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¢aah. Tƴǒŀŀǘ aǸƘŜƴŘƛǎƭŜǊƛ hŘŀǎƤ Tǎǘŀƴōǳƭ  ǳōŜǎƛ ƻƭŀǊŀƪΣ ƭƛǎŀƴǎǸǎǘǸ ŜƐƛǘƛƳ ƎǀǊŜƴ ƳŜǎƭŜƪǘŀǒƭŀǊƤƳƤȊƤƴ 
ōƛƭƛƳǎŜƭ ǸǊŜǘƛƳƭŜǊƛƴƛ ƎǀǊǸƴǸǊ ƪƤƭƳŀƪΣ ŀƪŀŘŜƳƛ ƛƭŜ ƳŜǎƭŜƪ ǀǊƎǸǘƭŜǊƛ ŀǊŀǎƤƴŘŀƪƛ ōŀƐƤ ƎǸœƭŜƴŘƛǊƳŜƪ ǾŜ ƎŜƴœ 
ŀǊŀǒǘƤǊƳŀŎƤƭŀǊƤƴ ƳŜǎƭŜƐimize ōƛƭƛƳǎŜƭ ƪŀǘƪƤƭŀǊƤƴƤ ŘŜǎǘŜƪƭŜƳŜƪ ŀƳŀŎƤȅƭŀ ŘǸȊŜƴƭŜŘƛƐƛƳƛȊ [ƛǎŀƴǎǸǎǘǸ 
mƐǊŜƴŎƛ YƻƴŦŜǊŀƴǎƤ- UlaǒǘƤǊƳŀ нлнр DǸȊ 5ǀƴŜƳƛΣ нн YŀǎƤƳ нлнр ǘŀǊƛƘƛƴŘŜ IŀǊǳƴ YŀǊŀŘŜƴƛȊ YƻƴŦŜǊŀƴǎ 
{ŀƭƻƴǳΩƴŘŀ ǾŜ œŜǾǊƛƳƛœƛ ƻǊǘŀƳŘŀ ōŀǒŀǊƤȅƭŀ ƎŜǊœŜƪƭŜǒǘƛǊƛƭƳƛǒǘƛǊΦ 
 
hŘŀƳƤȊΣ ƎŜǊœŜƪƭŜǒǘƛǊŘƛƐƛ ǘǸƳ ōƛƭƛƳǎŜƭ ŜǘƪƛƴƭƛƪƭŜǊ Ǝƛōƛ ōǳ ƪƻƴŦŜǊŀƴǎƤ da ȅŀƭƴƤȊŎŀ ȅǸƪǎŜƪ ƭƛǎŀƴǎ ǾŜ ŘƻƪǘƻǊŀ 
ǀƐǊŜƴŎƛƭŜǊƛƳƛȊƛƴ ǘŜȊ œŀƭƤǒƳŀƭŀǊƤƴŘŀƴ ǸǊŜǘǘƛƪƭŜǊƛ ȅŀȅƤƴƭŀǊƤ ǎǳƴƳŀƭŀǊƤ ƛœƛƴ ōƛǊ ȊƻǊǳƴƭǳƭǳƪ ƻƭŀǊŀƪ 
ƎǀǊƳŜƳŜƪǘŜŘƛǊΦ .ƛƭƎƛƴƛƴ ŜŘƛƴƛƭƳŜǎƛΣ ǸǊŜǘƛƭƳŜǎƛ ǾŜ ƳŜǎƭŜƪǘŀǒƭŀǊlŀ ǇŀȅƭŀǒƤƭƳŀǎƤƴƤ ōƛǊ ōǸǘǸƴ ƻƭŀǊŀƪ kabul 
ŜǘƳŜƳƛȊΤ hŘŀƳƤȊƤƴ ƪǳǊǳƳǎŀƭ ƪǸƭǘǸǊǸƴǸƴ ǀƴŜƳƭƛ ōƛǊ ƎǀǎǘŜǊƎŜǎƛŘƛǊΦ aǸƘŜƴŘƛǎƭƛƪǘŜ ƎŜǊœŜƪ ōŀǒŀǊƤΣ ōƛƭƎƛȅƛ 
ȅŀƭƴƤȊŎŀ ōƛƭƳŜƪǘŜ ŘŜƐƛƭΣ ƻƴǳ ǘƻǇƭǳƳ ȅŀǊŀǊƤƴŀ ŘǀƴǸǒǘǸǊŜōƛƭƳŜ ŎŜǎŀǊŜǘƛƴŘŜ ȅŀǘŀǊΦ 
 
YƻƴŦŜǊŀƴǎΤ ȅǸƪǎŜƪ ƭƛǎŀƴǎ ǾŜ ŘƻƪǘƻǊŀ ǀƐǊŜƴŎƛƭŜǊƛƳƛȊƛƴ ǘŜȊ œŀƭƤǒƳŀƭŀǊƤ ƪŀǇǎŀƳƤƴŘŀ ǸǊŜǘǘƛƪƭŜǊƛ ȅŀȅƤƴƭŀǊƤ 
ǎǀȊƭǸ ǾŜ ȅŀȊƤƭƤ ƻƭŀǊŀƪ ǎǳƴŘǳƪƭŀǊƤΣ ōƛƭƛƳǎŜƭ ƴƛǘŜƭƛƐƛ ǾŜ ƪŀǘƤƭƤƳŎƤ œŜǒƛǘƭƛƭƛƐƛȅƭŜ ȊŜƴƎƛƴƭŜǒŜƴ ōƛǊ ƻǊǘŀƳ 
ƻƭǳǒǘǳǊƳǳǒǘǳǊΦ YƻƴŦŜǊŀƴǎǘŀ ǎǳƴǳƭŀƴ ōƛƭŘƛǊƛƭŜǊΤ ǘǊŀŦƛƪ ŀƪƤǒ ŀƴŀƭƛȊƛΣ ȅŀǇŀȅ ȊŜƪŃ ǘŜƳŜƭƭƛ ƳƻŘŜƭƭŜƳŜΣ ȅƻƭ ŀƐƤ 
ǇŜǊŦƻǊƳŀƴǎƤΣ ƪŜƴǘǎŜƭ ƳƻōƛƭƛǘŜΣ ŀƭǘȅŀǇƤ ǘŀǎŀǊƤƳƤΣ ƳŀƭȊŜƳŜ ǘŜƪƴƻƭƻƧƛƭŜǊƛΣ ƪƻƻǇŜǊŀǘƛŦ ǳƭŀǒƤm sistemleri, 
ŜƪƻƴƻƳƛƪ ǘŜƳŜƭƭƛ ȅŀƪƭŀǒƤƳƭŀǊ ǾŜ ǎǸǊŘǸǊǸƭŜōƛƭƛǊ ǳƭŀǒƤƳ ǇƭŀƴƭŀƳŀǎƤ Ǝƛōƛ ƎŜƴƛǒ ōƛǊ ȅŜƭǇŀȊŜŘŜ ŀǊŀǒǘƤǊƳŀ 
ǎƻƴǳœƭŀǊƤƴƤ ƛœŜǊƳŜƪǘŜŘƛǊΦ .ǳ œŜǒƛǘƭƛƭƛƪΣ ƛƴǒŀŀǘ ƳǸƘŜƴŘƛǎƭƛƐƛ ŘƛǎƛǇƭƛƴƛƴƛƴ ǳƭŀǒǘƤǊƳŀ ŀƭŀƴƤƴŘŀƪƛ œƻƪ ōƻȅǳǘƭǳ 
ȅŀǇƤǎƤƴƤ ǾŜ ƎŜƴœ ŀǊŀǒǘƤǊƳŀŎƤƭŀǊƤƴ ōǳ ŀƭŀƴŀ ƻƭŀƴ ƎǸœƭǸ ƛƭƎƛǎƛƴƛ ƎǀǎǘŜǊƳŜƪǘŜŘƛǊΦ 
 
TǎǘŀƴōǳƭΣ ƳǸƘŜƴŘƛǎƭƛƐƛƴ Ŝƴ ƪŀǊƳŀǒƤƪ ǎƻǊǳƴƭŀǊƤƴƤƴ ƳŜǊƪŜȊƛŘƛǊΦ ¦ƭŀǒƤƳΣ ŘŜǇǊŜƳΣ ƪŜƴǘƭŜǒƳŜΣ ȅŀǇƤ 
ƎǸǾŜƴƭƛƐƛ ǾŜ ŀƭǘȅŀǇƤ ǇƭŀƴƭŀƳŀǎƤΧ .ǳ ƪƻƴŦŜǊŀƴǎǘŀ ǎǳƴǳƭŀƴ ƘŜǊ œŀƭƤǒƳŀΣ ōǳ ǎƻǊǳƴƭŀǊŀ ȅǀƴŜƭƛƪ ōƛƭƛƳǎŜƭ ōƛǊ 
œǀȊǸƳ ŀŘƤƳƤ ƴƛǘŜƭƛƐƛƴŘŜŘƛǊΦ TœƛƴŘŜ ōǳƭǳƴŘǳƐǳƳǳȊ œŀƐΣ ōƛƭƎƛȅŜ ŜǊƛǒƛƳƛƴ ŘŜƐƛƭΣ ōƛƭƎƛȅƛ ŘƻƐǊǳ ŀƴŀƭƛȊ ŜŘŜǊŜƪ 
ǎƻǊǳƳƭǳƭǳƪƭŀ ǳȅƎǳƭŀƳŀȅŀ ƎŜœƛǊƳŜƴƛƴ œŀƐƤŘƤǊΦ .ǳ ƴŜŘŜƴƭŜ ƪƻƴŦŜǊŀƴǎ ƪŀǇǎŀƳƤƴŘŀ ŜƭŜ ŀƭƤƴŀƴ œŀƭƤǒƳŀƭŀǊΣ 
ȅŀƭƴƤȊŎŀ ŀƪŀŘŜƳƛƪ ŘŜƐŜǊƛȅƭŜ ŘŜƐƛƭΤ ƪŜƴǘƭŜǒƳŜ ǎǸǊŜœƭŜǊƛΣ ǳƭŀǒƤƳ ǇƻƭƛǘƛƪŀƭŀǊƤΣ ŘŜǇǊŜƳ Ŝǘƪƛǎƛ ŀƭǘƤƴŘŀƪƛ 
ǎƛǎǘŜƳ ŘŀǾǊŀƴƤǒƭŀǊƤ ǾŜ ǎǸǊŘǸǊǸƭŜōƛƭƛǊ ƳƻōƛƭƛǘŜ ŀœƤǎƤƴŘŀƴ ǘŀǒƤŘƤƐƤ œǀȊǸƳ ǸǊŜǘƳŜ ǇƻǘŀƴǎƛȅŜƭƛȅƭŜ ŘŜ 
ǀƴŜƳƭƛŘƛǊΦ DŜƴœ ƳǸƘŜƴŘƛǎƭŜǊƛƴ ōƛƭƛƳǎŜƭ ǸǊŜǘƛƳƭŜǊƛƴƛ ŘŜǎǘŜƪƭŜƳŜƪΣ ȅŀƭƴƤȊŎŀ ŜƐƛǘƛƳǎŜƭ ōƛǊ ŀƳŀœ ŘŜƐƛƭΣ 
ƳŜǎƭŜƐƛƳƛȊƛƴ ƎŜƭƛǒƛƳƛ ƛœƛn stratejik bir gerekliliktir. 
 
.ǳ ōƛƭŘƛǊƛƭŜǊ ƪƛǘŀōƤΣ ƪƻƴŦŜǊŀƴǎǘŀ ǎǳƴǳƭŀƴ ōƛƭƛƳǎŜƭ œŀƭƤǒƳŀƭŀǊƤ ƎŜƭŜŎŜƐŜ ǘŀǒƤƳŀƪΣ ŜǊƛǒƛƭŜōƛƭƛǊ ve referans 
ŀƭƤƴŀōƛƭƛǊ ƘŀƭŜ ƎŜǘƛǊƳŜƪ ŀƳŀŎƤȅƭŀ ƘŀȊƤǊƭŀƴƳƤǒǘƤǊ KƛǘŀǇǘŀ ȅŜǊ ŀƭŀƴ œŀƭƤǒƳŀƭŀǊƤƴΣ ŀƪŀŘŜƳƛȅŜΣ ƳǸƘŜƴŘƛǎƭƛƪ 
ǳȅƎǳƭŀƳŀƭŀǊƤƴŀ ǾŜ ǳƭŀǒǘƤǊƳŀ ŀƭŀƴƤƴŘŀƪƛ ǎǘǊŀǘŜƧƛƪ ǇƭŀƴƭŀƳŀƭŀǊŀ ŘŜƐŜǊƭƛ ƪŀǘƪƤƭŀǊ ǎŀƐƭŀƳŀǎƤ Ŝƴ ōǸȅǸƪ 
temennimizdir. 
 
YƻƴŦŜǊŀƴǎƤƴ ƎŜǊœŜƪƭŜǒƳŜǎƛƴde emeƐƛ ƎŜœŜƴ .ƛƭƛƳ YǳǊǳƭǳƳǳȊŀΣ 5ǸȊŜƴƭŜƳŜ YǳǊǳƭǳƳǳȊŀΣ ŘŜƐŜǊƭƛ 
ƘƻŎŀƭŀǊƤƳƤȊŀΣ ƻǘǳǊǳƳ ōŀǒƪŀƴƭŀǊƤƳƤȊŀ ǾŜ ƪŀǘƪƤ ǎǳƴŀƴ ǘǸƳ ǀƐǊŜƴŎƛƭŜǊƛƳƛȊŜ ǘŜǒŜƪƪǸǊ ŜŘƛȅƻǊǳƳΦ  
 
.ƛƭƛƳƛƴΤ ȅŀƭƴƤȊŎŀ ǀƐǊŜƴƛƭŜƴ ŘŜƐƛƭΣ ǸǊŜǘƛƭŜƴΣ ǇŀȅƭŀǒƤƭŀƴ ǾŜ ǎƻǊǳƳƭǳƭǳƪƭŀ ǳȅƎǳƭŀƴŀƴ ōƛǊ ŘŜƐŜǊ ƻƭŘǳƐǳƴŀ 
ƛƴŀƴŎƤƳƤȊƭŀΣ ƎŜƭŜŎŜƪ ȅƤƭƭŀǊŘŀ ƪƻƴŦŜǊŀƴǎƤƳƤȊƤ ŘŀƘŀ Řŀ ōǸȅǸǘŜǊŜƪ ǎǸǊŘǸǊƳŜȅƛ ŘƛƭƛȅƻǊǳƳΦ 
 
Sinem KOLGU 
TMMOB  
Tƴǒŀŀǘ aǸƘŜƴŘƛǎƭŜǊƛ hŘŀǎƤ 
Tǎǘŀƴōǳƭ  ǳōŜ .ŀǒƪŀƴƤ 
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mb{m½ 
 
нлнр DǸȊ ŘǀƴŜƳƛ [ƛǎŀƴǎǸǎǘǸ mƐǊŜƴŎƛ YƻƴŦŜǊŀƴǎƤƴƤƴ ƛƭƪƛƴƛ ǳƭŀǒǘƤǊƳŀ ŀƭŀƴƤƴŘŀ нн YŀǎƤƳ нлнр ǘŀǊƛƘƛƴŘŜ 
ƎŜǊœŜƪƭŜǒǘƛǊŘƛƪΦ ¸ǸƪǎŜƪ ƭƛǎŀƴǎ ǾŜ ŘƻƪǘƻǊŀ ǀƐǊŜƴŎƛƭŜǊƛƴƛƴ ƳŜȊǳƴƛȅŜǘ ƪƻǒǳƭƭŀǊƤƴƤ ǎŀƐƭŀȅŀōƛƭƳŜƭŜǊƛ ƛœƛƴ ōƛǊ 
etkinlikte sunum yŀǇƳŀƭŀǊƤ ƛǎǘŜƴƳŜƪǘŜŘƛǊΦ {ǳƴǳƳǳƴ ǀƐǊŜƴŎƛƴƛƴ ƘŀȊƤǊƭŀŘƤƐƤ ǘŜȊ œŀƭƤǒƳŀǎƤƴŘŀƴ 
ǸǊŜǘƛƭƳŜǎƛ ƎŜǊŜƪƳŜƪǘŜŘƛǊΦ Tƴǒŀŀǘ aǸƘŜƴŘƛǎƭƛƐƛ ǀƐǊŜƴŎƛƭŜǊƛƴƛƴ ƛƭƎƛƭƛ ǳȊƳŀƴƭƤƪ ŀƭŀƴƤƴŘŀƪƛ ōƛǊ ŜǘƪƛƴƭƛƪǘŜ 
ǎǳƴǳƳ ȅŀǇƳŀƭŀǊƤ ƘŜƳ ƪŜƴŘƛ ƎŜƭƛǒƛƳƭŜǊƛ ƘŜƳ ŘŜ ƪŀǘƤƭƤƳŎƤƭŀǊƤƴ ōƛƭƎƛƭŜƴƳŜǎƛ ōŀƪƤƳƤƴŘŀƴ ŀƴƭŀƳƭƤŘƤǊΦ .ǳ 
ƛƭƪ ƪƻƴŦŜǊŀƴǎƤƴ ŘǸȊŜƴƭŜƴƳŜǎƛ ƪƻƴǳǎǳƴŘŀ Tƴǒŀŀǘ aǸƘŜƴŘƛǎƭŜǊƛ hŘŀǎƤ ƳŜǊƪŜȊ ȅǀƴŜǘƛƳƛƴƛƴ ƻƭǳǊǳ ǾŜ 
Tǎǘŀƴōǳƭ  ǳōŜǎƛƴƛƴ ŜǾ ǎŀƘƛǇƭƛƐƛ ƛœƛƴ ǘŜǒŜƪƪǸǊ ŜŘŜǊƛƳΦ  
 
9ǘƪƛƴƭƛƐƛƴ ōŀǒƭƤŎŀ ŀƳŀœƭŀǊƤ ŀǊŀǎƤƴŘŀΣ ƭƛǎŀƴǎǸǎǘǸ ǀƐǊŜƴŎƛƭŜǊƛƴƛƴ ƳŜȊǳƴƛȅŜǘ ȅŀȅƤƴ ƪƻǒǳƭǳƴǳ ǎŀƐƭŀƳŀƭŀǊƤƴŀ 
ƻǊǘŀƳ ƘŀȊƤǊƭŀƳŀƪ ƻƭƳŀƪƭŀ ōƛǊƭƛƪǘŜΣ ȅŀǇƤƭŀƴ ŘŜƐŜǊƭŜƴŘƛǊƳŜƭŜǊ ƤǒƤƐƤƴŘŀ ǘŜȊ œŀƭƤǒƳŀƭŀǊƤƴƤƴ ƎŜƭƛǒǘƛǊƛƭƳŜǎƛƴŜ 
ƪŀǘƪƤ ǎŀƐƭŀƳŀƪǘƤǊΦ YƻƴŦŜǊŀƴǎ ǎǳƴǳƳƭŀǊƤƴƤƴ Tah ƳŜƴǎǳǇƭŀǊƤƴŀ ǾŜ ƪŀƳǳƻȅǳƴŀ ŀœƤƪ ƻƭƳŀǎƤ Řŀ 
ƪŀǘƤƭƤƳŎƤƭŀǊƤƴ ǘŜȊ œŀƭƤǒƳŀǎƤ ƘŀƪƪƤƴŘŀ ōƛƭƎƛƭŜƴƳŜǎƛ ǾŜ ǘŀǊǘƤǒƳŀƭŀǊŀ ƪŀǘƤƭƳŀǎƤƴŀ ƻƭŀƴŀƪ ǾŜǊƳŜǎƛ 
ōŀƪƤƳƤƴŘŀƴ ŀƴƭŀƳƭƤŘƤǊΦ  
 
aŜȊǳƴƛȅŜǘ ǘŀƪǾƛƳƛƴŜ ǳȅƎǳƴ ƻƭŀǊŀƪ ȅƤƭŘŀ ƛƪƛ ƪŜȊΣ ƎǸȊ ǾŜ ōŀƘŀǊ ŘǀƴŜƳƭŜǊƛƴŘŜ ŘǸȊŜƴƭŜƴƳŜǎƛ Ǉƭŀƴƭŀƴŀƴ 
ǀƐǊŜƴŎƛ ƪƻƴŦŜǊŀƴǎƭŀǊƤƴƤƴΣ ƛƴǒŀŀǘ ƳǸƘŜƴŘƛǎƭƛƐƛƴƛƴ ŘƛƐŜǊ ŀƭŀƴƭŀǊƤƴƤ Řŀ ƪŀǇǎŀȅŀŎŀƪ ǒŜƪƛƭŘŜ ƎŜƴƛǒƭŜǘƛƭƳŜǎƛΣ 
ƪƻƴŦŜǊŀƴǎƤƴ ŜǘƪƛƭŜǊƛƴƛƴ ȅŀȅƎƤƴƭŀǒƳŀǎƤƴŀ ƪŀǘƪƤ ȅŀǇŀŎŀƪǘƤǊΦ 
 
mƐǊŜƴŎƛƭŜǊ ŘŀƴƤǒƳŀƴƭŀǊƤȅƭŀ ōƛǊƭƛƪǘŜ ƘŀȊƤǊƭŀŘƤƪƭŀǊƤ мл ōƛƭŘƛǊƛȅƛ ǎǳƴǳƳ ƛœƛƴ ǘŜǎƭƛƳ ŜǘƳƛǒǘƛǊΦ  mƐǊŜƴŎƛƭŜǊƛƴ 
ȅŜŘƛǎƛ ȅǸƪǎŜƪ ƭƛǎŀƴǎΣ ǸœǸ ŘƻƪǘƻǊŀ ǇǊƻƎǊŀƳƭŀǊƤƴŀ ƪŀȅƤǘƭƤŘƤǊΦ .ƛƭŘƛǊƛƭŜǊƛƴ ȅŜŘƛǎƛ ¢ǸǊƪœŜΣ ǸœǸ TƴƎƛƭƛȊŎŜ 
ŘƛƭƭŜǊƛƴŘŜ ƻƭǳǇΣ ƛƪƛǎƛ ǀȊŜǘ ǾŜ ǎŜƪƛȊƛ ǘŀƳ ƳŜǘƛƴ ƘŀƭƛƴŘŜŘƛǊΦ .ƛƭŘƛǊƛƭŜǊ ƳŜǘƛƴ ŘƛƭƛƴŜ ōŀƐƭƤ ƻƭŀǊŀƪ ¢ǸǊƪœŜ ǾŜȅŀ 
TƴƎƛƭƛȊŎŜ ŘƛƭƭŜǊƛƴƛƴ ōƛǊƛƴŘŜ ǎǳƴǳƭƳǳǒǘǳǊΦ  YƻƴŦŜǊŀƴǎǘŀ ǎǳƴǳƳƭŀǊ œŜǾǊƛƳƛœƛ όƻƴƭƛƴŜύ ǾŜȅŀ ȅǸȊ ȅǸȊŜ ƪŀǘƤƭƤƳƭŀ 
iki oturumda ȅŀǇƤƭƳƤǒǘƤǊΦ {ǳƴǳƳǳ ȅŀǇƤƭŀƴ ōƛƭŘƛǊƛƭŜǊ ǀȊŜǘ ǾŜȅŀ ǘŀƳ ƳŜǘƛƴ ƘŀƭƛƴŘŜ ŘƛƧƛǘŀƭ ƪƛǘŀǇ ƻƭŀǊŀƪ 
ȅŀȅƤƳƭŀƴŀŎŀƪ ǾŜ Tah 9ƭŜƪǘǊƻƴƛƪ YǸǘǸǇƘŀƴŜǎƛƴŜ ȅǸƪƭŜƴŜŎŜƪǘƛǊΦ 
 
.ƛƭŘƛǊƛƭŜǊƛƴ ȅǸƪƭŜƴƳŜǎƛ ǾŜ ŘŜƐŜǊƭŜƴŘƛǊƛƭƳŜǎƛ ǎǸǊŜŎƛƴŘŜ /ƻƴŦŜǊŜƴŎŜ aŀƴŀƎŜƳŜƴǘ ¢ƻƻƭƪƛǘ ƪǳƭƭŀƴƤƭƳƤǒǘƤǊΦ 
Bu olaƴŀƐƤ ǎŀƐƭŀȅŀƴ aƛŎǊƻǎƻŦǘ wŜǎŜŀǊŎƘϥŜ ǘŜǒŜƪƪǸǊ ŜŘŜǊƛȊΦ 
 
YƻƴŦŜǊŀƴǎƤƴ 5ǸȊŜƴƭŜƳŜ YǳǊǳƭǳƴǳƴ ǘǸƳ ǸȅŜƭŜǊƛƴŜ ǾŜǊŘƛƪƭŜǊƛ ŘŜǎǘŜƪ ƛœƛƴ ǘŜǒŜƪƪǸǊ ŜŘŜǊƛƳΦ .ƛƭƛƳ 
YǳǊǳƭǳƴǳƴ ŘŜƐŜǊƭƛ ǸȅŜƭŜǊƛƴŜ ŘŜΣ ƪƻƴŦŜǊŀƴǎƤƴ ƛǒƭŜȅƛǒƛƴŜ ŘŜƐŜǊƭŜƴŘƛǊƳŜƭŜǊƛȅƭŜ ŘŜƐŜǊ ƪŀǘǘƤƪƭŀǊƤ ƛœƛƴ 
ǘŜǒŜƪƪǸǊ ŜŘŜǊim.  

 
Prof. DǊΦ TǎƳŀƛƭ  !ITN 
5ǸȊŜƴƭŜƳŜ YǳǊǳƭǳ !ŘƤƴŀ 
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Abstract 
 

Recognizing the complexity of a time series is a significant task in data analysis, especially data 

from the car-following theory, which represents an important research direction in the field of 

intelligent transportation systems (ITS). It helps us gain a deeper understanding of how the 

processes we are studying work. For complexity analysis, various entropies based on Shannonôs 

form are considered an effective tool. The novelty of this study aims to determine the most 

effective type of Permutation Entropy (PE) or Improved Permutation Entropy (IPE) for 

analyzing vehicle trajectories in car-following behavior and identifying the optimal variable 

from vehicle trajectory data, given that most transportation studies using entropy focus on 

macro-level traffic conditions and few examine micro-level car-following. The methodology 

involved using NGSIM data to prepare a sample of the vehicle trajectory dataset, which 

included the following variables: position, speed, acceleration, space headway, and time 

headway; afterward, two types of entropy, PE and IPE, were applied to analyze these variables. 

Different types of statistical tools can also be used to interpret the analysis results and then 

select the best type of entropy and the optimal variable; they can be used later to investigate the 

behavior of car-following theory. The results indicated that IPE outperformed PE in analyzing 

all variables, with the local position variable being the most effective. IPE can be a valuable 

and effective tool, providing the possibility of analyzing real trajectories data. It will be the 

basis for future studies, particularly in the field of car-following theory analysis, which is 

considered a branch of the field of intelligent transportation systems (ITS). 

 

Keywords: Car-Following, Vehicle Trajectory, Permutation Entropy, Improved Permutation 

Entropy. 

 

 

Introduction  
 

Car-following models represent one of the essential approaches to understanding microscopic 

traffic flow dynamics, as they describe the interactions between successive vehicles in a traffic 

stream. Furthermore, car-following theory is an important research direction in the field of 

intelligent transportation systems (ITS), and the success of ITS deployment depends on the 

availability of advanced traffic analysis tools to predict and analyze the behavior of car-

following. 

 

Quantifying the complexity of a given time series is an important challenge in data analysis, 

giving us more profound insight into the mechanisms governing the regarded processes. 
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Moreover, measuring the complexity of observed time series plays an important role in 

understanding the characteristics of the system under study (Z. Chen et al., 2019).  

 

Entropy is one of the most effective tools for complexity analysis and provides a mathematical 

expression to reflect the disorder degree of a system; increasing the entropy value represents 

increases in the disorder degree of a system. The entropy of a system is equal to the sum of the 

entropies of its states. When the state probabilities of the system are equal, its entropy reaches 

a maximum. According to the definition and principle of entropy, the entropy of a discrete 

stochastic state can be expressed as follows: 

 

Ὄ ὖÌÎὖ                                                                           ρ 

 

Where entropy H is a function of the probability distribution {p1, p2, é}  rather than a function 

of values or statistical indicators of the original series {x1, x2, ...}. In this way, it can be 

concluded that the less regular the original series, the higher the entropy (Lyu et al., 2020). 

Many entropy approaches, such as permutation entropy (PE) (Bandt & Pompe, 2002), 

approximate entropy (Pincus et al., 1994), sample entropy (Richman & Randall Moorman, 

2000), and fuzzy entropy (W. Chen et al., 2009), have been proposed recently, each of which 

has its advantages and disadvantages. Furthermore, there are more than 100 kinds of entropies 

based on Shannonôs form that are widely used in engineering, economics, and other disciplines 

(Zhang et al., 2020; Zheng et al., 2024). 

 

Most transportation studies that used entropy focus on macro-level traffic conditions, and few 

examine micro-level car-following. Liu et al. (2019) used the general formula for entropy; they 

applied the entropy to the distribution of vehicle space headway on the road to estimate the 

dynamic traffic flow. Lyu et al. (2020) used different types of entropy algorithms (Shannon 

entropy, steering wheel entropy, approximate entropy, and sample entropy), which applied to 

the time headway data during car-following. Zhang et al. (2020) used Fuzzy Permutation 

Entropy (FPE) to investigate the complexity of traffic evolution based on simulated time 

headway under different states of traffic congestion. Liu et al. (2022) used Information Entropy 

(IE) for traffic flow analysis.  

 

Compared with other entropy algorithms, PE is famous and widely used for complexity series 

analysis (Duran et al., 2023). It combined the concepts of entropy and symbolic dynamics to 

create a new measure of complexity; it is based on computing the Shannon entropy of the 

relative frequency of all the ordinal patterns found in a time series (Cuesta-Frau, 2019). Chen 

et al. (2019) proposed the IPE method based on PE, which combines some advantages of 

previous PE modifications; this new method in the field of entropy can detect spiky features1 

more effectively compared to PE. 

 

The aim of this study is to explore the effectiveness of PE and IPE on car-following behavior 

when analyzing the variables of speed, acceleration, space headway, time headway, and 

position. Next, identifying the most effective type of entropy and the best variable can later be 

used to investigate car-following behavior. 

 

                                                 

 
1 Spiky features: Places where the value quickly rises or falls compared to neighboring points. 
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Methodology 
 

In this study, two types of entropy algorithms will be examined, PE and IPE, to analyze the 

variables of speed, acceleration, space headway, time headway, and position. Thereafter, the 

results of PE & IPE will be analyzed using range, average, and standard deviation to explore 

the effectiveness of PE or IPE on car-following behavior. 

 

1- Permutation Entropy PE 

PE is a very popular complexity analysis tool for time series (Cuesta-Frau, 2019). It directly 

accounts for the temporal information contained in the time series (Zanin et al., 2012). 

 

ὖὉ
ρ

ὰὲὈȦ
ὖÌÎὖ

Ȧ

                                                                 ς 

 

where, D represents the embedding dimension2 PE is a suitable method for reducing the excess 

redundancy3 in time series. This method is simple and transparent, robust with respect to 

monotonic distortions4 of the raw data, and suitable for estimating the dynamical complexity of 

the underlying dynamical process (Vidybida, 2020). 

 

2- Improved Permutation Entropy IPE 

 

IPE method combines some advantages of previous modifications of PE. 

  

ὍὖὉ
ρ

ὰὲὒ
ὖÌÎὖ ȟ           Ὤ ὒ                                        σ 

 

where L is the level of discretization and D represent the embedding dimension. 

The PE and IPE results according to equation (2) and (3), respectively, are restricted between 

0 and 1. A value near 0 means the time series is more regular and deterministic, while a value 

near 1 means the time series is noisier and more random. 

 

There are some parameters that need to be predetermined for computing the PE and IPE 

algorithms, such as embedding dimension D, discretization level L, and data length N. 

In this study, the parameters were selected as follows based on the dataset utilized in the 

numerical tests: 

D = 3 for both PE and IPE, Bandt & Pompe, (2002) suggesting that they are using 3 Ò D Ò 7. 

L = 3 for IPE 

N = 30 elements, representing the data length included in the calculation of one entropy unit 

(which corresponds to the distance traveled for 3 seconds in the numerical test to be presented 

next). 

                                                 

 
2 Embedding dimension: how many consecutive data points are considered together to form 

one "pattern"  or "state" of the system. 
3 Excess redundancy: means the data are too predictable; the system repeats similar patterns 

excessively,  reducing its informational richness or complexity. 
4 Monotonic distortion: a transformation that changes data values but preserves their order. 
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SL = 600 elements, representing the total length of the time series, which corresponds to the 

duration of examining sample data for a distance traveled within 60 seconds. The moving time 

window of the test of each trajectory is 0.1 seconds, because the accuracy of the resolution of 

the NGSIM data is 0.1 seconds (i.e., every ten elements of the SL series correspond to a 1-

second time duration). 

 

3- Data Preparation. 

 

Real car-following data is adopted in this empirical study, and it is extracted from the trajectory 

dataset of the Next Generation Simulation (NGSIM) project (NGSIM, 2007). The data was a 

15 min time frame observation (7:50 am-8:05 am) on a 640 m segment of lane number 1 of 

U.S. Highway 101, the Hollywood Freeway, in Los Angeles, California. As shown in Figure 1. 

 

 

 
 

Figure 1. Next Generation Simulation (NGSIM) project (NGSIM, 2007). 

 

We utilized the local position data (Local_Y) from the NGSIM dataset to draw vehicle 

trajectories. After filtering out abnormal trajectories, we randomly selected a sample of 10ð

highlighted in red in Figure 2. Thereafter, we prepared data on speed, acceleration, space 

headway, time headway, and position. Table 1 shows a short sample of data preparation.     

 

 
Figure 2. Vehicles trajectories of NGSIM data.  

 

Table 1 Sample of data preparation. 

Vehicle_ID 
Time 

s 
Local 

Pos. m 
Length 
veh. m 

Speed 
m/s 

Acce. 
m/sĮ 

Preceding 
vehicle ID 

Following 
vehicle 

ID 

Space 
headway* 

m 

Time 
headway* 

s 

1068 7241.3 78.712 3.6576 6.8397 0.4328 1056 1072 12.81074 1.87 

1068 7241.4 79.401 3.6576 6.8671 0.0061 1056 1072 12.88694 1.88 

1068 7241.5 80.088 3.6576 6.8671 -0.009 1056 1072 12.96314 1.89 

1068 7241.6 80.775 3.6576 6.8671 0 1056 1072 13.03934 1.9 

1068 7241.7 81.463 3.6576 6.8489 -0.265 1056 1072 13.11859 1.92 

. . . . . . . . . . 

. . . . . . . . . . 

*  ñSpace headwayò or ñTime headwayò is with respect to the preceding vehicle. 
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Results 
 

1- Analysis of Speed and Acceleration variables 

PE and IPE algorithms were applied on speed and acceleration data for a selected sample of 

trajectories. Figure 3 shows the analysis results for one vehicle trajectory, #1068.  

 

For the speed variable in Figure 3(a), we can see that the vehicle speed varies with time, and 

the range of speed changes between 1 m/s and 20 m/s. The analysis results of PE and IPE for 

the speed variable, Figure 3(b and c), show that the wave of PE changed between 0.2 and 0.8 

more than the wave of IPE, which changed between 0.1 and 0.4; and according to the concept 

of entropy (between 0 and 1), the wave of PE is more irregular and noisier than the wave of IPE 

for the same variable. However, it is still difficult to comprehend the behavior of the wave of 

IPE as compared with the speed diagram of the vehicle because the nonperiodic nature of the 

wave of IPE indicates that the systemôs dynamics exhibit time-varying complexity and chaotic 

behavior. 

 

On the other hand, the acceleration values fluctuate with time, Figure 3(d), and the range of 

acceleration changes between 0 m/sĮ and 9 m/sĮ. The analysis results of PE and IPE for the 

acceleration variable, Figures 3(e and f), show that the wave of PE changed between 0.3 and 

0.9 more than the wave of IPE, which changed between 0.1 and 0.7; and also, according to the 

concept of entropy (between 0 and 1), the wave of PE is more irregular and noisier than the 

wave of IPE for the same variable. Furthermore, understanding the behavior of the IPE wave 

compared to the vehicle's acceleration diagram remains challenging due to the nonperiodic 

nature of the IPE wave. 

 

 
                         (a) Speed diagram with time.                       (d) Acceleration diagram with time. 

 

 
           (b) Analysis results of PE for speed variable.      (e) Analysis results of PE for Acc. Variable.  

 

 
          (c) Analysis results of IPE for speed variable.      (f) Analysis results of IPE for Acc. variable. 

 

Figure 3. Analysis results of Speed and Acceleration variables data according to PE & IPE. 
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Figure 4 presents the statistical analysis comparing the results of PE and IPE regarding the 

speed and acceleration variables for the selected sample vehicles. It involves the range, average, 

and standard deviation. Generally, the results show that IPE has a lower range and average, 

indicating that IPE is better than PE when the results are compared with the concept of entropy 

(0 and 1); 0 means more regular and deterministic, while 1 means more irregular and noisier. 

Furthermore, the standard deviation indicates that the IPE results are lower than the PE results; 

that indicates the IPE results are close to the mean and consistent or stable as compared with 

the PE results, which were far from the mean and dispersed. 

 

 
(a) Range of PE & IPE for           (b) Average of PE & IPE for      (c)  Standard deviation of PE & 

     Speed variable analysis.                Speed variable analysis.          IPE for Speed variable analysis. 

 

 
(d) Range of PE & IPE for           (e) Average of PE & IPE for       (f)  Standard deviation of PE & 

            Acc. variable analysis.                   Acc. variable analysis.             IPE for Acc. variable analysis. 

 

Figure 4. Range, Average & Std. values of PE & IPE for Speed and Acceleration  

variables analysis. 
 

2- Analysis of Space Headway and Time Headway variables 
PE and IPE algorithms were applied on space headway and time headway data for a selected 

sample of trajectories. Figure 5 shows the analysis results for one vehicle trajectory, #1068.  

For the space headway SH variable in Figure 5(a), we can see that the SH varies with time, and 

the range of SH changes between 9 m and 30 m. The analysis results of PE and IPE for the SH 

variable, Figures 5(b and c), show that the wave of PE changed between 0 and 0.7 more than 

the wave of IPE, which changed between 0 and 0.4; and according to the concept of entropy 

(0ï1), the wave of PE is more irregular and noisier than the wave of IPE for the same variable.  

 

However, it is still difficult to comprehend the behavior of the wave of IPE as compared with 

the space headway diagram of the vehicle because the nonperiodic nature of the wave of IPE 

indicates that the systemôs dynamics exhibit time-varying complexity and chaotic behavior. 

 

On the other hand, the time headway TH values varies with time, Figure 5(d), and the range of 

TH changes between 1 s and 9 s. The analysis results of PE and IPE for the TH variable, Figures 

5(e and f), show that the wave of PE changed between 0 and 0.9 more than the wave of IPE, 

which changed between 0 and 0.5; and also, according to the concept of entropy (0ï1), the wave 

of PE is more irregular and noisier than the wave of IPE for the same variable. Furthermore, it 

is still difficult to comprehend the behavior of the wave of IPE as compared with the TH 

diagram of the vehicle. 
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  (a) Space Headway diagram with time.                (d) Time Headway diagram with time. 

 

 

 
   (b) Analysis results of PE for SH.variable         (e) Analysis results of PE for TH. variable.  

 

                                                            

 
  (c) Analysis results of IPE for SH.variable         (f) Analysis results of IPE for TH. Variable 

 

Figure 5. Analysis results of Space Headway and Time Headway variables data 

according to PE & IPE. 

 

Figure 6 presents the statistical analysis comparing the results of PE and IPE regarding the 

space headway and time headway variables for the selected sample vehicles. It involves the 

range, average, and standard deviation.  

 

Generally, the results show that IPE has a lower range and average, indicating that IPE is better 

than PE when the results are compared with the concept of entropy (0 and 1); 0 means more 

regular and deterministic, while 1 means more irregular and noisier. Furthermore, the standard 

deviation indicates that the IPE results are lower than the PE results; that indicates the IPE 

results are close to the mean and consistent or stable as compared with the PE results, which 

were far from the mean and dispersed. 
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(a) Range of PE & IPE for             (b) Average of PE & IPE for        (c)  Standard deviation of PE & 

 SH. variable analysis.                    SH. variable analysis.                IPE for SH. variable analysis. 

 

 
        (d) Range of PE & IPE for           (e) Average of PE & IPE for       (f)  Standard deviation of PE & 

             TH. variable analysis.                    TH. variable analysis.            IPE for TH. variable analysis. 
 

Figure 6. Range, Average & Std. values of PE & IPE for Space Headway and  

Time Headway variables analysis. 
 

 

3- Analysis of Position variable 
PE and IPE algorithms were applied on position data for a selected sample of trajectories. Figure 

7 shows the analysis results for one vehicle trajectory, 1068.  

 

For the position variable in Figure 7(a), we can see that the position diagram started from 0 m 

until the end of the road segment at 640 m. The analysis results of PE and IPE for the position 

variable, Figures 7(b and c), show that the wave of PE is equal to 0, while the wave of IPE 

varies around 0.33; and according to the concept of entropy (0ï1), the wave of PE is more 

regular and deterministic than the wave of IPE for the same variable.  

 

However, the result of PE is il logical because the position diagram changes over time, which is 

proven by the speed and acceleration diagrams in Figures 3(a and d) that indicate unstable flow 

between 7250 and 7270 seconds.  

 

In contrast, the results of IPE are more logical and understandable because the IPE method 

identified that the value of 0.33 represents streamlined movement, as shown in Figure 7(c). This 

graph illustrates that the IPE results deviating from 0.33 correspond to the locations of 

deceleration and acceleration depicted in Figures 3(a and d) and Figure 7(a). 
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Figure 7. Analysis results of Position variable data according to PE & IPE. 

 

Figure 8 presents the statistical analysis of the results from PE and IPE regarding the position 

variable for the selected sample. It includes the range, average, and standard deviation. The 

range, average, and standard deviation for PE are all zero, reflecting that the PE results are zero. 

In contrast, the standard deviation results for IPE are close to zero, which is a favorable outcome 

as compared with standard deviation results for speed, acceleration, space headway, and time 

headway variables. 

 
(a) Range of PE & IPE for           (b) Average of PE & IPE for        (c)  Standard deviation of PE &  

           Pos. variable analysis.                     Pos. variable analysis.              IPE for Pos. variable analysis. 

 

Figure 8. Range, Average & Std. values of PE & IPE for Position variable analysis. 

 

Conclusions 
 

Entropy tools are commonly used to test or quantify the complexity of a given time series, 

providing an indication of its nature based on a scale from 0 to 1, where 0 indicates a regular 

time series and 1 indicates a random and irregular one. In this paper, PE and IPE algorithms 

 
(a) Position diagram with time. 

 
(b) Analysis results of PE for Pos. variable. 

 
(c) Analysis results of IPE for Pos. variable. 
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were used to analyze speed, acceleration, space headway, time headway, and position data for 

a selected sample of NGSIM trajectories. 

 

The analysis results of PE and IPE for the speed, acceleration, space headway, and time 

headway variables show that the wave of PE is more irregular and noisier than the wave of IPE 

for the same variables. While the analysis results for the position variable show that the wave 

of PE is equal to 0 and the wave of IPE varies around 0.33, according to the concept of entropy 

(0ï1), the wave of PE is more regular and deterministic than the wave of IPE for the same 

variable. However, the result of PE is il logical because the position diagram changes over time, 

indicating an unstable flow in some places, as shown in Figure 2. The IPE results, on the other 

hand, are deemed more logical and understandable because the IPE method identified that the 

value of 0.33 refers to streamlined movement, and any deviation from this baseline (0.33) 

indicates a variation in velocity that is proportional to it. Additionally, statistical analysis of the 

range, average, and standard deviation indicates that the IPE method outperforms the PE 

method, particularly in terms of standard deviation related to position. 

 

It can be concluded that the IPE tool presents a satisfactory representation of vehicle behavior, 

especially when analyzing the position variable instead of the other variables. One of the 

advantages of this method is the ease of direct application for analyzing position data and 

interpreting results because the IPE method identified that the value of 0.33 refers to 

streamlined movement, and any deviation from this baseline of 0.33 indicates a variation in 

velocity that is proportional to it. In other words, the IPE tool is effective for analyzing real 

trajectory data, and its results accurately reflect vehicle behavior during car-following, thereby 

supporting the recommendation to use the IPE method in car-following theory analysis. This is 

an indicator that the IPE tool deserves more investigation and has the potential to adapt to the 

processes, such as traffic flow analysis and car-following. 
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Abstract 
 

Population synthesis is the crucial step in developing an activity-based travel model as it 

requires detailed socioeconomic data, Population synthesis involves taking a sample of people 

with their social, economic, and spatial characteristics, and scaling it up to represent the whole 

population within the study area. Due to high costs, limited capabilities, time constraints, and 

privacy concerns it is often difficult to collect the data for the whole study area. Therefore, 

researchers tend to expand the partially collected data to reflect the full population in a cost-

effective way.  

 

Considering the absence of comprehensive aggregated data, this study adopted GANs as a 

statistical learning-based framework for population synthesis. The approach aimed to generate 

a synthetic population for a travel demand model derived from disaggregated sample data at 

both household and individual levels. Specifically, a Conditional Tabular Generative 

Adversarial Network (CT-GAN) was utilized, and coding performed in the Google Colab 

environment. 

 

To produce a synthetic population, CT-GANs learn from collected samples of households and 

individuals, use it as a seed to replicate their attributes and expand the sample to the population 

level. The study is based on individual-level data obtained from Malatya Transportation Master 

Plan Study. The dataset includes various socio-economic attributes such as gender, age, and 

related demographic variables.  

 

Chi square for categorical attributes and KS for continuous attributes has been used as goodness 

of-fit measures for marginal distribution validation. The validation results show that synthetic 

data successfully maintained the distribution of the attributes from the real data. Correlation 

coefficient metric was used to validate joint distribution, the results demonstrate that the 

relationships among key variables such as household size household income, and age are largely 

consistent across both datasets. Also, the histogram comparisons indicate a high degree of 

similarity between the distributions of the sample data and the synthetic population. 
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Abstract 

 
Dynamic Traffic Assignment (DTA) models aim to represent the time-varying evolution of 

traffic conditions across a network, but their reliability depends strongly on how the simulation 

period is structured. Two critical boundary conditions (the warm-up and cool-down) periods 

govern how the model transitions into and out of realistic congestion states. The warm-up phase 

allows vehicle loading and congestion formation to stabilize before performance is measured, 

while the cool-down phase ensures that vehicles already in the system are cleared before the 

simulation ends. The length of these periods, together with the number and duration of time 

slices used to divide the modeled period, has a direct influence on model robustness and 

computational performance. The study area was the city of ADIYAMAN, divided into 47 TAZ 

with 3635 nodes and 1273 links, peak hour traffic was simulated after deriving temporal ODs 

from 4-step model. To evaluate network performance, measures like VHT, delay, speed, and 

VDT of the model along with CUBE software were adopted. Data-driven methods such as 

change-point based on variations in speed or delay considered to identify when the network 

reaches a stable state. The study found that using warm-up period (30 minutes in this case) and 

one cool-down period (near to max. of network travel time) is sufficient for simulation. 

Additionally, 5-10 minutes time slice for the main simulation period provided the best balance. 

The cool-down period showed a critical role, as it had a greater impact on network performance 

compared to the warm-up phase. The VHT, VDT, and The Total delay decreased by 37%, 35% 

and 14% respectively when using optimal cool-down, while the change percentage in VHT or 

VDT was about 14%.  

 

 

mailto:salam.sormeeri@std.yildiz.edu.tr


20 

 

Sel¿loz Esaslē Katkē Malzemesi Ķle ¦retilen Silindirle  

Sēkēĸtērēlmēĸ Beton Yol 
 

 

Bet¿l Nerkiz, Kemal Armaĵan, Sadēk Alper Yēldēzel 

 
Karamanoĵlu Mehmetbey ¦n vers tes , M¿hend sl k Fak¿ltes , Ķnĸaat M¿hend sl ĵ  Bºl¿m¿, 

Karaman. 
Tel: +90 (338) 226 20 00 (5459-5456) 

E-Posta: betulnerkiz381@gmail.com 

kemalarmagan@kmu.edu.tr 

sayildizel@kmu.edu.tr 

 

 

 

 

¥z 
 

Son yēllarda karayolu altyapēsēnda yaĸanan gel ĸmeler, doĵal kaynaklarēn hēzlē t¿kenmes ne yol 

a­mēĸtēr. Bu durum, atēk malzemeler n ger  kazanēmē ve yapē malzemeler nde kullanēmē 

ht yacēnē artērmēĸtēr. Beton ¿ret m nde bazē atēklar, ­ mento veya agrega yer ne 

kullanēlab lmekle b rl kte, mevcut uygulamalarda kullanēmlarē sēnērlē kalmaktadēr. 

Bu ­alēĸmada, s l nd rle sēkēĸtērēlmēĸ beton (SSB) ¿ret m nde ­evre dostu b r yaklaĸēm olarak 

ger  dºn¿ĸt¿r¿lm¿ĸ sel¿loz bazlē atēklarēn katkē malzemes  olarak deĵerlend r lmes  

ama­lanmēĸtēr. ¢eĸ tl  oranlarda (%0, %1, %1,5, %2) atēk A4 k©ĵēdē ve derg  sayfasē, portland 

kalkerl  ­ mento esaslē s l nd rle sēkēĸtērēlmēĸ beton karēĸēmlarēna lave ed lm ĸt r. Atēk 

malzemeler bel rl  boyutlarda kes lm ĸ ve b r kēsmē akr l k bazlē kaplama le ĸlenm ĸt r. 

 

Hazērlanan beton numuneler , standart s l nd r kalēplara yerleĸt r lm ĸ ve 7 le 28 g¿nl¿k 

numuneler basēn­ dayanēmē testler ne tab  tutulmuĸtur. Deneyler, k©ĵēt lavel  karēĸēmlarēn 

kontrol gruplarēna kēyasla daha az su emme eĵ l m nde olduĵunu ve farklē katkē oranlarēnda 

yapē ºzell kler nde hem olumlu hem de olumsuz etk ler ortaya ­ēkardēĵēnē gºsterm ĸt r. Bu 

araĸtērma, sel¿loz bazlē atēk maddeler n s l nd rle sēkēĸtērēlmēĸ beton ¿ret m nde alternat f katkē 

malzemes  olarak kullanēlab leceĵ n  ve SSB yol tasarēmēna fayda saĵlayab leceĵ n  ortaya 

koymaktadēr. 

 

Anahtar sºzc¿kler: Sel¿loz esaslē katkē maddesi, beton, silindirle sēkēĸtērēlmēĸ beton yol, beton 

yol kaplamalarē. 

 

 

Giriĸ 
 

Beton, g¿n¿m¿z nĸaat sektºr¿nde yaygēn olarak terc h ed len kompoz t b r yapē malzemes d r. 

Y¿ksek dayanēm kapas tes , ĸek llend r leb l r yapēsē ve ekonom k avantajlarē le hem altyapē 

hem de ¿styapē projeler nde ºn plana ­ēkmaktadēr. Temel olarak ­ mento, su ve ­eĸ tl  

boyutlardak  agregalarēn uygun oranlarda karēĸtērēlmasēyla elde ed len beton, bel rl  k¿rleme 

koĸullarē altēnda y¿ksek mekan k performans ve uzun ºm¿rl¿ kullanēm sunar (Dem rtaĸ, 2019; 

M¿ller ve W ens, 2016). Ancak geleneksel betonun d¿ĸ¿k ­ekme dayanēmē, ­atlak oluĸumuna 

mailto:betulnerkiz381@gmail.com
mailto:kemalarmagan@kmu.edu.tr
mailto:sayildizel@kmu.edu.tr


21 

 

yatkēnlēĵē ve ­evreye olan olumsuz etk ler ; alternat f ¿ret m tekn kler  le katkē malzemeler n n 

gel ĸt r lmes n  zorunlu hale get rm ĸt r (Alkaya, 2010). 

 

Son yēllarda artan ­evresel duyarlēlēk doĵrultusunda, atēk malzemeler n ger  dºn¿ĸt¿r¿lerek 

yapē malzemes  ¿ret m nde deĵerlend r lmes  ºneml  b r araĸtērma alanē hal ne gelm ĸt r. 

End¿str yel, tarēmsal ve kentsel atēklarēn yen den kullanēmē; doĵal kaynak t¿ket m n  

azaltmakta ve bertaraf ed len atēk m ktarēnē d¿ĸ¿rerek ­evresel s¿rd¿r¿leb l rl ĵe katkē 

saĵlamaktadēr (Benyarar., 2023; Yēldēz ve d ĵ., 2017). 

 

Betonun dayanēm ºzell kler n  gel ĸt rmek ve ­atlak oluĸumunu m n m ze etmek amacēyla l f 

takv yes  g b  yen l k­  ­ºz¿mler ºn plana ­ēkmaktadēr. L f katkēlē beton s stemler , malzemen n 

s¿nekl k ºzell kler n  artērarak daha fazla enerj  absorbe edeb lmes ne olanak tanēr. Aynē 

zamanda ­atlak lerlemes n  yavaĸlatarak yapēlarēn h zmet ºmr¿n¿ uzatmaktadēr (T¿rkmenoĵlu 

ve Varol, 2016). Bu t p katkēlar, ºzell kle aĵēr y¿k taĸēyan yol kaplamalarē ve altyapē projeler  

a­ēsēndan b¿y¿k avantajlar sunmaktadēr. 

 

S l nd rle sēkēĸtērēlmēĸ beton (SSB), d¿ĸ¿k kēvamlē ve d¿ĸ¿k su/­ mento oranēna sah p b r beton 

t¿r¿d¿r. Konvans yonel betondan farklē olarak, yerleĸt r lmes  v brasyonla deĵ l, y¿ksek 

yoĵunluklu mekank sēkēĸtērma yoluyla ger­ekleĸt r l r. Bu yºntem n temel avantajlarē arasēnda, 

kēsa s¿rede y¿ksek yoĵunluk elde ed lmes , hēzlē uygulama mk©nē ve d¿ĸ¿k mal yet sayēlab l r. 

SSB; ºzell kle yoĵun traf k y¿kler ne maruz kalan yol altyapēlarēnda, havaalanē pstler nde ve 

baraj g b  b¿y¿k ºl­ekl  yapēlarda sēklēkla terc h ed lmekted r (Uĸar, 2007).  

 

Son dºnemde yapēlan araĸtērmalar, l f katkēlarēnēn SSB performansēnē olumlu yºnde etk led ĵ n  

gºstermekted r. Bu katkēlar; ­atlak kontrol¿, darbe dayanēmē ve m kro yapēsal b¿t¿nl¿k 

a­ēsēndan ºneml  katkēlar saĵlayarak SSBôn n mekan k zayēflēklarēnē g dereb lmekted r (Top­u 

ve d ĵ., 2017; Kanbak, 2024). 

 

Sel¿loz bazlē atēklar, doĵada b yoloj k olarak par­alanab len ve yaygēn olarak tem n ed leb len 

malzemeler arasēnda yer almaktadēr. ¥zell kle A4 k©ĵēdē, karton, gazete ve derg  g b  sel¿loz 

­er kl  atēklarēn l f ºzell kler nden yararlanarak beton performansēnēn artērēlmasē m¿mk¿nd¿r. 

Sºz konusu l fler, beton matr s nde m kro ­atlaklarēn yayēlēmēnē sēnērlayarak ­atlak dayanēmēnē 

artērab l r. Ancak l fler n su emme kapas tes , y¿zey ºzell kler  ve karēĸēm ­ ndek  daĵēlēmē g b  

faktºrler, betonun genel performansēnē doĵrudan etk lemekted r (Yet ĸ, 2017). 

 

Mevcut l terat¿rde, bel rl  oranlarda (%1-%5) atēk k©ĵēt katkēsē le betonun eĵ lme ve ­ekme 

dayanēmlarēnda y leĸme saĵlandēĵē gºster lm ĸt r. Ancak, l fler n homojen daĵēlmamasē ve aĸērē 

su emme kapas tes  g b  dezavantajlar, performans kayēplarēna yol a­ab lmekted r. Ayrēca, 

y¿zey  boyalē veya kaplanmēĸ k©ĵētlarēn ­mento aderansē farklēlēk gºstereb l r ve bu durum 

betonun m kro yapēsēnē doĵrudan etk leyeb l r (¢el kcan, 2021). 

 

Bu ­alēĸmada, sel¿loz esaslē k  farklē atēk t¿r¿ olan A4 k©ĵēdē ve derg  sayfalarēnēn (br stol 

kaĵēt), s l nd rle sēkēĸtērēlmēĸ beton karēĸēmēnda katkē maddes  olarak kullanēmē araĸtērēlmēĸtēr. 

L terat¿rde yer alan ºncek  ­alēĸmalarda, atēk k©ĵētlarēn beton karēĸēmēna bel rl  oranlarda (%5-

%10) eklenmes n n mekan k ºzell kler ¿zer nde olumlu etk ler yarattēĵē gºster lm ĸt r. Ancak, 

bu t¿r atēklarēn ºzell kle akr l k boya le kaplanmēĸ halde ve SSB yol uygulamalarē ºzel nde 

kullanēmē ¿zer ne yeterl  sayēda ­alēĸma bulunmamaktadēr. Bu ­alēĸma, sºz konusu eks kl ĵ  

g dermey  ve l terat¿re ºzg¿n b r katkē saĵlamayē ama­lamaktadēr. 
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¢alēĸmanēn temel amacē, farklē boyutlarda hazērlanmēĸ ve y¿zey  kaplanmēĸ atēk kaĵētlarēn 

s l nd rle sēkēĸtērēlmēĸ beton ­er s ndek  performansēnē deĵerlend rerek hem ­evresel atēklarēn 

yen den kullanēmē hem de betonun mekan k ºzell kler n n y leĸt r lmes  yoluyla ekonom k ve 

s¿rd¿r¿leb l r b r karēĸēm gel ĸt rmekt r. Deneysel kapsamda; %0, %1, %1,5 ve %2 oranlarēnda 

katkē ­eren SSB karēĸēmlar hazērlanmēĸ, bu karēĸēmlarla elde ed len numuneler ¿zer nde basēn­ 

dayanēmē ger­ekleĸt rlm ĸt r. 

 

Bu ­alēĸma le elde ed len sonu­lar hem mekan k parametreler n hem de ­ yapē davranēĸēnēn 

katkē t¿r¿ ve m ktarēna baĵlē olarak deĵ ĸt ĵ n  gºsterm ĸt r. Sel¿loz esaslē atēklarēn s l nd rle 

sēkēĸtērēlmēĸ beton yollar g b  altyapē uygulamalarēnda alternat f katkē malzemes  olarak 

kullanēlab l rl ĵ  ortaya konulmakta ve s¿rd¿r¿leb l r yapē malzemeler  gel ĸt rme l terat¿r¿ne 

katkē sunulmaktadēr. Bu ­alēĸma kapsamēnda, ñkaplanmēĸ ve kaplanmamēĸ sel¿loz k l fler n 

s l nd rle sēkēĸtērēlmēĸ betonun basēn­ dayanēmē ¿zer ndek  etk lerò araĸtērēlmēĸtēr. Araĸtērmanēn 

temel h potez , akr l k boya le kaplanmēĸ l fler n, y¿zey enerj s n  azaltarak ­ mentonun 

aderansē y leĸt receĵ  ve l f-matr s aray¿z¿nde m kro ­atlak oluĸumunu sēnērlayacaĵē 

yºn¿nded r. Buna ek olarak, l f oranē ve boyutunun, betonun yoĵunluĵu ve mekan k dayanēmē 

¿zer nde bel rley c  parametreler olduĵu varsayēlmēĸtēr. 

 

 

Materyal ve Yºntem 
 

Materyal  

 

Bu araĸtērmada hazērlanan beton karēĸēmlarē, s l nd rle sēkēĸtērēlmēĸ yol betonlarēnēn dayanēm 

sēnēfēna benzer mekan k ºzell kler  saĵlayacak ĸek lde tasarlanmēĸtēr. Ancak, sel¿loz esaslē l f 

katkēlarēnēn y¿ksek su tutma kapas tes  ve karēĸēm ­ ndek  daĵēlma davranēĸē d kkate alēnarak 

standart karēĸēm oranlarēndan farklē, deneysel olarak opt m ze ed lm ĸ oranlamalar 

uygulanmēĸtēr. 

 

Karēĸēmlarda kullanēlan t¿m b leĸenler -­ mento, agrega, akēĸkanlaĸtērēcē katkē malzemes , su 

ve sel¿loz esaslē katkē malzemes- ºnceden bel rlenen oranlarda kullanēlmēĸ ve m ktarlarē 

ayrēntēlē ĸek lde hesaplanarak uygulanmēĸtēr. L f katkēsēnēn karēĸēm ­ nde homojen olarak 

daĵēlmasēnē saĵlamak amacēyla, karēĸtērma ĸlemler  bel rl  b r s¿re ve sēraya gºre d kkatl ce 

y¿r¿t¿lm¿ĸ, karēĸēm s¿rec  s¿rekl  olarak kontrol ed lm ĸt r.  

 

Bu ­alēĸmada hazērlanan s l nd rle sēkēĸtērēlmēĸ beton karēĸēmlarēnēn tasarēmēnda, TS 802 Beton 

Karēĸēm Tasarēmē Hesap Esaslarē esas alēnmēĸtēr (TS 802, 2016). Karēĸēmda r  agrega olarak, 

maks mum dane ­apē 19 mm olan kalker kºkenl  kērmataĸ kullanēlmēĸtēr. Bu t¿r agregalar, 

y¿ksek mekan k dayanēm saĵlamalarēnēn yanē sēra a­ēk renkl  yapēlarē sayes nde estet k y¿zey 

uygulamalarēnda avantaj sunar. Ayrēca, kºĸel  ve p¿r¿zl¿ y¿zeyler  ­ mento hamuru le etk l  

b r aderans oluĸturarak yapēsal b¿t¿nl¿ĵ¿ destekler. Ķnce agrega olarak terc h ed len doĵal dere 

kumu, akarsu aĸēndērmasēyla oluĸan yuvarlak ve d¿zg¿n tanel  yapēsē sayes nde karēĸēmēn 

ĸleneb l rl ĵ n  artērēr. Ancak bu yuvarlak form, ­ mento pastasē le y¿zey temasēnē 

sēnērlayab leceĵ  ­ n aderans a­ēsēndan bazē dezavantajlar yaratab lr (Harr ngton ve d ĵ., 

2010). Kullanēlacak olan r  ve nce agregalarēn malzeme ºzell kler  Tablo 1ôde gºster lm ĸt r. 
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Tablo 1 Agregalarēn Malzeme ¥zell kler. 

Malzeme ¥zell kler Ķr  Agrega Ķnce Agrega 

¥zg¿l y¿zey 7,8 2,64 

Incel k mod¿l¿   2,73 2,68 

S lt ­er ĵ  (%)  - 0,72 

Su emme deĵerler  (%) 0,4 0,12 

Toplam nem ­er ĵ  (%) 0,39 0,1 

 

ķekil 1ôdeki baĵlayēcē olarak kullanēlan ­imento, (TS EN 197-1, 2012) standardēna uygun 

olarak ¿retilmiĸ CEM II/A-L 42,5 R tipi portland kalkerli ­imento olup, Konya ¢imento 

Fabrikasē tarafēndan temin edilmiĸtir. ¢imentonun s¿lfat ve klor¿r i­erikleri sērasēyla %3,22 ve 

%0,044 olarak belirlenmiĸ; TS EN 196-2 kapsamēnda ger­ekleĸtirilen analizlerde reaktif CaO 

ve SiO toplamēnēn en az %50 olduĵu saptanmēĸtēr (Konya ¢imento, 2024). ¢imentoda bulunan 

dolgu maddeleri, betonun ge­irimsizliĵini artērmakta; d¿ĸ¿k ºzg¿l aĵērlēĵē ise birim hacimde 

daha fazla malzeme kullanēmēna olanak saĵlayarak iĸlenebilirliĵi olumlu etkilemektedir. 

 

 
ķekil 1 CEM II/A-L 42,5 R tipi portland kalkerli ­imento. 

 

Karēĸēm suyu, hem hidratasyon reaksiyonlarēnēn ger­ekleĸmesi hem de taze s l nd rle 

sēkēĸtērēlmēĸ betonun yerleĸtirilebilirliĵinin saĵlanmasē i­in temel bileĸendir. Kullanēlan suyun 

zararlē bileĸik i­ermemesi ve ­imento ile tepkimeye girecek nitelikte olmasē saĵlanmēĸtēr. 

Hidratasyon i­in gerekli su dēĸēnda kalan miktar, karēĸēmēn kēvamēnē d¿zenlemek ¿zere 

kullanēlmēĸtēr. Bu ­alēĸmada kullanēlan ķek l 2ôdek  karēĸēm suyu, Karaman l nde bulunan 

beled yeye a t ­me suyu ĸebekes nden saĵlanmēĸ ve deneysel s¿re­lerde t¿m numunelerde aynē 

kaynak suyu kullanēlarak tutarlēlēk saĵlanmēĸtēr. 

 

 
ķekil 2 Karēĸēm suyu. 

 

Kimyasal katkē maddeleri, karēĸēmēn taze ve sertleĸmiĸ h©lindeki ºzelliklerini iyileĸtirmek 

amacēyla ­imento, agrega ve su dēĸēndaki ek bileĸenler olarak kullanēlmēĸtēr. Genellikle ­imento 

aĵērlēĵēnēn %0,5 ile %3,0ôē arasēnda kullanēlan bu katkēlar, ºzellikle akēĸkanlaĸtērēcē t¿rde 
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se­ilmiĸtir. ķekil 3ôteki bu katkēlar, taze s l nd rle sēkēĸtērēlmēĸ betonun kēvamēnē artērmakla 

kalmayēp aynē zamanda su ihtiyacēnē azaltarak dayanēmē artērmaya katkē saĵlamaktadēr (Teknik 

ķartname, 2016). 

 

 
ķekil 3 Kullanēlan akēĸkanlaĸtērēcē. 

 

¢alēĸma kapsamēnda s l nd rle sēkēĸtērēlmēĸ beton karēĸēmlarēnda katkē malzemesi olarak 

kullanēlan lifler, geri dºn¿ĸt¿r¿lm¿ĸ A4 tipi yazēcē k©ĵētlarē ve parlak y¿zeyli dergi 

sayfalarēndan elde edilmiĸtir. Bu malzemeler, sabit geniĸlikte olacak ĸekilde kesilerek iki farklē 

uzunlukta lifler hazērlanmēĸtēr. ķekil 4ôteki t¿m liflerin geniĸliĵi 0,4 cm olarak belirlenmiĸ, kēsa 

lifler 1,5 cm, uzun lifler ise 3 cm boyutlarēnda kesilmiĸtir. 

 

 
ķekil 4 Farklē boyutlarda kesilmiĸ lifler. 

 

Hazērlanan lifler RS 550 markalē solvent bazlē akrilik boya ile kaplanmēĸtēr. Bu iĸlem, hem kēsa 

hem de uzun lif gruplarēna ayrē ayrē uygulanmēĸ; kaplama iĸlemi tamamlandēktan sonra lifler, 

laboratuvar ortamēnda d¿zg¿n ĸekilde serilerek doĵal kuruma s¿reci boyunca bekletilmiĸ ve 

sonrasēnda karēĸēmlarda kullanēlmak ¿zere toplanmēĸtēr (ķekil 5). 

 

 
ķekil 5 Kaplanan liflerin kurumasē i­in serilme iĸlemi. 

 

Farklē boy ve y¿zey ºzelliklerine sahip bu sel¿lozik liflerin, ­imento bazlē s l nd rle sēkēĸtērēlmēĸ 

beton karēĸēmlarē ¿zerindeki etkileri karĸēlaĸtērmalē olarak deĵerlendirilmiĸ; ºzellikle dayanēm, 

iĸlenebilirlik ve mikroyapē davranēĸlarē a­ēsēndan kapsamlē analizler ger­ekleĸtirilmiĸtir. 

 

Yºntem 

 

Bu ­alēĸmada, sel¿loz k esaslē atēk A4 kaĵēdē ve derg  sayfalarēnēn ­ mento yer ne kēsmen 

kullanēldēĵē s l nd rle sēkēĸtērēlmēĸ beton (SSB) karēĸēmlarēnēn hazērlanmasē, uygulanmasē ve 

deneysel testler n n ger­ekleĸt r lmes ne yºnel k yºntemsel s¿re­ ayrēntēlē b ­ mde 

a­ēklanmēĸtēr. Malzeme tem n , karēĸēm tasarēmē, numune ¿ret m  ve deneysel prosed¿rler, 

ulusal ve uluslararasē standartlar ­er­eves nde y¿r¿t¿lm¿ĸt¿r. 
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Deneysel ­alēĸmalarda baĵlayēcē olarak Portland ­ mentosu (CEM II/A-L 42,5 R), agrega olarak 

maks mum 19 mm tane ­apēna sah p doĵal kērmataĸ ve neh r kumu kullanēlmēĸtēr. Sab t b r 

karēĸēm tasarēmē uygulanarak t¿m karēĸēmlar Tablo 2ôde gºr¿ld¿ĵ¿ ¿zere 1920 g ­ mento, 

10.800 g agrega, 960 ml su ve 60 ml katkē malzemes  ­erecek ĸek lde hazērlanmēĸtēr. 

Su/­ mento oranē t¿m karēĸēmlarda 0,5 olarak sab t tutulmuĸtur. 

 

Tablo 2 Agregalarēn Malzeme ¥zell kler. 
F ber 

(1.5x0.4 ve 

3x0.4) (g) 

S/¢ ¢ mento Su Agrega Katkē 

Malzemes 

Toplam 

0  

0,5 

 

1920 

 

960 

 

10800 

 

60 

13740 

20 13760 

30 13770 

40 13780 

 

Sel¿loz esaslē katkē malzemeleri olarak atēk A4 kaĵētlarē ve dergi sayfalarē, kaplanmēĸ (akrilik 

boya ile) ve kaplanmamēĸ bi­imde deĵerlendirilmiĸtir. Bu atēklar, eni sabit 0,4 cm olacak 

ĸekilde 1,5 cm (kēsa lif) ve 3 cm (uzun lif) boylarēnda kesilmiĸ ve s l nd rle sēkēĸtērēlmēĸ beton 

karēĸēmēna %0, %1, %1,5 ve %2 oranlarēnda lif formunda ilave edilmiĸtir. Bºylece hem lif oranē 

hem de lif uzunluĵu a­ēsēndan deĵiĸkenliĵe sahip deneysel gruplar oluĸturulmuĸtur. Lif katkēsē 

i­ermeyen karēĸēm ise kontrol numunesi olarak deĵerlendirilmiĸtir. 

 

Hazērlanan s l nd rle sēkēĸtērēlmēĸ beton karēĸēmlarē, ºnceden belirlenen oranlarda ve sabit 

mikser hēzē olan 250 devir/dakika ile karēĸtērēlmēĸ, homojenlik saĵlanmasēna ºzen gºsterilmiĸtir. 

Numune kalēplarēna yerleĸtirilen taze s l nd rle sēkēĸtērēlmēĸ beton, ¿­ tabaka halinde dºk¿lm¿ĸ 

ve her tabaka 1000-1870 vuruĸ/dakika aralēĵēnda ­alēĸan elektrikli hilti yardēmēyla yaklaĸēk 20 

saniye sēkēĸtērēlmēĸtēr. Basēn­ dayanēmē testleri i­in 15 cm ­apēnda ve 30 cm y¿ksekliĵinde 

silindirik kalēplar kullanēlmēĸtēr (ķekil 6).  

 

 
ķekil 6 Silindirik kiriĸ kalēp. 

 

S l nd rle sēkēĸtērēlmēĸ betonun mekan k ºzell kler n  bel rlemeye yºnel k olarak TS EN 12390-

3 ñSertleĸm ĸ Beton Numuneler nde Basēn­ Dayanēmē Tay nò standardēna uygun basēn­ 

dayanēmē testler yapēlmēĸtēr (TS EN 12390-3, 2019). Deneysel ver ler, deneye baĵlē olarak 7 

ve 28 g¿nl¿k ºl­¿m per yotlarē d kkate alēnarak anal z ed lm ĸt r. Elde ed len sonu­lar, katkē 

oranlarē, l f uzunluklarē ve malzeme t¿rler  (A4 ve derg ) arasēnda karĸēlaĸtērmalē olarak 

deĵerlend r lm ĸ, en uygun SSB karēĸēm tasarēmē bel rlenm ĸt r.  

 

Basēn­ Dayanēmē Deney Sonu­larē 
 

Basēn­ dayanēmē, betonun sadece taĸēyēcēlēk ºzell ĵ n  deĵ l, aynē zamanda su ge­ r ms zl k, 

k myasal d ren­, aĸēnma dayanēmē ve donma-­ºz¿lme g b  ­evresel etk lere karĸē dayanēklēlēĵēnē 

da doĵrudan etk ler. Dayanēmēn y¿ksek olmasē, betonun uzun ºm¿rl¿ ve dayanēklē olmasēnē 

saĵlar. 
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Betonun basēn­ dayanēmēnē etk leyen temel unsurlar; karēĸēmdak  ­ mento m ktarē, su oranē ve 

karēĸēmēn yoĵunluĵudur. ¢ mento, agregalarē b r arada tutarak betonun dayanēklēlēĵēnē saĵlar. 

¢ mento m ktarēnēn artmasē, ­ mento hamurunun hacm n  b¿y¿terek ­ ger lmeler n daha gen ĸ 

b r alana yayēlmasēna ve dayanēmēn artmasēna katkē saĵlar. Su, ­ mento le reaks yona g rerek 

betonun pr z almasēnē saĵlar. Ancak fazla su, ­ mento hamurunu zayēflatēr ve dayanēmē d¿ĸ¿r¿r. 

Bu nedenle, su m ktarē d kkatl  ayarlanmalē ve opt mum d¿zeyde tutulmalēdēr. Betonun daha 

sēkē ve boĸluksuz olmasē, yan  y¿ksek yoĵunluĵa sah p olmasē da dayanēmē artēran ºneml  b r 

etkend r. 

 

ķek l 10ôda gºr¿ld¿ĵ¿ ¿zere, bu ­alēĸma ­n farklē oranlarda (%0, %1, %1,5 ve %2) kēsa ve 

uzun boyutlu sel¿loz l f ­eren s l nd rle sēkēĸtērēlmēĸ beton (SSB) numuneler  hazērlanmēĸtēr. 

Bu numunelere 7. g¿n ve 28. g¿n sonunda basēn­ dayanēmē testler  uygulanmēĸtēr. Numuneler 

15x30 cm boyutlarēnda s l nd r k kalēplarda ¿ret lm ĸ ve k¿r s¿reler ne gºre deĵerlend r lm ĸt r. 

 

 
ķekil 10 Basēn­ dayanēmē i­in numuneler. 

 

S l nd rle sēkēĸtērēlmēĸ betona l f eklenmes  se basēn­ dayanēmēnē bell  b r sev yeye kadar 

artērab l r. L fler, ­atlak oluĸumunu azaltarak yapēnēn daha dayanēklē olmasēna katkē saĵlar. 

Ancak l f oranē aĸērē arttēĵēnda, karēĸēm homojenl ĵ n  bozarak dayanēmda azalmaya yol 

a­ab l r. Bu durum, l f t¿r¿ ve karēĸēm ­ ndek  d ĵer malzemeler n uyumu le doĵrudan 

l ĸk l d r.  

 

Bu ­alēĸmada yapēlan testlerde, bazē SSB karēĸēmlarēnēn bu sēnērlarēn altēnda kaldēĵē 

gºr¿lm¿ĸt¿r. Bunun neden , karēĸēmdak  l f oranēnēn y¿ksek olmasē olab l r. Fazla l f kullanēmē, 

­ mentonun s¿rekl l ĵ n  bozarak basēn­ dayanēmēnē olumsuz etk leyeb l r. Y¿r¿t¿len deneysel 

­alēĸma kapsamēnda, sel¿loz l f katkēlē ve katkēsēz beton numuneler n n 7 ve 28 g¿nl¿k k¿r 

s¿reler  sonunda elde ed len basēn­ dayanēmlarē anal z ed lm ĸt r (Tablo 2). Elde ed len basēn­ 

dayanēmē deĵerler , her deney grubu ­ n ¿­ tekrarlē ºl­¿m¿n ortalamasē alēnarak 

hesaplanmēĸtēr. Ver ler, %95 g¿ven d¿zey nde stat st ksel olarak anal z ed lm ĸ ve tek yºnl¿ 

varyans anal z  (ANOVA) uygulanmēĸtēr. Ortalama, m n mumïmaks mum deĵerler le standart 

sapmalar Tablo 3ôte sunulmuĸtur. Anal z sonu­larē, l f oranēndak  artēĸēn dayanēm ¿zer nde 

stat st ksel olarak anlamlē b r etk  yarattēĵēnē (p < 0,05) gºsterm ĸt r. 

 

 

Tablo 2 Numunelerin Basēn­ Dayanēm Sonu­larē.  
F ber Oranlarē (%) Kēsa Uzun 

 7 28 7 28 

0 20,47 24,95 23,33 29,89 

1 17,75 22,75 16,68 27,29 

1,5 15,97 21,08 18,98 26,83 

2 16,47 20,94 21,84 24,75 

 




