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Abstract 
On Friday, December 26, 2003 at 1:55:56 GMT (5:25:56 local time), a powerful earthquake of

moment magnitude (Mw) about 6.5 struck the ancient city of Bam and neighboring villages in the
southeastern region of Iran. The highest death has been reported for this earthquake among all earth-
quakes in the world in the year 2003. About 70% of buildings in the city were damaged by the earth-
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quake and more than 26000 people were killed. The main reason for such major damage may be weak
adobe and brick structures. However, the damage was unexpectedly great for this magnitude. The city
is located over low strength of fine grained soils such as silt with low cohesiveness and therefore, this is
one of the main reasons for such large-scale destruction by the earthquake. This paper deals with the
high damages in the city based on geology, tectonics and directivity of earthquake waves and also geot-
echnical parameters. 
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‹±°̂¶þ|ø†ÿ …ðœ†ï º~û ð»†ó ìþ|¬ø~ Þú ̈†á ìñÇÛú Îí~{†_ …²

ðõÑ ¶ýé}þ …¶• Þú ¬° ÆŒÛú|‹ñ~ÿ ì}^¥~ )metsyS noitacifissalC

lioS deifinU(¬° Þç¹ LMÚ±…° ìþ|âý±¬. ‹± …¶†¹ ð}†ü�

„²ì†ü»†– ´õ̂{ßñýßþ {Ï~…¬ÿ …² ðíõðú|ø† ô ‹± …¶†¹ ›~ôë

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë ¶õï̂ - ºí�°û �ù�°ï772

{¿õü± 2- ¶�̈}�°ø�ÿ {ß}õðýßþ ìñÇÛú �± °ôÿ {¿õü± ì�øõ�°û|�ÿ reklaW(

)2002 noskcaJ &
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ÆŒÛú|‹ñ~ÿ ̈†á|ø†ÿ …ü±…ó ¬° „üýò|ð†ìú 0082€ ̈†á|ø†ÿ ìñÇÛú|ÿ ‹î

¬° Þç¹ IIIÚ±…° ìþ|âý±ð~ )›~ôë 1(.

›ù• {Ïýýò {Óýý±…– ›ņ̃ ̈†á ìñÇÛú€ üà ìÛÇÐ ¬° °…¶}†ÿ

ºí†ë- ›ñõŽ …² ̈†á|ø†ÿ ºù± ‹î {ùýú̂ º~ ){¿õü± 3( )¤·ýñþ

4831(. ¬° …üò {¿õü± ìÛÇÐ )a(¬° ̈ý†‹†ó ºùý~ °›†üþ ›ñ�

…¶}†¬üõï Öõ{Œ†ë ¬° ›ñõŽ ºù± ‹î€ ìÛÇÐ )b(¬° ̈ý†‹†ó …ì†ï ̈íýñþ

ì±Þ³ ºù± ô ìÛÇÐ )c(¬° {Û†ÆÐ ̈ý†‹†ó …‹ò|¶ýñ† ‹† Þ†ë °ô¬̈†ðú ¬°

ºí†ë ‹î ‹±¬…º• º~û …¶•. øí†ó|Æõ° Þú ìç¤Ëú ìþ|â±¬¬€ ¬°

Ú·í• ›ñõ‹þ ºù± Â©†ì• °¶õ‹†– °ü³¬…ðú Þî )¬° ¤~ô¬ 5/0 ì}±(

ô ‹ú Æ±Ù ºí†ë ºù± ‹± Â©†ì• …üò °¶õ‹†– …Ö³ô¬û ìþ|â±¬¬ )‹ý¼

…² º¼ ì}±(. …üò …Ö³…ü¼ Â©†ì• {† ¤†ºýú|ÿ °ô¬̈†ðú|ÿ �»•|°ô¬

…¬…ìú ìþ|ü†‹~. ‹ñ†‹±…üò Ú·í• …ÎËî ºù± ‹± °ôÿ …üò °¶õ‹†– °ü³¬…ðú

Ú±…° â±Ö}ú …¶•. ‹† {õ›ú̂ ‹ú ìÇ†è� ÖõÝ ô›õ¬ …üò °¶õ‹†– °ü³¬…ðú

¬° ²ü± ºù± ‹î ìþ|{õ…ð~ üßþ …² ¬æüê {©±ü� ²ü†¬ ‹†º~.

‹ú|Æõ°Þéþ̂ ‹† …Ö³…ü¼ Â©†ì• ̈†á ìý³…ó ̈·†°– ²ìýò|è±²û

ðý³ ð·Œ• ‹ú ìñ†ÆÜ ¶ñãþ …Ö³…ü¼ ìþ|ü†‹~ )3991 ikA(. ‹ú|Îñõ…ó

ì˜†ë ¬° ²ìýò è±²û|ÿ Þ†°…Þ†¹ )7691( …èãõÿ ̈·†°– ¶†̈}í†ó|ø†

°…‹Çú|ÿ ì·}Ûýíþ ‹† Â©†ì• „‹±Ö•|ø†ÿ ¶·• °ôÿ ¶ñä ‹·}±

¬…º}ú …¶• )2002 .la te himeS(. ‹ú|Æõ°ÿ|Þú ¬° ‹©¼ º±Úþ

ºù±€ Þú Â©†ì• ̈†á ²ü†¬ ‹õ¬û …¶• )09 {†012 ì}±(€ ̈·†°–

‹ý»}±ÿ ð·Œ• ‹ú ‹©¼ Ò±‹þ ‹† ÎíÜ ̈†á Þí}± )81 {†06 ì}±(

ì»†ø~û â±¬ü~û …¶•. ‹ñ†‹±…üò Â©†ì• ̈†á ìþ|{õ…ð~ ‹ú|Îñõ…ó üà

Î†ìê ìõ‡÷±̂ ¬° {Ûõü• ²ìýò|è±²û ì¥·õŽ â±¬¬.

ìÇ†èÏ†– …Þþ ô …ü±üßõ°… )1991 arukirI & ikA(¬° …ü†æ–

ì}¥̂~û ô ́…�ò ð»†ó ¬…¬ Þú ìñ†ÆÜ �õºý~û º~û {õ¶È̂ °¶õ‹†– ‹†Î™

{Ûõü• ‹ý»}± ¬…ìñú|ÿ …ìõ…ž è±²û|…ÿ ð·Œ• ‹ú ìñ†ÆÜ ‹† �õº¼ ¶ñãþ

ìþ|ºõð~. ìà ìõ°¬ô )4281 odruMcaM(̈†Æ±ð»†ó ¶†̈• Þú

¬° ²ìýò|è±²û|ÿ 9181  Þ¢ )hctaC(¬° øñ~ô¶}†ó€ ¶†̈}í†ó|ø†üþ Þú

�þ „ó|ø† ‹± ¶ñä ì·}Û± ‹õ¬û  ð·Œ• ‹ú ¶†̈}í†ó|ø†üþ Þú º†èõ¬û|ÿ

„ó|ø† °ôÿ æüú|ÿ ̈†Þþ ‹ñ† º~û  Þí}± {¥• {†‡÷ý± Ú±…°â±Ö}ú …ð~.

‹† {õ›ú̂ ‹ú ì»©À̂ ðŒõ¬ó Â©†ì• „‹±Ö• ¬° ìñÇÛú€ {†‡÷ý± „ó

‹ú|¾õ°– ìõ°¬ÿ ¬° ìñÇÛú|ÿ …°å ‹î ìõ°¬ ìÇ†èÏú Ú±…° â±Ö•. …üò

ì¥ê {ñù† ›†üþ ¬° ºù± ‹î …¶• Þú °̈ñíõó ¶ñãþ …² ›ņ̃ ¬üõ°ü•

¬° „ó ì»†ø~û ìþ|ºõ¬. ‹† {õ›ú̂ ‹ú º±…üÈ ²ìýò|ºñ†¶þ ô ²ìýò

°ü©•|ºñ†¶þ …² ›íéú ºý� ¶ñãþ {�ú̂ ô ìÛÇÐ °ô¬̈†ðú|ÿ �»•|°ô¬

¬° ºí†ë …°å€ ‹† Ö†¾éú â±Ö}ò …² �†ÿ {�ú̂|ø†ÿ ¶ñãþ Â©†ì•

°¶õ‹†– ðý³ …Ö³…ü¼ ìþ|ü†‹~ ){¿õü± 4(. ‹±°̂¶þ|ø†ÿ ì¥éþ̂ ¬° …üò

ìñÇÛú ð»†ó ìþ|¬ø~€ ¬üõ…°ø†üþ Þú �þ „ó|ø† ‹± °ôÿ ¶ñä Ú±…° â±Ö}ú

…¶• „¶ý� Ÿñ~…ðþ ð~ü~û|…ð~€ …ì†̂ ‹† Ö†¾éú â±Ö}ò …² …üò {�ú̂|ÿ ¶ñãþ€

ìý³…ó ̈·†°…– ðý³ …Ö³…ü¼ ìþ|ü†‹~.

¬° {¿õü± 4€ ìñÇÛú|ÿ …°å ‹î ‹† {õ›ú̂ ‹ú ìý³…ó ̈·†°…– ô…°¬ º~û

‹ú „ó ‹ú ¶ú Ú·í• A€BôC {Û·ýî º~. ìñÇÛú|ÿ A‹† {õ›ú̂ ‹ú …üò|Þú

¬üõ…°ø† ‹± °ôÿ �þ|¶ñãþ ‹ñ† º~û|…ð~€ ̈·†°– º~ü~ÿ ô…°¬ ð»~û

…¶•. ¤†ë „ó|Þú ‹† Ö†¾éú â±Ö}ò …² …üò ìñÇÛú ô Ú±…°âý±ÿ �þ|¶†²û|ø†

‹± °ôÿ °¶õ‹†– ð±ï )Ú·í•|ø†ÿ Bô C(€ ìý³…ó ̈·†°…– ðý³

…Ö³…ü¼ ìþ|ü†‹~. Â©†ì• °¶õ‹†– …² ìñÇÛú|ÿ B‹ú ìñÇÛú|ÿ C

…Ö³ô¬û ìþ|â±¬¬€ ‹ñ†‹±…üò ìý³…ó ̈·†°– ìñÇÛú|ÿ BÞí}± …² ìñÇÛú|ÿ

Cìþ|‹†º~€ ‹ú|Æõ°ÿ|Þú ¬° ìñÇÛú|ÿ B{Ï~…¬ ²ü†¬ÿ …² ¬üõ…°ø† øñõ²

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë ¶õï - ºí�°û �ù�°ï 872

c(kg/cm2) PI LL (%) (g/cm)3 ìõÚÏý
 °¬üØ

33 50/0 - 12 1/11 8/1 �±{ã�û â·ê �î 1

03 30/0 - 91 01 8/1 �±{ã�û â·ê �î 2

13 40/0 - 02 11 9/1 ¤�ºýú|ÿ °ô¬̈�ðú �ý~°�ó 3

03 30/0 - 12 11 8/1 ¤�ºýú|ÿ °ô¬̈�ðú �ý~°�ó 4

23 20/0 - 02 01 8/1 Þ�ë ̈ý���ó ��ò ¶ýñ� 5

13 1/0 2 02 1/01 9/1 �ô�° 6

03 7/0 7 32 01 7/1 ¬üõ�° 7

�~ôë 1- ð}�ü� �²ì�ü»�� �± °ôÿ ̈�á|ø�ÿ ìñÇÛú

{¿õü± 3- ìÛÇÐ {ý� æüú|ø�ÿ °¶õ�þ ¬° ºù± �î� )A(¨ý���ó ºùý~ °��üþ�

)B(̈ý���ó �ì�ï ̈íýñþ� )C(̈ý���ó ��ò|¶ýñ�
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‹ú Æõ° Þ†ìê Ö±ô ð±ü©}ú|…ð~€ …ì^† ¬° ìñÇÛú|ÿ C{Û±üŒ†_ ðíþ|{õ…ó ¬üõ…°

¶†èíþ °… ü†Ö•. ‹ú|Æõ°Þéþ̂ ¬° …üò ð†¤ýú …Ö³…ü¼ ìý³…ó ̈·†°– ‹†

…Ö³…ü¼ Â©†ì• °¶õ‹†– °…‹Çú|ÿ ì·}Ûýî ¬…°¬. …Ö³…ü¼ Â©†ì•

°¶õ‹†– „‹±Ö}þ …¤}í†æ_ ‹†Î™ {Ûõü• ì¥éþ̂ …ìõ…ž è±²û|…ÿ ‹† ¬ô°

º~ó …² �†ÿ {�ú̂ º~û ô ¬° ð}ýœú …Ö³…ü¼ º~–̂ {©±ü� °… ðý³ ¬°‹±

¬…º}ú …¶•.

44--22--  ……÷÷±±……––  {{ßß}}õõððýýßßþþ

‹ú|Æõ°Þéþ̂ …÷±…– {ß}õðýà ‹± ìý³…ó {©±ü� ìñÇÛú °… ìþ|{õ…ó …²

›ñŒú|ø†ÿ ›ù•|ü†Ö}ãþ …ìõ…ž ²è³èú€ º†̈ú|ø†ÿ Ö±Îþ â·ê ì·Œ�̂

²ìýò è±²û€ ìß†ðý³ï ô …èãõÿ â·é¼ ìõ°¬ ‹¥™ Ú±…° ¬…¬.

44--22--11--  ››ùù••||üü††ÖÖ}}ããþþ  ……ììõõ……ž�  ))yyttiivviittcceerriiDD((

…÷± ›ù•|ü†Ö}ãþ …ìõ…ž è±²ø†ÿ ²ì†ðþ Ê†ø± ìþ|ºõ¬ Þú ›ù•

èÓ³½ â·ê ô â·}±½ ìõž ð·Œ• ‹ú ìñÇÛú|ÿ ìõ°¬ ìÇ†èÏú ¬° üà

›ù• ‹†ºñ~. ›ù•|ü†Ö}ãþ …ìõ…ž {õ¶È̂ Îõ…ìéþ …² ›íéú Ö†¾éú

Þ†ðõðþ€ ²…ôüú|ÿ ‹ýò ìñ»†Š ô ìñÇÛú|ÿ ìõ°¬ ‹±°̂¶þ ô ‹³°âþ ²è³èú

{¥• {†‡÷ý± Ú±…° ìþ|âý±¬remoS,7991.la te ellivremoS(.

)1002 .la te ekayiM ,3002 elliv …÷± ›ù•|ü†Ö}ãþ °… ìþ|{õ…ó

¬° ðÛ»ú|ÿ {©±ü� ºù± ‹î ô ‹±ô…– Þú {õ¶È̂ ¶†²ì†ó ðÛ»ú|‹±¬…°ÿ

Þ»õ° {ùýú̂ º~û …¶• ‹ú|̈õ‹þ ì»†ø~û ðíõ¬ ){¿õü± 5(. øí†ó|Æõ° Þú

¬° …üò {¿õü± ì»†ø~û ìþ|ºõ¬€ ºù± ‹î ô ‹±ô…– {Û±üŒ†_ ¬° Ö†¾éú

üß·†ðþ ð·Œ• ‹ú Þ†ðõó ²ìýò|è±²û ô…ÚÐ º~û|…ð~. ‹† …üò ô›õ¬ ºù± ‹î

‹ú ¬èýê Ú±…°âý±ÿ ¬° ›ù• â·ý©}ãþ ô …ð}»†° …ìõ…ž ‹·ý†° ‹ý»}± …²

ºù± ‹±ô…– Þú ¬° ì·ý± â·ý©}ãþ ô …ð}»†° …ìõ…ž Ú±…° ð~…º}ú€

{©±ü� º~û …¶•.

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë ¶õï̂ - ºí�°û �ù�°ï972

{¿õü± 4- {Û·ýî|�ñ~ÿ ìý³�ó ̈·�°�� ô�°¬û �ú �°å Ú~üî �î.A: �þ|¶ñãþ �� ìý³�ó ̈·�°� Þî� B: �þ|�± °ôÿ ��±Ö
 �� Â©�ì
 Þî �� ìý³�ó ̈·�°� ²ü�¬�C: �þ|�±

°ôÿ ��±Ö
 �� Â©�ì
 ̈ýéþ ²ü�¬ �� ìý³�ó ̈·�°� �·ý�° ²ü�¬

{¿õü±5- �÷± �ù
|ü�Ö}ãþ �ìõ�� ¬° ìý³�ó {©±ü� ºù±ø�ÿ �î ô �±ô��

)5002 .la te imodnagrafaJ(
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44--22--22--  ……÷÷±±  ºº††̈̈úú||øø††ÿÿ  ÖÖ±±ÎÎþþ  ââ··êê  ìì··ŒŒ^^��  ²²ììýýòò  èè±±²²ûû

{¥ÛýÛ†– …ðœ†ï º~û {õ¶È̂ ð†Þ†ìõ°… ô øíß†°…ó arumakaN(

)5002 .la te ô ôðä )4002 .la te gnaW(ð»†ó ¬…¬ Þú â·ê

ì·Œ^� ²ìýò|è±²û üà â·ê �ñù†ó ¬° ¤~ô¬ ¶ú ô ðýî Þýéõì}±ÿ Ò±Ž

â·ê ‹î ‹õ¬û …¶•. …üò â·ê ¬…°…ÿ º†̈ú|ø†ÿ Ö±Îþ …¶• Þú {õ¶^È

ð†Þ†ìõ°… ô øíß†°…ó )5002 .la te arumakaN(¶ú º†̈ú|ÿ Ö±Îþ

„ó ºñ†¶†üþ º~. ‹ú ÎÛý~û|ÿ …üò ì¥ÛÛ̂ýò º†̈ú|ø†ÿ Ö±Îþ …üò â·ê

¬° …Îí†Ý ì©}éØ Ú±…° ¬…°ð~€ ‹ú øíýò ¬èýê …÷± ¶Ç¥þ „ó|ø† ì»†ø~û

ð»~û …¶•. …üò …Ö±…¬€ ð†ï â·ê ì·Œ�̂ ²ìýò|è±²û °… â·ê …°å ‹î

…ÆçÝ ðíõ¬ð~.

‹† {õ›ú̂ ‹ú {¿õü± 6 ̈·†°…– ô…°¬û ‹ú ºù± ‹î ‹ú|¾õ°–

üßñõ…̈• â·}±½ ðý†Ö}ú …¶•€ ‹ú|Æõ°ÿ|Þú {©±ü� ¬° Ú·í•

º±Úþ ‹î ‹ú ì±…{� ‹ý»}± …² Ú·í• Ò±‹þ „ó ìþ|‹†º~. üßþ …² ¬æüê

‹±ô² …üò ôÂÏý• ¬° ìñÇÛú€ ìõ°Öõèõÿ́ ô {¿õü± â·ê …°å ‹î ‹†º~.

ºù± ‹î ‹± °ôÿ …üò â·ê ô ¬° ›ù• â·}±½ ºß·}ãþ …¾éþ „ó

Ú±…° â±Ö}ú …¶•. …ì^† ¶ú ºß·}ãþ Ö±Îþ ðý³ ¬° …Æ±…Ù …üò â·ê

ºñ†¶†üþ º~û Þú …² …üò â·ê ìñ»Ï� ìþ|ºõð~. ‹† °ôÿ øî|…ð~…²ÿ

ðÛ»ú|ÿ {©±ü� ìñÇÛú ô â·ê …°å ‹î ‹ú øí±…û º†̈ú|ø†ÿ Ö±Îþ „ó

){¿õü± 6( ì»©^À ìþ|â±¬¬ Þú …üò ºß·}ãþ|ø† ‹ú Æ±Ù º±Ý ‹î

›†üþ Þú ‹ý»}±üò ̈·†°…– ¬° „ó ¬ü~û ìþ|ºõ¬€ â·}±½ ü†Ö}ú|…ð~. ô›õ¬

…üò º†̈ú|ø†ÿ Ö±Îþ ô ›ù• â·}±½ „ó|ø† üßþ …² ¬æüê ôÚõÑ {©±ü�

²ü†¬ ¬° Ú·í• º±Úþ ºù± ‹î ð·Œ• ‹ú Ú·í• Ò±‹þ „ó ìþ|‹†º~.

44--22--33--  ììßß††ððýý³³ïï  ôô  ……èèããõõÿÿ  ââ··éé¼¼

ôðä )4002 .la te gnaW(‹† …¶}×†¬û …² ¬…¬û|ø†ÿ ì†øõ…°û|…ÿ€

â·ê ì·Œ�̂ ²ìýò|è±²û °… ‹† ›ù• ºí†ë- ›ñõŽ ìÏ±Ö̂þ Þ±¬û …¶•

){¿õü± 7(. ìõ°Öõèõÿ́ â·ê ‹ú|¾õ°{þ …¶• Þú ºù± ‹î ‹± °ôÿ

Úõ¹ ìý†ðþ â·ê Ú±…° ¬…°¬. …² Æ±Öþ ð†Þ†ìõ°… ô øíß†°…ó

)5002 .la te arumakaN(º†̈ú|ø†ÿ Ö±Îþ °… ¬° …üò â·ê

ºñ†¶†üþ ðíõ¬û|…ð~ Þú ‹ú Æ±Ù º±Ý ô ºí†ë º±Ý …ì}~…¬ ¬…°ð~

){¿õü± 6(.

Öýé~üñä ô øíß†°…ó )5002 .la te gnidleiF(¬° Ú·í•

›ñõ‹þ ºù± ‹î üà ì~ë ‹† Ÿù†° ÚÇÏú|ÿ Ÿ‘ �ê ø†ÿ °… ‹± °ôÿ â·ê ‹î

ºñ†¶†üþ ô ìÏ±^Öþ ðíõ¬ð~. …üò ì~ë �éß†ðþ ð»†ó|¬øñ~û|ÿ üà èÓ³½

{ý�ýà …ì}~…¬ èÓ³ ¬° ìñÇÛú ìþ ‹†º~. {é×ýÜ ¬…¬û|ø†ÿ ôðä ô øíß†°…ó€

ð†Þ†ìõ°… ô øíß†°…ó ô Öýé~üñä ô øíß†°…ó 5002.la tetegnaW(

)gnidleiF ,5002 .la te arumakaN ,4002 la. ìÏ±^Ù {¿õü±

{ý�ýà üà â·ê …ì}~…¬ èÓ³ °…¶}ã±¬ ìþ|‹†º~ ){¿õü± 8(. øí†ó|Æõ°

Þú ¬° …üò {¿õü± ì»©À̂ …¶•€ â·ê …ì}~…¬ èÓ³ °…¶}ã±¬ ¬…°…ÿ

{¿õü± {ý�ýà Zô {Ï~…¬ÿ º†̈ú|ÿ Ö±Îþ ìþ|‹†º~. º†̈ú|ø†ÿ Ö±Îþ

¬° ì±Þ³€ …‹}~… ô …ð}ù†ÿ â·ê Ú±…° ¬…°ð~. ‹† ìÛ†ü·ú|ÿ {¿õü± 8 ô

…ºß†ë ìÏ±Ö̂þ º~û ‹±…ÿ â·ê …°å ‹î ì»©À̂ ìþ|â±¬¬ Þú

º†̈ú|ø†ÿ Ö±Îþ â·ê Þú {õ¶È̂ ð†Þ†ìõ°… ôøíß†°…ó arumakaN(

)5002 .la te ìÏ±Ö̂þâ±¬ü~û …¶• ¬° Ú·í• ìý†ðþ â·ê …¾éþ Ú±…°

¬…°ð~. ‹ú ¬èýê Ú±…°âý±ÿ …üò º†̈ú|ø† ¬° …Îí†Ý ì©}éØ ²ìýò€ …÷±

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë ¶õï - ºí�°û �ù�°ï 082

{¿õü±6- â·}±½ ìý³�ó ̈·�°�� ¬° �÷± ²ìýò è±²û|ÿ �î ¬° �Æ±�Ù â·ê

ì·	�̂ �ó )�Ú}	�¹ �²5002 .la te arumakaN(

{¿õü± 7- ì~ë â·ê ì·	� ²ìýò|è±²û� �°��ú º~û {õ¶È̂ ôðä te gnaW(

)4002 .la 
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