
¡¡
µÚ 34¾í ¡¡µÚ 3ÆÚ

2008Äê 6ÔÂ
ËÄ́¨ ½ Ö̈þ¿ÆÑ§ÑÐ¾¿

Sichuan Building Science
¡¡

¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡

¡¡
¡¡

ÊÕ̧åÈÕÆÚ: 2007207224
×÷Õß¼ò½é:çÑÖ¾Î° (1981 - ) ,ÄÐ,½­ËÕÈç¶«ÈË,²©Ê¿ÑÐ¾¿Éú,ÑÐ¾¿·½
Ïò :½á¹¹ ¿¹Õð¡£
»ù½ðÏî Ä¿:¹ú¼Ò¡°Ê®Ò»Îå ¡±¿Æ¼¼Ö§³Å¼Æ»®(2006BA K01A02 - 09) ;Çå»ª
´óÑ§»ù́ ¡ ÑÐ¾¿»ù½ð(JC2007003)

E - ma il:miaozhiwei00@mails. tsinghua. edu. cn

Ä³¸Ö¿ò¼ÜÆ«ÐÄºËÐÄÍ² µ¯ËÜÐÔ·ÖÎö
çÑÖ¾Î° 1 ,Â½ÐÂÕ÷1 ,Íõ ¡¡ÔØ2 ,»ÆÊ¢éª 1 ,Ò¶ÁÐÆ½1

(1. Çå»ª´óÑ§ÍÁÄ¾¹¤³Ì Ïµ ,Çå»ª´óÑ§½á¹¹ ¹¤³Ì ÓëÕñ¶¯½ÌÓý²¿ÖØµãÊµÑéÊÒ,±±¾©¡¡ 100084;

2. ÖÐ¹ú½ Ö̈þÉè¼ÆÑÐ¾¿Ôº½á¹¹ ÔºµÚÆßÉè¼ÆÑÐ¾¿¹¤×÷ÊÒ,±±¾©¡¡ 100044)

Õª¡¡Òª:½á¹¹ ÔÚ́óÕð×÷ÓÃÏÂ»á½øÈëµ¯ËÜÐÔ²¢²úÉúËðÉË,×¼È·Ô¤²â µØÕðºÉÔØÏÂ½á¹¹ µÄ·ÇÏß ÐÔÐÐÎª ,¶ÔÆÀ¹À½á¹¹ µÄ¿¹Õð°² È«ÐÔ¾ß

ÓÐÖØÒªÒâÒå¡£×Ü½áÁËÏÖÓÐµÄÒ»Ð©½á¹¹ µ¯ËÜÐÔ·ÖÎö Ä£ÐÍ ,²¢½éÉÜÁËÇå»ª´ó Ñ§ÍÁÄ¾¹¤ ³Ì Ïµ ½üÄêÀ´ÒÔÍ¨ ÓÃÓÐÏÞÔª³Ì ÐòM SC. MARC

Îª Æ½Ì¨ Ëù¿ª·¢ µÄÒ»Ð©ÐÂµÄ½á¹¹ µ¯ËÜÐÔ·ÖÎö Ä£ÐÍ ¡£ÕâÐ©Ä£ÐÍ¿ÉÒÔÖ±½Ó½«¹¹ ¼þµÄ·ÇÏß ÐÔ½ÚµãÁ¦ (ÖáÁ¦ ¡¢¼ôÁ¦ºÍ Íä ¾Ø) ¡¢½Úµã±äÐÎ

(Æ½¶¯ºÍ ×ª¶¯ )ºÍ ²ÄÁÏµÄ·ÇÏßÐÔÓ¦Á¦ ¡ªÓ¦±äÐÐÎª ÁªÏµ ÆðÀ´ ,¿ÉÒÔÄ£Äâ̧ ÷ÖÖ̧́ ÔÓÊÜÁ¦¹¹ ¼þµÄÖÍ»ØÐÐÎª ºÍ ÖáÁ¦ ¡ªË«Ïò Íä Çú¡ª¼ôÇÐ

ñî ºÏ ÐÐÎª ¡£Í¬Ê±,½èÖúÍ¨ ÓÃÓÐÏÞÔª³Ì Ðò·½±ãµÄÇ°ºó´¦ Àí¹¦ ÄÜºÍ ·ÇÏßÐÔ¼ÆËã¹¦ ÄÜ,ÕâÐ©Ä£ÐÍ¿ÉÒÔ×¼È·Ä£ÄâµØÕð×÷ÓÃÏÂ½á¹¹ µÄÈý

Î¬ ·ÇÏßÐÔµØÕðÏì Ó¦¡£ÀûÓÃÕâÐ©¹¤¾ß,¶ÔÒ»̧öÊµ¼Ê¹¤³Ì ½á¹¹ ½øÐÐÁË¾²Á¦µ¯ËÜÐÔ·ÖÎö ºÍ ¶¯ Á¦µ¯ËÜÐÔÊ±³Ì ·ÖÎö ,±í Ã÷ÕâÐ©·ÖÎö Ä£ÐÍ

¿ÉÒÔ½ÏºÃµØÄ£ÄâÊµ¼Ê¹¤³Ì ½á¹¹ ÖÐµÄ̧÷ÖÖµ¯ËÜÐÔÐÐÎª ,¹©¿ÆÑÐºÍ ¹¤³Ì ÈËÔ±²Î ¿¼¡£
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Abstract: Structures will enter nonlinear stage during strong earthquakes. Hence accurate prediction for the structural nonlinear

behaviors is important to the safety and loss assessment during earthquakes. Thispaper reviews the existed nonlinear analyticmodels for

structures and presents some novel models for structural nonlinear analysis that recently developed by the Tsinghua university. W ith

thesemodels, the material stress2strain relationship can be connected directly with the force2displacement behavior of the structural

elements. So that the complicated coupled axial force2bending moment2shear force behaviors can be properly simulated, aswell as the

corresponding cycle behaviors. W ith the secondary development user subroutines, convenient pre and post process functions and extinct

nonlinear capacity of general purpose FE software of M SC. MARC, the spatial seismic responds of structures can be precisely

simulated. A steel frame2corewall structurewith an eccentric tube is analyzed with static pushover and dynamic time2history analysis to

demonstrate the applications of the new models.
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ÎÒ¹ú Ä¿Ç°µÄ½á¹¹ ¿¹ÕðÉè¼Æ²ÉÓÃÈýË®×¼Éè·ÀÄ¿
±ê¡¢¶þ½×¶Î Éè¼Æ·½·¨ ¡£ÔÚ́óÕð×÷ÓÃÏÂ ,½á¹¹ ¹¹ ¼þ»á³ö
ÏÖÇü·þ ¡¢ÆÆ»µ ,½á¹¹ ½øÈëµ¯ ËÜÐÔ½×¶Î ¡£µ«ÊÇ,Ä¿Ç°³£

ÓÃµÄ½á¹¹ ·ÖÎö ¼ÆËã¶àÎª Ïß µ¯ ÐÔ·ÖÎö ·½·¨ ,¶ÔÈÕÒǽó

ÐÍ»¯ ¡¢̧́ ÔÓ»¯µÄ½á¹¹ ÔçÒÑÏÔµÃÁ¦²» ´ÓÐÄ,Òò¶ø ,µ¯ ËÜ
ÐÔ·ÖÎö ·½·¨ µÃÒÔÑ¸ËÙ·¢ Õ¹²¢ ·¢ »Ó³ö ¾Þ́ó ×÷ÓÃ,ÓÈÆä

ÊḈóÕð×÷ÓÃÏÂµÄ½á¹¹ µ¯ ËÜÐÔ·ÖÎö ,¶ÔÓÚ×¼È·Ô¤²â µØ
ÕðºÉÔØÏÂ½á¹¹ µÄ·ÇÏß ÐÔÐÐÎª ,°ÑÎÕ½á¹¹ ÔÚ́ó Õð×÷ÓÃ

ÏÂµÄÐÔÄÜ¡¢×´Ì¬ ,ÆÀ¹À½á¹¹ µÄ¿¹Õð°² È«ÐÔ¾ßÓÐÖØÒªÒâ
Òå¡£

¶ÔÓÚ¿ò¼Ü½á¹¹ ,´« Í³ µÄ½á¹¹ ¿¹Õðµ¯ ËÜÐÔ·ÖÎö Ä£

ÐÍÖ÷ÒªÓÐ²ãÄ£ÐÍºÍ ¸ËÏµ Ä£ÐÍÁ½́óÀà¡£
²ãÄ£ÐÍ°ÑÕû̧ö ½á¹¹ µÈÐ§Îª Ò»̧ù Ðü±Û̧Ë¼þ,Ã¿̧ö

Â¥²ãµÈÐ§³ÉÒ»̧ö¼ ȪÐÖÊµã ,Â¥²ã ¸Õ¶ÈÔò¼ ȪÐ·´ Ó³ÓÚ

ÖÊµãÖ®¼äµÄ̧ËÖÐ,¸ù ¾Ý²» Í¬ µÄ½á¹¹ ±äÐÎÌØµãºÍ ¼ò»¯
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¼Ù¶¨ ,ÓÖ¿ÉÏ¸ ·Ö³É¼ôÇÐÐÍ ¡¢Íä ÇúÐÍ ¡¢Íä ¼ôÐÍºÍ µÈÐ§¼ô
ÇÐÐÍµÈ¡£²ãÄ£ÐÍ×ÔÓÉ¶ÈÉÙ,¼ÆËãÁ¿½ÏÐ¡ ,¿ÉÒÔ·½±ã¿ì
½ÝµØµÃµ½²ã¼ôÁ¦ ¡¢Î» ÒÆµÈ,µ«²ãÄ£ÐÍµÄ̧÷²ãµ¥Ôª̧ Õ¶È

ºÍ µ¯ËÜÐÔÖÍ»ØÄ£ÐÍÀ´×ÔÓÚ±¾²ã ËùÓÐ̧Ë¼þµÄ×éºÏ ,¾­
¹ý ºÜ´óµÄ¼ò»¯´¦ Àí ,·ÖÎö Ö»ÄÜ»ñµÃ½á¹¹ ÕûÌå µØÕðÏì
Ó¦½á¹û ,ÎÞ·¨ ¼òµ¥µÃµ½½á¹¹ ¸÷¸Ë¼þµÄÄÚÁ¦ºÍ ±äÐÎ ,¼Æ

Ëã½á¹û±È½Ḯ Ö²Ú¡£
¸ËÄ£ÐÍÔòÒÔ̧Ë¼þÎª »ù±¾¼ÆËãµ¥Ôª ,Ö÷ÒªÕë¶Ô¿ò

¼Ü½á¹¹ »òÒÔ¿ò¼ÜÎª Ö÷µÄ½á¹¹ ¡£¸ËÄ£ÐÍÒ»°ã¼Ù¶¨Â¥°å
Æ½ÃæÄÚÎÞÏÞ¸ÕÐÔ,Â¥²ãÖÊÁ¿¼ ȪÐÓÚÂ¥°åÎ» ÖÃ,½á¹¹ ¸Õ
¶È¾ØÕóÏà ¶Ô²ãÄ£ÐÍ¸ü ¼ÓÃ÷È·ÇÒÒ×ÓÚÈ·¶¨ ,³ý ÁËÄÜ¹»

È·¶¨ ¸Ë¼þºÍ Â¥²ãµÄÎ» ÒÆ,¸Ë¼þµÄÄÚÁ¦ºÍ ±äÐÎËæÊ±¼ä
±ä»¯µÄÈ«¹ý ³Ì ¶¼¿ÉÒÔ¼ÆËãµÃµ½,½á¹ûÏà ¶Ô¾«È· ,Ïà ¶Ô
ÓÚ²ãÄ£ÐÍ¶øÑÔ,¸ËÏµ Ä£ÐÍµÄÓÅÊÆÊ®·ÖÃ÷ÏÔ [ 1 ] ,µ«Ä¿

Ç°Ó¦ÓÃ̧ËÏµ Ä£ÐÍ½øÐÐ½á¹¹ µ¯ËÜÐÔ·ÖÎö ÈỐæÔÚÁ½̧öÖ÷
ÒªÎÊÌâ ¡£

Ò»·½Ãæ,ÔÚ̧Ë¼þ̧Õ¶ÈµÄ¼ÆËãÉÏ ,´ó¶àÊý²ÉÓÃ¼ ȪÐ
ËÜÐÔ½ÂÄ£ÐÍ (Í¼ 1) ,¼ ¼́Ù¶¨ ¹¹ ¼þËÜÐÔ±äÐÎ¶¼¼ ȪÐÔÚ
Á½¶ËËÜÐÔ½ÂÇø,¶øÖÐ¼ä¶Î ¹¹ ¼þ±£³Öµ¯ ÐÔ¡£¶ÔÓÚ¹¹ ¼þ

ÊÜÁ¦Ê±·´ Íä µãÔÚÖÐ¼ä¡¢ËÜÐÔ½ÂÔÚÁ½¶ËµÄÇé¿öÏÂ ,ÕâÖÖ
¼Ù¶¨±È½ÏºÏ ÊÊ¡£µ«ÊÇµ±¹¹ ¼þÊÜÁ¦±È½Ï̧ ´ ÔÓ,²» ÈÝÒ×
¹À¼ÆÆä·´ Íä µã¼°ËÜÐÔ½Â·Ö²¼Ê±,ÕâÖÖ¼Ù¶¨ Ôò»áÔì³É

·ÖÎö ½á¹ûµÄºÜ´ó Îó ²î ¡£Îª ½â¾ö̧ÃÎÊÌâ ,¿É²ÉÓÃ̧ü Îª
¾«È·µÄ·Ö²¼̧ Õ¶ÈÄ£Äâ¼ÆËã,¸ù ¾ÝÒ»¶¨ ÊýÁ¿µÄ¼ÆËã½Ø

ÃæµÄ̧Õ¶È½á¹ûÄâºÏ ¸Õ¶È·Ö²¼ÇúÏß ,È»ºó»ý·ÖÇó½âÕû
¸ö¸Ë¼þµÄ̧Õ¶È¾ØÕó,ÕâÑù,¾Í¿ÉÒÔÊÊÓÃÓÚÈÎÒâÄÚÁ¦·Ö
²¼̧ Ë¼þµÄµ¯ËÜÐÔ·ÖÎö ¡£

Í¼ 1¡¡¾­µäµÄ¼ ȪÐËÜÐÔ½Â̧ËÄ£ÐÍ

F ig. 1¡¡ Typ ical concen trated plast ic h ingem odel

ÁíÒ»·½Ãæ,ÔÚÈ·¶¨»Ö̧´ Á¦Ä£ÐÍÊ±,Ä¿Ç°ÔËÓÃ½Ï¶à
µÄÊÇ»ùÓÚ½ØÃæ²ã´Î µÄ»Ö̧´ Á¦Ä£ÐÍ ,¼ Ö́±½Ó̧ù ¾ÝÊÔÑé

µÄÍä ¾ØÇúÂÊ¹ØÏµ ¼ÓÒÔ¼ò»¯µÃµ½ÊýÖµÄ£ÐÍµÄ½ØÃæÍä ¾Ø
ÇúÂÊ¹ØÏµ ¡£ËäÈ»ÕâÖÖ·½·¨ ±È½Ï¼òµ¥ÊµÓÃ,µ«ÊÇËüÖ»

ÊÊÓÃÓÚÍä ÇúÆÆ»µÎª Ö÷¡¢ÖáÁ¦±ä»¯ ²» ´ó »òÕßÖáÁ¦Ó°Ïì
¿ÉÒÔÔ¤²âµÄÇé¿ö¡£µ±ÖáÁ¦±ä»¯ ½Ḯ ó ,ÐèÒª¿¼ÂÇ̧Ë¼þ

ËùÊÜÖáÁ¦ÓëÍä ¾Øñî ºÏ Ïà ¹Ø¹ØÏµ Ê±,ÔòÓöµ½ÁËºÜ´ó À§

ÄÑ¡£Òò́Ë ,½üÄêÀ´»ùÓÚ²ÄÁÏ²ã ´Î ±¾¹¹ ¹ØÏµ µÄ̧ ËÏµ ÏË

Î¬Ä£ÐÍÈÕÒæÊÜµ½ÃÜÇÐ¹Ø×¢ ,Ëü¿ÉÄ£Äâ¿Õ¼ä̧ËÏµ ½á¹¹

µÄ̧´ ÔÓÊÜÁ¦ÐÐÎª ,Îª ½á¹¹ ·ÇÏß ÐÔ·ÖÎö Ìá ¹©ÁËÓÐÁ¦Îä

Æ÷¡£

¼ôÁ¦Ç½ÊÇ̧ß²ã ½á¹¹ ÖÐµÄÖØÒª¿¹²à Á¦¹¹ ¼þ,Ä¿Ç°

ÒÑÓÐµÄ¼ôÁ¦Ç½·ÖÎö Ä£ÐÍÖ÷Òª·ÖÎª ºê¹ÛÄ£ÐÍºÍ Î¢ ¹ÛÄ£

ÐÍÁ½Àà¡£ºê¹ÛÄ£ÐÍÖ÷ÒªÓÐ:µÈÐ§ÖùÄ£ÐÍ ¡¢èì ¼ÜÄ£ÐÍ ¡¢

ÈýÊú̧Ëµ¥ÔªÄ£ÐÍ ¡¢¶àÊú̧Ëµ¥ÔªÄ£ÐÍ ¡¢¶þÎ¬Ç½°åµ¥ÔªÄ£

ÐÍ ¡¢¿Õ¼ä±¡±Ú̧Ë¼þÄ£ÐÍÒÔ¼°ÈýÎ¬¿ÇÔªÄ£ÐÍµÈ,ÕâÐ©Ä£

ÐÍµÄÁ¦Ñ§̧ÅÄî¶¼±È½Ï¼òµ¥ ,µ«Íù Íù ¹ý ÓÚ¼ò»¯ ,ÇÒ¶ÔÊÔ

Ñé½á¹û¾­ÑéÄâºÏ ÒÀÀµ½Ḯ ó ,ÓÐÐ©Ä£ÐÍÎÞ·¨ ¿¼ÂÇÖáÁ¦ ¡¢

Ç½ÃæÄÚºÍ Ç½ÃæÍâ µÄñî ºÏ Á¦Ñ§ÐÐÎª ,ÔÚÈýÎ¬ ½á¹¹ ·ÇÏß

ÐÔ·ÖÎö Ê±¿ÉÄÜ»áÓÐ½Ḯ ó Îó ²î ;Î¢ ¹ÛÄ£ÐÍÔò̧ù ¾Ý»ì Äý

ÍÁºÍ ¸Ö½îµÄ²ÄÁÏ±¾¹¹ ¹ØÏµ ,¶ÔÇ½Ìå Ö±½Ó½ Á̈¢ÓÐÏÞÔª

Ä£ÐÍ½øÐÐ·ÖÎö ,Ö÷ÒªÓÐÆ½ÃæÓ¦Á¦Ä¤µ¥ÔªÄ£ÐÍºÍ °å¿Ç

µ¥ÔªÄ£ÐÍµÈ¡£Î¢ ¹ÛÄ£ÐÍËäÈ»Çó½â¾«¶È½Ï̧ ß ,µ«¼ÆËã

Á¿½Ḯ ó ,²»¹ý Ëæ×Å¼ÆËã»úÄÜÁ¦µÄÑ¸ËÙÌá ¸ß ,´ËÀà·½·¨

Ò²ÈÕÒæÊÜµ½ÖØÊÓ¡£ÂÀÎ÷ÁÖµÈ»ùÓÚ¿ò¼Ü̧ËÏµ ÏËÎ¬Ä£ÐÍ

Ìá ³öÁËÏËÎ¬Ç½ÔªÄ£ÐÍ¶Ô¼ôÁ¦Ç½½øÐÐ·ÇÏß ÐÔ·ÖÎö ,µ«

ÔÚÄ£Äâ¼ôÁ¦Ç½µÄÊÜ¼ôÐÐÎª Ê±ÈÔ²» ¹» ³ÉÊì [ 2 ] ¡£Òò́Ë ,

ÐÂµÄ¼ôÁ¦Ç½ÓÐÏÞÔªÄ£ÐÍ ¡ª¡ª¡ª»ùÓÚ·Ö²ã¿ÇÄ£ÐÍµÄ¼ôÁ¦

Ç½ÓÐÏÞÔªÄ£ÐÍÓ¦ÔË¶øÉú,ËüÄÜ¶Ô¼ôÁ¦Ç½µÄ¼ôÇÐÆÆ»µ

ÐÐÎª ¡¢ÖáÁ¦ºÍ Ç½ÃæÄÚÍâ ñî ºÏ Á¦Ñ§ÐÐÎª ½øÐÐ½ÏÎª ×¼È·

µÄÄ£ÄâºÍ Ô¤²â ¡£

±¾ÎÄ½éÉÜÁËÊÊÓÃÓÚ¿ò¼Ü½á¹¹ µÄ̧ËÏµ ÏËÎ¬Ä£ÐÍÒÔ

¼°Çå»ª´óÑ§ÍÁÄ¾¹¤³Ì Ïµ ¿ª·¢ µÄÊÊÓÃÓÚ¼ôÁ¦Ç½½á¹¹ µÄ

·Ö²ã¿ÇÇ½ÔªÄ£ÐÍ³Ì Ðò,²¢ Ó¦ÓÃÕâÐ©¹¤ ¾ß¶ÔÄ³Êµ¼Ê¹¤

³Ì ½á¹¹ ½øÐÐÁËµ¯ËÜÐÔ·ÖÎö ¡£

1¡¡¸ËÏµ ÏËÎ¬Ä£ÐÍ

»ùÓÚ̧ËÏµ ½á¹¹ Á¦Ñ§ºÍ Ò»Î¬ ²ÄÁÏ±¾¹¹ µÄÏËÎ¬ Ä£

ÐÍ ,ÊÇ·ÖÎö ¿ò¼Ü½á¹¹ ·ÇÏß ÐÔÐÐÎª ½ÏºÃµÄÊýÖµÄ£Äâ·½

·¨ ¡£ËùÎ½ÏËÎ¬Ä£ÐÍ ,¾ÍÊÇ½«̧Ë¼þ½ØÃæ»®·Ö³ÉÈô̧ÉÏË

Î¬ ,Ã¿̧öÏËÎ¬¾ùÎª µ¥ÖáÊÜÁ¦ ,²¢ÓÃ²ÄÁÏµ¥ÖáÓ¦Á¦Ó¦±ä

¹ØÏµ À´ÃèÊö̧ÃÏËÎ¬ ²ÄÁÏµÄÊÜÁ¦ÌØÐÔ,ÏËÎ¬ ¼äµÄ±äÐÎ

Ð­µ÷Ôò²ÉÓÃÆ½½ØÃæ¼Ù¶¨ (Í¼ 2) ¡£¶ÔÓÚ³¤Ï¸ ±È½Ḯ óµÄ

¸ËÏµ ½á¹¹ ,ÏËÎ¬Ä£ÐÍ¾ßÓÐÒÔÏÂÓÅµã:

(1)ÏËÎ¬ Ä£ÐÍ½«¹¹ ¼þ½ØÃæ»®·ÖÎª Èô̧ ÉÏËÎ¬ ,Í¨

¹ý ÓÃ»§×Ô¶¨ÒåÃ¿̧ù ÏËÎ¬ µÄ½ØÃæÎ» ÖÃ¡¢Ãæ»ýºÍ ²ÄÁÏµÄ

µ¥Öá±¾¹¹ ¹ØÏµ ,¿ÉÊÊÓÃÓÚ̧÷ÖÖ½ØÃæÐÎ×´ ;

(2)ÏËÎ¬Ä£ÐÍ¿ÉÒÔ×¼È·¿¼ÂÇÖáÁ¦ (µ¥Ïò ºÍ Ë«Ïò )

ºÍ Íä ¾ØµÄÏà »¥¹ØÏµ ;

(3)ÓÉÓÚÏËÎ¬ Ä£ÐÍ½«½ØÃæ·Ö¸î ,Òò¶øÍ¬ Ò»½ØÃæ

µÄ²»Í¬ ÏËÎ¬¿ÉÒÔÓÐ²» Í¬ µÄµ¥Öá±¾¹¹ ¹ØÏµ ,ÕâÑù¾Í¿É
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ÒÔ²ÉÓÃ̧ü¼Ó·û ºÏ ²ÄÁÏÊÜÁ¦×´Ì¬µÄµ¥Öá±¾¹¹ ¹ØÏµ ¡£Èç
¸Ö½î»ì ÄýÍÁ¹¹ ¼þÖÐ,¿ÉÒÔ¶Ô±£»¤²ã »ì ÄýÍÁºÍ ºËÐÄÔ¼
ÊøÇø»ì ÄýÍÁ·Ö±ð̧ øÓè²»Í¬µÄµ¥Öá±¾¹¹ ¹ØÏµ ¡£

Í¼ 2¡¡ÏËÎ¬Ä£ÐÍµÄ½ØÃæ»®·Ö (̧ Ö½î»ì ÄýÍÁ¹¹ ¼þ)

F ig. 2¡¡ Sect ion d iv ision in f iber m odel ( reinforced

concrete elem en t)

»ùÓÚÏËÎ¬Ä£ÐÍµÄ½á¹¹ ·ÇÏßÐÔ·ÖÎö ·½·¨ ÔÚ¹úÍâ ÒÑ

ÓÐºÜ¶àÓ¦ ÓÃ[ 324 ] , µ«¹ú ÄÚ¶Ô̧ Ã ·½·¨ µÄÑÐ¾¿»¹ ²»

¶à [ 527 ] ¡£±¾ÎÄ µÄ½á¹¹ µ¯ ËÜÐÔ·ÖÎö ÒÔÍ¨ ÓÃÉÌ ÓÃ³Ì Ðò

M SC. MARC½á¹¹ ·ÖÎö Èí¼þÎª Æ½Ì¨ ,²ÉÓÃÆäÖÐµÄ²» ¿¼

ÂÇ½ØÃæÇÌÇúµÄ 14ºÅÁºµ¥ÔªÀ´Ä£ÄâÊµ¼Ê½á¹¹ ÖÐµÄ¿ò

¼ÜÁº¡¢Öù¹¹ ¼þ¡£¸Ãµ¥ÔªÔÚ¼ÆËã¹ý ³Ì ÖÐ²ÉÓÃÁËÒÔÉÏµÄ

ÏËÎ¬Ä£ÐÍÔ­Àí ,²¢ÇÒÔÚ̧Ë¼þ̧Õ¶ÈµÄ¼ÆËãÉÏ ,²ÉÓÃ·Ö²¼

¸Õ¶È¼ÆËã,Í¬Ê±Í¨ ¹ý ¸üÎª ¾«Ï¸ µÄµ¥Ôª»®·Ö ,¿ÉÒÔ½ÏÎª

×¼È·µØÄ£Äâ¿ò¼ÜÁº¡¢Öù¹¹ ¼þµÄÊµ¼Ȩ̂Õ¶È·Ö²¼¡£

2¡¡·Ö²ã¿Ç¼ôÁ¦Ç½Ä£ÐÍ

2. 1¡¡¸Å ¡¡Êö

Îª ÁË½ÏºÃµØ½â¾ö½á¹¹ µ¯ËÜÐÔ·ÖÎö ¼ÆËãÖÐ¹ØÓÚ¼ô

Á¦Ç½µÄÄ£ÄâÎÊÌâ ,Çå»ª´ó Ñ§ÍÁÄ¾¹¤ ³Ì Ïµ ÒÔÍ¨ ÓÃÓÐÏÞ

Ôª³Ì ÐòM SC. MARCÎª Æ½Ì¨ ,Ìá ³ö ÁËÊÊÓÃÓÚ¼ôÁ¦ Ç½

½á¹¹ ·ÇÏßÐÔ·ÖÎö µÄ·Ö²ã¿ÇÇ½µ¥ÔªÄ£ÐÍ ¡£

·Ö²ã¿Ç¼ôÁ¦Ç½µ¥ÔªÊÇ½«Ò»̧ö¿Çµ¥Ôª»®·Ö³ÉºÜ¶à

²ã (Í¼ 3) ,¸÷²ã ¿ÉÒÔ̧ù ¾ÝÐèÒªÉèÖÃ²» Í¬ µÄºñ¶ÈºÍ ²Ä

ÁÏÐÔÖÊ(»ì ÄýÍÁ ¡¢̧Ö½î ) ¡£ÔÚÓÐÏÞÔª¼ÆËãÊ±,Ê×ÏÈµÃ

µ½¿Çµ¥ÔªÖÐÐÄ²ãµÄÓ¦±äºÍ ÇúÂÊ,È»ºó¸ù ¾Ý̧÷²ã ²ÄÁÏ

Ö®¼äÂú×ãÆ½½ØÃæ¼Ù¶¨ ,¾Í¿ÉÒÔÓÉÖÐÐÄ²ã Ó¦±äºÍ ÇúÂÊ

µÃµ½̧÷¸Ö½îºÍ »ì ÄýÍÁ²ã µÄÓ¦±ä ,½ø¶øÓȨ́÷²ã µÄ²ÄÁÏ

±¾¹¹ ·½³Ì ¿ÉÒÔµÃµ½̧÷²ã Ïà Ó¦µÄÓ¦Á¦ ,²¢ »ý·ÖµÃµ½Õû

¸ö¿Çµ¥ÔªµÄÄÚÁ¦ ¡£ÓëÒÑÓÐµÄ¼ôÁ¦Ç½¼ÆËãÄ£ÐÍ [ 8 ] Ïà

±È,·Ö²ã¿Ç¼ôÁ¦Ç½µ¥Ôª¿ÉÒÔÖ±½Ó½«»ì ÄýÍÁºÍ ¸Ö½îµÄ

±¾¹¹ ÐÐÎª Óë¼ôÁ¦Ç½µÄ·ÇÏß ÐÔÐÐÎª ÁªÏµ ÆðÀ´ ,¿ÉÒÔ¿¼

ÂÇÃæÄÚÍä Çú¡ªÃæÄÚ¼ôÇÐ¡ªÃæÍâ Íä ÇúÖ®¼äµÄñî ºÏ ,Òò

¶øÔÚÃèÊöÊµ¼Ê¼ôÁ¦Ç½̧́ ÔÓ·ÇÏßÐÔÐÐÎª ·½ÃæÓÐ×ÅÃ÷ÏÔ

µÄÓÅÊÆ¡£

Í¼ 3¡¡·Ö²ã¿Çµ¥Ôª

F ig. 3¡¡ M ult i2layer shell elem en t

2. 2¡¡¸Ö½î²ã±¾¹¹ Ä£ÐÍ
ÔÚ·Ö²ã ¿Çµ¥ÔªÖÐ,¸Ö½î²ÄÁÏ±»ÃÖÉ¢µ½Ä³Ò»²ã »ò

Ä³¼ ²̧ãÖÐ(Í¼ 4) ¡£¸÷ÖÖ̧Ö²Ä±¾¹¹ Ä£ÐÍ¾ù¿ÉÔÚ·Ö²ã¿Ç
Ä£ÐÍÖÐÊ¹ÓÃ,Ò»°ã³£ ÓÃµÄÓÐÀíÏë µ¯ ËÜÐÔ±¾¹¹ Ä£ÐÍ ¡£
¶ÔÓÚ×ÝºáÅä½îÂÊÏà Í¬ µÄÇ½Ìå ,¿ÉÉèÎª ¸÷Ïò Í¬ ÐÔ̧Ö½î

²ã ;¶ÔÓÚ×ÝºáÅä½îÂÊ²»Í¬µÄÇ½Ìå ,¿É·Ö±ðÉèÖÃ²»Í¬ ²Ä
ÁÏÖ÷Öá·½Ïò µÄÕý½»̧÷Ïò ÒìÐÔµÄ̧Ö½î²ãÀ´Ä£Äâ¡£

Í¼ 4¡¡·Ö²ã¿ÇÄ£ÐÍÖÐ̧Ö½î²ãÉèÖÃÊ¾Òâ

F ig. 4¡¡ Rebar layer s in m ult i2layer shell elem en t

2. 3¡¡»ì ÄýÍÁ²ã±¾¹¹ Ä£ÐÍ

¼ôÁ¦Ç½ÖÐµÄ»ì ÄýÍÁ²ã Ò»°ã´¦ ÓÚ¶þÎ¬ ,±ßÔµÔ¼Êø
¹¹ ¼þÉõÖÁÎª ÈýÎ¬ ÊÜÁ¦×´ Ì¬ ,Æä±¾¹¹ Ä£ÐÍÏà ¶ÔÏËÎ¬ Ä£
ÐÍ¶øÑÔÒª̧ ´ ÔÓºÜ¶à¡£¶ÔÓÚÒ»°ã¹¤ ³Ì Ó¦ÓÃ¶øÑÔ,¾­µä

µÄ»ì ÄýÍÁµ¯ËÜÐÔ+¶Ï ÁÑ±¾¹¹ Ä£ÐÍ¼ÆËãÁ¿½ÏÐ¡ÇÒ¾«¶È
Ò²¿ÉÂú×ã¹¤³Ì ÐèÒª¡£Èç¹ûÐèÒª̧ ü¾«È·µØ¿¼ÂÇ̧´ ÔÓÍù

¸´ Ó¦Á¦ÏÂ»ì ÄýÍÁµÄËðÉËÀÛ¼Æ¡¢̧Õ¶ÈÍË»¯µÈÐÐÎª ,»¹¿É
ÒÔÑ¡ÓÃ̧üÎª ¾«È·µÄ»ì ÄýÍÁ±¾¹¹ Ä£ÐÍ ,ÈçÇå»ª´ó Ñ§ÍÁ
Ä¾Ïµ »ùÓÚBazant µÈÈËµÄÑÐ¾¿[ 10 ] Ëù¿ª ·¢ µÄ»ùÓÚ

microplaneÄ£ÐÍµÄ»ì ÄýÍÁ±¾¹¹ Ä£ÐÍ ,´Ó¶øÄÜ¹» ¸ü ºÃ¿¼
ÂÇ̧´ ÔÓÓ¦Á¦ÀúÊ·µÄÓ°Ïì ¡£ÁíÍâ ,ÔÚ·Ö²ã ¿Ç¼ôÁ¦Ç½Ä£
ÐÍÖÐ,±ßÔµÔ¼Êø¹¹ ¼þºÍ ÖÐ¼äÇ½Ìå µÄ»ì ÄýÍÁ¿ÉÒÔ·Ö±ð

²ÉÓÃ²»Í¬µÄ±¾¹¹ Ä£ÐÍ ,ÒÔ¿¼ÂÇ±ßÔµÔ¼Êø¹¹ ¼þÊÜµ½µÄ
Ô¼Êø×÷ÓÃ¡£³ý ¸Ö½î»ì ÄýÍÁ¼ôÁ¦Ç½Íâ ,Ä£ÐÍÒ²¿ÉÒÔÄ£

Äâ̧Ö¹Ç (¹Ü )»ì ÄýÍÁ¼ôÁ¦Ç½¡£
ÔÚÎÄÏ× [ 9, 11212 ]ÖÐ,¶Ô̧Ã·Ö²ã¿Ç¼ôÁ¦Ç½Ä£ÐÍ½ø

ÐÐÁË́óÁ¿µÄÌÖÂÛºÍ ÑéÖ¤,Ö¤Ã÷Æä¿ÉÒÔÓÃÓÚ̧́ ÔÓÊÜÁ¦

¼ôÁ¦Ç½½á¹¹ µÄÆÆ»µÄ£Äâ¡£

3¡¡½á¹¹ ·ÖÎö

3. 1¡¡½á¹¹ ½ Ä̈£
ÀûÓÃÉÏÊö½á¹¹ µ¯ ËÜÐÔ·ÖÎö ¹¤¾ß,±¾ÎÄÕë¶ÔÒ»̧ö
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