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çÑÖ¾Î°(1981- ¡¡ ) , ÄÐ, ½­ËÕÊ¡ÄÏÍ¨ÈË¡£Çå»ª´óÑ§ÍÁÄ¾¹¤³ÌÏµÔÚ¶Á²©Ê¿ÑÐ¾¿Éú;
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0¡¡ÒýÑÔ

¶Ô½¨Öþ½á¹¹ÔÚµØÕð×÷ÓÃÏÂµÄµ¹ËúÆÆ»µÄ£Ê½½øÐÐÄ£
ÄâºÍÔ¤²â, ¶ÔÓÚÑÐ¾¿½¨ÖþÎïµÄ°²È«ÐÔÒÔ¼°ÆÀ¹ÀµØÕðËð
Ê§ÓÐÖØ´óÒâÒå¡£µ«ÊÇ, ÔÚÄ¿Ç°µÄÄ£ÄâÖÐ, ÎªÁË¿Ë·þ½¨Öþ
Îïµ¹ËúÊ±ÑÏÖØµÄ·ÇÏßÐÔËù´øÀ´µÄÊýÖµ¼ÆËãÉÏµÄÎÊÌâ,
±ØÐë½øÐÐ´óÁ¿¼ò»¯¼ÙÉè, Õâ¿ÉÄÜÊ¹µÃ·ÖÎö½á¹ûÓëÊµ¼Ê
Çé¿öÓÐËù²îÒì[ 123 ]¡£ÔÚM SC. M arc 2003ÓÐÏÞÔª·ÖÎöÈí
¼þ³ÌÐòµÄ»ù´¡ÉÏ, ¿ª·¢ÁËÕë¶Ô¸Ö½î»ìÄýÍÁ¸ËÏµ½á¹¹µÄ
¸Ö½î»ìÄýÍÁÏËÎ¬Ä£ÐÍ³ÌÐò THU F IBER¡£ÔÚ¸Ã³ÌÐòÖÐ,
½á¹¹¹¹¼þÖÐµÄ»ìÄýÍÁºÍ¸Ö½î·Ö±ðÓÃ²»Í¬µÄÏËÎ¬À´Ä£
Äâ, ´Ó¶øÊ¹µÃ²ÄÁÏÖÍ»ØÌØÐÔµÃµ½½Ï×¼È·µÄ±í´ï[ 4 ]¡£ÒÔÒ»
¸ö¸Ö½î»ìÄýÍÁ¸ß²ã¿ò¼Ü½á¹¹¾²Á¦µ¯ËÜÐÔ·ÖÎöºÍ¶¯Á¦Ê±
³Ì·ÖÎöÎªÀý , ËµÃ÷THU F IBER ³ÌÐòµÄ·ÖÎöÄÜÁ¦¡£

1¡¡½ØÃæÏËÎ¬»®·Ö¼°ÏËÎ¬±¾¹¹Ä£ÐÍ

ÔÚTHU F IBER ³ÌÐòÖÐ, Ã¿¸ö¸Ö½î»ìÄýÍÁ¸Ë¼þ½Ø
Ãæ±»»®·Ö³É36 ¸ö»ìÄýÍÁÏËÎ¬ºÍ 4 ¸ö¸Ö½îÏËÎ¬ (¼ûÍ¼
1)¡£ÓÃ»§¿ÉÒÔ·Ö±ð¶¨ÒåÃ¿¸öÏËÎ¬µÄÎ»ÖÃ¡¢½ØÃæ»ýºÍ±¾¹¹
¹ØÏµ¡£³ÌÐò×Ô¶¯¸ù¾ÝÆ½½ØÃæ¼Ù¶¨µÃµ½Ã¿¸öÏËÎ¬µÄÓ¦±ä,
²¢µü´ú¼ÆËãÈ·±£½ØÃæÓ¦Á¦Æ½ºâ¡£

THU F IBER Ìá¹©µÄ»ìÄýÍÁ±¾¹¹¹ØÏµ(¼ûÍ¼2) , ÓÃ
»§ÐèÒªÊäÈë5 ¸ö±äÁ¿¶¨Òå»ìÄýÍÁµÄµ¥ÖáÓ¦Á¦Ó¦±äÐÐÎª:

Í¼ 1¡¡½ØÃæÏËÎ¬»®·Ö
F ig11¡¡ D iv is ion of section f iber

Í¼ 2¡¡³ÌÐòÖÐµÄ»ìÄýÍÁ±¾¹¹¹ØÏµ
F ig12¡¡ Con stitut ive rela tion of concrete in the program



»ìÄýÍÁµÄ³õÊ¼µ¯ÐÔÄ£Á¿, »ìÄýÍÁ·åÖµ¿¹Ñ¹Ç¿¶Èf c

¼°ÆäÑ¹Ó¦±äEc, ¼«ÏÞ¿¹Ñ¹Ç¿¶ÈRu ¼°ÆäÑ¹Ó¦±äEu¡£Æä¹Ç¼Ü
Ïß·ÖÎªÁ½¶Î , ÉÏÉý¶ÎµÄ±í´ïÊ½ÎªÊ½(1) [ 5 ] , ÏÂ½µ¶ÎÎªÖ±
Ïß , ÖÍ»Ø¹ØÏµÎªÔ­µãÖ¸ÏòÐÍ, ²»¿¼ÂÇ»ìÄýÍÁµÄ¿¹À­Ç¿
¶È¡£Í¨¹ýÐÞ¸Ä»ìÄýÍÁµÄ¼«ÏÞ¿¹Ñ¹Ç¿¶È(Ru) , ¿ÉÒÔÄ£ÄâÆÕ
Í¨»ìÄýÍÁ¡¢Ô¼Êø»ìÄýÍÁµÈ¶àÖÖ»ìÄýÍÁµÄ²ÄÁÏÐÐÎª¡£

R= f c 2
E
Ec

-
E
Ec

2

¡¡¡£ (1)

THU F IBER Ìá¹©µÄ¸Ö½î±¾¹¹Ä£ÐÍÎªÀíÏëµ¯ËÜÐÔ
Ä£ÐÍ, µ±¸Ö½îÀ­Ó¦±ä´ïµ½¶ÏÁÑÓ¦±äºó·¢ÉúÆÆ»µÍË³ö¹¤
×÷¡£

¸Ã³ÌÐò¿ÉÒÔ½ÏºÃµØÄ£Äâ¸Ö½î»ìÄýÍÁÖùÔÚ²»Í¬ÖáÑ¹
Ìõ¼þÏÂµÄÍä¾ØÇúÂÊ¹ØÏµ, ÒÔ¼°ÏàÓ¦µÄÈí»¯ÐÐÎª¡£Í¼3 Îª
Ò»Ðü±ÛÖùÔÚ²»Í¬ÖáÑ¹Ìõ¼þÏÂµÄ¸Ë¶ËË®Æ½Á¦- ¸Ë¶Ë²àÒÆ
¹ØÏµ, ¿É¼û¸Ã³ÌÐò¿ÉÒÔ½ÏºÃµØµÃµ½¹¹¼þµÄÈí»¯ÐÐÎª¡£Èç
¹û½«Í¼3 µÃµ½µÄ¹¹¼þ×î´óÍä¾ØºÍÏàÓ¦µÄÖáÑ¹»æÖÆ³ÉÖá
Ñ¹- ¼«ÏÞÍä¾ØÏà¹Ø¹ØÏµÍ¼, Ôò¼ûÍ¼4¡£¿É¼û¸ÃÏà¹Ø¹ØÏµ
ºÍÏÖÓÐÀíÂÛÎÇºÏºÜºÃ¡£

Í¼ 3¡¡Ðü±ÛÖù¸Ë¶ËË®Æ½Á¦- ¸Ë¶Ë²àÒÆ¹ØÏµ
F ig13¡¡ Hor izon ta l force of rod end of can tilever

column versus side d isplacemen tof rod end

Í¼ 4¡¡¼«ÏÞÍä¾Ø¡ªÖáÑ¹¹ØÏµ
F ig14¡¡ L im it bendmomen t versusax is pressure

2¡¡½¨ÖþÎïÄ£ÐÍ¼°·ÖÎö²ÎÊý

ÎªÁËÑéÖ¤THU F IBER ³ÌÐòµÄ¼ÆËãÄÜÁ¦, ¶ÔÒ»¸ö
¸Ö½î»ìÄýÍÁ¸ß²ã½¨ÖþÄ£ÐÍ½øÐÐÁË¾²Á¦µ¯ËÜÐÔ·ÖÎö
(pushover) ºÍ¶¯Á¦Ê±³Ì·ÖÎö¡£½¨ÖþÎïÄ£ÐÍÎªÒ»¹æÔò¿ò
¼Ü½á¹¹, Æä½ØÃæ²ÎÊý¼û±í1, Öù¾à¾ùÎª5m , ²ã¸ßÒ»²ãÎª
4. 5m , ÆäËûÎª3 m¡£Öù½Å¼ÙÉèÀíÏë¹Ì½áÓÚµØÃæ¡£¸÷é¯
¿ò¼ÜÒÔ¼°Öù½Å±àºÅ¼ûÍ¼5¡£ ²ÄÁÏ²ÎÊýÈ¡»ìÄýÍÁµ¯ÐÔÄ£
Á¿E 0= 30 GPa, ¿¹Ñ¹Ç¿¶Èf c = 30M Pa, ·åÖµÑ¹Ó¦±ä
Ec= 0. 002, ¼«ÏÞ¿¹Ñ¹Ç¿¶Èf u= 20M Pa, ¼«ÏÞ¿¹Ñ¹Ó¦±ä
Eu= 0. 004¡£ ¸Ö½îµ¯ÐÔÄ£Á¿ÎªE s= 200 GPa, Çü·þÇ¿¶È
400M Pa, À­¶ÏÓ¦±ä 2%¡£

Í¼ 5¡¡¸÷é¯¿ò¼ÜºÍÖù½Å±àºÅ
F ig15¡¡ Number of Each frame and baseof column

±í 1¡¡½¨ÖþÎïÄ£ÐÍ½ØÃæ²ÎÊý
Table11¡¡ Section parametersof bu ild ing model µ¥Î»ÎªÆ½·½ºÁÃ×

Ïî±ð Â¥²ã 1 2 3 4 5 6 7 8 9 10

Áº
½ØÃæ 300¡Á800 250¡Á700 250¡Á700 250¡Á700 250¡Á700 250¡Á700 250¡Á700 250¡Á700 250¡Á700 250¡Á700

Åä½î 4 000 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500 2 500

±ßÖù
½ØÃæ 700¡Á700 700¡Á700 700¡Á700 700¡Á700 600¡Á600 600¡Á600 600¡Á600 500¡Á500 500¡Á500 500¡Á500

Åä½î 2 500 2 500 2 500 1 700 1 700 1 700 1 700 1 100 1 100 1 100

ÖÐÖù
½ØÃæ 700¡Á700 700¡Á700 700¡Á700 700¡Á700 600¡Á600 600¡Á600 600¡Á600 500¡Á500 500¡Á500 500¡Á500

Åä½î 3 000 3 000 3 000 3 000 2 200 2 200 2 200 1 500 1 500 1 500

×¢: ÁºÖù½ÔÎª¶Ô³ÆÅä½î, ±íÖÐËùÁÐ¸Ö½îÃæ»ýÎª¸Ã½ØÃæ¸Ö½îÃæ»ýµÄÒ»°ë¡£

¡¡¡¡ÔÚ¿¼ÂÇÁËÂ¥°åÒÔ¼°»îºÉÔØµÄÓ°Ïìºó, Í¨¹ý¼ÆËãµÃ
µ½½á¹¹µÄµÚÒ»ÕñÐÍ×ÔÕñÖÜÆÚÎªT 1= 1öf 1= 0. 72 s¡£ ÎÄ
Ï× [6 ]¸ø³öµÄ¿ò¼Ü½á¹¹µÄ×ÔÕñÖÜÆÚ¾­Ñé¹«Ê½Îª:

T 1= 0. 33+ 0. 00069
H 2

3
B

¡¡ , (2)

T 1= 0. 07¡« 0. 08N ¡¡¡£ (3)
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¸ù¾ÝÊ½(2) ºÍÊ½(3) µÃµ½¸Ã¿ò¼Ü½á¹¹µÄÒ»½××ÔÕñÖÜ
ÆÚÓ¦¸ÃÔÚ0. 6 s¡« 0. 8 s Ö®¼ä, ¿É¼û¸ÃÓÐÏÞÔªÄ£ÐÍµÃµ½
µÄ½á¹¹×ÔÕñÖÜÆÚÔÚ¾­Ñé·¶Î§ÒÔÄÚ, ËùÒÔ¸ÃÄ£ÐÍ²ÎÊý¾ß
ÓÐ½Ï¸ßµÄ¿ÉÐÅ¶È¡£

3¡¡¾²Á¦ÍÆ¸²·ÖÎö

ÎªÁËÉîÈëÁË½â½á¹¹µÄ»ù±¾ÐÅÏ¢ÒÔ¼°²ÎÊýÓ°Ïì, ¶Ô
ÉÏÊö½á¹¹½øÐÐÁË¾²Á¦ÍÆ¸²·ÖÎö(Pushover)¡£Ê×ÏÈ¶Ô½á
¹¹Ê©¼Ó×ÔÖØºÉÔØ, ¶øºó, ½«¾ùÔÈ·Ö²¼µÄµãºÉÔØÊ©¼ÓÓÚµÚ
1 é¯¿ò¼ÜÁºÖù½ÚµãÉÏ(¼ûÍ¼6)¡£ ²ÉÓÃ»¡³¤·¨¿ØÖÆ, Öð²½
Ôö´óºÉÔØ, ¼ÆËã½á¹¹ÔÚ¾²Á¦×÷ÓÃÏÂµÄ±äÐÎºÍÆÆ»µÐÐÎª¡£
¼ÆËãµÃµ½µÄ½á¹¹¶¥²ã±äÐÎºÍ»ùµ×¼ôÁ¦µÄ¹ØÏµÇúÏß(¼û
Í¼7)¡£

Í¼ 6¡¡¾²Á¦ÍÆ¸²·ÖÎö²àÏòÁ¦Ä£Ê½
F ig16¡¡ Pattern of side force for sta tic

push-over ana lysis

Í¼ 7¡¡»ùµ×¼ôÁ¦¡ª¶¥²ãÎ»ÒÆ¹ØÏµ
F ig17¡¡ Shear ing force baseversus

d isplacemen tof top f loor

¶ÔÓ¦ÓÚ×îÖÕ×´Ì¬(¼´½á¹¹³ÐÔØÁ¦³öÏÖ¾çÁÒÏÂ½µ) µÄ
½á¹¹±äÐÎÇé¿ö(¼ûÍ¼8)¡£Æä±äÐÎºÍ²ã¼äÎ»ÒÆ½Ç·Ö²¼¼û
Í¼9¡¢Í¼ 10¡£ ´ÓÍ¼ÖÐ¿ÉÒÔ¿´³ö, ½á¹¹µ×²ãÖù×Ó±äÐÎ¼¯ÖÐ
ÑÏÖØ, ¼«ÏÞ²ã¼äÎ»ÒÆ½Ç´óÔ¼ÊÇ1ö14¡£

Í¼ 8¡¡¼«ÏÞ×´Ì¬½á¹¹±äÐÎ
F ig18¡¡ D eformation of structure under L im it ing sta te

Í¼ 9¡¡¼«ÏÞ×´Ì¬¸÷Â¥²ãÎ»ÒÆ
F ig19¡¡ D isplacemen tof eachf loor under l im it ing sta te

Í¼ 10¡¡¼«ÏÞ×´Ì¬¸÷Â¥²ã²ã¼äÎ»ÒÆ½Ç

F ig110¡¡ D isplacemen tangleamong eachof f loors

under the l im it ing sta te

¼ÆËãµÃµ½µÄµ×²ã¸÷ÖùÄÚÁ¦- ½á¹¹¶¥µãÎ»ÒÆÇúÏß¼û
µÚ10 Ò³Í¼11¡£´ÓÍ¼ÖÐ¿ÉÒÔ¿´³ö, µ×²ãµÄÖù8 ÔÚÖáÁ¦ºÍ
Íä¾ØµÄ¹²Í¬×÷ÓÃÏÂ, ¾­ÀúÁËÒ»¸ö¸´ÔÓ¶øÍêÕûµÄÆÆ»µÈí
»¯¹ý³Ì , ÔÚ×îÖÕ×´Ì¬, Æä¼«ÏÞÍä¾ØÒÑ¾­½µµÍµ½²»×ãÆä×î
´óÍä¾ØµÄ30%¡£´ÓµÚ10 Ò³Í¼11 ÖÐ»¹¿ÉÒÔ½øÒ»²½·¢ÏÖ
ÔÚË®Æ½ºÉÔØ×÷ÓÃÏÂ, ¿ò¼ÜÕûÌåÊÜµ½Ò»¸öÍäÇú×÷ÓÃ¡£̧ÃÍä
Çú×÷ÓÃ±íÏÖÔÚµ×²ãÖùÄÚÁ¦ÉÏÎª: µÚ1 é¯¿ò¼ÜÖùÑ¹Á¦¼õ
Ð¡²¢¹ý¶Éµ½ÊÜÀ­, µÚ4 é¯¿ò¼ÜÖùÑ¹Á¦Ñ¸ËÙÔö´ó, ÇÒËùÓÐ
Öù×ÓµÄÍä¾Ø¶¼ÓÐËùÔö´ó¡£ÓÉÓÚµÚ1 é¯¿ò¼ÜÖùÊÜÀ­, ÆäÇü
·þÍä¾Ø½µµÍ, ¹Ê¶øÊ×ÏÈÇü·þ; ¶øµÚ4 é¯¿ò¼ÜÖùÊÜÑ¹, Çü
·þÍä¾ØÌá¸ß, ¹Ê¶ø×îºóÇü·þ¡£µ«ÊÇÓÉÓÚµÚ4 é¯¿ò¼ÜÖùµÄ
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ÖáÑ¹±È½Ï´ó, µ¼ÖÂÆäÑÓÐÔ½ÏµÍ, Çü·þºó³ÐÔØÁ¦Ñ¸ËÙÏÂ
½µ, ²¢×îÖÕµ¼ÖÂ½á¹¹ÆÆ»µ¡£

a ±ßÖùÍä¾Ø±ä»¯¡¡¡¡¡¡b ÖÐÖùÍä¾Ø±ä»¯

Í¼ 11¡¡µ×²ã¸÷ÖùµÄÄÚÁ¦½á¹û(f u= 20M Pa)
a Var ia t ion of bendmomen t of side column

b Var ia t ion of bendmomen t of m iddle column

F ig111¡¡ In terna l force result of e ach column
of the bottom f loor (f u= 20M Pa)

¸ù¾ÝÉÏÊö¼ÆËã½á¹û, ¿ÉÒÔµÃ³öÒÔÏÂ½áÂÛ¡£
a) »ùÓÚM SC. M arc µÄÏËÎ¬Ä£ÐÍ³ÌÐòTHU F IBER

¿ÉÒÔ½ÏºÃµØÄ£Äâ½á¹¹ÔÚ¾²Á¦ÍÆ¸²ºÉÔØÏÂµÄ±äÐÎºÍÆÆ»µ
¹ý³Ì , ÓÈÆäÊÇ¿ÉÒÔµÃµ½µ×²ãÖùÔÚÖáÁ¦ºÍÍä¾Ø¹²Í¬×÷ÓÃ
ÏÂÈí»¯ÆÆ»µ¹ý³Ì; ¶øÇÒ¼ÆËã¹ý³ÌÎÈ¶¨, ÊÕÁ²Ñ¸ËÙ;

b) ±¾¿ò¼Ü½á¹¹µÄµ¹Ëú»úÀíÎª: µÚ4 é¯¿ò¼ÜÖùÓÉÓÚ
ÖáÑ¹±È´ó, Çü·þºóÑÓÐÔ½Ï²î, ³ÐÔØÁ¦ÏÂ½µÑ¸ËÙ, µ¼ÖÂÕû
¸ö½á¹¹ÆÆ»µ¡£

»ùÓÚÉÏÊö¼ÆËã½á¹û, ½«»ìÄýÍÁµÄ¼«ÏÞ¿¹Ñ¹Ç¿¶Èf u

×öÊÊµ±µ÷Õû, ÓÉ20M Pa Ìá¸ßµ½27M Pa, (Ïàµ±ÓÚÔÚ¹¤
³ÌÉè¼ÆÖÐ, ²ÉÈ¡Ôö¼Ó¹¿½îµÄ·½·¨Ìá¸ß»ìÄýÍÁÆÆ»µµÄÑÓ
ÐÔ) , ÔÙ´Î½øÐÐ¾²Á¦ÍÆ¸²·ÖÎö, ¼ÆËãµÃµ½µÄ½á¹¹¶¥²ãÎ»
ÒÆºÍ»ùµ×¼ôÁ¦µÄ¹ØÏµÇúÏß¼ûÍ¼12¡£

´ÓÍ¼12 ¿´³ö , Ìá¸ß»ìÄýÍÁ¿¹Ñ¹ÑÓÐÔºó, Õû¸ö½á¹¹
µÄÑÓÐÔµÃµ½ºÜ´óÌá¸ß, ¼«ÏÞ¶¥µãÎ»ÒÆÔö¼ÓÁË1ö3 (´Ó
0. 6m Ôö¼Óµ½0. 8m )¡£ Ìá¸ß»ìÄýÍÁµÄÑÓÐÔ¶Ô³ÐÔØÁ¦µÄ
Ó°ÏìºÜÐ¡ , ÕâÖ÷ÒªÊÇÒòÎª±¾¿ò¼ÜÆÆ»µÊ±µ×²ãÖùÎª´óÆ«
ÐÄÆÆ»µ, ³ÐÔØÁ¦Ö÷ÒªÓÉ¸Ö½îÇ¿¶È¿ØÖÆ¡£

Í¼ 12¡¡»ùµ×¼ôÁ¦¡ª¶¥²ãÎ»ÒÆ¹ØÏµ
F ig112¡¡ Shear ing force of baseversus

d isplacemen tof top f loor

´ËÊ±¼ÆËãµÃµ½µÄµ×²ãÖù½ÅµÄÄÚÁ¦- ½á¹¹¶¥µãÎ»ÒÆ
ÇúÏß¼ûÍ¼13¡£ÆÆ»µ»úÀíºÍf u= 20M Pa Ê±µÄËãÀýÒ»Ñù,
¶¼ÊÇµÚ4 é¯¿ò¼ÜÖùÇü·þºó, ÔÚÖáÁ¦ºÍÍä¾ØµÄ¹²Í¬×÷ÓÃÏÂ
³ÐÔØÁ¦ÏÂ½µ¶øÆÆ»µ¡£Ö»ÊÇÓÉÓÚ´ËÊ±»ìÄýÍÁÑÓÐÔ½Ï¸ß, ¹Ê
¶ø³ÐÔØÁ¦ÏÂ½µ½ÏÂý, ½á¹¹µÄÕûÌåÑÓÐÔÒ²±íÏÖµÃ±È½ÏºÃ¡£

a ±ßÖùÍä¾Ø±ä»¯¡¡¡¡¡¡ b ÖÐÖùÍä¾Ø±ä»¯

Í¼ 13¡¡µ×²ã¸÷ÖùµÄÄÚÁ¦½á¹û(f u= 27M Pa)

a Var ia t ion of bendmomen t of side column

b Var ia t ion of bendmomen t of m iddle column

F ig113¡¡ In terna l force result of eachcolumn

of the bottom (f u= 27M Pa)
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