obtained from the Great Man Mead River Authority 

(GMMRA). Moreover to identify the hydrogeological 

characteristics of Tazerbo wellfield aquifer, a pumping test had 

been conducted without observation wells with a constant 

pumping rate 120L/sec of period 1440 minutes. The pumping test 

data obtained were analyzed by Cooper - Jacob method. The 

statistical analysis of all field measurement data, represents at 

Table 1. 

 

Table 1 Statically analysis of pumping test results for 108 well at 

Tazerbo wellfield, GMMRA.  

 

 

Where: 

E= well east coordinate, N= well north coordinate, Z= well 

elevation, T= transmissivity, Q= discharge rat, b= aquifer 

thickness, SWL m= static water level, DWL m = dynamic water 

level.     

 

The spatial models give more representative results if the data are 

distributed naturally and the skewness coefficient is close to zero 

indicate a normal distribution of the data. In this study in terms of 

the skewness coefficient see Table 1, indicates that the majority 

of the values of the samples used have low values close to zero. 

Figure 3 shows the transmissivity data histograms diagram. 
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In this study the Geostatistical analyst tool in ArcGIS 10.5 

software is used for interpolating the surfaces of the aquifer 

transmissivity at the area of study. Seven interpolation methods 

included  (DIWB), (EBK), (GPI), (IDW), (KIB), (LPI) and (RBF) 

were performed in two stages, first it compute the spatial structure 

of the data and then generate a predicted surface. 

 

 

Figure 3. Histogram For Tazerbo wellfield Aquifer Transmissivity T 

(m2/min). 

The interpolation methods provide an assessment of errors with 

predicted values, by (MAPE%, and E). Cross validation was 

carried out to examine the fitted interpolation models by 

systematically changing the model type, the results are shown in 

Table 2.  
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Table 2. Summary of Cross-Validation Result  of Interpolation 

Models. 

Method T (m2/min) 

MAPE %  RMSE E 

DIWB 18.40 0.59 0.27 

EBK 7.33 0.26 0.86 

GPI 19.22 0.64 0.12 

DIW 0.00 0.00 1.00 

KIWB 9.83 0.35 0.73 

LPI 9.13 0.33 0.76 

RBF 0.00 0.00 1.00 

 

Table 3. Evaluation of the interpolation methods using CI95%  

parameters. 

T m2/min  
Mean 

m2/min  

Min. 

m2/min  

Max. 

m2/min  

CI95% 

m2/min  

Observed 2.77 1.33 4.23 

2.6-2.87 

 

DIWB 2.74 2.03 3.22 

EBK 2.74 1.60 3.71 

GPI 2.74 2.18 3.31 

DIW 2.74 1.33 4.24 

KIWB 2.74 1.51 3.88 

LPI 2.75 1.52 4.08 

RBF 2.74 1.33 4.24 

 

The interpolation surfaces obtained from  ArcGIS 10.5 software 

present  in Figures 5 to 11. In addition Scatter plots of the true 

values versus the estimated values are illustrated in Figure 4.  
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Figure 4.Comparison Between The Predicted and Measured Tazerbo 

Wellfield Aquifer Transmissivity T m2/min . 

 
Figure 5. Interpolation Surface and Contour Maps For Tm2/min  Using 

(DIWB). 

Predict line 
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Figure 6. Interpolation Surface and Contour Maps For Tm2/min  Using 

(EBK). 

 
Figure 7. Interpolation Surface and Contour Maps For Tm2/min  Using 

(GPI). 
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Figure 8. Interpolation Surface and Contour Maps For Tm2/min  Using 

(IDW). 

 
 

Figure 9. Interpolation Surface and Contour Maps For Tm2/min  Using 

(KIB). 
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Figure 10. Interpolation Surface and Contour Maps For Tm2/min  Using 

(LPI). 

 
 

Figure 11. Interpolation Surface and Contour Maps For Tm2/min  Using 

(RBF). 
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4. Results Discussion: 

Tables 3 and 4 show the most suitable geostatistical models for the 

Tazerbo Wellfield aquifer transmissivity estimation, based on the 

values of MAPE%, E and CI95%. According to the results gained 

from the calculations and comparison of all various geostatistical 

methods used in this study, there is no significant difference 

between Radial Basic (RBF), and Inverse Distance Weighted 

(IDW) models with high value of E=1 and low MAPE%=0. 

Moreover, they provide a maximum, minimum and average 

predicted values within the range of 95CI%. Nonetheless Global 

Polynomial (GPI) provides results were significant difference 

between others by low E=0.12 and MAPE%= 19.22. Comparing 

the estimated values to the observed of the aquifer transmissivity is 

done via a scatter plot (Figure4), more the scatterplot is tightened 

around the predicted line, the better the estimated values by (RBF, 

and IDW) models. Figure11 shows the highest value of 

transmissivity is found at the south, southwest, and northwest of 

the wellfield aquifer part (wells at lines 100-300-500) and they 

decrease as one moves away to the Northeast and East (wells at 

lines 200-400-600). The transmissivity value is between 2.6 and 

4.23 m²/min in the most part of the deep aquifer system located in 

the West and Southeast wellfield aquifer part. The transmissivity 

of the Tazerbo wellfield aquifer increases from 2.6 m2/min to 4.2 

m2/min indicated that the aquifer of good performance in 

accordance to transmissivity scales. Transmissivity values are 

numerous, which due to aquifer heterogeneity and variation of its 

thickness by alternating low- and high-permeability zones.  

 

5. Conclusion: 

 As sampling from every possible location is not economical, the 

geostatistical interpolation techniques played an energetic role to 

predict the values from unmeasured location. The new thing that 

was discussed and reached in this research is to determine the best 

models of geostatistical interpolation method in the representation 
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of aquifer transmissivity in Tazerbo wellfield SE- Libya area. 

According to the results gained from the calculations and 

comparison of all various methods used in this study, the (RBF), 

and (IDW) models are the most suitable methods of creating the 

transmissivity zoning map in Tazerbo wellfield. Based on the 

above results it is suggested that in the future studies, other 

methods of spatial interpolation available at ArcMap GIS will use 

in order to prepare groundwater aquifer characteristic maps. 

Furthermore  the natural resource inventories need to be regularly 

updated or improved in detail. It is often needed to consider 

collection of new samples or additional tests are used to update an 

existing GIS layers. 
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: ˛˱ǂǄ  ˣ˸˴Ɂā Ɨɂ˦˯˴ǆ Ơˠƪá èåî ˙ƮƓ˹Ƶ Ɠǌǈã ǏǄƵ Ɨ ƑƓ˵ǈǗå èƓ˟ǚˮǃå ú̇ ƶƙ
ǌ˹ǃå ǏƼ ïƓ˵˯ǈǗå Ɨƶƪåā èƓ˟ǚˮǃå èƓǀˮɣ ƙ .Ɏ̇ƤǕå ƓǋíƓƶȺƋȺ ƗǈïƓǀǆ ̇ ƺ˻Ʈ Ɨƪ˗

 ÜèƉ˵˹˸ǃå Ʉǀƪá ÜèƓƮå˦ƺǃåā èå̇ ƑƓˠǃå ɆǂƓ ˀ ÜƝɂïƓǌ˶ǃå ˣǃî ǏǄƵ ƗǄ˰ǆƋḪā Ɨ ƑƓ˵ǈǗå
 ÜɊƑå˦˲ǃå āāá óå˦˳ǃå ç̠ơ˦ǆ ÿ˦ḧƙ ÿá ˥ɜ˸Ȼ èƓ˟ǚˮǃå .Ɨɂ̇˶˻ ǃ˲å èƓƪƓƪǕå  ˙˻ƹ

 .Ɨ Ḫ̇ ǆ ƠƑƓƽƮ ˥ǆ Ɨƽǃ˓ǆ ƓǈƓ ơáā óå˦˳ǃå ç˗ơ˦ǆ 
 āá Ɨ˹ǂƓƪ ýƓ˸ơǕ Ɨư̇ ƶ˸ǃå Ɨ Ḫ̇ ˸ǃå ƠƑƓƽ˶ǃå Ɇ˻Ǆ˲ƙ ç̇ ˻ƤǕå èå˦˹˴ǃå ýǚƤ ˙˵˯ǈã
 èƓ˟ǚˮǃå Ɠ ƪ˗˹ǋ .èƓ˟ǚˮǃå Ɇ˸˵˯ǃ Ɨ Ḫ̇ ˸ǃå ƠƑƓƽ˶ǃå èƓǀ ˮˠƙ èï˦ˠƙ ā ÜƗ ɜ ǆƓ˹ǒí

 Ɨ ɜ ǆƓ˹ǒ˗ǃå āá Ɨ˹ǂƓ˴ǃå ýƓ˸ơǕåā Ɨ ˹˲˹ǆ āá Ɨ˸ ʿ˯˴ǆ Ɠǆã Ɠǋíā˗ơǑ˯ǃå  èƓ˟ǚˮǃå ƓǌǄ˸˲ƙ
Ɠǆ Ɠ ǃƓƹ ƪ ǏǄƵ ƗȻí˦˸Ƶ ÿ˦ḧƙ ˣ˸˴ǃå ˖˻ơ ˥ǆ Ɠ ǃƓƹ èƓ˟ǚˮǃå Ʉ˹˶ƙ .Ɨ˟ǚˮǃå Ơˠ

 ˙ƮƓ˹Ƶ ˥Ƶ çïƓ ʸ Ɠ Ƒ˗ˮǆ Ɨǀ ʾ̇ ǃå èƓ˟ǚˮǃå .Ɨɜ ˸˴ǃå èƓ˟ǚˮǃåā Ɨǀ ʾ̇ ǃå èƓ˟ǚˮǃƓȺ
 ƗƼƓơ Ǐ˸˴Ȼ Ǐǈå˦ˠƪǗå Ơˠ˴ǃåā Ǌƞāá Ǐ˸˴ƙ ˥˻ɂðå˦˯ǆ ˥˻˲ˠ˴Ⱥ Ɨ˟Ɠ˲ǆ Ɨ˲ˠ˴ǆ Ɨ ƑƓ˵ǈã

˥˻ƕ ƗƼƓ˴˸ǃå ÜɎ˦˯˴˸ǃå Ơɣ ǃ˴å ǏǄƵ ƗȻí˦˸Ƶ Ɨǈå˦ɣƪǗå ƠɣƪǙå .̠ơ āá  ˥˻˲ˠ˴ǃå
Ɨ˟ǚˮǃå ˣ˸ƪ Ǐ˸˴ƙ ˥˻ɂ˦˯˴˸ǃåÜ ˙˻ƺƮ Ɨ˟ǚˮǃå ˣ˸ƪ ˙ˮ˯ƶȻ ƗǈïƓǀǆ  Ɇ˰ǆ Ɨ˟ǚˮǃå íƓƶȺƋȺ
.ƣǃã.....˙ˠǀǃåā ô̇ ƶǃåā ý˦ˠǃå 

 ˖˲ ƙ Ɨ ǃƓ˲ǃå Ɨƪåï˗ǃåǑƼ  ˙˻ƹā óå˦˳ǃå ç˗ơ˦˸ǃå ˥ǆ Ɇḧǃ ˣ˸˴ǃå Ɨǀ ïʾ èƓ˟ǚˮǃå ü˦Ǆƪ
íā˗ơ ǏƼ úǚ˯Ƥã ƴǆ þƓˢ˯ǈƎȺ ƗƵð˦˸ǃå ýƓ˸ơǕå ˙˻ƛƋƙ ˕˲ƙ óå˦˳ǃå ç˗ơ˦ǆ  .Ɨ˟ǚˮǃå

íƓƶȺǕå Ɨ ƛǚƛ ç˗˯˸˸ǃå çíā˗˲˸ǃå ˙ƮƓ˹ƶǃå Ɨǀɂ̇ ˟- ķThree-dimensional extended 
finite element methodò (X-FEM)  ƝǆƓǈ̇ ƕ þå˗˳˯ƪƎȺABAQUS-CAE  ˤƙ

 úå˦˲ǃåā ɆǆƓḪ ˕˻ˮ˰ƙ Ɨ˯ˮ˰˸ǃå úå˦˲ǃå èåî èƓ˟ǚˮǄǃ þā˚ƶǃåā ˤ Ƥ̇ ˯ǃå æƓ˴˲ǃ Ɠǌƽ ư˦ƙ
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ƵǗå ǏƼ ˥ǒ˘Ƥà ǑǄ˶ƽǆ ˕˻ˮ˰ƙ Ɨ˯ˮ˰˸ǃå ˥ƪå˦ƕ Ɨ ˴ǈ ǏƼ ˙˻ƺ˯ǃå ïƓ ˯Poissonôs ratio  
 ý˦Ǆ˲ǃƓȺ ˕ǈï˦ƿā ýāå˗ƞ ǏƼ ˕ƶưā ƓȻí˗Ƶ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå ƝƑƓ˯˹ǃå .Ɨ˟ǚˮǃå ˣ˸ƪā

.Ɨ˲ ˲˶ǃå 
ABSTRACT:  

In general, a plate structures may be defined as plane structural 

elements with a small thickness compared to the planar 

dimensions. Application of plates is very widespread in 

engineering such as containers, aircraft fuselages, submarine hulls, 

deck structures, walls, and raft foundations. Plates can be formed 

by isotropic, orthotropic materials, or laminated composites 

materials. The development of laminated composite materials 

extends the application field of plates; the analysis of laminated 

composite plates subjected to static or dynamic loads have 

received widespread attention in recent years.  

Geometrically, plates are bounded either by straight or curved 

boundaries. The static or dynamic loads carried by plates are 

predominantly perpendicular to the plate faces. Plates might be 

classified as a thick or thin plate. 

Thin plates are initially flat structural members bounded by two 

parallel planes, called faces, and a cylindrical surface, called an 

edge or boundary. The generators of the cylindrical surface are 

perpendicular to the plane faces. The distance between the plane 

faces is called the thickness (h) of the plate. The plate thickness is 

very small compared with other characteristic dimensions of the 

faces (length, width, diameter, etc.).  

In the present study; the performance of isotropic/ orthotropic 

rectangular thin plates under uniform distributed loads and various 

boundary conditions is investigated.  Three-dimensional extended 

finite element method (X-FEM) is developed and implemented in 

the ABAQUS-CAE package to predict deflection, bending and 

twisting moments, and stresses, for plates with immovable edges 
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and simply supported, partially or fully clamped edge conditions 

have been considered. The variations of Poissonôs ratio as well as 

the thickness to the length ratio are carried out. The results that 

have been obtained numerically, evaluated and compared to the 

analytical solutions.  

Keywords: Thin Plates, Extended Finite Element, Isotropic, 

Orthotropic, ABAQUS-CAE 

Extended Finite Element Method: 

The Extended Finite Element Method (XFEM) is a method used to 

model strong and weak discontinuities independent of the finite 

element mesh by using the partition of unity finite element 

method.[1,6] 

The first attempt to develop the extended finite element method 

could be dated back to 1999 when Belytschko and Black (1999) 

presented a minimal re-meshing finite element method for crack 

growth. The concept has been built by adding discontinuous 

enrichment functions to the finite element approximation to 

account for the being there of the crack. The method allowed the 

crack to be arbitrarily allied within the mesh, in spite it required re-

meshing for harshly curved cracks. 

In 1999, Moës et al. improved the method and called it the 

extended finite element method (XFEM). This improvement 

allowed for independent representation of the whole crack from 

the mesh, based on the construction of the enriched approximation 

from the interaction of the crack geometry with the mesh. 

In 1999, Dolbow has achieved a major step during his PhD thesis 

at Northwestern University which was titled ñExtended finite 

element method with discontinuous enrichment for applied 

mechanicsò. As a result of his work a solution of two dimensional 

elasticity and MindlinïReissner plates by using both a jump 
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function and the asymptotic near tip fields using XFEM. Also, in 

2000, Dolbow et al. 2000 have presented a system to model 

arbitrary discontinuities in the finite element framework by locally 

enriching a displacement based approximation through a partition 

of unity method. 

Furthermore, in 2000, Sukumar et al. extended the XFEM for 

three-dimensional crack modeling and addressed geometric 

matters connected with the representation of the crack and the 

enrichment of the finite element approximation.  

Another topic has been studied by Daux et al. (2000) as extensions 

to the original XFEM. They focused on the modeling of random 

branched and intersecting cracks with multiple branches, multiple 

holes and cracks originating from holes. 

Level set methods gradually grew to represent the crack location, 

including the location of crack tips. In 2001, Stolarska et al. 

introduced a way of coupling the level set method (LSM) with 

XFEM to model crack growth. By the year of 2001, Belytschko et 

al. presented a technique for modeling arbitrary discontinuities in 

the function and its derivatives in finite elements. The 

discontinuous approximation was constructed in terms of a signed 

distance function, so level sets could be used to update the location 

of the discontinuities. Also, another effort has been done by 

Sukumar et al. (2001) who described modeling holes and 

inclusions by level sets in the extended finite element method.  

Meanwhile, in 2002, Moës et al, and Gravouil et al discussed the 

mechanical model and level set update for non-planar three 

dimensional crack growth, based on a HamiltonïJacobi equation to 

update the level sets with a velocity extension approach to preserve 

the old crack surface.[2,6] 

Lately, the extended finite element method (X-FEM) has come out 

as a powerful numerical procedure for the analysis of crack 
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problems. It has been widely acknowledged that the method eases 

crack growth modeling under the assumptions of linear elastic 

fracture mechanics (LEFM). Since the introduction of the method 

about a decade ago, many new extensions and applications have 

shown up in the scientific literature, with substantially many 

contributions on X-FEM in recent years. 

In the extended finite element method, additional functions, 

commonly referred to as enrichment functions, can be added to the 

displacement approximation as long as the partition of unity is 

satisfied, ×NI(x) = 1, whereas NI(x) represent the finite element 

shape functions. The XFEM uses these enrichment functions as a 

tool to introduce a non-smooth behavior of field variables, for 

instance, stress across the interface between different materials or 

displacement across cracks. Generally, the enrichment functions 

presented into the displacement approximation are only described 

in excess of a small number of elements relative to the total size of 

the domain. Extra degrees of freedom are presented in all elements 

where the discontinuity is exist, and depending on the type of 

function selected, probably some adjacent elements identified as 

combination elements [3]. 

Comparing to the standard finite element method, the X-FEM 

offers significant benefits in the numerical modeling of crack 

propagation. In the traditional concept of the FEM, the existence of 

a crack is modeled by requiring the crack to follow element edges. 

On the contrary, the crack geometry in the X-FEM does not need 

to be aligned with the element edges that provide flexibility and 

versatility in modeling. The method is based on the enrichment of 

the finite element model with extra degrees of freedom (DOFs) 

which are tied to the nodes of the elements discussed by the crack 

[6,7]. In this manner, the discontinuity is included in the numerical 

model with no modifying the discretization, as the mesh is 

generated without taking into account the being there of the crack. 

Therefore, only a single mesh is needed for any crack length and 
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orientation. As well, nodes around the crack tip are enriched with 

DOFs associated with functions that copy the asymptotic LEFM 

fields. This enables the modeling of the crack discontinuity within 

the crack-tip element and substantially increases the accuracy in 

the calculation of the stress intensity factors (SIFs).  

As shown in figure (1), the circled nodes are the nodes enriched 

with two additional DOFs (total of four DOFs per node), whereas 

the nodes marked with a square are enriched by eight more DOFs 

(total of ten DOFs per node). 

 

Figure 1. The nodes enriched with the Heaviside and crack tip 

enrichment functions 

 Elements that contain at least one enriched node are known as 

enriched elements. Nodes with two additional DOFs (one for each 

coordinate direction) have shape functions that multiply the 

Heaviside function H(x) (function of unit magnitude whose sign 

changes across the crack, H(x) = ±1), whereas H(x) equals positive 

above the crack, and is negative below the crack. Actually, this 

function introduces the discontinuity across the crack faces. Nodes 

with eight additional DOFs are enriched in the two Cartesian 

directions with four crack tip functions FŬ(x) [4,6]. 
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Ὂ ὶȟ—ȟ‌ ρ τ

Ѝὶ ίὭὲȟЍὶ ὧέίȟЍὶ ίὭὲίὭὲ—ȟЍὶ ὧέίίὭὲ—                             

(1) 

Where: r,q represent local polar co-ordinates defined at the crack 

tip. The displacement approximation for crack modeling in the 

extended finite element method can be written in the form  

       ό ὼ ὔ ὼό

ᶰ

ὔ ὼὌὼὥ

ᶰ

                   

ὔ ὼ Ὂ ὼὦ

ᶰ

                                      ς 

Where: I represents the set of all nodes in the mesh, Ni(x) is the 

nodal shape function and ui is the standard DOF of node i (ui 

represents the nodal displacement for non-enriched nodes only). j 

and k contain the nodes enriched with Heaviside function H(x) or 

crack-tip functions FŬ(x), respectively, and ai, biŬ are the 

corresponding DOFs. In case there is no enrichment, then the 

above equation reduces to the classical finite element 

approximation  

ό ὼ ὖὔ ὼό                                                                         (3) 

The additional functions are used in the displacement 

approximation are typically called enrichment functions and the 

approximation is written as  

                 ό ὼ ὔ ὼ ό ὺ ὼὥ                                    τ  

Where: uI represents the classical finite element degrees of 

freedom, ὺὼ is the j th enrichment function, and ὥ  is the 
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enriched degrees of freedom corresponding to the j th enrichment 

function at the Ith node. The enriched degrees of freedom defined 

by Eq. (1) generally do not have a physical meaning and instead 

can be considered as a calibration of the enrichment functions 

which result in the correct displacement approximation.  

Equation (4) does not satisfy the interpolation property, uI=uh(xI) 

because of the enriched degrees of freedom, instead additional 

calculations are required in order to calculate the physical 

displacement by utilizing equation (4). The interpolation property 

is important in practice in applying boundary or contact conditions. 

Therefore, it is a common practice to shift the enrichment function 

to the shape. 

                                                     (5) 

Where:  is the value of the Jth enrichment function at the Ith 

node. As the shifted enrichment function now takes a value of zero 

at all nodes, the solution of the resulting system of equations 

satisfies uI=uh(xI) and the enriched degrees of freedom can be used 

for additional actions such as interpolation and post-processing. 

Here, the shifted enrichment functions are referred to with upper 

case characters, and the unshifted enrichment functions are 

referred to with lower case font. The shifted displacement 

approximation is in the form 

     ό ὼ ὔ ὼ ό ‎ ὼὥ
  
                                           φ 
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Where: ‎ ὼ represents the Jth shifted enrichment function at the 

Ith node. 

Finite Element Simulation by using ABAQUS- CAE software: 

ABAQUS/CAE is a complete ABAQUS environment that 

provides a simple, consistent interface for creating, submitting, 

monitoring, and evaluating results from ABAQUS/Standard and 

ABAQUS/Explicit simulations. ABAQUS/CAE is divided into 

modules, where each module defines a logical aspect of the 

modeling process; for example, defining the geometry, defining 

material properties, and generating a mesh. As one moves from 

module to module, you can build the model from which 

ABAQUS/CAE generates an input file that you submit to the 

ABAQUS/Standard or ABAQUS/Explicit analysis product. The 

analysis product performs the analysis, sends information to 

ABAQUS/CAE to allow you to monitor the progress of the job, 

and generates an output database. At a minimum the analysis 

model consists of the following information: 

¶ Discretized geometry. 

¶ Element section properties. 

¶ Material data. 

¶ Loads and boundary conditions. 

¶ Analysis type. 

¶ Output requests. 

In this research, ABAQUS/CAE 6.14 release has been utilized to 

implement the scope of work. Compared with other computer 

softwares, one of the major advantages of this software is the 

flexibility of implementing, revising, analyzing the model, and 

getting results. But the more important function of this release of 

ABAQUS/CAE 6.14 is that it allows a crack to grow up with or 

without specifying the locations of the crack initiation.    
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Plate Simulation: 

For non-linear finite element analysis, ABAQUS-CAE software 

was used to model the behavior of thin plates. The modeling space 

was chosen 3D planar and the type was deformable, (figure 2).  

 

Figure 2. 3D plate model.  

The element has been considered as an elastic-isotropic material.  

The material behaviors have been selected to be ñMaxps Damageò, 

and the properties are shown in table 1. 

Table 1. Concrete material properties 

Youngôs  Modulus 4.23x106 psi 

Compressive Strength 5502psi 

Poissonôs ratio 0.18 

Density 0.0867 lb/in3 

The element has been meshed by size of 0.2 and for the mesh 

control the element shape was considered a quad-dominated 

structured, Figure (3).  
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Figure 3. Mesh of the 2D planar concrete beam model 

The load has been used as a static concentrated dead load and the 

type of boundary conditions was selected displacement/rotation, 

one support was considered as a pin and the other roller, figure (4).   

 

Figure 4. Load and boundary conditions of plate model 
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Three different types of boundary conditions have been selected in 

this study, simply supported plates, figure (5a), plates with two 

edges simple and the other two clamped, figure (5b), and all edges 

clamped plates, figure (5c). The results which have been obtained 

by ABAQUS/CAE were compared with analytical solution. 

 

a) Simply supported plate (case 

one) 

 

b) plate with two edges simple 

and the other two clamped (case two) 

  

 
c) All edges clamped plate (case three) 

Figure 5. Boundary conditions of the plates used in this study 

 

Results and Discussions: 

 

1) Isotropic Plates: 

Figure (6) shows the deflection shape in the simply supported 

edges plate, the crack growth and propagation is shown in figure 

(7) for the same plate.  
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Figure 6. Deflection in the simply supported plate (ABAQUS/CAE) 

 

Figure 7. Crack Propagation of simply supported plate (ABAQUS/CAE) 

Table (2) shows the results of deflection and bending moments in 

x and y directions (Mx, My) at the mid of the simply supported plate 

with different Poissonôs ratio and thickness. 
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Table 2. The results of deflection and moment in x and y directions 

at the mid of the plate (case one) 

 

Thickn

ess 

t 

(m)   

Poisso

nôs 

ratio  

n 

Simply supported plates 

Deflection 

(mm) 

Moment at x- 

direction Mx 

(kN.m) 

Moment at y-

direction 

My (kN.m) 

Exact[

6,7] 

Numeri

cal* 

Exact[

6,7] 

Numeri

cal* 

Exact[

6,7] 

Numeri

cal* 

 

0.10 

0.25 12.35 12.22 7.43 7.33 12.12 11.04 

0.30 11.99 11.78 7.97 7.85 12.99 12.78 

0.35 11.56 11.29 8.51 8.29 13.86 13.57 

 

0.12 

0.25 7.15 6.97 7.43 7.33 12.12 11.05 

0.30 6.94 6.69 7.97 7.84 12.99 12.77 

0.35 6.69 6.58 8.51 8.29 13.86 13.57 

 

0.15 

0.25 3.66 3.48 7.43 7.33 12.12 11.04 

0.30 3.55 3.36 7.97 7.84 12.99 12.78 

0.35 3.43 3.27 8.51 8.29 13.86 13.57 
* ABAQUS-CAE results 
 

 

 
Figure 8. Deflection vs Poissonôs ration with different thickness (case 

one) 
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Figure 9. Bending moment (Mx)-Poissonôs ration (n) relationship (case 

one) 
 

 
             Figure 10. Bending moment (My)-Poissonôs ration (n)                  

relationship (case one) 

As shown in table (2) and figures (8,9,10), we observe that 

bending moments in the both directions x and y increase with 

increase the value of Poissonôs ratio, while the deflection decreases 
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when Poissonôs ratio increases. The increase in the thickness of the 

plate has a significant impact on the deflection as the amount of 

deflection decreases with increasing the thickness of the plate. 

The values of deflection and bending moments in x and y 

directions (Mx, My) at the middle of the simply supported plates in 

short directions and fully clamped in the long directions with the 

difference of the Poisson's ratio, and The thickness of the plate are 

shown in Table (3). 

Table 3. The results of deflection and moment in x and y directions 

at the mid of the plate (case two) 

 

Thickn

ess  

t 

(m)   

Poisso

nôs 

ratio 

 

plate with two edges simple and the other two clamped 

Deflection 

(mm) 

Moment at x- 

direction Mx 

(kN.m) 

Moment at y- 

direction My 

(kN.m) 

Exact
[6,7] 

Numeri

cal* 

Exact
[6,7] 

Numeri

cal* 

Exact
[6,7] 

Numeri

cal* 

 

0.10 

0.25 3.95 3.76 6.03 5.88 2.69 2.48 

0.30 3.84 3.68 6.5 6.31 2.90 2.74 

0.35 3.70 3.51 7.03 6.89 3.20 2.98 

 

0.12 

0.25 2.29 2.11 6.03 5.88 2.69 2.48 

0.30 2.22 2.06 6.5 6.31 2.90 2.74 

0.35 2.14 1.89 7.03 6.89 3.20 2.98 

 

0.15 

0.25 1.17 1.01 6.03 5.88 2.69 2.48 

0.30 1.13 0.96 6.5 6.31 2.90 2.74 

0.35 1.10 0.88 7.03 6.89 3.20 2.98 
* ABAQUS-CAE results 
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Figure 11. Deflection--Poissonôs ration (n) relationship at different 

thickness (case two) 

 

 
Figure 12. Bending moment (Mx)-Poissonôs ration (n) relationship (case 

two) 
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Figure 13. Bending moment (My)-Poissonôs ration (n) relationship (case 

two) 

 As shown in Table 3 and Figures (11,12,13) when the boundary 

conditions of the slab have been changed so that the long direction 

of the plate is fully fixed, while the short direction is simply 

supported, the deflection at the middle of the plate reduced about 

68% compared to the case one. The result of bending moment in 

the x-direction was about 50% lower than in the case of the 

complete clamping of the plate. While it was observed that the 

bending moment result in the y-direction was about 63% less than 

the bending moment in the case one. 

Table (4) and figures (14, 15, 16) show the deflection and bend 

moments in the both directions of x and y (Mx, My) at the middle 

of the fully clamped plates with different of Poisson's ratio and the 

plate thickness as well. 

 

0

1

2

3

4

0.25 0.3 0.35

M
y

(K
N

.m
)

Poisson's ratio (v)

Exact solution
XFEM result



 

ϸϹЛЮϜ  17Volume  

ϽϠϜ Эт2019 April  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нмп 

 
 

Table 4. The results of deflection and moment in x and y directions 

at the mid of the plate (case three) 

 

Thickn

ess 

t 

(m)   

Poisso

nôs 

ratio 

n 

c) All edges clamped plate 

Deflection 

(mm) 

Moment at x- 

direction Mx 

(kN.m) 

Moment at y- 

direction My 

(kN.m) 

Exact[

6,7] 

Numeri

cal* 

Exact[

6,7] 

Numeri

cal* 

Exact[

6,7] 

Numeri

cal* 

 

0.10 

0.25 3.52 3.11 5.47 5.13 2.98 2.65 

0.30 3.42 3.04 5.89 5.34 3.25 2.89 

0.35 3.29 2.96 6.30 5.89 3.49 3.08 

 

0.12 

0.25 2.04 1.89 5.47 5.13 2.98 2.65 

0.30 1.98 1.68 5.89 5.34  3.25 2.89 

0.35 1.91 1.53 6.30 5.89 3.49 3.08 

 

0.15 

0.25 1.04 0.89 5.47 5.13 2.98 2.65 

0.30 1.01 0.85 5.89 5.34 3.25 2.89 

0.35 0.98 0.79 6.30 5.89 3.49 3.08 
* ABAQUS-CAE results 
 

 
Figure14. Deflection--Poissonôs ration (n) relationship at different 

thickness (case three) 
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Figure 15. Bending moment (Mx)-Poissonôs ration (n) relationship (case 

three) 
 

 
Figure 16. Bending moment (My)-Poissonôs ration (n) relationship (case 

three) 

0

2

4

6

8

0.25 0.3 0.35

M
x
 (

K
N

.m
)

Poisson's ratio (v)

Exact solution
XFEM result

0

1

2

3

4

0.25 0.3 0.35

M
y
 (

K
N

.m
)

Poisson's ratio(n)

Exact solution

XFEM Results



 

ϸϹЛЮϜ  17Volume  

ϽϠϜ Эт2019 April  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нмс 

 
 

By changing the boundary condition of the plate to fully clamped 

for all edges, a significant decrease in the deflection  and moment 

in both directions have comparing to simply supported (case one) 

and partial clamped ( case two), where, the results of deflection 

reduced about 71%  compared with case one. The results of 

bending moments in x-direction decreased about of 33% while the 

results of the moment in y-direction was 75% less than the results 

of  simple supported case (case one) as shown in table (4) in 

figures (14,15, and 16).    

2) Orthotropic Plates: 

In this paper, the orthotropic plates with same three boundary 

conditions which were applied on the isotropic plates has been 

studied. Only one case of Poissonôs ratio was considered, where, nx 

= 0.3 and ny = 0.2 as shown in table (5) 

Table 5. The results of deflection and moment in x and y directions 

at the mid of the plate (Orthotropic plate) 

Boundar

y  

Conditio

n 

Orthotropic Plates (t= 0.12, nx = 0.3, ny = 0.2) 

Deflection 

(mm) 

Moment at x- 

direction Mx 

(kN.m) 

Moment at y- 

direction My 

(kN.m) 

Exact[6

,7] 

Numerica

l*  

Exact[6

,7] 

Numerica

l*  

Exact[6

,7] 

Numerica

l*  

    S.S.   

 

9.0 

 

 

8.35 

 

 

8.9 

 

 

8.52 

 

 

11.3 

 

 

10.63 

 

 
 

 

 

3.39 

 

 

3.07 

 

 

3.81 

 

 

3.68 

 

 

6.10 

 

 

5.89 

 

 
 

 

 

2.80 

 

 

2.59 

 

 

3.40 

 

 

3.27 

 

 

5.20 

 

 

4.79 

* ABAQUS-CAE results 
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By comparing the results of the deflection in the orthotropic plates 

of the three boundary conditions (Table 5) with the deflection 

results of the isotropic plates with the same boundary conditions 

(Tables 2,3,4) when Poisson (nx = 0.3), itôs obvious that the results 

of deflection in the case of orthotropic plates larger than in the case 

of isotropic plates, this is because the ratio of Poisson in the y-

direction in the case of orthotropic plate (ny = 0.2) is lower than 

that used in the case of isotropic (n= 0.3). 

Conclusions:  

1- By increasing the Poissonôs ratio, the bending moment in both 
directions x, y increase, while the deflection decreases.  

2- Increase in the thickness of the plate has a significant impact on 

the deflection, as the amount of deflection decreases with 

increasing the thickness of the plate. 

3- Change in the boundary conditions of the plate showed an 

important effect on the results of the deflection as well as the 

results of the bending moment in both directions of x, y, for 

example when the boundary conditions were changed so that 

the long direction of the plate completely fixed while the short 

direction simply supported, the result of deflection at the center 

of the decreased by about 68% compared to the first case 

(simply support). 

4- In the case of boundary condition (the long direction of the 

plate is clamped, while the  

5- deflection and moments has been observed. 

6- The ABAQUS-CAE software has proven high ability to 

modeling the three dimensional plates and getting accurate 

results. 
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ЉϷЯгЮϜ 
 ˔˻ǃƓƪǕå ˗ơá ˦ǋ ÜǑɁ̇ ǌḧǃå ï˙˵ǃƓȺ Ɇ˻ƺ˵˯ǃå èƓ Ǆ˸Ƶ ǑƼ èå̇ ˻ƺ˯˸ǃå Ɇ˷Ƽá ˥Ƶ ˖˲ ǃå
 ɏïā̇ư ̇ǆá ˦ǋā Ü Ɇ˻ƺ˵ǃ˯å úā̇l  Ɇ˷ Ƽá Ǐǃã ý˦Ʈ˦Ǆǃ ƴ˹˶ǃ˯å ÷Ɠɣƿ ǑƼ Ɨǆ̠˳ ˯˴˸ǃå

) þå˗˳˯ƪå ˤƙ Ü ˖˲ ǃå å˘ǋ ǑƼ .Ɇƿá ƗƽǄḧ˯ƕ ā çí˦˱ǃå Ɨ ǃƓƵ èƓ˱˯˹ǆ ƴ ˹˶˯ǃMultiple 
Responses Optimization) ǑƑƓɁ̇ ǌḧǃå ï˙˵ǃƓȺ ƴ ˹˶˯ǃå èå̇ ˻ƺ˯ǆ ˥˻˴˲˯ǃ (EDM (

) ǑƕƓ ˷ǃå Ǒǀˠ˹˸ǃå ɆǆƓḧ˯ǃå þå˗˳˯ƪƓȺ ˣǃîā ÜFuzzy logic integration ÿá ˖˻ơ . (
) Ɨ˷ ˹ǃå ïƓ ƙ Ǒǋ ƓǋïƓ ˯Ƥå ˤƙ Ǒ˯ǃå Ɨ Ǆ˸ƶǃå ǉ˘ǌǃ ç̇ ˻ƺ˯˸ǃå èǚƤ˗˸ǃåIp Ɨ˷ ˹ǃå ç˗ǆā Ü (

)t on) Ɨ˷ ˹ǃå úƓǀȻã ˕ƿāā Ü (t off ƴǆ ( Ɨǃåðã ý˗ƶǆ Ɇ˰ǆ çí˗ƶ˯ǆ èƓƞ̇ ˳ǆ ƗȺƓ˱˯ƪå
) ÿ˗ƶ˸ǃåMRR) Ơˠ˴ǃå Ɨǈ˦˵Ƥā Ü (SR ƗƼ˦ƽ˶ǆ þå˗˳˯ƪå ˤƙ .˕ƿ˦ǃå ˛ƽǈ ǑƼ (L9  

)Taguchi experimental design(  ǏǄƵ æïƓ˱˯ǃå ˕ɂ̇ ƞá ˗ƿā ÜæïƓ˱˯ǃå ˤ ˸˶˯ǃ
) ç˗ƶǃå ˔ǄƮ1.2311DIN  ˤƙ ˣǃî ˗ƶȺ .ñƓ˲˹ǃå ˥ǆ ǑƑƓɁ̇ ǌḪ ˔ˠƿ þå˗˳˯ƪƓȺ (
 Ɨǀɂ̇ ˟ þå˗˳˯ƪå ANOVA) .èƓƞ̇ ˳˸ǃå ƗȺƓ˱˯ƪå ǏǄƵ ýƓƤíǗå èå̇ ˻ƺ˯ǆ ˙˻ƛƋƙ Ɇ˻Ǆ˲˯ǃ (

 ˥˻˴˲ƙ ǑƼ Ɠ˸ǌǆ åïāí ˔ƶǄǒ ýƓƤíǗå èå̇ ˻ƺ˯˸ǃ ˤ Ǆ˴ǃå ïƓ ˯ƤǗå ÿá ˖˲ ǃå ƝƑƓ˯ǈ ˕ƽ˵ǂ
  ÿ˗ƶ˸ǃå Ɨǃåðã ý˗ƶǆ (MRR) ) Ơˠ˴ǃå Ɨǈ˦˵Ƥ Ɨƞïí ā(SR.  ƝƑƓ˯˹ǃå ǉ˘ǋ ýǚƤ ˥ǆā

mailto:M.zabti@gmail.com
mailto:yousef2322011@gmail.com
mailto:Husseinmasrub@gmail.com
mailto:Mahmal4365@gmail.com
mailto:Mbenhamel@gmail.com
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ƤíǗå èå̇ ˻ƺ˯ǆ ˥˻˴˲ƙ ˤƙ ˖˲ ǃå å˘ǋ ˥ǆ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå) þå˗˳˯ƪƎȺ ýƓANOVA (
 Ɇ˻ƺ˵˯ǃå èƓƞ̇ ˳ǆ ƗȺƓ˱˯ƪå ǏǄƵ ýƓƤíǗå èå̇ ˻ƺ˯ǆ ˙˻ƛƋƙ Ɇ˻Ǆ˲˯ǃ)MRR) м (SR.( 

 

Abstract  

Optimization is one of the techniques used in manufacturing 

sectors to arrive for the best manufacturing conditions, which is an 

essential need for industries towards manufacturing of quality 

products at lower cost. In this work, multiple responses 

optimization of the electric discharge machining (EDM) 

parameters, utilizing Fuzzy logic integration was used. The process 

parameters that have been selected are, pulse current (Ip), pulse 

duration (Ton), and pulse off time (Toff) with output response as 

Material Removal Rate (MRR), and Surface Roughness 

(SR).Taguchi experimental design (L9 orthogonal array) was used 

to formulate the experimental layout and experiments were 

conducted on Tool steel (1.2311) machined with copper electrode. 

ANOVA method was used to analysis the influence of EDM input 

parameters on output response. The input parameters were 

optimized utilizing Fuzzy logic integration in order to obtain best 

MRR and SR. The results of the optimization revealed that proper 

selection of input parameters will play a significant role on MRR 

and SR. 
 
Keywords: EDM, Fuzzy, Anova, Machining Parameters. 

 

I. INTRODUCTION  

EDM Machining is one of the non-conventional machining 

processes to fabricate very complex products such as forging dies, 

plastic moulds and sheet metal dies from hard materials that are 

difficult to machine. Where electrical energy is used to generate 
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electrical spark and material removal mainly occurs caused by 

thermal energy of the spark [1]. It is the most commonly and 

effectively applied machining process for countless work piece 

materials [2].Nowadays, Electrical discharge machining (EDM) 

has grown from a novelty to a majority manufacturing process. 

Several research efforts have been made for modelling of EDM 

process and investigating the process performance to improve 

MRR and SR. Improving the MRR and SR are still challenging 

problems that limiting the expanded application of EDM [3]. N. 

Radhika et al (2015), have studied the optimization of input 

parameters for a better MRR, SR and Tool Wear using Grey 

Relation Analysis (GRA). Optimization leaded to a single best 

optimal level of input parameters [3]. Luis et al (2005). have 

investigated the effects of pulse time, pulse current, open-circuit 

voltage, duty cycle, and dielectric flushing pressure, on the MRR 

and other response variable for tungsten carbide work piece 

[4].Semi empirical models of MRR for several material work piece 

and electrode combinations have been presented by Wang and Tsai 

(2001) [5].This research work is attempting to optimize the 

multiple performance characteristics to single optimization 

characteristics with help of fuzzy logic system.  

 

II.  EXPRIMENTAL WORK.  

It is well known, that Taguchi method can optimize the machining 

parameters of performances characteristics in industrial filed, as 

the Taguchi method is the powerful method of design of 

experiment [6]. The limitation of Taguchi method that it can only 

performance the single optimization characteristics [7].  Therefore 

fuzzy logic system is really needed to deal with multiple quality 

characteristics. In order to study the effects of various machining 

parameters on EDM process, a number of experiments were 
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conducted using Taguchi Experimental Design. Three input 

parameters (Discharge current (Ip), pulse on time (Ton), and pulse 

off time (Toff)) have been considered to investigate there effects 

on MRR, and SR. The work piece material was a cylindrical 

shaped 1.2311 tool steel, with 10 mm diameter and 20 mm 

thickness. A cylindrical pure copper with a diameter of 15 mm was 

used as an electrode. Work piece and electrode are shown in Fig 1. 

 

 

 

Fig. 5 (a ) Electrode and Workpiece. 

Experiments are conducted using RoboForm 2-LC spark Electric 

Discharge Machine Fig. 1 (c). Machining parameter and their level 

are shown in the Table 1.For more accurate results, every test runs 

for 20 min. 
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Fig. 1 (b) workpiece 

 
Fig. 1 (c) EDM Machine 

 

Table 1 Parameter and their level 

Control Parameter 

Parameter Symbol 
Level 

Unit 
1 2 3 

Discharge 

current  
I 15.5 24 48 A 
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Pulse on 

Time 
t on 3 1200 2400 µs 

Pulse off 

Time 
t off 18 1200 2400 µs 

Fixed Parameter 

Duty 

Cycle  
(ɕ) 90 % 

Voltage V 45 V 

Flashing 

Pressure 
Fp 0.3 Kgf/cm2 

 

III.  OPTIMIZATION OF MULTIBLE QUALITY 

CHARISTARITIC  

The experimental results are then converted into a signal-to-noise 

(S/N) ratio to measure the deviation of the resulted characteristics 

from the desired values. There are three categories of performance 

characteristics in the analysis of the S/N ratio: the lower-the-better, 

the higher-the-better, and the nominal-the-better [8]. Hence, the 

optimal level of the process parameters will be the level with the 

highest S/N ratio. Besides, ANOVA analysis was performed to 

detect the process parameters that are statistically significant. As a 

result, the optimal parameters combination of the process can then 

be predicted. The output Responses were calculated by MRR and 

SR. The MRR calculated in terms of weighting the loss of the 

work piece before and after machining divided on machining time, 

while surface roughness was measured using ALPA-SM- RT-20 

and expressed as a Ra value in microns. All values of MRR and 

SR are then converted to S/N ratio. For surface roughness, lower 

value of SR meaning better machining performance, while higher 

MRR meaning better machining performance. The S/N ratio –ijfor 
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the ith performance characteristic in the jth experiment can be 

expressed in Equation 1.  

 

ʂ  ρπÌÏÇ,                                                                  (1) 

 

Where Lij is the loss function for ith performance characteristic in 

the jth experiment.The loss function Lij of higher is higher-the-

better, and lower-the-better characteristics is expressed in equation 

2, and 3 respectively.  

 

ὒ В                                                                    (2)  

 

 

ὒ В ώ                                                                        (3)   

Based on Taguchi design of experiment, the total number of 

experiment is conduct on L9 Orthogonal Array.  The experiment 

results are tabulated in Table 2.  

 

Fuzzy logic system ï 

Fuzzy logic has rapidly become one of the most successful of 

today's technologies for developing sophisticated control systems 

[9-11]. Fuzzy logic (FL) has been used in many practical 

engineering applications due to its capability in dealing with 

imprecise information. The powerful aspect of fuzzy logic is that, 

it mimics the human decision making with an ability to generate 

precise solutions from certain or approximate information. Fuzzy 

systems make its decisions on inputs and outputs in the form of 

linguistic variables. The variables are tested with IF-THEN rules, 

which produce one ormore responses depending on which rules 
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they are asserted. The response of each rule is weighed according 

to the degree of membership of its inputs and the centroid of the 

responses is calculated to generate the appropriate output [9]. 

Figure 2 shows the fuzzy inference system, it is also known as 

fuzzy rule based system. Fuzzy logic control usually consists of 

the following stages: Fuzzifier, rule Base, inference engine and 

defuzzyfier.  The fuzzifier uses membership function to fuzzyfy 

S/N ratios of each performance characteristic. Next the inference 

engine (Mamdani fuzzy inference system) performs fuzzy 

reasoning on fuzzy rules to generate a fuzzy value. 

 

 

Fig. 2 fuzzy inference system 

Finally, the defuzzifier converts fuzzy predicted value into a Multi 

Performance Characteristic Index (MPCI).The MPCI can be used 

to find the optimal values of parameters in Electric discharge 

machining (EDM) .To calculate MPCI in the fuzzy inference 

system (FIS), various membership functions (MFs) have been 

assigned to the input variables i.e., normalized S/N ratio of surface 

roughness (SR) and normalized S/Nratio of the Material Removal 

Rate (MRR). The membership functions selected for input 

variables are ñsmallò,       ñMediumò and ñlargeò as shown in 

Figure 3-4.  
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Fig. 4 Membership Function of MRR 

 

 
 

 

Fig.3 Membership function of SR 

Fig.5 Membership function of MPCI 
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Five membership functions have been selected for MPCI: ñVery 

smallò, ñSmallò, ñMediumò, ñLargeò and ñVery Largeò as shown 

in Figure 5.  

 

Table 2: The S/N ratio for the machining responses, and MPCI. 

 

IV.  RESULTS AND DISCUSION. 

Utilizing Fuzzy logic integration, the experimental results are then 

converted into MPCI. The S/N ratio for the machining responses 

and their normalized values are shown in table 2. 

Analysisof Variance [ANOVA]. 

The Analysis of Variance (ANOVA) is presented in table 3&4, 

which indicates the process parameters that significantly affect the 

performance characteristics. ANOVA analysis is accomplished by 

separating thetotal variability of the MPCI, which is measured by 

the sum of the squared deviations from the total mean of the 

MPCI, into contributions by each of the process parameter and the 

error. In addition, the F-test determines which process parameters 

have a significant effect on the performance characteristic. 

Usually, the change of the process parameter has a significant 



 

ϸϹЛЮϜ  17Volume  

ϽϠϜ Эт2019 April  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   ннф 

 
 

effect on the performance characteristic when the F value is large. 

[10]   

 

Table. 3 the analysis of variance [ANOVA] for S/N Ratio(SR) versus 

i; t off; t on  

Factor  df SS  MS  F  
% 

Contribution  

I  2 47.14 23.568 3.42 27.13 

t off 2 53.93 26.965 3.91 31.04 

t on 2 58.89 29.447 4.27 33.89 

Residual Error 2 13.80 6.900 
 

7.94 

Total 8 173.76 
  

 100.0 

Table. 4 the analysis of variance[ANOVA] for S/N ratio(MRR) 

versus I; t off; t on. 

Factor  df SS  MS  F  
% 

Contribution  

I  2 158.9 79.44 1.00 9.36 

t off 2 533.5 266.77 3.34 31.42 

t on 2 845.8 422.92 5.30 49.82 

Residual Error 2 159.6 79.78 
 

9.40 

Total 8 1697.8 
  

100.00 

 

The results of the ANOVA indicate that the percentage 

contribution of Discharge Current (I), Pulse-off -Time (t off) and 

Pulse-on -Time (t on) influencing the surface roughness (SR) 

performance characteristics were  27.13 %, 31.04 % and 33.89 %, 

respectively, while the percentage contribution of Discharge 

Current (I), Pulse-off -Time (t off) and Pulse-on -Time (t on) 

influencing the metal removing rate (MRR) performance 

characteristics were  9.36 %, 31.42 % and 49.82 %, respectively as 

shown in table 3&4.  
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Based on the ANOVA (Table 3&4), it was found that, pulse on 

time (t on) was the most significant machining parameter 

impressing multiple performance characteristics. 

 

V. CONCLUSION . 

This paper has presented the use of fuzzy logic for optimization of 

the EDM process with multiple performance characteristics. The 

following factor settings have been identified as to yield the best 

combination of process variables :I = 15A, t on = 2 µs, t off = 18 

µs. The performance characteristics such as MRR and SR can be 

improved through this approach. 
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Abstract 

Transmission lines towers are the most important life line 

structures which transmits the power from electricity source 

production to different places for several purposes. Transmission 

lines towers carry a heavy electrical transmission conductor at a 

safe enough height from ground. In addition to the tower weight, it 

must withstand all the natural forces such as; strong wind, 

earthquake and snow load. Therefore, transmission line towers 

should be designed considering for both structural and electrical to 

meet the minimum requirements of safe and economic design. The 

present work investigates the tower structural integrity through the 

determination of maximum stresses and deflections. In this study, 

the tower's parameters, such as height, width, wind speed, dead 

load and angle section are considered as a constant value and 

analyzed using a general finite element package, Ansys17.2 

software. Model material used is mild steel with ultimate strength 

of 345MPa. Results show a maximum deflection of 3.5 mm 

located at the tower's tip which is relatively logical and the 

maximum Von Misses stress value of 311MPa. This gives a 

substantial safety margin for the tower structure. 

 

Keywords: Transmission lines towers, tower structural integrity, 

wind load, Ansys17.2. 
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˛˱ǂ˶ǁä 
 úƓḪ ÷Ɠƽƙïå ǏǄƵ Ɨ ƑƓɁ̇ ǌḧǃå èƓƶ˸˱˸ǃåā ƗƿƓˠǃå Ɇǀ˹ƕ þ˦ǀƙ Ɨ ƑƓɁ̇ ǌḧǃå ƗƿƓˠǃå Ɇǀǈ êå̇ ƕå

.ôïǙå Ơˠƪ ˥ǆ ˥ǆåā  ƗƼƓưǗƓȺê̇ˮǃå ÿðā Ǐǃå ā Ü Ɏ˦ǀǃå ƴ˸ƞ Ɇ˸˲˯ǒ ÿå ê̇ˮǃå ǏǄƵ
 ˤ˸˶ƙ ÿå ˔˱Ȼ å˘ǌǃ .ýðǙ̊ ǃåā ê˦ Ǆ˰ǃåā ˙˻ƮƓƵǙåā Ɨɂ˦ǀǃå ëƓɂ̇ ǃå Ɇ˰ǆ Ɨ ʹ ˮˠǃå úā˙ˢǃåā
 ǑƼ .ɏíƓ˶˯ƿåā Ɠ˹ǆå Ɠ˸ ˸˶ƙ ßå˦˴ǃå ǏǄƵ Ɨ Ǆɜ ǌǃåā Ɨ ƑƓɁ̇ ǌḧǃå ýƓ˸ơǙå Ɇ˸˲˯ǃ êå̇ ƕǙå

 ɖɂ̇ ˟ ˥Ƶ ê̇ ˮǃå ˤ ˸˶ƙ Ɨǆǚƪ ˥ǆ ˗ǂƋƙ ˤ˯˻ƪ Ɨƪåï˗ǃå ǉ˘ǋ Ɏ˦ ǀ˶ǃå èåíƓǌƞã ʕ  ʾ̠ǒ̠˲ƙ
.ê̇ ˮǃå ǏǄƵ Ɨǀ ˠ˸ǃå ýƓ˸ơǙå ˥ǆ ƝƙƓ˹ǃå ǉ˦ ˵˯ǃå ˣǃ˘Ḫā  ÿå Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ ô̇ Ƽ ˤƙ

 Ɨ˯ƕƓƛ ëƓɂ̇ǃå ǉƓ˱ƙåā ƗƵ̇ƪ xǃ̆Ḫā ê̇ˮǃå ÿðāā ô Ƶ̇ā ÷Ɠƽƙïå ǑƼ ƗǄ˰˯˸ ǃ˸å ê̇ˮǃå èå̇˻ƺ˯ǆ
) ƝǆƓǈ̇ ƕ þå˗˳˯ƪƓȺ ˤǌǄ˻Ǆ˲ƙ ˤƙāANSYS 17.2 ÿ˦Ɂ̇ḧǃå Ɋƪ˦ǆ˯ îǙ˦Ƽ þå̠˳ ƪ˯å ʕƙ .(

ƶ˸ǂ ǉï˗ƿ ÷˦ ˷Ƥ íƓǌƞå Ɠǌǃ ˕ǈƓḪ ˖˻ơ Ɨƞ˘˸˹ǃå ˗˹Ƶ ê̇ ˮǃå ÿ˗345  .ýƓɜƪƓȺƓƺ ǆ
 Ǌ˯˸ ʾ ǉ˦ ˵˯ƕ ê̇ ˮǃå Ɨ˸ƿ ˗˹Ƶ ÿƓḪ ǉ˦ ˵ƙ Ǐ˶ƿå ÿå ƝƑƓ˯˹ǃå ˕˲ưā3.5 Ǐ˶ƿå ˕ǈƓḪā ˤǄǆ

 Ǌ˯˸ ʾ ˛ ˴ȻƓ˸ǈ˦Ƽ íƓǌƞå311 ˜ǆƓǌɁā ê̇ ˮǃå ˤ ˸˶ƙ Ɨǆǚƪ ǏǄƵ ý˗ǒ Ɠ˸ǆ ýƓɜƪƓȺƓƺ ǆ
.˗˻ƞ ÿƓǆå 

1. Introduction  

For many countries, transmission tower networks play a crucial 

role in the infrastructure system of many countries throughout the 

world. In transmission networks, the transmission towers are the 

primary component since electric wires need to be placed at high 

enough distance from the ground for safety, especially since 

transmission tower carry high voltages for long distances. 

However, since transmission towers need to be high enough from 

the ground, they are subject to large loads, especially loads from 

the towers weight and the wind subjected on the tower. Therefore, 

the structural integrity of the tower is vital to avoid tower failure, 

which in turn can cause severe economic losses as well as loss in 

life. 

Due to its importance, several researches have been directed 

towards investigating the structural integrity of transmission 



 

ϸϹЛЮϜ  17Volume  

ϽϠϜ Эт2019 April  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   ноп 

 
 

towers via numerous methods [1-3], while other studies studied the 

evaluation of aerodynamic coefficients for various types of 

transmission towers and various loads [4-6] 

 

1.1 Loads on Transmission Structures 
          Prevailing practice and most laws require that transmission 

lines be designed, as a minimum, to meet the requirements of the 

local safety code. Each country has its own safety code, however, 

in this paper only the national electrical safety code (NESC) and 

the American society of civil engineers (ASCE) guide used in the 

United States will be discussed. 

NESCôs rules for the selection of loads and overload capacity 

factors are specified to establish a minimum acceptable level of 

safety. The ASCE Guide for Electrical Transmission Line 

Structural Loading (ASCE Guide) provides loading guidelines for 

extreme ice and wind loads as well as security and safety loads. 

These guidelines use reliability based procedures and allow the 

design of transmission line structures to incorporate specified 

levels of reliability depending on the importance of the structure. 

Once the external loads acting on the tower are determined, one 

proceeds with an analysis of the forces in various members with a 

view to fixing up their sizes. Since axial force is the only force for 

a truss element, the member has to be designed for either 

compression or tension. When there are multiple load conditions, 

certain members may be subjected to both compressive and tensile 

forces under different loading conditions. Reversal of loads may 

also induce alternate nature of forces; hence these members are to 

be designed for both compression and tension. The total force 

acting on any individual member under the normal condition and 

also under the broken- wire condition is multiplied by the 

corresponding factor of safety, and it is ensured that the values are 

within the permissible ultimate strength of the particular steel used. 

[7] 
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Load calculations 

1.2. Load calculation using NESC code 
          NESC code recognizes three loading districts for ice and 

wind loads which are designated as heavy, medium, and light 

loading. The radial thickness of ice and the wind pressures 

specified for the loading districts are shown in Table (1). Ice build-

up is considered only on conductors and shield wires, and is 

usually ignored on the structure. Ice is assumed to weigh 57 

lb/Ὢὸ. The windpressure applies to cylindrical surfaces such as 

conductors. On the flat surface of a lattice tower member, the wind 

pressure values are multiplied by a force coefficient of 1.6. Wind 

force is applied on both the windward and leeward faces of a 

lattice tower. 

Table 1: The radial thickness of ice and the wind pressures specified 

for the loading districts 

PARAMETERS LOADING DISTRICTS  

Heavy Medium Light  

RADIAL THICKNESS OF 

ICE (IN.)  

0.5 025 0 

HORIZONTAL WIND 

PRESSURE (LB/█◄) 
4 9  

TEMPERATURE (F)  0 15 30 

 

NESC also requires structures to be designed for extreme wind 

loading corresponding to 50-year fastest mile wind speed with no 

ice loads considered. This provision applies to all structures 

without conductors, and structures over 60 ft supporting 

conductors. The extreme wind speed varies from a basic speed of 

70 mph to 110 mph in the coastal areas. 

In addition, NESC requires that the basic loads be multiplied by 

overload capacity factors to determine the design loads on 

structures. Overload capacity factors make it possible to assign 
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relative importance to the loads instead of using various allowable 

stresses for different load conditions.  

Overload capacity factors specified in NESC have a larger value 

for wood structures than those for steel and prestressed concrete 

structures. This is due to the wide variation found in wood 

strengths and the aging effect of wood caused by decay and insect 

damage. In the 1990 edition, NESC introduced an alternative 

method, where the same overload factors are used for all the 

materials, but a strength reduction factor is used for wood [3]. 

1.2. Load calculation using ASCE guide 
  The ASCE Guide specifies extreme ice and extreme wind loads, 

based on a 50-year return period, which are assigned a reliability 

factor of 1. These loads can be increased if an engineer wants to 

use a higher reliability factor for an important line, for example a 

long line, or a line which provides the only source of load. The 

load factors used to increase the ASCE loads for different 

reliability factors are given in Table 2. 

 

Table 2: The load factors used to increase the ASCE loads for 

different reliability factors  

LINE RELIABILITY 

FACTOR, LRF  

1 2 4 8 

LOAD RETURN 

PERIOD, RP 

50 100 200 400 

CORRESPONDING 

LOAD FACTOR  

1.0 1.15 1.3 1.4 

 

In calculating wind loads, the effects of terrain, structure height, 

wind gust, and structure shape are included. These effects are 

explained in detail in the ASCE Guide. ASCE also recommends 

that the ice loads be combined with a wind load equal to 40% of 

the extreme wind load. 
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2. Loads on structure 

Longitudinal loads may occur on the structures due to accidental 

events such as broken conductors and insulators, or collapse of an 

adjacent structure in the line due to an environmental event such as 

a tornado. Regardless of the triggering event, it is important that a 

line support structure be designed for a suitable longitudinal 

loading condition to provide adequate resistance against cascading 

type failures in which a larger number of structures fail 

sequentially in the longitudinal direction or parallel to the line. For 

this reason, longitudinal loadings are sometimes referred to as 

ñanti-cascadingò, ñfailure containmentò, or ñsecurity loadsò. 

In addition to the weather related loads, transmission line 

structures are designed for special loads that consider security and 

safety aspects of the line. These include security loads for 

preventing. Cascading type failures of the structures and 

construction and maintenance loads that are related to personnel 

safety. 

There are two basic methods for reducing the risk of cascading 

failures, depending on the type of structure, and on local 

conditions and practices. These methods are [8]: 

1- Design all structures for broken wire loads. 

2- Install stop structures or guys at specified intervals.  

          Loads are calculated on the structures in three directions: 

vertical, transverse, and longitudinal. The transverse load is 

perpendicular to the line and the longitudinal loads act parallel to 

the line [9]. 

2.1 Vertical Loads 
The vertical load on supporting structures consists of the weight of 

the structure plus the superimposed weight, including all wires, ice 

coated where specified. 

Vertical load of wire Vɤ in (lb/ft) is given by the following 

equations: 
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ὠ ὡ ρȢςτὨ ὍὍ                             (1) 

                 

Where: 

Wwire = weight of wire (lb/ft) 

d = diameter of wire (in.) 

I  = ice thickness (in.) 

Vertical wire load on structure (Fv) in (lb) is given by the 

following equation: 

Ὂ ὠ‫ ὺὩὶὸὭὧὥὰ ὨὩίὭὫὲ ίὴὥὲὰέὥὨ Ὢὥὧὸέὶ       (2) 

Vertical design span is the distance between low points of adjacent 

spans and is indicated in Figure 1. 

 

Figure 1: Vertical design span is the distance between low points of 

adjacent spans and is indicated. 

2.2 Transverse Loads 
Transverse loads are caused by wind pressure on wires and 

structure, and the transverse component of the line tension at 

angles. 

 



 

ϸϹЛЮϜ  17Volume  

ϽϠϜ Эт2019 April  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   ноф 

 
 

2.3 Wind Load on Wires  
The transverse load due to wind on the wire is given by the 

following equations: 

ὡ ὖ ὌέὶὭᾀέὲὸὥὰ ὛὴὥὲὕὅὊ ύὭὸὬέόὸ ὭὧὩ     (3) 

 

ὡ ὖ
  

ὌέὶὭᾀέὲὸὥὰ ὛὴὥὲὕὅὊ ύὭὸὬ ὭὧὩ           

 

(4) 

Where: 

  Wh = transverse wind load on wire (lb). 

P=wind pressure (lb/Ὢὸ). 
d= diameter of wire (in). 

I= radial thickness of ice (in). 

     OCF=Overload Capacity Factor. 

 

 

2.4 Transverse Load Due to Line Angle 
  Where a line changes direction, the total transverse load on the 

structure is the sum of the transverse wind load and the transverse 

component of the wire tension. The transverse component of the 

tension may be of significant magnitude, especially for large angle 

structures. To calculate the total load, a wind direction should be 

used which will give the maximum resultant load considering the 

effects on the wires and structure. 

The transverse component of wire tension on the structure is given 

by the following equation: 

Ὄ ςὝίὭὲ                                      (5) 

Where, 

H=transverse load due to wire tension in pounds 
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T=transverse load due to wire tension in pounds=wire 

tension in pounds 

ɗ= Line angle in degrees 

 

 

2.5 Wind Load on Structures 
Wind possesses kinetic energy by virtue of its velocity and mass, 

which is transformed into potential energy of pressure when a 

structure obstructs the path of wind. Natural wind itself is neither 

steady nor uniform; it varies along the dimensions of the structures 

as well as with time. When the complete assembly of the lattice 

structures is considered, wind forces on different members of the 

structure are only partially correlated and time varying. 

In addition to the wire load, structures are subjected to wind loads 

acting on the exposed areas of the structure. The wind force 

coefficients on lattice towers depend on shapes of member 

sections, solidity ratio, angle of incidence of wind (face-on wind or 

diagonal wind), and shielding. Methods for calculating wind loads 

on transmission structures are given in the ASCE Guide as well the 

NESC code [9]. 

 

2.6 Longitudinal Loading 

There are several conditions under which a structure is subjected to 

longitudinal loading: 

Deadened Structures ðThese structures are capable of 

withstanding the full tension of the conductors and shield wires or 

combinations thereof, on one side of the structure. 

 Stringingð Longitudinal load may occur at any one phase or 

shield wire due to a hang-up in the blocks during stringing. The 

longitudinal load is taken as the stringing tension for the complete 

phase (i.e., all sub conductors strung simultaneously) or a shield 

wire. In order to avoid any pre-stressing of the conductors, 

stringing tension is typically limited to the minimum tension 
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required to keep the conductor from touching the ground or any 

obstructions. Based on common practice and according to the 

IEEE ñGuide to the Installation of Overhead Transmission Line 

Conductorsò stringing tension is generally about one-half of the 

sagging tension. Therefore, the longitudinal stringing load is equal 

to 50% of the initial, unloaded tension at 60F [10]. 

Longitudinal Unbalanced LoadðLongitudinal unbalanced forces 

can develop at the structures due to various conditions on the line. 

In rugged terrain, large differentials in adjacent span lengths, 

combined with inclined spans, could result in significant 

longitudinal unbalanced load under ice and wind conditions. Non-

uniform loading of adjacent spans can also produce longitudinal 

unbalanced loads. This load is based on an ice shedding condition 

where ice is dropped from one span and not the adjacent spans [9].  

3. Result Analysis and Discussion 

Transmission line towers contribute to large percentage of 

transmission line project total cost. Electricity become a major 

source of power for industries, commercial and residential use. 

Due to rapid growth in industrial area and because of infrastructure 

development, the need for electricity increases. Because of lesser 

cost, electricity is now being used for rail transportation in place of 

fuel powered engines. Therefore, its required to transmit the high 

voltage to the area in need, that requires the installation of 

transmission line towers to carry extra high voltage. 

The towers which stands on its own without the help of external 

support is known as a free standing or self-supporting tower or 

rigid tower. Self-supporting tower is usually of lattice construction 

and it is commonly adopted throughout the world. These towers 

are sufficiently rigid, suitable for multi circuit and compact line 

and the only type used for angle and special type towers. They can 

be tailor made to any ground condition. 
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3.1 Tower description and finite element model 
          The nonlinear finite element analysis program ANSYS is 

utilized in this work for evaluating the performance of the space 

frame, considering the material nonlinearity and geometric 

straightening of towers. For the numerical analysis, a lattice steel 

tower is considered as shown in Figure 2 the tower has a total 

height of 40 m with a 10 m × 10 m square base area. The leg and 

diagonal members in the tower are steel pipes and the bracing 

members are steel bars with L-shape. Modeling the tower members 

using beam elements provides better numerical accuracy of 

nonlinear responses than those using truss elements. Each member 

of the transmission tower is modeled by truss elements which is 

based on Timoshenko beam theory considering shear deformation 

effects. 

 

 

Figure 2: Tower Model Considered for analysis 

The elasto-plastic property of the steel material is represented by a 

bilinear kinematic model, with the elastic modulus of 2.1×105MPa 
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up to yield and 258MPa after yielding. The finite element (FE) 

model consists of 9939 nodes and 22536 elements, which is shown 

in Fig (3). The analysis of idealized configuration models is 

performed to obtain the pre-ultimate behavior and the limit loads 

of the transmission tower. 

   

Figure 3: Tower A and Tower B structure Mesh 

 

4.2 Model material Property 
The material used in analysis of tower is structural steel that has 

the properties presented in the table (3) and the tower 

specifications are presented in Table 4: 

Table3: Model material properties 

POISSONôS RATION 0.3 

DENSITY 7850 Kg/□  

MODULUS OF ELASTICIT Y 2.1×105 MPa 

ULTIMATE TENSILE STR ENGTH 345  MPa 

YIELD STRENGTH  258  MPa 

 






















































































































