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%XLOGL�J�FROODSVH�PRVWO��FD��EH�FDXVHG�E��WKH�ORVV�RI�ORDGL�J�FDSDFLW��

L��D�SULPDU��VWUXFWXUDO�FRPSR�H�W��UHVXOWL�J�L��WKH�IDLOXUH�RI�VXUURX�GL�J�

HOHPH�WV��ZKLFK�L��WXU��FDXVH�D�IDLOXUH�SURSDJDWLR���3URJUHVVLYH�FROODSVHV�

may�be�accidental,�due�to�design�de�ciencies�or�errors,�material�failure�

RU��DWXUDO�SKH�RPH�R���H�J��HDUWKTXDNHV��EXW� LW�FD��EH�SUHYH�WHG�E��

XSJUDGH�WKH�FR�FUHWH�FRPSR�H�WV��PDWHULDO����@��:HOO�H�JL�HHUHG�5&�EXLOG�

L�JV�JH�HUDOO��KDYH�D�JRRG�SHUIRUPD�FH�X�GHU��RUPDO�ORDGL�J�FR�GLWLR�V��

+RZHYHU�� IDXOW��GHVLJ���FR�VWUXFWLR��HUURUV��PDWHULDO�GHWHULRUDWLR��� D�G�

RYHUORDGL�J�DUH�DOZD�V�RFFXUUHG��:KH��SDUW�RI�VWUXFWXUH� IDLOV�� WKH�WRWDO�

ORDG�L�� WKH�ZKROH�V�VWHP�ZLOO��RW�GLVDSSHDU��ZKLFK�PHD�V�WKH� ORDG�ZLOO�

EH�UHGLVWULEXWHG�X�HYH�O��WR�WKH�DGMDFH�W�SDUW�RI�VWUXFWXUH��7KLV�SKH�RP�

H�R��UHYHDOHG� WKDW� VXVWDL�HG�KLJK�VWUHVVHV� L��5&�HOHPH�WV� FD�� OHDG� WR�

FDWDVWURSKLF�FROODSVH��'XH�WR�YHU��IHZ�RI�SDSHUV�GLG�WKH�UHVHDUFK�R��WKH�
5&�HOHPH�WV�X�GHU�KLJK�VWUHVV�OHYHO�VXVWDL�HG�ORDG��UHOHYD�W�H[SHULPH�WV�

VKRXOG�EH�SHUIRUPHG�L��WKLV�DUHD��7KLV�SDSHU�JLYHV�WKH�VXJJHVWLR�V�DERXW�

KRZ�WR�DSSO��WKH�ORDG�L��D��H[SHULPH�W�LI�UHVHDUFKHUV�ZD�W� WR�N�RZ�WKH�

EHKDYLRU�RI�HOHPH�WV��HDU�WR�FROODSVH�HVSHFLDOO��IRFXV�R��5&�FROXP�V�

.H�ZRU�V�

3URJUHVVLYH�FROODSVH�RI�5&�VWUXFWXUH

1R�OL�HDU�D�DO�VLV�RI�5&�EXLOGL�J

5&�EHKDYLRU�X�GHU�KLJK�VWUHVV�OHYHO�

��RUUHV�RQ�LQJ���WKRU�

:HQFKHQ�0D�

0D�H��ERUQ�-����������LV�D�3K���VW��HQW�PDMRULQJ�LQ�FLYL��HQJLQHHULQJ�FRQFHQWUDWH�RQ�VWU�FW�UD��HQJLQHHULQJ�DW�81�9�

(PDL���PDZ���Q�Y�QHYD�D�H����

���,QWURG�FWLRQ

��
IRXU�VWRU��EXLOGL�J��)LJXUH��D��LV�GHVLJ�HG�IRO�

ORZL�J�WKH�8�6��FRGHV��6&(���������������@�D�G�

�&,��������������� ��@��7KH�EXLOGL�J��DVVXPHG�

ZLWK�RIILFH�RFFXSD�F��� LV� ORFDWHG� L��D��R��VHLVPLF� UH�

gion.� It�has��ve�bays�in�each�direction�with�28�ft�span�

OH�JWK� �)LJ���E��� �7KH� VWRU��KHLJKW� LV���� IW� DW� WKH� ILUVW�

�oor�and�12�ft�at�all�other��oors.�The�structural�system�

RI� WKLV�EXLOGL�J� LV��R��SUHVWUHVVHG� WZR�ZD��VODEV�ZLWK�

EHDPV� VSD��L�J� EHWZHH�� VXSSRUWV� R�� DOO� VLGHV���V�

VXPH�WKH�PRPH�W�FD��EH�WUD�VIHUUHG�EHWZHH��VODEV�D�G�

EHDPV� WRWDOO���7KH�VHFR�G�VWHS� LV�GHVLJ�L�J� WKH�EHDP��

FROXP�� D�G�VODE� FURVV� VHFWLR��RI� WKLV�EXLOGL�J�EDVHG�

R��VWUXFWXUDO�D�DO�VLV�VRIWZDUH�6�3�������@��7KLV�VWUXF�

WXUH�ZDV�GHVLJ�HG� WR�FDUU��R�O��YHUWLFDO�ORDG��8VH� WKH�

FR�WURO�ORDG�FRPEL�DWLR�����'����/� �,%&��������7KH�

JUDYLW��ORDG� L�FOXGHV�������SVI� VHOI�ZHLJKW�RI�VODE� IRU�

DOO� IORRUV�ZLWK� DGGLWLR�DO� VXSHULPSRVHG�GHDG� ORDG����

psf�for�roof�and�20�psf�for��oor�accounting�for�partition�

walls,��oor��nishes,� tiles,�water�proo�ng,�cable�wires,�

SOXPEL�J�SLSHV��HWF�
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�D�

�E�

)LJ�UH����3URWRW�SH�5&��IUDPH�EXLOGL�J���D���'�YLHZ�D�G�
�E��)ORRU�SOD�

���(ODVWLF��QDO�VLV�RI��KROH�%�LOGLQJ

)RU�OLYH� ORDG��XVH����SVI�IRU�WKH�URRI�D�G����SVI� IRU�WKH�

IORRU� VHSDUDWHO�� ��6&(���������OO� WKH�PHPEHUV� L�� WKLV�

SURWRW�SH�VWUXFWXUH�ZHUH�FR�VWUXFWHG�XVL�J�*UDGH����UH�

inforcement�and�concrete�with�5500�psi�as�speci�ed�com�

SUHVVLYH�VWUH�JWK��'XH�WR�WKH�FKD�JH�RI�PRPH�W��VKHDU�D�G�

axial�force�of�members�after�one�of�the��rst-�oor�column�

EHH��UHPRYHG��HHG�WR�EH�FR�VLGHUHG��PHPEHU�V�PD[LPXP�

PRPH�W��VKHDU�D�G�D[LDO� IRUFH��H[W�WR� WKH�FROXP��ZLOO�

EH� UHPRYHG�EHIRUH�LW�KDV�EHH��UHPRYHG�DUH�UHTXLUHG�DV�

ZHOO��,��RUGHU�WR�REWDL��WKH�PD[LPXP�PRPH�W��VKHDU�D�G�

D[LDO�IRUFH�RI�WKH�PHPEHUV� VXUURX�GL�J�WKH�FROXP��ZLOO�

EH� UHPRYHG�� WKH�PRVW�X�IDYRUDEOH�FR�GLWLR��VKRXOG�EH�

FR�VLGHUHG��,��WKLV�VWUXFWXUH��DVVXPH�GHDG�ORDG�D�G�VXSHU�

LPSRVHG�GHDG� ORDG�ZLOO�PDL�WDL��X�FKD�JHG��DSSOLHV�R��

all�spans�and�all��oors�of�the�whole�structure.�However,�

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������

IRU�OLYH�ORDG��EDVHG�R��WKH�V�PPHWU��RI�OLYH�ORDG�SDWWHU�V��

four�different�live�load�patterns�have�been�determined���

�DOO��DV�VKRZ��L��)LJXUH���

�IWHU� OLYH� ORDG�SDWWHU�V�KDYH�EHH��GHWHUPL�HG�� WKH�

ERX�GDU��FR�GLWLR��LV�DOVR�D��LPSRUWD�W�SDUW�RI�WKLV�PRG�

HO��'XH�WR�WKH�ORDG�SDWK�RI�ZKROH�V�VWHP�LV�VODE�WR�EHDP�

WR�FROXP���DVVXPH�PRPH�WV�D�G�VKHDU�IRUFH�FD��EH�WUD�V�

IHUUHG�IURP�VODE� WR�EHDP�VPRRWKO���,W�LV�YHU�� LPSRUWD�W�

to�make�sure�slab-beam�connection�is��xed.�This�can�be�

DFKLHYHG�E��PHVK�WKH�EHDP�D�G�WKH�HGJH�RI�VODE�ZLWK�WKH�

VDPH��XPEHU�RI�HOHPH�WV��ZKLFK�DOO�HOHPH�WV�DUH�VKDUL�J�

WKH�VDPH��RGHV�D�G�WKH�VDPH�GHJUHH�RI�IUHHGRP���VVLJ��

�DXWRPDWLF�DUHD�PHVK��L��6�3�������GLYLGH�WKH�EHDP�D�G�

DUHD�HGJH�ZLWK�ERWK����HOHPH�WV��WKH��FKRRVH�GR��RW�FUH�

DWH�HGJH�FR�VWUDL�WV��,��WKLV�ZD���DOO�WKH�IRUFH�FD��EH�WUD�V�

IHUUHG�D�G�WKLV�LV�WKH�VDPH�DV�UHDO�ZRUOG�

)LJ�UH����/LYH�ORDG�SDWWHU�V

�OO�EHDP�FROXP��FR��HFWLR�V�L�� WKLV�PRGHO�DUH� IL[HG�

connections�and�all� supports�are��xed�as�well.�Based�on�

WKH�IRXU�OLYH�ORDG�SDWWHU�V�VKRZ�� L��)LJXUH���� DVVLJ��D��

H�YHORSH�RI�ERWK�IRXU�ORDG�FRPEL�DWLR�V��GHDG�ORDG�SOXV�

OLYH�ORDG��WR�REWDL��PRPH�W�H�YHORSH��VKHDU�IRUFH�H�YH�

ORSH�D�G�D[LDO�IRUFH�H�YHORSH�RI�ZKROH�VWUXFWXUH�DV�VKRZ��

L��)LJXUH�����WR�)LJXUH�����

From�the�analysis�result�shown�above,�for��oor� levels,�

WKH�PD[LPXP��HJDWLYH�PRPH�W���������NLS�L��DSSHDUV�DW�

joint�5C�on�the�third��oor�in�x-z�direction.�The�maximum�

positive�moment�appears�at� the�third��oor�between�node�

�%�D�G��&��ZKLFK�YDOXH�LV��������NLS�L���0D[LPXP��HJ�

DWLYH�PRPH�W�D�G�PD[LPXP�SRVLWLYH�PRPH�W�IRU�WKH�URRI�

OHYHO�DUH���������NLS�L��D�G�������NLS�L��UHVSHFWLYHO���
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)LJ�UH�����0RPH�W�H�YHORSH

)LJ�UH�����6KHDU�H�YHORSH

)LJ�UH������[LDO�ORDG�H�YHORSH

)ORRU�EHDP�VHFWLR��3RVLWLYH�PRPH�W

)ORRU�EHDP�VHFWLR��1HJDWLYH�PRPH�W

5RRI�EHDP�VHFWLR��3RVLWLYH�PRPH�W

5RRI�EHDP�VHFWLR��1HJDWLYH�PRPH�W

7RS�WZR�OD�HUV�FROXP�

%RWWRP�WZR�OD�HUV�FROXP�

)LJ�UH����'HVLJ��VHFWLR��RI�EHDP�D�G�FROXP�

7KH��� WKH�EHDP�D�G�FROXP�� VHFWLR�V�EDVHG�R�� WKH�

PD[LPXP�YDOXH�RI�WKH�H�YHORSH�RI�PRPH�W�DUH�GHVLJ�HG��

VKHDU�D�G�D[LDO�ORDG�DV�LW�LV�VKRZ��L��)LJXUH����'LYLGH�WKH�

VODE�L�WR�FROXP��VWULS�ZKLFK�ZLGWK�LV���IW�D�G�PLGGOH�VWULS�

��� IW��)RU�FROXP��VWULS��HJDWLYH�PRPH�W��XVH�12�����

�����IRU�PLGGOH�VWULS��HJDWLYH�PRPH�W��XVH�12����������

IRU�FROXP��VWULS�SRVLWLYH�PRPH�W��XVH�12����������IRU�

PLGGOH� VWULS�SRVLWLYH�PRPH�W��XVH�12���������DV�ZHOO��

+RZHYHU���&,�FRGH�SURYLGHV�PL�LPXP�UHL�IRUFHPH�W�

IRU�WKH�VODE�LV�������L���IW�IRU�WZR�ZD��VODE�ZLWK�JUDGH����

VWHHO��0RGLI��WKH�GHVLJ��UHVXOW�WR�XVH�12���������IRU�WKH�

ZKROH�VODE���7KH�UHL�IRUFHPH�W�GLVWULEXWLR��IRU�R�H����[�

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������
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����VODE�LV�VKRZ��L��)LJXUH���

�D�

�E�

)LJ�UH����5HL�IRUFHPH�W�GLVWULEXWLR��RI�VODE���D��1HJDWLYH�
D�G��E��3RVLWLYH

���3ODVWLF��QDO�VLV�RI�3URWRW�SH�6WU�FW�UH��I�
WHU��RO�PQ�5HPRYDO

�IWHU�R�H�FROXP��RI� WKH�ILUVW� OHYHO�KDV�EHH��UHPRYHG��

VRPH�FRUUHVSR�GL�J�HOHPH�WV�ZLOO� H�WHU� WR� WKH�SODVWLF�

VWDJH��'XH�WR�WKH�OLPLWDWLR��RI�VWUXFWXUDO�GHVLJ��VRIWZDUH��

WKH�UHVXOW�RI�SODVWLF�D�DO�VLV�RI�VWUXFWXUH�LV��RW�YHU��ZHOO��

However,��nite�element�software�ABAQUS�can�solve�this�

SUREOHP��WKLV�VRIWZDUH�LV�FRPPR�O��XVHG�L��PD���UHODWHG�

DUHDV� ����@��&R�FUHWH�D�G�VWHHO�SURSHUWLHV�DUH�VKRZ��L��)LJ�

XUH���D�G���

7DEOH����&R�FUHWH�'DPDJH�3ODVWLFLW��SDUDPHWHUV

'LODWLR����JOH (FFH�WULFLW� IE��IF� . 9LVFRVLW��3DUDPHWHU

�� ��� ���� ����� �

)LJ�UH����6WUHVV�VWUDL��UHODWLR�VKLS�RI�FR�FUHWH��I�F� ������
SVL�

)LJ�UH����6WUHVV�VWUDL��UHODWLR�VKLS�RI�VWHHO�UHL�IRUFHPH�W�
�I�� �������SVL�

The�concrete�property�of�plastic�part�is�de�ned�in�Table�1.�

,��RUGHU�WR�EHWWHU�VLPXODWH�WKH�HIIHFWV�RI�VXGGH�O��UHPRYL�J�

D�FROXP���XVH�D��HTXLYDOH�W�D�DO�VLV�DSSURDFK��)LUVW��GR�WKH�

VWDWLF�D�DO�VLV�RI�WKH�ZKROH�EXLOGL�J�WR�GHWHUPL�H�WKH�IRUFHV�

H[LVWL�J�L��WKH�VXSSRUWL�J�FROXP��ZKLFK�ZLOO�EH�UHPRYHG�L��

WKH�IXWXUH��)RU�WKLV�VWHS��R�O��FR�VLGHU�D[LDO�ORDG�R�O���)RU�

VLPSOLFLW���XVH�HOHPH�W�W�SH�EHDP�IRU�ERWK�EHDP�D�G�FRO�

XP���XVH�HOHPH�W�W�SH�VKHOO�IRU�VODE�FURVV�VHFWLR���VHW�WKH�

UHEDU�OD�HU�WKH�VDPH�DV�WKH�UHL�IRUFHPH�W�OD�RXW�VKRZ��L��

)LJXUH����7KH�D[LDO� ORDG�GLDJUDP�RI�WKH�EXLOGL�J�LV�VKRZ��

L��)LJXUH����)URP�WKH�D�DO�VLV�UHVXOW��WKH�D[LDO�ORDG�RI�WKH�

FROXP��ZLOO�EH�UHPRYHG�ODWHU�LV�����NLSV�

)LJ�UH�����[LDO�ORDG�RI�VWUXFWXUH�ZLWKRXW�D���FROXP��
UHPRYDO

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������
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�IWHU�WKH�D[LDO�ORDG�RI�WKH�FROXP��KDV�EHH��GHWHUPL�HG��

DSSO�L�J�D��RSSRVLWH�GLUHFWLR��RI�IRUFH�ZKLFK�LV�WKH�VDPH�

DV�WKH�VXSSRUW�IRUFH�RI�FROXP��DV� VKRZ��L��)LJXUH�����@�

7KH�PRPH�W�D�G�D[LDO� ORDG�D�DO�VLV�UHVXOWV�DUH�VKRZ��L��

)LJXUH����D�G�����'XH�WR�WKH�ILUVW�FROXP��UHPRYHG�� WKH�

controlled�maximum�moment�appears�at�the�top��oor,�so�

JHW�WKH�PD[LPXP�PRPH�W�D�G�PD[LPXP�D[LDO�ORDG�DERXW�

WKH�FRUUHVSR�GL�J�FROXP��WR�GHWHUPL�H� WKH�H[SHULPH�W�

FROXP��V�HFFH�WULFLW���)URP�WKH�D�DO�VLV�UHVXOW��WKH�FR��

WUROOHG�FROXP��PRPH�W�LV�������NLSV�L��D�G�WKH�FR�WUROOHG�

D[LDO�ORDG�LV�������NLSV��7KH�HFFH�WULFLW��RI�WKH�PRPH�W�WR�

axial� load�is�5.14",�because�the�column�at�the�top��oor�is�

����[������VR�WKH�HFFH�WULFLW��FROXP��ZLGWK�UDWLR�LV�DERXW�

�����

 

�

)LJ�UH������DO�VLV�SURFHGXUH

������[LDO�GLDJUDP�ZLWK�L�WHULRU�FROXP��UHPRYDO

�����0RPH�W�GLDJUDP�RI�ZLWK�L�WHULRU�FROXP��UHPRYDO

������[LDO�GLDJUDP�ZLWK�HGJH�FROXP��UHPRYDO

�����0RPH�W�GLDJUDP�RI�ZLWK�HGJH�FROXP��UHPRYDO

������[LDO�GLDJUDP�ZLWK�FRU�HU�FROXP��UHPRYDO

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������
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�����0RPH�W�GLDJUDP�RI�ZLWK�FRU�HU�FROXP��UHPRYDO

)LJ�UH������[LDO�D�G�PRPH�W�GLDJUDP�RI�ZKROH�EXLOGL�J�
ZLWK�GLIIHUH�W�FROXP��UHPRYDO

)LJ�UH�����Top��oor�column’s�moment�and�axial�load�next�
WR�FROXP��UHPRYHG

:LWK�WKH�VDPH�PHWKRG��WKH�FR�WUROOHG�FROXP��PRPH�W�

IRU�HGJH�FROXP��UHPRYDO� LV������NLSV�L��D�G� WKH�FR��

WUROOHG�D[LDO�ORDG�LV������NLSV��7KLV�WLPH��WKH�HFFH�WULFLW��

RI�PRPH�W�WR�D[LDO�ORDG�LV���������D�G�WKH�HFFH�WULFLW��UD�

WLR�LV�DERXW�������2��WKH�RWKHU�KD�G��WKH�FR�WUROOHG�FROXP��

PRPH�W�IRU�FRU�HU�FROXP��UHPRYDO�LV�����NLSV�L��D�G�WKH�

FR�WUROOHG�D[LDO�ORDG�LV����NLSV��7KLV�WLPH��WKH�HFFH�WULFLW��

RI�PRPH�W�WR�D[LDO�ORDG�LV��������D�G�WKH�HFFH�WULFLW��UDWLR�

LV�DERXW������

����RQFO�VLRQ

Based�on�the�analysis�result,�the�column�of�the��rst��oor�

destroyed�will�affects�the�top��oor�column’s�internal�force�

PRVW�

Remove�the�interior�column�of�the��rst��oor�will�cause�

the�maximum�axial�load�appears�at�the�top��oor’s�column.�

The��rst��oor’s�edge�column�removal�will�cause�the�max�

imum�moment�to�axial�load�ratio�appears�at�the�top��oor’s�

FROXP��

7KH�DXWKRU�UHFRPPH�GV�WKH�HFFH�WULFLW��UDWLR�RI�D�FRO�

XP��X�GHU�VXVWDL�HG�ORDGL�J�LV�EHWZHH������WR�����IRU�WKH�

IXWXUH�UHOHYD�W�FR�FUHWH�FROXP��H[SHULPH�WV�DV�WKH�ODUJH�

HFFH�WULFLW�� UDWLR��7KH�YDOXH� LV�EDVHG�R��WKH�SURWRW�SH�

VWUXFWXUH�GHVLJ��RI� WKH�ZKROH�VWUXFWXUDO�V�VWHP��)RU� WKH�

VPDOO�HFFH�WULFLW��FROXP��WHVW��UHVHDUFKHUV�FD��FKRRVH�����

WR������DV�WKH�HFFH�WULFLW��UDWLR�DFFRUGL�J� WR�WKH� IRUPHU�

VWUXFWXUDO�FR�FUHWH�FROXP��V�WHVW�����@
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