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āºĊî¯  

xwé ĂýwùwÅ Ăöú« ¿v ĈÊ{ý ¢æ« yí¾ù ćv¾òúă ćºþz½wĄù ćwă  Ĉ{ýw« ćwă½wz ¾zv¾z ½¹ ÷ÿwêù ć¹đĀå óÿvº¤ù ćwă ¢LÅv  ā¿¾Lõ ÔzvĀLÑ )  ćv

üĊĉj  ĂùwýAISC  āºLþă¹ ówÎ£v üĊz ºþz½wĄù ¹¾æþù ćvÀ«v ć¾áđ Ăí ¹½v¹ ÷vÀõv āÂĉÿ ćv¾òúă yí¾ù ćwăºþz½wĄù ¹½Āù ½¹   ¿v wLă/*+ z   ć¾Láđ ¾Lzv¾

       ĂLýwă¹ ¹v¿j óĀLÕ ĈýwLĊù ÷½wLĄ¯ ìLĉ ā¹ÿºL´ù ½¹ yí¾ù ºþz½wĄù ćwÒÝv ówÎ£v ćv¾z ć½wîÉĀ« ĂýĀñ ¾ă üĊþ°úă )¹ÿ¾ý ¾£v¾å ĀÒÝ ¾z øíw³

ā¿¾õ ÔzvĀÑ ÈăÿÂ~ üĉv ½¹ )¢Åv āºÊý ā¹¾úÉ ¿w¬ù ćºþz½wĄù Ăùwý üĊĉj ćv xwé ćv   wLz Iyí¾ù ć½ºz¾Ñ ÿ ć¾Öé āÂĉÿ ćv¾òúă ćºþz½wĄù ćwă

ā¿wÅ ¾ĉ¿ ¿v ā¹wæ¤Åv Ă·¾¯ ½wz ówúÝv wz ÿ Ăýwă¹ ìĉ ÿ Ăê{Õ ìĉ ¿v ôîÊ¤ù ćv  ĂÞõwÖù ć¹ºÝ ¡½ĀÍ Ăz IćvāºÉ     ¾L¤Ąz ĈzwLĉ¿½v ½ĀLÚþù Ăz )¢Åv

ā¿¾õ ĂýĀúý ½¹ ĈĉwĄý ć¾ĉ¼~ ôîÉ ÿ ćv ÈĊ~ ćv¾z ó¹wÞù ć¾Ċú· Èý¾í ÷ĀĄæù ¿v Ić¹ºÝ ćwă       ªĉwL¤ý )¢LÅv āºLÉ ā¹wæ¤LÅv ĂýwùwLÅ ¢ÆîÉ ĈþĊz

Ĉù ûwÊý ă¹¢Æz ¹vºÞ£ ÈĉvÀåv Ăí º ûj üĊz ĂöÍwå Èăwí wĉ ÿ wă ôîÉ ¾ĊĊâ£ Àí¾ú£ ôĊõ¹ Ăz Iyí¾ù ĀÒÝ óĀÕ ½¹ wă    ćvÀL«v ĈÝwL¬£½v ¾Ċá ćwă

¢Æz üĊz ½¹ ì£ Ĉúý wă  ćºþz½wĄù ĂýwùwÅ ½w¤å½ ¹Ā{Ąz ¦Ýwz wùÿÀõ ºývĀ£¹ĀÉ ¢ĉwÝ½ üĊþ°úă )ĂÖzwÑ     üĊLz ºLþz½wĄù ¹¾Læþù ćvÀ«v ć¾áđ ¢{Æý

āºþă¹ ówÎ£v Ăz wă  ć¾áđĀÒÝ ¾z øíw³ yí¾ù āÂĉÿ ćv¾òúă ćwăºþz½wĄù ½¹I  Ăýv½wí ĂÚåw´ù)¢Åv   ÛĀLú¬ù ½¹   ĈLÊ{ý ¢Læ« ćwăºLþz½wĄù ½¹I 

Ă·¾¯ ¾Úþù ¿v Āö« Ăz Āö« ¡½ĀÍ Ăz ÜÕwêù ówÎ£v Ĉzv¾· ÿ ćv  ¹¾îöúÝxĀöÖù ¾£ć Ăz ¢{Æý      ¢LÊ~ ĂLz ¢LÊ~ ¢Lõw³ ½¹ ĂzwÊù ĂýĀúý  ûwLÊý

Ĉù ºă¹) 

ûwñÁvÿ ćºĊöí5  ćv¾òúă ºþz½wĄùÈý¾í IĈÊ{ý ¢æ« Iyí¾ù āÂĉÿ ó¹wÞù ć¾Ċú·Āö« Ăz Āö« I¢Ê~ Ăz ¢Ê~ I  

 

,( Ăùºêù 
ĈñÂĉÿ üĉ¾¤úĄù ¿v xwé ćwă      ÿ yLÅwþù Ĉ¤¸LÅ ćºLþz½wĄù ćwLă

 ôzwéûj Ă«Ā£   wLă ½¹      )¢LÅv ĂLõÀõ¿ ÿ Ĉ{ýwL« ćwLă½wz ôLzwêù    ÃwLÅv 

ā¿¾õ Ĉ³v¾Õ ćwþ{ù ¾z ćv å¾ÙĊ¢ xwé ĂýĀñ üĉv ½¹  wLă v Lĉü    ĂLí ¢LÅv

â£ĊĊ¾ ôîÉ wăć áĊ¾ Ýw¬£½vĈ   ¿v ÿ ºLă¹ µ½ wăºþz½wĄù ½¹ Ôêå  ¹wL¬ĉv

½¹ ĈÝw¬£½v ¾Ċá ćwă¿wĊý ûĀ¤Å  ÿ wă ćvÀ«v ¾ĉwÅ   ñĀLö« xwLéĊ¾ć   ĂLz

j ôúÝĉº) ½¹ Ăă¹ ćwă      ć¹ºLÝ ÿ ĈăwòLÊĉwù¿j ¡wLÞõwÖù ¾LĊ·v ćÿ½

    üLĉv ćv¾Lz āºLÉ ±ĒÍv ć¾áđ Ătv½v Ăz ¾¬þù yí¾ù ć½wÊå ćwÒÝv

 wÒÝvāºÉ ¢Åv [1]  Ăív øă ½¹ ûĀþíüĊĉj Ăùwý    ĈLù ½wLí ĂLz wă ¹ÿ½)   ¾Lz

 è{Õ¡wÞõwÖù  āºLÉ ÷w¬ýv      ¿v ôîLÊ¤ù yLí¾ù ć½wLÊå ćwLÒÝv ćÿ½

Ĉýv¹ÿwý ĈÊ{ý ÿ wă  āºLþă¹ ówÎ£v āv¾úă Ăz wă     x½ĀLù wLĉ ć¿vĀLù ćwLă I

üĊĉj Ăùwý wă Ĉù ½¾êù ºý½v¹     āºLþă¹ ôĊîLÊ£ ¹¾Læþù ćvÀL«v ć¾áđ Ăí  ć

ć½wÊå ĀÒÝ ìĉ   ¢LÆz ÿ¹ üĊLz  ¿v20*+      ĀLÒÝ ôLí ć¾Láđ ¾Lzv¾z

 ¹ÿ¾ý ¾£v¾å ć½wÊå[2] )¡wÞõwÖù üĊþ°úă    ÜÕwLêù ćÿ½ ĈăwòLÊĉwù¿j

v¹ÿwý ¢æ«ûwÊý Āö« Ăz Āö« ÿ ¢Ê~ Ăz ¢Ê~ Ĉý ¹v¹¢Åv ā Ăí   ĈL¤³

¢õw³ ½¹   ćvÀL«v ć¾Láđ ü¤å¾ý ¾£v¾å  ¹¾Læþù   ¢LÆz ÿ¹ üĊLz  ¿v20*+ 

ôí ć¾áđ ¾zv¾zI  ć½wÊå ¢ùÿwêù Èăwí  ¢LÅv ôLú¤´ù [3])   üLĉv ¿v

 ÿ½üĊLLĉj ĂLLùwý[4]  AISC °úă ÿ ĈLLöù ¡v½¾LLêù øLLă¹ ¦LL´{ù üĊLLþ

 ĈúöÝ Ăö¬ùï ĈÊăÿÂ~ 

Ã½ºù ûv¾úÝ ĈÅºþĄù 
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 ûwú¤·wÅ[5] IĈù ½¾êù      ôLÎ¤ù üĊLz ĂöLÍwå ½¹ ć¾Láđ Ă°ýwþ¯ ºý½v¹

āºþþí  ¹ºÝ ¿v wă/+       ĀLÒÝ ć¾Láđ yĉ¾LÑ ¢LÅv ÷¿đ ºLÉwz ¾¤ñ½Àz

 wþúLÑ )¹ĀÉ ±ĒÍv ć½wÊå  üĊLĉj  ĂLùwý    āºLÉ ûvĀLþÝ ćwLă   ÈL¸z ½¹

ā¿¾õ ÔzvĀÑ Ĉù ÷vÀõv Ićv     ĂýwùwLÅ ½¹ ĂLí ºLý½v¹   ćv¾Lòúă ćwăºLþz½wĄù

$ āÂĉÿSCBF #āºþă¹ ówÎ£v üĊz ¹¾æþù ćvÀ«v ć¾áđ ¢{Æý   wLă  ºLĉw{ý

¿v /*+ ºþí ¿ÿw¬£ ºþz½wĄù Ĉ³v¾Õ ¾z øíw³ ć¾áđ ¾zv¾z [5,6]) 

ôÍvĀå ¢Æz wă ½¹ ćwÒÝv IÜÕwêù ¢æ« ¿v yí¾ù  ôLùwÝ  ½wĊLÆz 

ĈúĄù ½¹ ôîÉ ½w¤å½ Ić¾ĉ¼~  ĂL·¾¯ ÿ ćv  ÈýwLúí  ©½wL· ¿v  Ă´æLÍ 

ºþz½wĄù wă  Ăz½wúÉ Ĉù ºĉjI  zĂýĀñ Ă í ćvĂ wz ÈĉvÀåv ĂöÍwå ¢Æz  wLă ½¹ 

ćwLLÒÝv  ûwLLîùv ćºLLþz½wĄù ÛĀLLéÿ ÈýwLLúí ìLL£ ĀLLÒÝ ¹ĀLL«ÿ 

ºăvĀ·   ¢Év¹.[7]    ćÿ½ ĈăwòLÊĉwù¿j ¡wÞõwÖù   yLí¾ù ćwăºLþz½wĄù

 Ăí ¢Åv ā¹v¹ ûwÊý ĈÊ{ý ¢æ« ćÁ¾ývĈÊ{ý āºÉ ìöĄ¤Æù   ĀLö« ćwă

ĈÊ{ý Ăz ¢{Æý Āö« Ăz ćwă     ûwLÊý ÈĉvÀLåv ¾Lzv¾z ÿ¹ w£ ¢Ê~ Ăz ¢Ê~

Ĉù ºă¹.[8]  ôîÉ Ăz¾¬£ üĊþ°úă đwz ć¾ĉ¼~ ÜÕwêù ½¹  yLí¾ù  ćv½v¹

Āö« Ăz Āö« ĈÊ{ý ¢æ« ÿ¹ āv¾úă Ăz ¢Æz  ÿ x½ĀLù ćwă    ¢{LÆý wLz

 ÿ ć¾áđ¢ùw¸Ñ Ăz Ï¾Ý  đwLz   ¹½v¹ ¹ĀL«ÿ[9]   ć¹ºLÝ ¡wLÞõwÖù )

 ćÿ½ĈÊ{ý     ĂLí ¢LÅv ā¹v¹ ûwLÊý ÀĊý ¢Ê~ Ăz ¢Ê~ ćwă  wLz ÈĉvÀLåv 

Ăúêõ ¹vºÞ£  ćwăzw« ÿ āºÉ ìöĄ¤Æù ćÁ¾ýv IówÎ£vĂ «Ĉĉw   Ĉ{ýwL« ćwă

 ÔÅÿĂýwă¹ Ĉù ÈĉvÀåv ºzwĉ [10] )   

¹Ā«ÿ wz  IçĀå yõwÖù ¡wÞõwÖùÜùw«    ¢Læ« ćwăºLþz½wĄù ćÿ½

 ĈÊ{ýûj ā¹¾¤Æñ ¹¾z½wí ôĊõ¹ Ăz ÿ ā¹Āz ¹ÿº´ù   wLă ûwú¤·wLÅ ½¹  ćwLă 

 ć¹đĀå ½ĀÊí ½¹ ÷w¬ýv ¡½ÿ¾ÑÈăÿÂ~    )¹½v¹ ¹ĀL«ÿ w¤LÅv½ üĉv ½¹

 üĉv ½¹ÈăÿÂ~ Ă·¾¯ ½w¤å½ ĈÅ½¾z    wăºLþz½wĄù ĂLýĀñ üĉv Ĉzv¾· ÿ ćv

 ćwăºþz½wĄù Ă¤Å¹ ÿ¹ ½¹$ āÂĉÿ ćv¾òúăSCBF   ć½ºz¾LÑ ÿ ć¾LÖé #

 ā¿¾Lõ ÔzvĀÑ Ăí ¢Åv āºÉ ĈÞÅ È¸z ¾ă ½¹ ÿ ¢Åv Ă¤å¾ñ ÷w¬ýv  ćv

)¹ĀÉ ĈÅ½¾z ¢é¹ wz  ÈĊL~ ćv¾z      ¿v ĈLzv¾· ôLĊö´£ ÿ ¢LÆîÉ ĈLþĊz

   ĂLí ć½wLĊÞù )¢Åv āºÉ ā¹wæ¤Åv ć¾Ċú· ó¹wÞù Èý¾í Ì·wÉ ½wĊÞù

Ç½vÀñ ¿v ûj Ĉýv¾´z ½vºêù      ©v¾¸¤LÅv ĈLöĊö´£ ÿ ĈăwòLÊĉwù¿j ćwLă

)¢Åv āºÉ 
 

-( ā¿¾õ ÔzvĀÑ  ćvĈÊ{ý ¢æ« ćwăºþz½wĄù 
ā¿¾õ ÔzvĀÑ èĊé¹ Ĉzwĉ¿½v ćv¾z    ćwăºLþz½wĄù ć¹ºLÝ ĂÞõwÖù ÿ ćv

 āÂĉÿ ćv¾òúă$SCBFĈÊ{ý ¢æ« #     ĈÕĀLé ºLþz½wĄù wLz ûj ĂÆĉwêù ÿ

ôîÉI  ÜÕwêù ¿vL4x4x5/8  ÿ L3x3x1/2   ĈLÊ{ý ¢æ« ºþz½wĄù ćv¾z

 ÜÖêù ÿBox4x4     ĈLÊ{ý ¢ùw¸LÑ wLz ¾zv¾z Ĉ¤ùw¸Ñ wzL4x4   ćv¾Lz

 )¢Åv āºÉ ā¹wæ¤Åv ôîÉ ĈÕĀé ºþz½wĄù   ¡v½¾Lêù øLă¹ ¦L´{ù   ĈLöù

ûwú¤·wÅ [5] ÿ ā¿¾Lõ ÔzvĀÑ  üĊLĉj ćv  ĂLùwý [6]  AISC   ĈLÅ½¾z  āºLÉ 

āÂĉÿ ćv¾òúă ºþz½wĄù ĀÒÝ ćv¾z ĈÊ{ý ¢æ« ¾ĉ¿ ½¹ I ĂLÍĒ·   āºLÉ

¢Åv  5 

,wăºþz½wĄù ćwÒÝv ÜÕwêù #ĈÊ{ý ¢æ« ć     ā¹¾LÊå ÛĀLý ¿v ºLĉwz

ā¿¾õ ºþÉwz đwz ć¾ĉ¼~ ôîÉ wz ćv) )3.0/(
y

FEtb ¢ 

-# ĂþĊÊĊz      ćºLþz½wĄù ćwLÒÝv ćv¾Lz āºLÉ Ă¤å¾ñ ¾Úý ½¹ ć¾áđ

 ¿v ºĉw{ý-++ )ºþí ¿ÿw¬£ 

.# ĂþĊÊĊz    ºLþz½wĄù ìL£ ćwÒÝv ćv¾z āºÉ Ă¤å¾ñ ¾Úý ½¹ ć¾áđ

   $ āºLþă¹ ówLÎ£v ÿ¹ üĊLz ½¹ yí¾ùLi/r i  ¿v ºLĉw{ý #/*+    ć¾Láđ ¾Lzv¾z

)ºþí ¿ÿw¬£ yí¾ù ºþz½wĄù ĀÒÝ ¾z øíw³ 

/#  āºLþă¹ ówÎ£v     ¹ ºLĉw{ý yLí¾ù ćwLÒÝv ćwLă  ā¹ÿºL´ù ½/*L 

$ ºýĀÉ Üévÿ ºþz½wĄù ĈýwĊùL ºþz½wĄù ĀÒÝ ¹v¿j óĀÕ ć¾Öé#) 

0È¸z ½¹ āºÉ ¢Úåw´ù ĂêÖþù Ăz ÓĀz¾ù ÔzvĀÑ #   ½ĀLÉwă ćwă

wăºþz½wĄù ā¹½Ā·ć½ºz¾Ñ ć ôîÉ èzwÖù $, #)¹ĀÉ ¢ĉwÝ½ ºĉwz 

 ½¹ üĉv ćwăºþz ÔzvĀÑ ĂÞõwÖù. I/  ÿ0    ¢Læ« ćwăºLþz½wĄù ½¹

ĈÊ{ý ć½ºz¾Ñ ÿ ć¾Öé  ĈÅ½¾zāºÉ ¢Åv  ) 

 
îÉ ô,)  ćwăºþz½wĄù āºÉ ¢Úåw´ù ĂêÖþù yí¾ùć½ºz¾Ñ 

 
Fig) 1. Protected zones of X-braced models 

  
.( Ĉ¤Å½¹ Ĉĉwù¿j ć¹ºÝ ć¿wÅ óºù ÿ 

óºù ćv¾z  ÿ ć¿wÅĈ¤Å½¹  ĈĉwLù¿j      û¹ĀL{ý Ã¾¤LÅ¹ ½¹ ôLĊõ¹ ĂLz

Èĉwù¿j ćwă ĈÊ{ý ¢æ« yí¾ù ćwăºþz½wĄù I   xwLé ā¿wLÅ ¾ĉ¿ ìĉ ¿v

  ¿v ć¾LÖé ºþz½wĄù Ăê{Õ ìĉ Ăýwă¹ ìĉ ôùwÉ āÂĉÿ ćv¾òúă ćºþz½wĄù
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Èĉwù¿j ĂÝĀú¬ù      ¢LÅv āºLÉ ā¹wæ¤LÅv ûĀLÆýw« ÿ ½¹ÿ½ ćwLă [11]) 

Ăýwă¹ Ï¾Ý ÿ óĀÕ xwé zv¾z wz ¾10*. ½¹10*.  ¾¤ù¢Åv Ăí   ôîLÊ¤ù

 ¹wÞzv wz ôîÉ ĈÕĀé ºþz½wĄù ìĉ ¿v3*.%0%0      ¹wLÞzv wLz ¾LĊ£ ÿ¹ I®þLĉv

$/0%,1W  $ ¹wLÞzv wLz ûĀ¤Å ÿ¹ ÿ #2-%,-W  ®þLĉv # ¢LÅv  ºLþz½wĄù )

      ¹v¿j ĂöLÍwå ¢LĉwÝ½ wLz ĂLÉĀñ ówLÎ£v ç½ÿ ¹ºÝ ÿ¹ èĉ¾Õ ¿v ć¾Öé

$ ówÎ£v ç½ÿ ¢ùw¸Ñ ¾zv¾z ÈÉ ôîÉ ĈÒĊz Èú·t1  ÿ wLă¾Ċ£ Ăz #

ôÎ¤ù wă ûĀ¤Å āºÉ )¢Åv zć½v¼ñ½w    ¾LĊ£ ¿v¾L£ ½¹ Ĉ{ýw« ¡½ĀÍ Ăz

ÿ ÃwÅv ¾z ôíĀ£ÿ¾~ ATC-24  ā¿wÅ Ăz ówúÝvāºÉ ¢Åv [12])   

ôîÉ ½¹ ā¿wÅ ¾ĉ¿ üĉv ¹ÿº´ù ûwúõv óºù $- # āºÉ ā¹v¹ ûwÊý

)¢Åv óºù ćv¾z  ć¿wÅûwúõv ¿v Ă¤ÅĀ~ ćwă  ćv/  āºÉ ā¹wæ¤Åv Ĉă¾ñ

 ā¾ñ ¾ă ½¹ Ăí1 ûĀ¤Å ćwĄ¤ýv )¹½v¹ ¹Ā«ÿ ć¹v¿j Ă«½¹  ¡½ĀÍ Ăz wă

 ĈöÎæùóºù  ÿ āºÉûĀ¤Å ÿ wă¾Ċ£ Ă´æÍ ¿v ©½w· Èýwúí ¿v wă 

ć¾ĊñĀö« ĂĊ{É ćv¾z )¢Åv āºÉ Èýwúí ć¿wÅ wăºþz½wĄù ½¹  ¿v

ĂĊ{É ćv¾z ÿ ĂÅºþă ĈÖ· ¾Ċá ¡w{Ċí¾£ ¾Ċá ½w¤å½ ć¿wÅ ìĊ¤Åđv

Ă·¾¯ Ićv ù ¿v¾Ċá ĈñºýĀÉ ¢¸Å óºĈÖ·  Ĉ{Ċí¾£÷¾ý ½¹  ½vÀåv

 ¹ÿº´ù vÀ«v ôĊö´£Abaqus )¢Åv āºÉ ā¹wæ¤Åv 

 

$ ôîÉ- óºù ¹ÿº´ù vÀ«v ĂýĀúý #Ĉ¤Å½¹ Ĉĉwù¿j āºÉ 

 
Fig) 2. Finite element model of Refrence specimen for 

verificat 
 

ôîLLÉ ćwLLă $.  ÿ/ #ĈLLþ´þù ÿ¾LLĊý ćwLLă(LLzw«Ă LL« ¿v ôLLÍw³ Ĉĉw

Èĉwù¿j[13]       üLĉv èzwLÖù )ºLþă¹ ĈLù ûwÊý v½ ¹ÿº´ù vÀ«v ôĊö´£ ÿ

ówîÉv  ĈÊÊí ¢ùÿwêù  ¹ÿºL´ù vÀ«v ĂýĀúý ć½v¼ñ½wz ¾·j Ă·¾¯ ½¹

 wz ¾zv¾z ĈĉwÖ·.*-        ĂLz ĈăwòLÊĉwù¿j ªĉwL¤ý wLz ĂLÆĉwêù ½¹ v½ ºLÍ½¹

Ĉù ¢Å¹     ć½v¼Lñ½wz ¾L·j ĂL·¾¯ ½¹ ć½wÊå ¢ùÿwêù üĊþ°úă )ºă¹

 wz ¾zv¾z0*233  ĈĉwLÖ· ÀĊý ½vºêù üĉv Ăí ºÉ ôÍw³ ü£ĀĊý ĀöĊí   ¾Lzv¾z

 wz,    LýĀúý ĈLÊýwúí ÄL~ ¢ùÿwêù Ăz ¢{Æý v½ ºÍ½¹  ĈăwòLÊĉwù¿j Ă

Ĉù ûwÊý )ºă¹   ¹ÿºL³ wĄþ£ ¹ÿº´ù vÀ«v óºù ĂĊõÿv Ĉ¤¸Å2*+   ºLÍ½¹

ĂýĀúý ĂĊõÿv Ĉ¤¸Å Ăz ¢{Æý Ĉù ûwÊý wÖ· ĈăwòÊĉwù¿j )ºă¹   üĉv¾zwLþz

  ÿ ¢LÅv ìĉ¹Àý ĈăwòÊĉwù¿j ªĉw¤ý Ăz ½wĊÆz ¹ÿº´ù vÀ«v ôĊö´£ ªĉw¤ý

¢Ċözwé  óºùć¹ºÝ Ĉù ºĊĉw£ v½ )ºþí   

ôîÉ $0 #zûwĊ  ¾ñüĉv  ÛĀÑĀù¢Åv  Ăí wL¤ýªĉ   ¹ºLÝ óºLùIć  ½¹

~ÈĊ zĈþĊ ¿Ā£Üĉ Ýw¬£½v v¾å Èý¾í ÿ Èþ£Ĉ ÞÑĀù Èýwúí ÿĈ ù ĂLýwĊ 

ºþz½wĄù ÀĊý ówÎ£v ç½ÿ ÿ )¢Åv ¹wú¤Ýv ôzwé 

 ôîÉ.)  ÿ¾Ċý ćwă Ĉþ´þùïzw«Ă «Èĉwù¿j Ĉĉw[13]  

 
 Fig. 3. Force-displacement curves from the pereiment 

 

$ ôîÉ/ÿ¾Ċý ćwă Ĉþ´þù #ï zw«Ă « Ĉĉw¹ÿº´ù vÀ«v 

 
Fig) 4. Force-displacement curve from FE anglsis 

 

 ôîÉ0) ĂÆĉwêù  óºù ĈÞÑĀù ½w¤å½Ĉ¤Å½¹ Ĉĉwù¿j āºÉ Èĉwù¿j wz 

 

 
Fig) 5. Comparisanof local bahaviov of experimentaland FG models  
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  ¾· ¾LÚþù ¿v ø¤LÆĊÅ ĈĉwĄý ½w¤å½ ĈþĊz ÈĊ~ ÿ vÀ«v ĈÞÑĀù ½w¤å½  IĈLzv
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¾ĉ¹wêù Ăí üĉv Ăz Ă«Ā£ wz   ć¾LĊú· ó¹wLÞù Èý¾í     ĂLz ¡ºLÉ ĂLz

ĈñÂĉÿ ćwă ´ù I²õwÎù  I¢LÅv ÃwÆ³ Èù ā¿vºýv ÿ ë¾£ ÛĀéÿ ô ½¹

óºù Èù ā¿vºýv āºÉ Ă¤·wÅ ćwă     ºLþz½wĄù ÀLí¾ù ÿ ówLÎ£v ç½ÿ ½¹ wă

ºýºÉ ā¹v¹ ½v¾é ûwÆîĉ [14]) ÷¾ý ½¹ ¾Ċâ¤ù üĉv    ûvĀLþÝ wLz ½vÀåvPEEQ 
Ĉù ©v¾¸¤Åv  )¹ĀÉĂz Ă«Ā£ wz Ç½vÀñ ĈăwòÊĉwù¿j ćwă   ËĀLÎ· ½¹

     ĂLÉĀñ ÿ ºLþz½wĄù ĂLýwĊù Ĉñ¹½ĀL· ë¾£ ĂÚ´õ ½¹ xwé ¢æĉ½¹ ½vºêù 
 

ówÎ£v ç½ÿ [13] I   ā¹wæ¤LÅv wLz  ôLĊö´£ ªĉwL¤ý ¿v   ć¹ºLÝ ćwLăI   ½vºLêù

 Ì·wÉPEEQ  ¾Ùwþ¤ù Ówêý ½¹    Lzv¾· ºL³ ûvĀLþÝ ĂLzĈ   ½¹ ¹ĀLù ûj

ĀúýĂý wă ºÉ Ă¤å¾ñ ¾Úý ½¹ ¢LÅv ā ¾Lz )   ÃwLÅv üLĉv    ć¾LĊú· Èý¾Lí

      ¾Lzv¾z ºLþz½wĄù ĂLýwĊù ½¹ ë¾L£ Ûÿ¾LÉ wz ¾Ùwþ¤ù ó¹wÞù/*-   ĈLzv¾· ÿ

 ¾zv¾z ¢Æz ÿ ówÎ£v ç½ÿ ĂÉĀñ ½¹ ÇĀ«/2*, )¢Åv āºÉ ôÍw³ 
 

0( ²ĉ¾Ê£  ćwă óºùĂÞõwÖù ¹½Āù 
óºù ĂÞõwÖù ćwă āºÉ     ĂzwLÊù IxwLé ĂLýwă¹ Ûwæ£½v ÿ óĀÕ ¾Úý ¿v

 xwéĈ¤Å½¹ Ĉĉwù¿j    ÈL¸z āºLÉ.   ā¹ĀLzÿ    ¢Lõw³ ÿ¹ ½¹ wăºLþz½wĄù

   )¢LÅv āºLÉ ĂL¤å¾ñ ¾Úý ½¹ ć½ºz¾Ñ ÿ ć¾Öé  üĊLþ°úă   ćwLă¾Ċâ¤ù

 ¿v øÝv Ĉæö¤¸ùĈòýĀò¯   ĀLö«$ ¾òĉºîĉ Ăz ĈÊ{ý ¢æ« ÜÕwêù ówÎ£v

āºþă¹ ówÎ£v ĂöÍwå ÿ ¹vºÞ£ I#¢Ê~ Ăz ¢Ê~ ÿ Āö« Ăz  Ąù ćwLă  ºLþz½w

   ćÿ½ ówLÎ£v ç½ÿ ÛĀLý ÿ yí¾ù ăºLþz½wĄù  ówLúÝv w āºLÉ   ½¹ )¢LÅv

óÿº« $,ĈñÂĉÿ # ćwă óºù       ìLĊîæ£ ĂLz ĈLÊ{ý ¢Læ« ć¹ºLÝ ćwă

)ºýv āºÉ ā¹½ÿj   

  óÿº«,) óºù ¡wÎ¸Êù ć¹ºÝ ćwă 

Table 1. Description of the numerical models 
 

 

Section 

Geometry

Slenderness 

Ratio 

max
)//()/( rLrL

ii

Individual 

Slenderness 

Ratio Between 

Connectors 

(L i/ri)

Governing 

Slenderness 

Ratio (L/r) 

Connector 

Distances 

(L i) (cm) 

Connector 

Dimension 

(cm) 

Model  

Designation 

Hollow Steel Section (HSS) Brace 

- - 82.2 - - Box4x4R 

Diagonal Toe-to-Toe Braces 

70%

52%

43%

34%

28%

50%

36% 

72.7

47.8

35.3

27.8

22.8

41.1

26.4 

102.5

91

81.2

81.2

81.2

80.8

72.7 

155.7

102.3

75.6

59.6

48.9

60.9

39.1 

16.8x4.4x1.2

16.8x4.4x1.2 

16.8x4.4x1.2

16.8x4.4x1.2 

16.8x4.4x1.2 

14.5x4.4x1.2 

14.5x4.4x1.2 

L4FSS3-6t 

L4FSS4-6t 

L4FSS5-6t 

L4FSS6-6t 

L4FSS7-6t 

L3FSS5-2t 

L3FSS7-2t 

Diagonal Back-to-Back Braces 

40%

55%

60%

73%

55%

37% 

33.7

48

54.8

66.9

41.1

26.4 

86.1

89.3

90.3

92.3

73.4

70.5 

50

71

81.1

99

60.9

39.1 

14.5x4.4x0.8 
14.5x4.4x0.8 
14.5x4.4x0.8 
14.5x4.4x0.8 
14.5x4.4x0.8 
14.5x4.4x0.8

L3BS4-6t-0.4 

L3BS4-6t-0.55 

L3BS4-6t-0.6-L4 

L3BS4-6t-0.75 

L3BS5-2t 

L3BS7-2t 

X-Braced Models 

34%

62% 

13.5

24.8 

40.3

40.3 

20

36.8 

14.5x4.4x1.2 

14.5x4.4x1.2 

L3FSS4-0.4 

L3FSS2-0.65-L4 

36%

66% 

13.5

24.8 

37.3

37.3 

20

36.8 

14.5x4.4x1 

14.5x4.4x1 

L3BS4-0.4 

L3BS2-0.7-L4 
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ĈòýĀò¯ óºù ć½v¼ñ ÷wý      ¡½wL{Ý ĂLí ¢LÅv ¡½ĀLÍ üĉv Ăz wă

L4  ÿL3      yLLí¾ù ºLLþz½wĄù ½¹ ĂLL¤å½ ½wLLí ĂLLz ĈLLÊ{ý ÛĀLLý ¾òýwLLĊz

$L4x4x5/8  ÿL3x3x1/2 I#F ówÎ£v ö«  IĀLö« Ăz ĀB    ¢LÊ~ ówLÎ£v

 I¢Ê~ ĂzSS ĈÊ{ý ½¹ Ăúêõ ówÎ£v  IĀö« Ăz Āö« ćwăS    ¢LÆz ówLÎ£v

ĈÊ{ý ½¹        ówLÎ£v ¹vºLÞ£ ÀLĊý ûj ¿v ÄL~ ¹ºLÝ ÿ ¢LÊ~ Ăz ¢Ê~ ćwă

āºþă¹ Ĉù ûwÊý ć¾Öé øĊý wĉ ć¾Öé ĀÒÝ óĀÕ ½¹ v½ wă    ¾L·j ½¹ )ºLă¹

  ÈLú· ¹v¿j ĂöÍwå wz ówÎ£v ç½ÿ ÛĀý ÀĊý ¡½w{Ýt- ÿt1   āºLÉ ā¹½ÿj

   ā¿¾Lõ ÔzvĀLÑ èLĊé¹ ĈÅ½¾z ćv¾z Ăí Ĉĉwă óºù ½¹ )¢Åv   ¾LÚý ½¹ ćv

āºÉ Ă¤å¾ñ  Iºýv¢Æz üĊz ½¹ ì£ ćvÀ«v ć¾áđ ¢{Æý     ć¾Láđ ĂLz wLă

 ¡½w{Ý )¢Åv āºÉ ā¹½ÿj ¡½w{Ý ćwĄ¤ýv ½¹ ĀÒÝ ôíL4    ¾Lz ĈLþ{ù ÀĊý

¢Æz ü¤å¾ñ ½v¾é      ¢LÚåw´ù ĂLêÖþù ÷½wLĄ¯ ìLĉ ĂöÍwå ½¹ ¢Å½¹ wă

 óºù )¢Åv ĈýwĊù āºÉBox4x4R     ¹wLÞzv wLz ôîLÉ ĈÕĀé óºù ¾ñ ûwĊz

4x4  Ăí ¢Åv ®þĉv/0  ºþýwù Ăz ÿ āºĊ·¾¯ Ă«½¹ýĈÊ{    ĀLö« ćwLă  ĂLz

  ôîLÉ )¢LÅv āºÉ ôÎ¤ù ĂÉĀñ ówÎ£v ç½ÿ Ăz Āö« $1 # ĂLýĀúý  ¿v ćv

     ĂLz ¢LÊ~ ĈLÊ{ý ¢Læ« ć¾Öé ºþz½wĄù ćv½v¹ xwé ćv¾z ć¹ºÝ óºù

Ĉù ûwÊý v½ ¢Æz wz ¢Ê~ )ºă¹ 

 
ôîÉ $1#  óºùL3BS4-6t-0.75 ¹ÿº´ù vÀ«v 

 
Fig) 6. FE model (L3BS4-6t-075) 

 

1( Ă·¾¯ ½w¤å½ óºù ćv wă 
1(,( ĈÊ{ý ć¾Öé ¢Ê~ Ăz ¢Ê~ ÿ Āö« Ăz Āö« ćwă 

ôîÉ $2# óºù      ĈÕĀLé ºLþz½wĄù āºLÉ Ă¤·wLÅ ¹ÿº´ù vÀ«v ćwă

v½ Āö« Ăz Āö« ĈÊ{ý ¢æ« ÿ ôîÉ  Iºþ¤LÆă ĂzwÊù ĈÅºþă ¾Úý ¿v Ăí 

Ĉù ûwÊý    ĂL·¾¯ ½wL¤å½ ć¹ºLÝ ĂÞõwÖù ªĉw¤ý )ºă¹    ĈÕĀLé ºLþz½wĄù ćv

      wLz ¾L·j ĂL·¾¯ ½¹ ć½wLÊå ¢Lùÿwêù ÿ ĂLĊõÿv Ĉ¤¸Å ¾Úþù ¿v ôîÉ 

ĂýĀúý   ćv½v¹ ĀLö« Ăz Āö« ĈÊ{ý ¢æ« ćwă.   wL£2   óÿºL« ½¹ IĂLúêõ 

$- # )¢LLÅv āºLLÉ ā¹½ÿj ĀLLö« ĂLLz ĀLLö« ćwLLă ĈLLÊ{ý ¢úLLÆé ½¹ ÿ 
Ĉþ´þù ÿ¾Ċý ćwă(zw«Ă « ĂýĀúý ÿ¹ Ĉĉw     ĈLÊ{ý ¢Læ« ÿ ôîLÉ ĈÕĀLé

 ćv½v¹. Ăúêõ Ĉù ûwÊý   ¢Lùÿwêù ¾Úþù ¿v ôîÉ ĈÕĀé ºþz½wĄù Ăí ºă¹

ĈÊýwúí Ä~I Ă·¾¯ ½¹    ĂLĊõÿv ćwLă ć½v¼Lñ½wz   xĀLöÖù ½wL¤å½  ¾L£ć 

¹½v¹ Āö« Ăz Āö« ĈÊ{ý ºþz½wĄù Ăz ¢{Æý $ôîÉ 3)# 

 
ôîÉ 2) ¹ÿº´ù vÀ«v óºù Box4x4R  ÿL4FSS3-6t 

 
Fig) 7. FE models (Box4x4R and L4FSS3-6t) 

 
ôîÉ 3) ÿ¾Ċý Ĉþ´þù(zw«Ă «ćwă óºù Ĉĉw  L4FSS3-6t ÿ Box4x4R 

 
Fig) 8. Force-displacement curves (Box4x4R and L4FSS3-6t) 

 

Ĉþ´þù ÇĀ~ ÿ¾Ċý ćwă( Ăzw« Ĉĉw« óºù  āºÉ ôĊö´£ ćwă ûwÊý

Ĉù  Ăí ºă¹ ¢æ« ćwăºþz½wĄù ĈÊýwúí Ä~ ¢ùÿwêù Èăwí yĊÉ

Ă·¾¯ ½¹ Āö« Ăz Āö« ĈÊ{ý  ¿v ¾¤ÊĊz Ĉíºýv ć½v¼ñ½wz ĂĊõÿv ćwă

 üĉv¾zwþz )¢Åv Ü«¾ù ôîÉ ĈÕĀé ºþz½wĄù ôîÉ ĈÕĀé ºþz½wĄù ôĉº{£

 ¹vºÞ£ wz Āö« Ăz Āö« ĈÊ{ý ¹ºÝ ÿ¹ ĂzówÎ£v āºþă¹ wă Iäö¤¸ù ć

 wăºþz½wĄù ĈÊýwúí Ä~ ¢ùÿwêù Èăwí ¦ÝwzùĈ ¹ĀÉ  ÿĂz öí½ĀÕ Ĉ

 ½w¤å½Ă·¾¯ v äĊÞÒ£ v½ ĂýwùwÅ ćùĈ ºþí ôîÉ $4)#  ĂöÍwå ôĊõ¹ Ăz

 ówz üĊz āºÉ ¹w¬ĉvÊ{ýĈ wă  Èýwúí ÷wòþă ĂzÊ{ýÿ¹ Ăúêõ ÿ¹ üĊz ½¹ Ĉ

Ăz ñ¹wÅĈù ÿ¾å øă ½¹ Ĉ  ûºùj üĊĉw~ ¦Ýwz ÛĀÑĀù üĊúă ÿ ºýÿ½

ĂýĀúý ĂĊõÿv Ĉ¤¸Å  ôîÉ ĈÕĀé ºþz½wĄù Ăz ¢{Æý Āö« Ăz Āö« ćwă

¢Åv āºÉ $óÿº« -¹vºÞ£ ÈĉvÀåv wz )# Ăúêõ wă  üĊz ĂöÍwå Èăwí ÿ
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ûj  ûwÊý ÈĉvÀåv Ăz ÿ½ ćºýÿ½ ĈÊýwúí Ä~ ÿ ĈÊýwúí ¢ùÿwêù Iwă

Ĉù )ºþă¹ 
 

 ôîÉ4)  ĂÆĉwêùÿ¾Ċý ćwă Ĉþ´þù ÇĀ~( zw«Ă «Ĉĉw 

 
Fig) 9. Comparison of force-displacement curves  

 

÷¾ý ¿v ôÍw³ ó¹wÞù Èþ£ Üĉ¿Ā£  ÿ ôîÉ ĈÕĀé ºþz½wĄù ½¹ ½vÀåv

 ówÎ£v wz Āö« Ăz Āö« ĈÊ{ý ¢æ« ºþz½wĄù2 ôîÉ ½¹ Ăúêõ $,+ #

ûwúă )¢Åv āºÉ ā¹½ÿj Ĉù āºĉ¹ Ăí ĂýĀñ  Üĉ¿Ā£ ¹ĀÉ v¾å Èþ£

Ăúêõ üĊz ½¹ ĈÝw¬£½v ĈÊ{ý ¢æ« āºþă¹ ówÎ£v ćwă  Àí¾ú¤ù Iwă

Ĉù ¹ĀÉ ôîÉ ĈÕĀé ºþz½wĄù ½¹ Üĉ¿Ā£ üĉv ÿ xĀöÖù ¢ĊÞÑÿ  ć¾£

)¹½v¹ Ĉþ´þù ÇĀ~ ÿ¾Ċý ćwă( Ăzw« Ĉĉw« óºù ½¹  ¢Ê~ Ăz ¢Ê~ ćwă

 ówÎ£v ç½ÿ ćv½v¹t1  ¹vºÞ£ ÿ/ Ĉù ûwÊý I¢Æz ºă¹  ½w¤å½ Ăí

Ă·¾¯ ĂýĀúý ćv  wz wă¢Æz üĊz ć¾áđ ¾ĊĊâ£ Ĉúý ¾ĊĊâ£ wă  ÿ ºþí  

 

Ĉþ´þù è{Öþù øă wă )ºýv ĂýĀúý ĈÊýwúí Ä~ ¢ùÿwêù Ĉå¾Õ ¿v  ½¹ wă

 ìĉĂzw« Ĉĉw« Ĉù Èăwí ć¹wĉ¿ ¡ºÉ wz Ì¸Êù  ºzwĉ$ôîÉ ,,)# 
 

ôîÉ ,+)  ½¹ ó¹wÞù Èþ£ Üĉ¿Ā£ Āö« ĈÊ{ýĂz  Āö«ôîÉ ĈÕĀé ÿ 

 
Fig )10. Stress distributions (Box4x4R and L4FSS7-6t) 

 

ôîÉ ,,) ÿ¾Ċý Ĉþ´þù ÇĀ~(zw«Ă ĈÊ{ý Ĉĉw«  ćwă¢Ê~ Ăz ¢Ê~ 

 
Fig) 11. Force-displacement envelope curves of models  

 óÿº«-)  Ă·¾¯ ªĉw¤ý óºù ćv wă  

Table 2. Cyclic results of the SCBF models  

Buckling 

Location

Last Cycle 

Tensile 

Resistance 

(KN)

Last Cycle 

Compressive 

Resistance 

(KN)

Maximum 

Tensile 

Resistance 

(KN) 

Maximum 

Compressive 

Resistance 

(KN)  

Initial 

Stiffness 

(KN/cm) 

Model 

Designation 

HSS Model and  Diagonal Toe-to-Toe Braces 

Brace Middle 

Between Stitches 

Brace Middle 

Between Stitches 

Brace Middle 

Between Stitches 

Between Stitches 

Between Stitches 

1464 
1478.9 
1584.3 
1514.2 
1528 
1522 
1216

1241.2 

713.7 
672 

653.8 
670.7 
665.2 
673 
605

669.3 

1756.8 
1765.2 
1788 

1737.6 
1765.9 
1718.4 
1491.8

1500.7 

983 
776.7 
896.3 
942.2 
962.5 
974 
824

824.3 

75.2 
70.4 
70.1 
72.2 
72.2 
72.1 
64.8 
65.1 

Box4x4R 

L4FSS3-6t 

L4FSS4-6t 

L4FSS5-6t 

L4FSS6-6t 

L4FSS7-6t 

L3FSS5-2t 

L3FSS7-2t 

Diagonal Back-to-Back Braces 

Brace Middle 

Brace Middle 

Brace Middle 

Brace Middle 

Between Stitches 

Between Stitches

1219.6 
1219.9 
1235.7 
1238.8 
1242.2 
1229.1 

570.8 
569.7 
572.4 
566.9 
598.5 
598.9 

1405.3 
1410.4 
1422.2 
1425 

1448.8 
1447.8 

750 
750.8 
751.7 
753.8 
813.9 
813.2 

56.6 
56.8 
58.1 
57.5 
62.1 
62.1 

L3BS4-6t-0.4 
L3BS4-6t-0.55 

L3BS4-6t-0.6-L4 
L3BS4-6t-0.75 

L3BS5-2t 
L3BS7-2t 

X-Braced Models 

Out of Stitches 

Between Stitches  

Out of Stitches 

Out of Stitches

2109 
2097.9 
2101 

2072.2 

1873 
1948.7 
1887.1 
1855.6 

2293.7 
2162.3 
2144.8 
2140.6 

2042.5 
1988.3 
1894.7 
1886.4 

111.9 
113.7 
99.8 
108.7

L3FSS4-0.4 
L3FSS2-0.65-L4 

L3BS4-0.4 
L3BS2-0.7-L4 
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1(-( ĈÊ{ý ¢æ« ćwă ć½ºz¾Ñ 

ć¿wÅ óºù ½¹    ĈýwLĊù ówLÎ£v ç½ÿ ¿v ¢úÆé üĉv ćwă  ôĊÖ¤LÆù

 ¹wÞzv wz ôîÉ2*,%-4%,,,  Ĉ¤ýwLÅ        èL{Õ ¾Lz ĂLí āºLÉ ā¹wæ¤LÅv ¾L¤ù

üĊĉj ÷ĀÅ¾ù ÔzvĀÑ Ăùwý     ĈLÊ{ý ¢Læ« ć½ºz¾LÑ ćwăºþz½wĄù ćv¾z ćv

)¢Åv āºÉ Ĉ³v¾Õ Āö« Ăz Āö«     ĀLö« ĂLz ĀLö« ĈÊ{ý ć½ºz¾Ñ óºù

L3FSS4-0.4 ÿ  ¢LLÊ~ ĂLLz ¢LLÊ~ ĈLLÊ{ýL3BS2-0.7-L4  ½¹ôîLLÉ 

$,- #)¢Åv āºÉ ā¹½ÿj 

ĈòýĀò¯       ÈýwLúí ÿ ½vÀLåv ÷¾Lý ¿v ôLÍw³ ó¹wLÞù Èþ£ Üĉ¿Ā£

óºù ½¹ ºþz½wĄù ĈÞÑĀù    ¢LÊ~ ĂLz ¢Ê~ ĈÊ{ý ¢æ« ć½ºz¾Ñ ćwă

óºù wz ĂÆĉwêù ½¹    ôîLÉ ½¹ ÀLĊý ĀLö« Ăz Āö« ćwă $,. #  āºLÉ ā¹½ÿj

)¢Åv Ă·¾¯ ½w¤å½  ĀLö« Ăz Āö« óºù ćv L3FSS2-0.65-L4   ¾LÚþù ¿v
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Fig) 12. X-braced models (L3FSS4-0.4, L3BS2-0.7-L4)  
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Fig) 13. Stress distributions (L3FSS4-0.4, L3BS4-0.4)  

 

āºLLþă¹ ówLLÎ£v    ĂöLLÍwå ½¹ ¢LLÅ½¹ óºLLù ÿ¹ üLLĉv ½¹ wLLăL/4 

 āºLÉ Üévÿ ć¾Öé øĊý ćwăºþz½wĄù  ºLýv   óºLù ÿ¹ ÿ  ½¹ ÔLêå ĈòýĀLò¯ 

ĈÊ{ý ¢æ« ówÎ£v ºý½v¹ ¡ÿwæ£ øă wz wă $ôîÉ ,/  )# 

 
ôîÉ $,/#  ĂÆĉwêùÿ¾Ċý Ĉþ´þù(zw«Ă óºù Ĉĉw«  ćwă ć½ºz¾Ñ

 
Fig. 14. Comparison of force-displacement curves 
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Table 3. Failure results of the SCBF models 
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Gusset Plate 
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2.4 
2.5 
2.8 
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21.9 
21.7 
20.3 
19 

21.3 
20.2 
18.1 
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54.8 
57.8 
56.4 
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57.2 
56.3 
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1478.9 
1584.3 
1565.2 
1528 
1522 

1255.1 
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L4FSS5-6t 

L4FSS6-6t 

L4FSS7-6t 

L3FSS5-2t 

L3FSS7-2t 

Diagonal Back-to-Back Braces 

Brace  

Brace  

Brace  

Brace  

Brace 

Brace

2.8

2.7

3.2

3

2.3

2.3 

19 
19.3 
18.1 
18.8

16.3 
16.1 

53.2

53.1

58.1
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523.5
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41.5 
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2053.1 
2048.8 
1934.9 
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1862.1 
1962.4 
1792.9 
1760.4
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Fig) 15. PEEQ curves of toe-to-toe models 
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Fig. 16. PEEQ curves of back-to-back models 
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Fig 17. Comparison of PEEQ curves  
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Fig. 18. Comparison of PEEQ curves 
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Fig) 19. Comparison of PEEQ curves 
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Fig) 20. Comparison of PEEQ curves 
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Fig) 21. PEEQ distributions (L3FSS4-0.4, L3BS4-0.4) 
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    ć¾LÖé ĀLö« ĂLz ĀLö« ĈÊ{ý ¢æ« ćwăºþz½wĄù   ûwLÊý ā¹v¹ ¹ĀLz   ĂLí

¢Æz Ĉù øă Ăz ìĉ¹Àý ôÍvĀå ½¹ wă      ÄL~ ½wL¤å½ ¹ĀL{Ąz ¦LÝwz ºþývĀ£

ºýĀÉ ĂýwùwÅ ĈÊýwúíI ¾Ñw³ ĂÞõwÖù  ÀLĊý   v½ ĂL¤îý üLĉv    ¾LÚý ĂLÖêý ¿v

¢ùÿwêù Ĉù ºĊtw£   ĈLù ûwLÊý ªĉw¤ý Ĉzv¾· ½w¤å½ āwñºĉ¹ ¿v wùv ºþí  ºLþă¹ 

Ăí Ăúêõ ¹vºÞ£ ÈĉvÀåv wz  ûj üĊLz ĂöÍwå Èăwí ÿ wă  wLăI    Èý¾Lí ºLÉ½

  ĈLù ÈĉvÀLåv ć¾Ċú· ó¹wÞù      ºLþz½wĄù ¢LÆîÉ ¢LÅv üLîúù ÿ ºLzwĉ 

yí¾ù   )º¤åv çwæ£v ¾£¹ÿ¿ 

ĂÖzwÑ ā¿¾õ üĊĉj ćv  ĂùwýAISC ½¹     ćv¾Lòúă ćwăºLþz½wĄù ¹½ĀLù

yí¾ù āÂĉÿI yĉ¾Ñ /*+        ówLÎ£v üĊLz ìL£ ćvÀL«v ć¾Láđ ćv¾Lz v½

āºþă¹ Ăz ¢{Æý wă  ôLí ć¾áđ   ĈLù ¹wĄþLÊĊ~  ºLþí )  üLĉv   ûwLÊý ĂLÞõwÖù

Ĉù ºă¹  Ăí ć¾LÖé ¢Ê~ Ăz ¢Ê~ ĈÊ{ý ¢æ« ćwăºþz½wĄù ½¹I   ½wL¤å½

Ă·¾¯ ĂýĀúý Ĉzv¾· ÿ ćv  ¢LÆz üĊz ć¾áđ ÈĉvÀåv wz wă   ¿v wLă/*+   wL£

20*+ Ĉù ¹Ā{Ąz Iôí ć¾áđ ¾zv¾z   ć¾LĊú· ó¹wÞù Èý¾í üĊþ°úă )ºþzwĉ

Ĉù Èăwí ºþz½wĄù ½¹     ĈLù èLĉĀÞ£ ĂLz ĈLÊ{ý ówz ¢ÆîÉ ÿ ºzwĉ  )ºL¤åv 

 üĉv¾zwþz ¢ĉwÝ½ ĂÖzwÑ¢Æz üĊz ºþz½wĄù ì£ ćvÀ«v ć¾áđ ¢{Æý   wLă

  ĀLÒÝ ôí ć¾áđ Ăz      ĂLýv½wí ĂLÚåw´ù IĈLÊ{ý ¢Læ« ćwăºLþz½wĄù ½¹

¢Åv) 

   ĂLêÖþù ¢LĉwÝ½ Ić½ºz¾Ñ ÿ ć¾Öé ĈÊ{ý ¢æ« ćwăºþz½wĄù ½¹

ÔzvĀÑ è{Õ ¾z āºÉ ¢Úåw´ù ā¿¾õ ćv üĊĉj  ĂùwýAISC    ¾LÚý ĂLz ĈêÖþù

Ĉù  ºÅ½    āºLþă¹ ówLÎ£v ÿ¹ üĊLz ¹¾æþù ćvÀ«v ć¾áđ wùv   ÛĀLý üLĉv ½¹

Ĉù wăºþz½wĄù  ĂöÍwå Ăz Ă«Ā£ wz ºývĀ£L/4   ¹ĀLÉ ¾ĊĊâ£ ÇĀ¸¤Å¹ ĈýwĊù

  )ºzwĉ ÈĉvÀåv ÿ 

      ÿ ć¾LÖé ĀLö« ĂLz ĀLö« ĈLÊ{ý ¢æ« ćwăºþz½wĄù Ĉöí ½ĀÕ Ăz

Ă·¾¯ ½w¤å½ Ić½ºz¾Ñ xĀöÖù Ĉzv¾· ÿ ćv  óºLù Ăz ¢{Æý ć¾£   ćwLă

    ¢LÆîÉ ÿ ºLý½v¹ ¢LÆz ûwÆîĉ ¹vºÞ£ wz ¹Ā· ¾Ùwþ¤ù ¢Ê~ Ăz ¢Ê~



 Ă·¾¯ ½w¤å½ ć¹ºÝ ĂÞõwÖù Ĉzv¾· ÿ ćv  ćwăºþz½wĄù          )))                                                                üĊùvì¯Āíwéj ¾{ív ĈöÝ ć¹Àĉv 
 

 

 ĀÒÝûj ½¹ ºþz½wĄù óºù Ăz ¢{Æý wă       I¢LÊ~ ĂLz ¢LÊ~ ¾ÙwLþ¤ù ćwLă

Ĉù çwæ£v ¾£¾ĉ¹ )º¤åv ĈÊ{ý ¢æ« ¿v ā¹wæ¤Åv üĉv¾zwþz    ĀLö« ĂLz Āö« ćwă

ûwú¤·wÅ ½¹ Ĉù ¹wĄþÊĊ~ ć¹đĀå wă )¹ĀÉ 
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Abstract:  

The most important characteristic of brace frames is their significant stiffness as well as their compression 

strength against eaterae forces. Built-up special concentrically braced frames (SCBFs), which contain double 

angle braces, are among the common steel structural systems resisting lateral loads. Along the built-up brace 

length, the stitch and connector distance plays an important role in cyclic and ductility behavior of braced 

frames due to possibility of out of plane buckling.The results of experimental studies of built-up double 

angle braces have shown that setting the stitches closer to each other can improve the post buckling behavior 

of systems, resulting in increasing the final compression strength, close to box-shaped brace strength. In 

addition, an individual member buckling is possible by increasing the stitch distances along built-up braces. 

According to AISC seismic provisions for built-up SCBFs, the slenderness ratio of individual elements 

between the connectors should not exceed 0.4 times the governing slenderness ratio of the built-up member. 

Also, connecting built-up members by the use of welding is not permitted within the middle one-fourth of 

the clear brace length. In fact, AISC seismic provision has prohibited the use of stitches and connectors in 

the protected zones of built-up specially concentrically braced frames such as the center one-fourth of the 

clear brace length and a zone adjacent to each connection equal to the brace depth in the plane of buckling. 
In this research, seismic provisions related to built-up diagonal and X-braced SCBFs are investigated 

numerically under cyclic loading using a single-bay single-story frame. The numerical study is performed on 

models, which contains parameters such as back-to-back and face-to-face connection types of built-up 

members. Seismic behavior of these braces are investigated from the view points of cyclic and failure 

behavior. This investigation is performed on both types of diagonal and X-braced steel frames. The cyclic 

behavior of systems is studied based on post buckling capacity, structure initial stiffness, and final 

compression strength. Failure behavior of systems is investigated with regard to failure cycle and ductility 

capacity. In order to evaluate seismic behavior and ultimate ductility of the numerical models, regarding to 

initiation and propagation of cracks, the concept of plastic equivalent strain is used to predict system failure.  
The results of this study show that increasing the number of stitches or decreasing their distances along the 

length of the built-up members may not necessarily improve behavior of braced systems.That means 

inelastic deformation concentevation an  occur in individual elements between stitches resulting in earlier 

failure of braces. Therefore, current seismic provisions such as limiting the slenderness ratio of individual 

elements between stitches from 0.4 times of the governing slenderness ratio of the built-up member for 

compression sections, are conservative in SCBFs and can be changed according to the type of braces. In 

addition, Failure of double angle back-to-back diagonal braces occurs earlier in comparison to face-to-face 

braces. Also, in X-braced frames, cyclic and  failure behavior of built-up face-to-face braces are more 

desirable than the similar back-to-back braces in general. 

 

Keywords: Build-up concentrically braced frames, double angle, plastic equivalent strain, back-to-back, 

face-to-face. 




