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Fig. 1. Hypothesis ET test for jacket platform 
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  ÷vÿ¹ ûwLù¿ xw¤É Üzw£ ĈæĊÕ xw¤É ÿ ¢LÅv )α    yĉ¾LÑ ¾LĊĊâ¤ù

   ÷vÿ¹ ûwLù¿ ćwLă¹½Āí½ ºĊõĀ£ ½¹ óĀúÞù ½ĀÕ Ăz Ăí ¢Åv Ĉý¿ÿ

 ¾zv¾z, Ĉù Ă¤å¾ñ ¾Úý ½¹  ¹ĀÉ847)  ûwù¿ xw¤É Üzw£ ¿v ĂýĀúý ìĉ

äĊÕ ÿ ÷vÿ¹ ā¿wz ½¹ ûj Ăz ÓĀz¾ù ¶Åw~ ćwă  äö¤¸ù Ĉýwù¿ ćwă

 ôîÉ ½¹$-ûwúă )¢Åv āºÉ ā¹v¹ ûwÊý # ĂýĀñ   ā½wLÉv ô{é ½¹ Ăí

Üzw£ IºÉ ĂýĀñ Ăz xw¤É ćwă Ĉù ºĊõĀ£ ćv    ¶LÅw~ äLĊÕ Ăí ºýĀÉ

ûj  wăĂz  ĈÖ· ¡½ĀÍ      äLĊÕ üĉv¾zwLþz J¢LÅv ûwLù¿ wLz yÅwþ¤ù

 Ĉýwù¿ ā¿wz ćv¾z ¶Åw~+  w£,+  ÿ ĂĊýw§+  w£,0  ÿ¹ yĊ£¾£ Ăz ĂĊýw§

 Ĉýwù¿ ā¿wz ½¹ ¶Åw~ äĊÕ ¾zv¾z ĂÅ ÿ+  w£0 )¢Åv ĂĊýw§ 

 
$ ôîÉ-# äĊÕ #äõv$  xw¤É ¶Åw~ ćwăETA20en ĂýĀúý #x$  Üzw£ ¿v ćv

ā¿wz ½¹ xw¤É äö¤¸ù Ĉýwù¿ ćwă 

 
Fig. 2. (a) Spectral acceleration of ETA20en (b) sample of 

acceleration function in different windows of time 
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.(   Lz ĈýĀözwLÉ ćwăĀîÅ Ĉzwĉ¿½v Çÿ½ Ă  ĂöĊLÅÿ

÷vÿ¹ ûwù¿ Çÿ½ 
 ¢öÝ Ăz ĂÅºþă¾Ċá äö¤¸ù Üzwþù ÿ āºĊ°Ċ~    ½¹ ĂLí ûºLÉ ĈLÖ·

ā¿wÅ  Çÿ½ I¹½v¹ ¹Ā«ÿ ĈýĀözwÉ ćwăĀîÅ  üĉ¾¤Ąz ĈîĊùwþĉ¹ ćwă

ā¿¾õ Ĉzwĉ¿½v ćv¾z ¾ĊÆù ûj ćv  wă ¢LÅv    ĈLÉÿ½ ÀLĊý ÷vÿ¹ ûwLù¿ )

  ¶LÅw~ ûj ½¹ ĂLí ¢Åv ĈîĊùwþĉ¹   ĈLÅºþĄù ćwLă,  ĈLù    ĂLz ºLývĀ£

      ĀLÉ üĊLĊÞ£ ìLĉ¾´£ ²ÖLÅ wLĉ ÿ ûwLù¿ ¿v ĈÞzw£ ¡½ĀÍý ½¹ )º

 ¢êĊê³Ĉù I÷vÿ¹ ûwù¿ ¹½Āí½ ¾ă ówúÝv wz    ā¿¾Lõ ½wL¤å½ ûvĀL£  ćv

ā¿¾õ äö¤¸ù ćwăĀĉ½wþÅ ½¹ v½ ā¿wÅ    üĊLþ°úă )¹ĀLúý Ĉzwĉ¿½v ćv

Çÿ½ wz ĂÆĉwêù ½¹       Çÿ½ üLĉv IĈýwLù¿ ĂL°¸ĉ½w£ óĀLúÞù ćwLă

Ĉù Èăwí ĈĄ«Ā£ ôzwé ûvÀĊù Ăz v½ Ĉ£w{Åw´ù ĂþĉÀă  üĉv ½¹ )ºă¹

¢úÆéI Çÿ½ ûwĊz Ăz  òõv ćwþ{ù ¾z ÷vÿ¹ ûwù¿   āºLÉ ĂLtv½v ćĀ ½¹

üĊĉj   ĂLùwýISO 19901-2 8,7    ĈzwLĉ¿½v ćv¾Lz ā¿¾Lõ ćv   ćwăĀîLÅ

ĈýĀözwÉ Ĉù Ă¤·v¹¾~ )¹ĀÉ 

ûwúă ĂýĀñ      ¢LÅv āºLÉ ûwLĊz Ă¤LÉ¼ñ ¡wÞõwÖù ½¹ Ăí8,, ',2(

,47    ûwLù¿ Çÿ½ ½¹ ĈLÊõw¯ ÷ĀLĄæù ìĉ ā¿wÅ ûºÉ ĈÖ· ¾Ċá I

ĈLLù xĀLLÆ´ù ÷vÿ¹ ¾LLz Çÿ½ üLLĉv ºLLĉwz ÿ ¹ĀLLÉ ½¹ ¹¾z½wLLí ćv

ā¿wÅ āºĉº~ Ï¾Þù ½¹ Ăí Ĉĉwă ½v¹ ½v¾é ĈÖ·¾Ċá ćwă   ¹½ĀLù IºLý

¾Ċá )¹¾Ċòz ½v¾é ĂÞõwÖù  ûºLÉ ĈLÖ·       ¾L§v ¾Lz ĂLí ć¹ºLÞ¤ù ćwLă

ôùwÝ     µ½ ā¿wLÅ ĈLÅºþă ÿ ā¿wLÅ ¹vĀù Iëw· Ixj ôĊ{é ¿v Ĉĉwă

Ĉù Ĉù ºă¹ z ¾Ċ§w£ ºþývĀ£ Ă  Lz ºþLÉwz Ă¤Év¹ ā¿wÅ ¶Åw~ ¾z ĈĉvÀÅ Ă

āÂĉÿ  ¢Ċå¾Ù Ăí ć¹½vĀù ½¹Ĉù üĊĊÞ£ ā¿wÅ ĈĉwĄý ¹ĀÉ  ) 

 ā¿wLÅ Ĉ³v¾Õ wĉ ÿ Ĉzwĉ¿½v ô³v¾ù ¿v ć½v¹Āúý     ¾Lz ĈĉwLĉ½¹ ćwLă

½¹ ÷vÿ¹ ûwù¿ Çÿ½ ćwþ{ù  ôîÉ$.# ûwúă )¢Åv āºÉ Ătv½v ĂýĀñ 

Ĉù āºăwÊù ½v¹Āúý üĉv ½¹ Ăí ¹ĀÉ  óºLù ìĉ ºĉwz ÷wñ üĊõÿv ½¹ I

  ûwLù¿ Ăí w¬ýj ¿v )¹¾í Ătv½v ĀîÅ ā¿wÅ ¿v ûwþĊúÕv ôzwé ĈîĊùwþĉ¹

Ă°¸ĉ½w£ Çÿ½ ìĉ ÷vÿ¹  ĂLÅºþă I¢Åv Ĉýwù¿    v½ āºLĊ°Ċ~ ćwLă

Ĉù óºù ĈzĀ· Ăz ºývĀ£  ºĉwz ĈîĊùwþĉ¹ óºù üĊþ°úă )ºĉwúý ć¿wÅ

  ĈLù ¾L§v ā¿wÅ ½w¤å½ ¾z Ăí v½ Ĉæö¤¸ù ĈÖ· ¾Ċá Üzwþù   ½¹ I¹½v¼Lñ

 )¹¾Ċòz ¾Úý 

Ăö³¾ù ½¹   ºĊõĀ£ ÷vÿ¹ ûwù¿ ćwă¹½Āí½ IćºÞzĈù ºýĀÉ    ¾Lz wLĉ ÿ

ā¿¾õ Ôĉv¾É ÃwÅv ćÀĊ·     āºLÉ ºLĊõĀ£ ćwLă¹½Āí½ üĊz ¿v ĂêÖþù

                                                                                            
1 Engineering Demand Parameters (EDPs) 

Ĉù xw¸¤ýv  )ºýĀÉ ûĀþíw£  ÜzwL£ ¿v ć¹ÿºL´ù ¹vºÞ£    xw¤LÉ ćwLă

 ºĊõĀ£ºýºÉ  Ăí wĉäĊÕ wz  wĉ ÿ ĂõÀõ¿ ćwă¹½Āí½ üĊòýwĊù wz  äĊÕ

āºÉ ā¹v¹ èåÿ ¹½vºýw¤Åv Ĉ³v¾Õ    ¿v ā¹wæ¤LÅv óĀLúÞù ½ĀÕ Ăz )ºýv

 xw¤É Üzw£ ĂÅćv¾z  ĈÅ½¾z½w§j ù¿ ćwă¹½Āí½ û¹Āz Ĉå¹wÎ£ ûw

 ĈLù ĂĊÍĀ£ ÷vÿ¹     û¹¾Lí ÃwLĊêù ĂLö³¾ù )¹ĀLÉ  wLă¹½Āí½   ćv¾Lz

¹½Āí½ äĊÕ û¹¾í ûvĀ¸úăćwă     wLz ãºLă ûwLù¿ ½¹ ÷vÿ¹ ûwù¿

$ćº³ ²ÖÅ ĂõÀõ¿ äĊÕELEĈù ā¹wæ¤Åv # )¹ĀÉ 

 

$ ôîÉ. # ûwù¿ Çÿ½ ÃwÅv ¾z ĈýĀözwÉ ćĀîÅ Ĉ³v¾Õ wĉ ÿ Ĉzwĉ¿½v ô³v¾ù

 ÷vÿ¹8-+ '-,7 

 
Fig. 3. Steps of assessment and/or design of jacket 

platform with ET method [20, 21] 
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  IûwLù¿ wz ÷vÿ¹ ûwù¿ ¶Åw~ äĊÕ û¹Āz ĈÖ· Ăz Ă«Ā£ wz üĊþ°úă

Ĉù        ¡ºLÉ IûwLù¿ ûj ½¹ ĂLí ¹¾Lí üĊLĊÞ£ v½ Ĉ{LÅwþù ûwù¿ ûvĀ£

¹½Āí½ ìĉ¾´£ćwă       ²ÖLÅ ĂLõÀõ¿ äLĊÕ wLz yLÅwþ¤ù ÷vÿ¹ ûwù¿

$ ã½wÞ¤ùwýALEÉwz #þ)º  

ôĊö´£  ÷vÿ¹ ûwù¿ ćwăôĊö´£ ºþýwù  wz ºþ¤Æă Ĉýwù¿ Ă°¸ĉ½w£ ćwă

 ÜzwL£ Ăí ¡ÿwæ£ üĉv       ĂLõÀõ¿ ćwLă¹½Āí½ üĉÀòĉwL« xw¤LÉ ćwLă

Ĉù ºýĀÉ)      ¡½ĀLÍ ĂLz ÷vÿ¹ ûwLù¿ ôLĊö´£ ªĉw¤ý óĀúÞù ½ĀÕ Ăz

Ĉþ´þù Ĉù ā¹v¹ ûwÊý ĈÊĉvÀåv ćwă      ½vºLêù øtwLé ½ĀL´ù ĂLí ¹ĀÉ

 ¹½Āù ¾ĊĊâ¤ù èöÖù ĂþĊÊĊz¾Úý £ v½ ĈÅºþĄù ûwù¿ wºù   ûwLÊý ¾Úý

Ĉù ½v¹Āúý üĉv )ºă¹ Ĉù v½ ÷vÿ¹ ûwù¿ ćwă     ¾Lĉ¿ ¡½ĀLÍ ĂLz ûvĀ£

ĂÖzv½ )¹Āúý ºþù 

$/#        ( ) M ax (A bs(f ( ) : [0, ])t tt tY = Í 

  ĂLí( )tY ÷vÿ¹ ûwLLù¿ ½v¹ĀLLúý,  I¢LLÅvf ( )t ½w£ ½vºLLêù ĂLL°¸ĉ

 Ĉýwù¿ĈÅºþĄù āvĀ¸õ¹ ¾ĊĊâ¤ù ºþýwù  ĂLzw«     Ç¾Lz ÿ ĂLÉ¾Ý ĈĉwL«

Ăĉw~ ¢Åv½v¹Āúý ) Ăö~ ôîÉ ćv½v¹ ÷vÿ¹ ûwù¿ ćwă Ĉù ćv  Ăí ºþÉwz

ĉvü ĀÑĀùÛ    ûwLù¿ Çÿ½ ½¹ ĂLí ¡ºÉ Ă¤ÅĀĊ~ ÈĉvÀåv ÷ĀĄæù wz

¢Åv āºÉ ±¾Öù ÷vÿ¹I   ¿v ½ĀLÚþù üĉºz )¹½vºý Ĉ{Åwþù ĈývĀ¸úă

ë¾´¤ù üĊòýwĊù Çÿ½- ćv¾z    L¤ý ôîLÉ ć¿wLÅ ½vĀúă  ûwLù¿ ªĉw

Ĉù ā¹wæ¤Åv ÷vÿ¹    ÷vÿ¹ ûwLù¿ ĈLþ´þù v½ ôLÍw³ ½v¹Āúý Ăí ¹ĀÉ. 

Ĉù  )ºþùwý ½¹$ ôîÉ/ I#ĂýĀúý z ¿v ćv Ă ûwù¿ ½v¹Āúý û¹½ÿj ¢Å¹

   ā¹v¹ ûwLÊý ÷vÿ¹ ûwLù¿ ¶Åw~ ìĉ ćv¾z ÷vÿ¹ ûwù¿ Ĉþ´þù ÿ ÷vÿ¹

)¢Åv āºÉ 

 

$ ôîÉ/ # ÷vÿ¹ ûwù¿ Ĉþ´þù ÿ ½v¹Āúý āv¾úă Ăz ā¿wÅ āvĀ¸õ¹ ¶Åw~ ìĉ

ÓĀz¾ù ûj Ăz 

 
Fig. 4. A sample response together with its ET diagram and ET 

curve 

                                                                                            
1 ET digram 

2 moving average 

3 ET curve 

ü¤å¾LLñ ćv¾LLz ¢LL³v½ ĈLLÅºþĄù ¡wúĊúLLÎ£  ĈLLêåv ½ĀLL´ù I¾LL£

Ĉþ´þù ¿v ÷vÿ¹ ûwù¿ ćwă º³vÿ  ĂLz ûwù¿  ºL³vÿ    ìLĉ¾´£ ²ÖLÅ

ôĉº{£ āºÉ    ½¹ ĂLí ¢LÅv ¢ĊÞévÿ üĉv ćwþ{ù ¾z çĀå øĊúÎ£ )ºýv

 ¾Ùwþ¤ù Ì¸Êù ìĉ¾´£ ²ÖÅ ìĉ wz ûwù¿ ¾ă ÷vÿ¹ ûwù¿ Çÿ½

 ìĉ¾´£ ²ÖÅ ¿v ½ĀÚþù üĉv ćv¾z )¢ÅvELE   ć½wLĊÞù ûvĀþÝ Ăz

Ì¸Êù äĊÕ ÿ ¢Åv āºÉ ā¹wæ¤Åv  ûwù¿ ćwă¹½Āí½ xw¤É ćwă

 xw¤É äĊÕ wz ãºă ûwù¿ ½¹ ÷vÿ¹ELE   ĈöLÍv xÿwþ£ ā½ÿ¹ ½¹

ÅāºÉ è{Öþù ĀîÅ ā¿w äĊÕ )ºýv  ¡½ĀÍ Ăz ÷vÿ¹ ûwù¿ ¶Åw~ ćwă

Ĉù ¾ĊĊâ£ ûwù¿ Ăz ¢{Æý ĈÖ· Ĉù v½ ûwù¿ ¾ă üĉv¾zwþz Jºþþí  ûvĀ£
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)¢Åv 

óºù   ćºÞz ĂÅ½¹ ĀîÅ ½vÀåv ÷¾ý     ¹wL¬ĉv ÄĊLÆýv ¹ÿºL´ù ûwúõv

āºÉ  Ĉù Ăí    ¾Ċá ½wL¤å½ ÿ ĈLÅºþă ĈLÖ·¾Ċá ºývĀ£   I¹đĀLå ĈLÖ·
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ĂõĀõ ûwúõv ÜÖêù ûj ½¹  ¢úLÆé ¢Êă Ăz ĈÖĊ´ù ćw¤Åv½ ½¹ ćv, 

øĊÆê£ ćÿwÆù )¢Åv āºÉ ćºþz 

 
$ ôîÉ0 # 5ĈýĀözwÉ ćĀîÅ óºù#äõv$ëw· ôĊåÿ¾~ ¿v ćºÞz ÿ¹ ćwúý #x$ 

ć¹ÿº´ù ûwúõv óºù ćºÞz ĂÅ ćwúý 

 
Fig. 5. Model of the platform (a) 2D soil profile (b) 3D finite 

element model 

                                                                                            
1 cell 

$ óÿº«, #ā¿wÅ ćwÒÝv ÜÖêù ćv 

Section name (mm×mm) 

Sec 1 991×13 

Sec 2 610×10 

Sec 3 508×10 

Sec 4 457×10 

Sec 5 273×10 

Sec 6 406×10 

Sec 7 324×10 

Pile 914×25 
Table (1) Sections of the structural members 

 

$ óÿº«- #ĀîÅ ¹vĀù ¡wÎ¸Êù 

Material Definition Value 

Steel Elastic modulus (GPa) 210 
 Poisson's ratio 0.30 

 Density (kg/m
3
) 7850 

 Yield stress (MPa) 240 

 Strain-hardening slope (%) 5 
Water Density (kg/m

3
) 1025 

Marine 

growth Density (kg/m
3
) 1400 

Table (2) Material properties of the jacket 
 

 ûwúă ĂýĀñ ÜúÉ ĀîÅ üĉv ½¹ IºÉ ā½wÉv Ăí Ăĉw~ ûÿ½¹ ¿v wă  ćwă

ûj üĊz ĂöÍwå ÿ āºÉ ā¹v¹ ½Ā{Ý ĈöÍv āºÉ ¾~ ¡Ēù wz wă    )¢LÅv

ûwúă ÿ½ üĉv ¿v ĂýĀñ  ûv½wîúă ÿ ½ÿ¾þă Ăí8--7  ĂĊÍĀ£ ºLý¹¾í I

Ăzw« ć¹v¿j ¡w«½¹ Ê·¾¯ ÿ Ĉĉw«Ĉ  ûwLúõv     ĂLĉw~ ÿ ÜúLÉ ćwLă

ĀîÅ Èþ£ ½v¹Āúý )¢Åv āºÉ ºĊêù ¾òĉºîĉ Ăz(  ĈLÖ·ÿ¹ Èý¾í

(  ĈÝwL¬£½v óÿºù$ óÿv Ô· yĊÉ ºÍ½¹ ªþ~ ÷ÿ¹ Ô· yĊÉ Ăí

¢Åv #¹đĀå( ÀÆĉwù ûÿ øĊöÆ£ ½wĊÞù āv¾úă Ăz-   ¾LĊá ½w¤å½ ćv¾z

ý ½¹ ¹đĀå ĈÖ·        óĀLÕ ½¹ ā¿wLÅ ÷¾L« )¢LÅv āºLÉ ĂL¤å¾ñ ¾LÚ

 ĀîÅ ĂÉ¾Ý ÷¾« ÿ ¢Åv āºÉ Üĉ¿Ā£ ûj ćwÒÝv ÀĊý  ¡½ĀLÍ Ăz

 ¹ÿº³ ìĉ ¾ă$ Àí¾ú¤ù ÷¾« ÿ¹/.2   ĂLÉ¾Ý ÷¾« Àí¾ù ½¹ #ü£

 ā½wúÉ ĈÝwæ£½v ²ÖÅ$3÷¾« )¢Åv āºÉ ā¹v¹ ½v¾é #  Àí¾ú¤ù ćwă

z Ăûwúõv ĂöĊÅÿ    ûj Ĉ¤¸LÅ ĂLí Ĉ{öLÍ ćwă      ¾ĉwLÅ ĂLz ¢{LÆý wLă

ûwúõv ½wĊÆz wă     ā¿wLÅ ĂLz I¢LÅv ¾£đwLz  ĈöLÍv   āºLÉ ôLÎ¤ù   )ºLýv
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üĊþ°úă ÜÖêù ÿ ¹vĀù ¡wÎ¸Êù  ½¹ yĊ£¾£ Ăz wÒÝv ćwă óÿº«

$,  ÿ- #āºÉ ¢ÆĊõ )ºýv 

Ăĉđ ¡wÎ¸Êù  ½¹ ëw· ćwă óÿº«$.#   )¢LÅv āºÉ Ătv½v ½wL§j 

  øĊLÆê£ Ă¤LÅ¹ ÿ¹ Ăz ëw·   āºLÉ ćºLþz     ÿ ½ÿ¹ ā¿ĀL³ ëwL· 5ºLýv

    ìĊ¤LÅđv ¢Lí¾³ #¹v¿j ā¿ĀL³$ ½ÿ¹ ā¿Ā³ ëw· ûĀ¤Å )ìĉ¹Àý

 óºLù v½ ¹½vºý ½v¾é ÜúÉ ¡wí¾³ ¾Ċ§w£ ¢´£ Ăí v½ ëw·   ć¿wLÅ

Ĉù  ëw· üĉv )ºþíĂöĊÅÿ Ăz ć ûwúõv   ā¾Lñ ¢LÊă Ĉú¬³ ćwă  ćv

$solid185āºÉ óºù # z ìĉ¹Àý ā¿Ā³ ëw· )ºýv Ăå ĂöĊÅÿ  ćwLă¾þ

Ĉù óºù ĈÖ·¾Ċá $ ¹ĀÉlink180   ÃwLÅv ¾Lz wă¾þå üĉv Ĉ¤¸Å )#

Ĉþ´þù  ćwăp-y It-z  ÿq-z  Ăí  yLĊ£¾£ Ăz ½wL§j     ¾Lz ¹ĀLúÝ ëwL·

 óºLù v½ ÜúÉ ĈĉwĄ¤ýv ÿ ÜúÉ ¾z Ãwúù IÜúÉ   ĈLù ć¿wLÅ   IºLþþí

Ĉù Ă{Åw´ù )¹ĀÉ 

 
$ óÿº«. #Ăĉđ ¡wÎ¸Êù ëw· ćwă 

Layer 

number 
g¡(kN/m

3
) Cu (kPa) j (degree) 

1 6.0 4 - 

2 8.0 - 25 

3 8.5 75 - 

4 8.5 82 - 

5 8.5 87 - 

6 9.0 - 25 

7 8.5 110 - 

8 9.0 - 25 

9 9.0 200 - 

Table (3) Information of the soil layers 

 
$ ôîÉ1# ÿ¾Ċý ìĊ£wúÉ ½v¹Āúý(Ăzw« Ĉĉw«  ćwă¾þåp-y It-z  ÿq-z 

 
Fig. 6. Schematic force-displacement diagram for p-y, t-z and 

q-z springs. 
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óºù    LÆ~ ÿ ĈLÊýwúí ½wL¤å½ ć¿wÅw   wăºLþz¹wz ĈLÊýwúí   ¹wL¬ĉv wLz 

ĂĊõÿv ãv¾´ýv ºþz¹wz Ăýwă¹ ĂýwĊù ½¹ ćv  wăv÷w¬ý   )¢LÅv āºÉ  ćv¾Lz

Ĉ¤Å½¹ Ĉĉwù¿j       Lz ĂLí Ĉ¤LÊñ¾z ÿ ¢Lå½ ¶LÅw~ IĈLÊýwúí ½w¤å½ Ă

z ć¹ºÝ óºù ĂöĊÅÿ Ă  ÃwLĉv¿ Èĉwù¿j ªĉw¤ý wz ¢Åv āºùj ¢Å¹

 ûv½wîúă ÿ8-17  ĂÆĉwêùāºÉ      ĂLõĀõ ìLĉ Iw¤LÅv½ üLĉv ½¹ )¢Åv

w· ¾Öé wz ć¹đĀå Ĉ«½,+-  ĈLöĊù  $ ¾L¤ù/    ¢ùw¸LÑ ÿ #®þLĉv. 

ĈöĊù $ ¾¤ù,-+*+  ûj ªĉw¤ý ÿ āºÉ óºù #®þĉv ½¹$ ôîÉ2 #  ûwLÊý

 ûwLúă )¢Åv āºÉ ā¹v¹  ĂLýĀñ    ĈLù āºăwLÊù ĂLí    ĈývĀL¸úă ¹ĀLÉ

 ªĉw¤ý üĊz Ĉ{ÅwþùĈăwòÊĉwù¿j )¹½v¹ ¹Ā«ÿ ć¹ºÝ ÿ 

 
$ ôîÉ2 ĈăwòÊĉwù¿j ªĉw¤ý ĂÆĉwêù #8-17  ĂýĀúý ćv¾z ÄĊÆýv ć¹ºÝ óºù wz

ºþz¹wz 

 
Fig. 7. Comparing the experimental result [26] with the 

numerical model of the brace. 

 
 û½wê¤ù ¡½ĀÍ Ăz ûj ć¿¾ù Ôĉv¾É ÿ ā¿wÅ ĂÅºþă Ióºù üĉv ½¹

¢Åv ¿v I ÿ½ üĉvćv¾z  ā¿wÅ ¿v ĈúĊý wĄþ£ Ĉ£w{Åw´ù ĂþĉÀă Èăwí
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ûwúõv  ćwăP-Y óºù ¢Ą« üĉv ½¹ wĄþ£ āºÉ ć¿wÅ )ºýv 
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Fig. 8. average of the spectra of the ET records until target 

time (10 s) and earthquake records together with ELE 

acceleration response spectrum 
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$ óÿº«/ # ā¹wæ¤Åv ĂõÀõ¿ ćwă¹½Āí½ ¡wÎ¸Êù āºÉÜzw£ ºĊõĀ£ ½¹  ćwă

 xw¤ÉETA20en01-3 

Earthquake Station 
 Duration 

(s) 

PGA 

(g) 

Landers 
Yermo, fire 

station 
50.0 0.171 

Loma Prieta 
Santa Cruz, 

University of 
California 

39.9 0.441 

Loma Prieta 
Gilroy, Gavilon 
College Phys. 

Sch. Bldg 
39.9 0.356 

Loma Prieta 
Anderson Dam, 

Downstream 
39.6 0.240 

Loma Prieta 
Saratoga, Aloha 

Ave. 
39.9 0.504 

Morgan 
Hill 

Gilroy #6, San 
Ysidro 

Microwave Site 
29.9 0.286 

Northridge 
Castaic, Old 
Ridge Route 

40.0 0.514 

Table (4) Information of the earthquake records used in the 
generation of acceleration functions ETA20en01-3 

 
$ óÿº«0 #yĉ¾Ñ ÿ ¡wÎ¸Êù  ÃwĊêù ćwăxw¤É ÜzvĀ£ 

ETAFs 
Target time 

(s) 
PGA at target 

time (g) 
Scale 
factor 

ETA20en01 10.0 0.567 0.865 

ETA20en02 10.0 0.701 0.743 

ETA20en03 10.0 0.659 0.773 

Table (5) Properties and scale factors of the acceleration 
functions 
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¹wĄþÊĊ~ Ĉù ºþí Ăí Ĉýwù¿  ¾L¤ñ½Àz ¿v  ½wLĄ¯  wLĉ  ªþL~  ¾Lzv¾z ā½ÿ¹ 

xÿwþ£ ĈöÍv ā¿wÅ ćv¾z xw¸¤ýv ûwù¿ ãºă  yLÅwþù  I¢LÅv  Lz Ă

āÂĉÿ ćv¾z ¢õw³ Ĉĉwă Ăí ôĊö´£ ćwă ĈÖ·¾Ċá  ÷wL¬ýv  ĈLù  ¹ĀLÉ )

½¹ Ă¬Ċ¤ý ¾z ćwþ{ù ā½ÿ¹ xÿwþ£ ĈöÍv  ćwăĀîLÅ  ¹½ĀLù  IĂLÞõwÖù 

ûwù¿ ,+ ĂĊýw§ Ăz ûvĀþÝ ûwù¿ ãºă xw¸¤ýv ºÉ )¾z  üLĉv  ÃwLÅv 

yĉv¾Ñ ÃwĊêù ćwă¹½Āí½ ûwù¿ ÷vÿ¹ üĊĊÞ£  āºLÉ ÿ ½¹   óÿºL«
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Ĉù Ĉýwù¿ ¾ă I÷vÿ¹ ûwù¿      ìLĉ¾´£ ¿v Ĉ´ÖLÅ ìLĉ ¾òýwLĊz ºývĀ£
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/*+  ÿ1*, ¾´£ ²ÖÅ ìĉELE ¢Åv)   

 
/(.( ĂõÀõ¿ ćwă¹½Āí½ 

ćv¾LLz ā¿¾LLõ ĈzwLLĉ¿½v ½¹ ÷vÿ¹ ûwLLù¿ Çÿ½ ¹¾LLîöúÝ ĈLLÅ½¾z  ćv

  ĂL°¸ĉ½w£ Çÿ½ ªĉw¤ý wz ºĉwz Çÿ½ üĉv ªĉw¤ý IĈĉwĉ½¹ ćwăĀîÅ

)¹ĀÉ ĂÆĉwêù óĀúÞù Ĉýwù¿ ćv¾z û¹Āúý ½ĀÚþù û¹Āz Ĉå¹wÎ£ ¾§v 

 Iā¿¾õ üĊù¿ āºĉº~ üĊLĉj   ĂLùwýISO 19901-2    ôévºL³ ¿v ā¹wæ¤LÅv

 ĂõÀõ¿ ¹½Āí½ ½wĄ¯ v½Ĉù ÷¿đ     û¹ĀLz Ă¤LÆzvÿ ¿v ĂLîþĉv ćv¾z )ºýv¹

ĂõÀõ¿ ¹½Āí½ ¢æă I¹ĀÉ xwþ¤«v ¹½Āí½ Ăz ¶Åw~  ºĊõĀ£ ½¹ Ăí ćv

 ûj ¿v ÷vÿ¹ ûwLù¿ ćwă¹½Āí½       xwL¸¤ýv I¢LÅv āºLÊý ā¹wæ¤LÅv wLă

 āºLÉ  ÛĀLLý ëwLL· ćv¾LLz wLLă¹½Āí½ üLLĉv )ºLLývC  ûwLLĊù ¿v ÿ ā¹ĀLLz

ć¹wĄþÊĊ~ ćwă¹½Āí½ üĊĉj ½¹ Ăí Ăùwý   ćwLăFEMA 440 8-27  ÿ

FEMA 695 8-37 Ă¤æñ āºÉ w¸¤ýv Iºýv ½¹ ÿ āºÉ x  óÿºL«$1 #

 Ătv½vºýºÉ) 
 

$ óÿº«1 #yĉ¾Ñ ÿ ¡wÎ¸Êù ÃwĊêù ćwă ĂõÀõ¿ ćwă¹½Āí½ 

Earthquake Station 
 Duration 

(s) 
PGA 

(g) 
Scale 

factor 

Hector 

Mine 
Hector 45.3 0.31 1.53 

Kobe Nishi-Akashi 41.0 0.49 0.83 

Manjil Abbar 53.5 0.51 0.74 

Chi-Chi TCU045 90.0 0.47 1.61 

Imperial 

Valley 

Parachute Test 

Facility 
39.3 0.17 2.09 

San 

Fernando 
CIT Athenaeum 28.5 0.10 2.28 

Loma 

Prieta 
Diamond Heights 39.9 0.10 2.85 

Table (6) Properties and scale factors of the earthquake records 
 

ĂõÀõ¿  ¹vº·½ Ăz ¢{Æý wăELE Ĉù ÃwĊêù ûwúă )ºýĀÉ  ĂLýĀñ   ĂLí
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Fig. 9. ET curve and earthquake results at different excitation 

levels 
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Fig. 10. Maximum relative displacement at different mass 

levels 
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Fig. 11. Correlation between the results of ET and earthquake 

analyses for maximum axial force in different braces 
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Fig. 12. Comparing the result of response spectrum analysis 

with the average of ET and earthquake analyses at (a) ELE and 

(b) 2×ELE excitation levels. 
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Abstract:  

In this research, seismic performance of Endurance Time (ET) method is considered for assessment of jacket 

platforms. ET is a new method that can assess the extreme response of the structure at various seismic 

excitation levels with very low computational costs. For this aim, artificial records have been generated that 

gradually increase with time. They have been named Endurance Time Acceleration Functions (ETAFs). For 

determination of the seismic response of the jacket platforms, various nonlinearity such as buckling of the 

brace members, material nonlinearity, soil structure interaction and fluid structure interaction are important 

and can be a challenging issue for the ET approach. In this way, a real jacket platform located in the Persian 

Gulf is studied. Finite element method is utilized to prepare a three dimensional model of this platform with 

using ANSYS software. Moreover, various nonlinearity sources are considered in this model. Fluid structure 

interaction is included by using Morison equation that hydrodynamic added damping and added mass are 

considered by nonlinear drag force and inertia force, respectively. Soil–pile–structure interaction is also 

considered by near and far field soil effects. Near field soil is modeled by nonlinear spring and elastic solid 

elements are used to model far field effects. Material nonlinearity is considered by a standard bilinear stress-

strain curve with 5% strain hardening and the von Mises yield criterion. Buckling of the brace members is also 

modeled by the initial imperfections at the mid-span of the braces, as recommended by previous studies. A 

methodology is also addressed for assessment of this type of offshore structures. For considering the 

accuracy and the reliability of this approach, the results of the ET method are compared with the typical time 

history method. In this regard, seven records are selected for soil type C from FEMA 440 and FEMA 695 

and scaled to the ELE event such that their spectral accelerations match the ELE spectral acceleration at the 

main period of the platform. For other excitation levels, scale factors change proportional to the ELE ratio. 

For example, in this case, the ratio of the ALE spectral acceleration to the ELE one is 1.4; therefore, the scale 

factors of the ALE event are 1.4 times of the ELE one. ET records are scaled such that the response 

acceleration spectrum of the ETAF until target time becomes compatible with the ELE spectral acceleration. 

Initial studies recommend that 10 s is an appropriate target time. Due to linear increase of the excitation of the ET 

records, each time can be in accordance with the especial level of ELE, for example, 5s and 15s indicate 0.5 and 1.5 

times of the ELE event. A comparison between the results of the earthquake records and the results of the 

ETAFs show that the ET method can accurately estimate engineering demand parameters such as maximum 

deck displacement, maximum base shear, maximum axial force in the leg and maximum axial force in the 

brace. The ET method is a vigorous approach that can be successfully estimated the seismic excitation of the 

buckling initiation. Moreover, the results indicate that despite significant decrease in the computational costs 

of the ET method, this approach can show appropriate performance. 
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