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5)3�����VSULQJ���

6HFWLRQ�,��([HFXWLYH�6XPPDU\�

7KH�FLW\�RI�9ROJD��,RZD��UHTXHVWHG�GHVLJQV�IRU�D�SURMHFW�WKDW�ZRXOG�UHILW�DQG�UHSXUSRVH�WKH�ROG�

9ROJD�&HQWUDO�&RPPXQLW\�6FKRRO�EXLOGLQJ�RQ�&DVV�6WUHHW�LQ�WKH�HDVWHUQ�SDUW�RI�WRZQ��7KH�

RULJLQDO�WKUHH�VWRU\�FRQFUHWH�DQG�EULFN�VFKRRO�EXLOGLQJ�ZDV�EXLOW�LQ�WKH�HDUO\�����¶V�ZLWK�WKH�

J\PQDVLXP�EHLQJ�DGGHG�RQ�LQ�WKH�����¶V��7KH�J\PQDVLXP�FRQQHFWV�WR�WKH�RULJLQDO�EXLOGLQJ�RQ�

WKH�ILUVW�IORRU��+RZHYHU��WKH�GRRU�FRQQHFWLQJ�WKH�WZR�LV�FXUUHQWO\�VHDOHG�RII��7KH�EXLOGLQJ�DQG�

J\PQDVLXP�IHDWXUH�DSSUR[LPDWHO\��������VTXDUH�IHHW�RI�VSDFH��WKH�PDMRULW\�RI�ZKLFK�KDV�EHHQ�

OHIW�XQRFFXSLHG�VLQFH�WKH�VFKRRO�FORVHG�LQ�������7KH�FRPPXQLW\�RI�9ROJD�LV�ORRNLQJ�WR�XSGDWH�

WKH�EXLOGLQJ�ZLWK�DPHQLWLHV�WKDW�ZRXOG�EHQHILW�WKH�UHVLGHQWV�RI�WKH�WRZQ�DQG�WKH�YLVLWRUV�FRPLQJ�

IRU�UHFUHDWLRQ��FHOHEUDWLRQV��RU�RWKHU�WRZQ�HYHQWV��7KH�SULPDU\�JRDOV�RI�WKH�SURMHFW�ZHUH�WR�

FUHDWH�D�SODFH�LQ�WKH�FRPPXQLW\�WR�VHUYH�DV�D�FRZRUNLQJ�VSDFH�ZKHUH�SHRSOH�FRXOG�ZRUN�WR�VWDUW�

DQG�JURZ�WKHLU�RZQ�EXVLQHVVHV��D�EHG�DQG�EUHDNIDVW�IRU�YLVLWRUV�FRPLQJ�IRU�HYHQWV��DQG�D�

JHQHUDO�FRPPXQLW\�JDWKHULQJ�VSDFH�IRU�WKH�FLW\�RI�9ROJD���

�

7KH�EXLOGLQJ�KDV�D�QXPEHU�RI�QHFHVVDU\�UHSDLUV�WKDW�PXVW�EH�FRPSOHWHG�EHIRUH�DQ\�RWKHU�ZRUN�

FDQ�EH�FRPSOHWHG��7KHVH�UHSDLUV�LQFOXGH�����UHPRYLQJ�KD]DUGRXV�PDWHULDOV������UHSDLULQJ�WKH�

URRI��DQG�����IL[LQJ�ZDWHU�GDPDJH�FDXVHG�E\�WKH�OHDN\�URRI��7KH�EXLOGLQJ�FRQWDLQV�IHDWXUHV�OLNH�

DVEHVWRV�IORRU�WLOHV�WKDW�PXVW�EH�VDIHO\�UHPRYHG��2WKHU�PDWHULDOV�OLNH�WKH�ROG�ERLOHUV�DQG�ERLOHU�

IXHO�WDQNV�ORFDWHG�RQ�WKH�ILUVW�IORRU�RI�WKH�VFKRRO�EXLOGLQJ�DQG�XQGHUQHDWK�WKH�VWDJH�RI�WKH�

J\PQDVLXP�ZLOO�QHHG�WR�EH�FOHDQHG��GLVPDQWOHG��DQG�UHPRYHG��7KHUH�PD\�DOVR�EH�OHDG�SDLQW�

WKURXJKRXW�WKH�VFKRRO�EXLOGLQJ�WKDW�PXVW�EH�UHPRYHG��:KHUH�WKH�URRI�RI�WKH�J\PQDVLXP�DGGLWLRQ�

PHHWV�WKH�RULJLQDO�VFKRRO�EXLOGLQJ�LV�OHDNLQJ�DQG�ZLOO�QHHG�UHSDLUV��7KH�URRI�RI�WKH�VFKRRO�

EXLOGLQJ�LWVHOI�ZLOO�DOVR�QHHG�WR�EH�FKHFNHG�DV�WKHUH�ZDV�VRPH�ZDWHU�GDPDJH�RQ�WKH�WKLUG�IORRU��

�
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5)3�����VSULQJ���

2XU�GHVLJQ�IHDWXUHV�IRXU�GLVWLQFW�DUHDV��D�UHYDPSHG�J\PQDVLXP��YLEUDQW�ILUVW�IORRU�FRPPXQLW\�

DUHD��PRGHUQ�VHFRQG�IORRU�RIILFH�VSDFH��DQG�WKLUG�IORRU�EHG�DQG�EUHDNIDVW��$GGLWLRQDOO\��WKH�

GHVLJQ�IHDWXUHV�D�QHZ�RXWGRRU�SDYLOLRQ�RQ�WKH�HDVW�VLGH�RI�WKH�EXLOGLQJ�RYHUORRNLQJ�WKH�ULYHU���

�

,Q�WKH�J\PQDVLXP�WKH�H[LVWLQJ�EDWKURRPV�RQ�WKH�J\P�IORRU�ZLOO�EH�UHPRYHG�DQG�WZR�QHZ�

EDWKURRPV�ZLOO�EH�DGGHG�WR�WKH�DUHD�EHKLQG�WKH�VWDJH��7KH�DUHD�EHKLQG�WKH�VWDJH�ZLOO�DOVR�

IHDWXUH�QHZ�VWRUDJH�XQLWV�IRU�PHPEHUV�RI�WKH�FRPPXQLW\�WR�XVH��7KH�ORFNHU�URRPV�EHQHDWK�WKH�

VWDJH�ZLOO�EH�FRPSOHWHO\�UHIXUELVKHG��ZLWK�DOO�QHZ�ORFNHUV��VKRZHUV��DQG�IL[WXUHV��7KHVH�ORFNHU�

URRPV�ZLOO�EH�DYDLODEOH�WR�XVHUV�RI�WKH�J\P�DQG�JXHVWV�DW�WKH�QHLJKERULQJ�FDPSJURXQG��7KH�

J\PQDVLXP�ZLOO�DOVR�IHDWXUH�D�UHILQLVKHG�KDUGZRRG�IORRU��QHZ�EDVNHWEDOO�KRRSV��DQG�WKH�

SUHYLRXVO\�VHDOHG�RII�HQWUDQFH�WR�WKH�VFKRRO�EXLOGLQJ�ZLOO�EH�UHRSHQHG��SURYLGLQJ�GLUHFW�DFFHVV�WR�

WKH�ILUVW�IORRU�RI�WKH�VFKRRO���

�

7KH�ILUVW�IORRU�RI�WKH�VFKRRO�EXLOGLQJ�ZLOO�EH�XSGDWHG�ZLWK�WKH�QHZ�PDLQ�HQWUDQFH�DQG�OREE\�

UHORFDWHG�WR�WKH�H[LVWLQJ�JDUDJH�DUHD��7KH�PDLQ�HQWUDQFH�KDG�WR�EH�UHORFDWHG�LQ�RUGHU�WR�SURYLGH�

$'$�DFFHVVLELOLW\��7KH�QHZ�PDLQ�HQWUDQFH�ZLOO�LQFOXGH�WKUHH�SDYHG�KDQGLFDS�SDUNLQJ�VSDFHV��DOO�

QHZ�VLGHZDONV��DQG�D�FDQRS\�FRYHULQJ�WKH�HQWUDQFH�WR�WKH�EXLOGLQJ��7KH�UHQRYDWHG�ILUVW�IORRU�ZLOO�

DOVR�IHDWXUH�D�ODUJH�QHZ�NLWFKHQ�GLQLQJ�DUHD�DQG�ODXQGU\�IDFLOLWLHV�IRU�ERWK�JXHVWV�RI�WKH�EHG�DQG�

EUHDNIDVW�DQG�SHRSOH�WKURXJKRXW�WKH�9ROJD�FRPPXQLW\��7KH�H[LVWLQJ�NLWFKHQ�ZLOO�EH�UHPRYHG�

ZLWK�WZR�QHZ�KDQGLFDS�DFFHVVLEOH�EDWKURRPV�WDNLQJ�LWV�SODFH��$QRWKHU�NH\�HOHPHQW�LV�WKH�QHZ�

FRPPXQLW\�OLEUDU\�DV�ZHOO�DV�WZR�QHZ�RIILFH�DQG�FRQIHUHQFH�URRP�VSDFHV���

�

7KH�RIILFH�VSDFH�FRQWLQXHV�LQWR�WKH�VHFRQG�IORRU�RI�WKH�VFKRRO��7KH�VSDFH�ZLOO�FRQWDLQ�ERWK�

LQGLYLGXDO�RIILFHV�DQG�FRQIHUHQFH�URRPV��7KH�RIILFH�VSDFH�LV�VHSDUDWHG�LQWR�WZR�DUHDV��2QH�DUHD�

��



5)3�����VSULQJ���

LV�WR�VHUYH�DV�D�FLW\�KDOO�IRU�WKH�WRZQ�RI�9ROJD�ZLWK�RIILFH�VSDFH�IRU�WKH�PD\RU��FLW\�FOHUN��DQG�

FRQIHUHQFH�VSDFH�IRU�FLW\�FRXQFLO�DQG�WRZQ�KDOO�PHHWLQJV��7KH�VHFRQG�DUHD�ZLOO�EH�GHVLJQDWHG�

DV�D�FRZRUNLQJ�VSDFH�ZKHUH�SHRSOH�IURP�9ROJD�DQG�QHLJKERULQJ�FRPPXQLWLHV�FDQ�FRPH�WR�ZRUN�

DQG�JURZ�WKHLU�RZQ�VWDUWXS�EXVLQHVVHV���

�

7KH�WKLUG�IORRU�LV�GHGLFDWHG�VROHO\�WR�WKH�EHG�DQG�EUHDNIDVW��7KH�EHG�DQG�EUHDNIDVW�ZLOO�KDYH�VL[�

URRPV��IRXU�VLQJOH�URRPV�ZLWK�TXHHQ�EHGV�DQG�WZR�GRXEOH�URRPV�ZLWK�WZR�EHGV��HQDEOLQJ�LW�WR�

KRVW�XS�WR�IRXUWHHQ�JXHVWV�DW�D�WLPH��,W�ZLOO�DOVR�KDYH�D�GHGLFDWHG�ORXQJH�DUHD�ZLWK�FRXFKHV��

WHOHYLVLRQV��SRRO�WDEOH��DQG�RWKHU�DPHQLWLHV�IRU�JXHVWV�WR�HQMR\��7KH�EHG�DQG�EUHDNIDVW�ZLOO�

LQFOXGH�WZR�XQLVH[�SRG�VW\OH�EDWKURRPV�HDFK�FRQWDLQLQJ�D�VKRZHU��YDQLW\�DQG�WRLOHW��7R�PDNH�DOO�

IORRUV�RI�WKH�EXLOGLQJ�$'$�DFFHVVLEOH�DQG�LQ�RUGHU�WR�FRPSO\�ZLWK�ILUH�VDIHW\�FRGH�D�QHZ�ILUH�

HVFDSH�DQG�HOHYDWRU�VKDIW�ZLOO�EH�DGGHG�WR�WKH�VRXWKZHVW�IDFH�RI�WKH�EXLOGLQJ��:KLOH�WKH�WKLUG�

IORRU�ZLOO�QRW�KDYH�D�NLWFKHQ�LWVHOI��JXHVWV�ZLOO�EH�DEOH�WR�XVH�WKH�QHZ�NLWFKHQ�DQG�GLQLQJ�DUHD�RQ�

WKH�ILUVW�IORRU�RI�WKH�EXLOGLQJ���

�

3URSRVHG�SURMHFW�SKDVLQJ�ZLOO�KHOS�WR�EUHDN�XS�WKH�WRWDO�FRVW�RI�WKH�SURMHFW�LQWR�PRUH�

PDQDJHDEOH�SLHFHV��3KDVH���ZLOO�LQFOXGH�MXVW�WKH�QHFHVVDU\�UHSDLUV�WR�WKH�EXLOGLQJ��(DUO\�

HVWLPDWHV�IRU�MXVW�WKH�QHFHVVDU\�UHSDLU�FRVWV�DUH����������DQG�FRXOG�LQFUHDVH�GHSHQGLQJ�RQ�WKH�

H[WHQW�RI�WKH�GDPDJH�WKURXJKRXW�WKH�EXLOGLQJ��3KDVH���RI�WKH�SURMHFW�LQFOXGHV�WKH�FRQVWUXFWLRQ�RI�

WKH�QHZ�PDLQ�HQWUDQFH��$'$�SDUNLQJ��VLGHZDON��DQG�WKH�VWDLUZHOO�DQG�HOHYDWRU�DGGLWLRQ��3KDVH���

LV�HVWLPDWHG�WR�FRVW�����������3KDVHV���LQFOXGHV�WKH�UHQRYDWLRQ�RI�WKH�VHFRQG�IORRU�LQWR�RIILFH�

VSDFHV��3KDVH���LV�HVWLPDWHG�WR�FRVW�����������3KDVH���VHHV�WKH�FRPSOHWLRQ�RI�WKH�WKLUG�IORRU�

EHG�DQG�EUHDNIDVW�DQG�WKH�ILUVW�IORRU�ILQLVKHG��3KDVH���LV�HVWLPDWHG�WR�FRVW�����������3KDVH���LV�

VDYHG�IRU�IHDWXUHV�WKDW�ZHUH�GHHPHG�RSWLRQDO�WR�WKH�SURMHFW�VXFK�DV�WKH�RXWGRRU�SDWLR��QHZ�J\P�
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5)3�����VSULQJ���

IORRU��DQG�NLWFKHQ�UHORFDWLRQ��3KDVH���LV�HVWLPDWHG�DW�����������7RJHWKHU�ZLWK�DQ�DGGLWLRQDO�����

IRU�FRQWLQJHQFLHV�DQG�����IRU�HQJLQHHULQJ�DQG�DGPLQLVWUDWLRQ�FRVWV��WKLV�\LHOGV�D�WRWDO�SURMHFW�

FRVW�RI��������������

�

�
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5)3�����VSULQJ���

6HFWLRQ�,,��2UJDQL]DWLRQ�4XDOLILFDWLRQV�DQG�([SHULHQFH�

6%57�&RQVXOWDQWV�

'DOODV�6PLWK����3URMHFW�0DQDJHU �

GDOODV�VPLWK#XLRZD�HGX�

-RKQ�%HUPHOH����5HSRUW�3URGXFWLRQ�

MRKQ�EHUPHOH#XLRZD�HGX�

-DVRQ�7D\ORU����5HSRUW�3URGXFWLRQ�

MDVRQ�WDO\RU#XLRZD�HGX�

3DUNHU�5DVPXVVHQ����7HFKQRORJ\�6XSSRUW�

SDUNHU�UDVPXVVHQ#XLRZD�HGX�

�

6HFWLRQ�,,,��'HVLJQ�6HUYLFHV�

3URMHFW�6FRSH�

7KH�REMHFWLYH�RI�WKLV�SURMHFW�ZDV�WR�UHKDELOLWDWH�WKH�H[LVWLQJ�9ROJD�&HQWUDO�&RPPXQLW\�6FKRRO�

EXLOGLQJ��$GGLQJ�DPHQLWLHV�WKDW�EHQHILW�UHVLGHQWV�RI�WKH�FRPPXQLW\�DQG�YLVLWRUV�FRPLQJ�IRU�

UHFUHDWLRQ��FHOHEUDWLRQV��RU�RWKHU�WRZQ�HYHQWV�ZRXOG�JLYH�WKH�EXLOGLQJ�D�VHFRQG�OLIH�DV�DQ�

LQWHJUDO�SDUW�RI�WKH�9ROJD�FRPPXQLW\��7KH�SURMHFW¶V�PDLQ�GHVLJQ�HOHPHQWV�ZHUH�XSGDWLQJ�WKH�

J\PQDVLXP�DQG�ORFNHU�URRPV��D�QHZ�HQWUDQFH�DQG�FRPPXQLW\�JDWKHULQJ�VSDFH�RQ�WKH�ILUVW�IORRU��

SURYLGLQJ�RIILFH�VSDFH�IRU�WKH�FLW\�RI�9ROJD�DQG�RWKHU�VWDUW�XSV�RQ�WKH�VHFRQG�IORRU��DQG�D�EHG�

DQG�EUHDNIDVW�RQ�WKH�WKLUG�IORRU���

�

6%57�&RQVXOWDQWV�SURYLGHG�SURIHVVLRQDO�HQJLQHHULQJ�VHUYLFHV�IRU�WKLV�SURMHFW�LQ�DUFKLWHFWXUDO�

GHVLJQ��VWUXFWXUDO�GHVLJQ��FLYLO�VLWH�GHVLJQ��DQG�0�(�3�GHVLJQ��$�QHZ�DUFKLWHFWXUDO�OD\RXW�IRU�HDFK�

RI�WKH�IORRUV�ZDV�GHVLJQHG��FUHDWLQJ�QHZ�URRPV�DQG�UHSXUSRVLQJ�RWKHUV��)RU�WKLV�SURMHFW�ZH�DOVR�

��



5)3�����VSULQJ���

VXFFHVVIXOO\�GHVLJQHG�DQG�LQFRUSRUDWHG�QHZ�$'$�DFFHVVLEOH�SDUNLQJ��D�QHZ�PDLQ�HQWUDQFH��ILUH�

HVFDSH��HOHYDWRU��RXWGRRU�SDWLR��DQG�EDWKURRPV�WKURXJKRXW�WKH�EXLOGLQJ��$GGLWLRQDOO\��D�FRPSOHWH�

GUDZLQJ�VHW�RI�RXU�GHVLJQ�ZDV�FUHDWHG�DORQJ�ZLWK�D��'�PRGHO��GHVLJQ�SRVWHU�KLJKOLJKWLQJ�WKH�NH\�

IHDWXUHV��DQG�D�FRPSOHWH�FRVW�HVWLPDWH�IRU�WKH�SURMHFW�� �

�

2ULJLQDOO\�ZH�KDG�SURSRVHG�FRPSOHWLQJ�WZR�VHSDUDWH�GHVLJQV�IRU�WKH�SURMHFW�ZLWK�RQH�GHVLJQ�

EHLQJ�D�FRVW�HIIHFWLYH�RSWLRQ�DQG�WKH�RWKHU�DQ�HODERUDWH�H[SHQVLYH�RSWLRQ��+RZHYHU��DV�ZH�

SURJUHVVHG�WKURXJK�WKH�GHVLJQ�SURFHVV�ZH�GHWHUPLQHG�WKDW�LW�ZRXOG�EH�PRUH�HIILFLHQW�WR�MXVW�

KDYH�RQH�RYHUDOO�GHVLJQ��:LWKLQ�WKLV�GHVLJQ�ZH�VHOHFWHG�D�QXPEHU�RI�IHDWXUHV�WKDW�FRXOG�EH�

FRQVLGHUHG�RSWLRQDO��7KH�RSWLRQDO�DVSHFWV�RI�WKH�GHVLJQ�LQFOXGH�UHVXUIDFLQJ�WKH�J\P�IORRU��

UHORFDWLQJ�WKH�NLWFKHQ�RQ�WKH�ILUVW�IORRU��DQG�DGGLQJ�WKH�RXWGRRU�SDWLR��7KHVH�HOHPHQWV�ZHUH�

VHOHFWHG�EHFDXVH�WKH\�SURYLGHG�DQ�RSSRUWXQLW\�WR�VDYH�RQ�WKH�FRVW�RI�WKH�SURMHFW�ZKLOH�VWLOO�EHLQJ�

DEOH�WR�DFFRPSOLVK�WKH�RYHUDOO�JRDOV�RI�WKH�SURMHFW���

�

�
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5)3�����VSULQJ���

�

�

7KH�ZRUN�SODQ�DERYH�ZDV�JHQHUDWHG�E\�HVWLPDWLQJ�KRZ�ORQJ�FHUWDLQ�WDVNV�ZRXOG�OLNHO\�WDNH�WR�

FRPSOHWH�DQG�E\�LGHQWLI\LQJ�ZKDW�WDVNV�FRXOG�EH�GRQH�VLPXOWDQHRXVO\��)RU�LQVWDQFH��WKH�URRP�

DVVLJQPHQWV�SUREDEO\�ZRQ¶W�WDNH�DV�ORQJ�DV�WKH�VWUXFWXUDO�DQDO\VLV�VR�LW�LV�RQO\�JLYHQ�D�ZHHN��

7KH�URRP�DVVLJQPHQW�WDVN�LV�DOVR�GRQH�DW�WKH�VDPH�WLPH�DV�WKH�HOHFWULF�SOXPELQJ�OD\RXW�

EHFDXVH�ERWK�DUH�UHODWHG��

�

�

�

�

�

� �
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5)3�����VSULQJ���

6HFWLRQ�,9��&RQVWUDLQWV��&KDOOHQJHV��,PSDFWV�

&RQVWUDLQWV�

7KHUH�ZHUH�WZR�SULPDU\�FRQVWUDLQWV�RQ�WKLV�SURMHFW��7KH�ILUVW�RI�WKHVH�FRQVWUDLQWV�ZDV�WKH�RYHUDOO�

EXGJHW�RI�WKLV�SURMHFW��7KH�VHFRQG�ZDV�WKH�FXUUHQW�FRQGLWLRQ�RI�WKH�H[LVWLQJ�EXLOGLQJ��7KHVH�WZR�

FRQVWUDLQWV�ZRUNHG�WRJHWKHU��:LWK�WKH�FXUUHQW�VWDWH�RI�WKH�EXLOGLQJ�D�VLJQLILFDQW�DPRXQW�RI�PRQH\�

LV�UHTXLUHG�WR�FRPSOHWH�QHFHVVDU\�UHSDLUV�DQG�UHPRYH�KD]DUGRXV�PDWHULDOV�WR�PDNH�WKH�EXLOGLQJ�

VDIH�IRU�FRQVWUXFWLRQ�DQG�RFFXSDQF\��7KHVH�FRVWO\�UHSDLUV�FRXOG�FRQVXPH�D�ODUJH�SRUWLRQ�RI�WKH�

EXGJHW�DQG�OHDYH�OLWWOH�PRQH\�IRU�LQFRUSRUDWLQJ�RWKHU�IHDWXUHV�RI�WKH�GHVLJQ���

�

&KDOOHQJHV�

7KH�ODUJHVW�FKDOOHQJHV�ZLWKLQ�WKLV�SURMHFW�DUH�VDIHO\�GLVSRVLQJ�RI�WKH�DVEHVWRV�WKURXJKRXW�WKH�

EXLOGLQJ�DQG�RWKHU�KD]DUGRXV�PDWHULDOV��$QRWKHU�FKDOOHQJH�ZDV�PHHWLQJ�$'$�FRPSOLDQFH�

WKURXJKRXW�WKH�EXLOGLQJ��:LWK�WKH�FXUUHQW�IURQW�HQWUDQFH�WKDW�OHDGV�WR�D�VSOLW�OHYHO�DQG�DQ�

XQSDYHG�SDUNLQJ�ORW��DQ�DOWHUQDWLYH�VROXWLRQ�ZDV�QHHGHG�WR�PHHW�WKHVH�VWDQGDUGV��)LUH�DQG�

VDIHW\�H[LWV�ZHUH�DOVR�D�FKDOOHQJH��&XUUHQWO\�WKH�EXLOGLQJ�RQO\�KDV�RQH�PDLQ�VWDLUFDVH�WKDW�IORZV�

IURP�WKH�ILUVW�WR�WKLUG�IORRU�DQG�DQ�RXWGDWHG�ILUH�HVFDSH�WKDW�LV�DWWDFKHG�WR�WKH�H[WHULRU�RI�WKH�

EXLOGLQJ��0RGHUQ�ILUH�FRGH�GRHV�QRW�DOORZ�RSHQ�H[WHULRU�ILUH�HVFDSHV�VR�DQ�DGGLWLRQDO�HPHUJHQF\�

H[LW�ZDV�QHHGHG�ZKLFK�ZDV�DGGHG�RQ�WR�WKH�H[WHULRU�RI�WKH�EXLOGLQJ��:H�FKRVH�WR�DGG�WKH�ILUH�

HVFDSH�WR�WKH�H[WHULRU�RI�WKH�EXLOGLQJ�UDWKHU�WKDQ�WKH�LQWHULRU�IRU�WZR�UHDVRQV��)LUVW�WR�DYRLG�

KDYLQJ�WR�SXQFK�KROHV�LQ�WKH�IORRU�DQG�DIIHFW�WKH�VWUXFWXUDO�LQWHJULW\�RI�WKH�EXLOGLQJ�DQG�WR�DYRLG�

KDYLQJ�WR�VDFULILFH�LQWHUQDO�IORRU�VSDFH�� �

�

�

�
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6RFLHWDO�,PSDFW�

7KLV�SURMHFW�KDV�WKH�SRWHQWLDO�WR�KDYH�D�VXEVWDQWLDO�LPSDFW�RQ�WKH�FRPPXQLW\�RI�9ROJD��2Q�D�

GDLO\�EDVLV�WKH�XSGDWHG�EXLOGLQJ�FRXOG�LPSDFW�WKH�FRPPXQLW\�UHFUHDWLRQDOO\��HFRQRPLFDOO\��DQG�

FXOWXUDOO\��:LWK�LWV�FORVH�SUR[LPLW\�WR�WKH�FDPS�JURXQGV�WKH�VLWH�LV�DEOH�WR�SURYLGH�D�ORFDWLRQ�IRU�

VKRZHUV�DQG�ODXQGU\�WR�WKH�XVHUV�RI�WKH�FDPSJURXQGV��8VHUV�RI�WKH�J\PQDVLXP�ZRXOG�KDYH�

QHZ�ORFNHU�URRPV�WR�XVH�DQG�VDIHO\�VWRUH�WKHLU�SRVVHVVLRQV�LQ��7KH�FRZRUNLQJ�DQG�RIILFH�VSDFHV�

ZLOO�SURYLGH�RSSRUWXQLWLHV�IRU�UHVLGHQWV�RI�9ROJD�WR�VWDUW�DQG�JURZ�WKHLU�RZQ�EXVLQHVVHV��7KH�

VSDFH�ZRXOG�SURYLGH�D�SODFH�IRU�SHRSOH�LQ�WKH�FRPPXQLW\�WR�PHHW�DQG�ZRUN�RXWVLGH�RI�WKHLU�

KRPHV�ZLWKRXW�KDYLQJ�WR�SD\�IRU�RIILFH�VSDFH�WKHPVHOYHV�DQG�DOORZV�WKHP�WR�VKDUH�UHVRXUFHV�

OLNH�SULQWHUV��FRSLHUV��DQG�RWKHU�H[SHQVLYH�LWHPV�WKH\�FRXOG�QRW�RWKHUZLVH�DIIRUG�WKHPVHOYHV��

$GGLWLRQDOO\��WKH�EHG�DQG�EUHDNIDVW�SRUWLRQ�ZRXOG�DOORZ�SHRSOH�IURP�RXW�RI�WRZQ�WR�VWD\�ZLWKLQ�

WKH�FLW\�RI�9ROJD��7KH�SURMHFW�ZRXOG�DOVR�SURYLGH�WKH�FRPPXQLW\�ZLWK�DQRWKHU�JDWKHULQJ�SODFH�

DQG�D�YHQXH�WR�KRVW�RXWGRRU�HYHQWV��7KH�RXWGRRU�SDYLOLRQ�FRXOG�SURYLGH�D�SODFH�WR�KRVW�RXWGRRU�

ZHGGLQJV��OLYH�PXVLF��DQG�RWKHU�HYHQWV�DQG�FHOHEUDWLRQV���

�

6HFWLRQ�9��$OWHUQDWLYH�6ROXWLRQV�7KDW�:HUH�&RQVLGHUHG�

$W�WKH�EHJLQQLQJ�RI�WKLV�SURMHFW�RXU�GHVLJQ�WHDP�KDG�WKRXJKW�WR�FUHDWH�WZR�VHSDUDWH�

GHVLJQV�WR�SUHVHQW��$V�ZH�SURJUHVVHG�WKURXJK�WKH�GHVLJQ�RI�WKH�SURMHFW�KRZHYHU��LW�EHFDPH�

FOHDU�WKDW�VHYHUDO�RI�WKH�RSWLRQV�ZH�KDG�RULJLQDOO\�FRQVLGHUHG�DV�MXVW�SDUW�RI�WKH�HODERUDWH�GHVLJQ�

ZHUH�DFWXDOO\�HVVHQWLDO�LQ�ERWK�GHVLJQV��7KLV�OHG�WR�XV�FXUWDLOLQJ�WKH�FRVW�HIIHFWLYH�GHVLJQ�DQG�

LQVWHDG�RSWLQJ�WR�IRFXV�VROHO\�RQ�WKH�HODERUDWH�GHVLJQ���

7KURXJKRXW�WKH�PDLQ�IORRU�DQG�J\PQDVLXP�OHYHO�VHYHUDO�DOWHUQDWLYHV�ZHUH�FRQVLGHUHG��

2QH�RSWLRQ�KDG�WKH�FXUUHQW�EDWKURRPV�RQ�WKH�J\PQDVLXP�IORRU�UHPDLQLQJ�ZKHUH�WKH\�DUH��7KLV�

RSWLRQ�ZDV�UHMHFWHG�IRU�D�QXPEHU�RI�UHDVRQV��)LUVW�E\�UHPRYLQJ�WKH�EDWKURRPV�PRUH�VSDFH�

��
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ZRXOG�EH�RSHQHG�XS�RQ�WKH�J\PQDVLXP�IORRU�IRU�XVH��$GGLWLRQDOO\��E\�UHRSHQLQJ�WKH�VFKRRO�

EXLOGLQJ�WKHUH�ZRXOG�EH�DFFHVVLEOH�EDWKURRPV�DYDLODEOH�IRU�XVH��$QRWKHU�FRQVLGHUDWLRQ�ZDV�

UHQRYDWLQJ�WKH�ROG�ORFNHU�URRPV�XQGHUQHDWK�WKH�VWDJH��7KLV�ZDV�RULJLQDOO\�FRQVLGHUHG�VR�WKDW�

WKH\�ZRXOG�EH�DYDLODEOH�IRU�XVH�WR�WKH�QHLJKERULQJ�FDPSJURXQG�XVHUV��:H�XOWLPDWHO\�GHFLGHG�

DJDLQVW�WKLV�EHFDXVH�WKH�VKRZHUV�WKDW�ZRXOG�EH�DYDLODEOH�LQ�WKH�EDWKURRPV�RI�WKH�EHG�DQG�

EUHDNIDVW�DUHD���

�

� �

���
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6HFWLRQ�9,��)LQDO�'HVLJQ�'HWDLOV�

,Q�RUGHU�WR�PDNH�WKH�VHFRQG�DQG�WKLUG�IORRUV�$'$�DFFHVVLEOH�DQG�WR�SURYLGH�DQ�DGGLWLRQDO�

ILUH�HVFDSH�IRU�VDLG�IORRUV��D�VWDLU�ZLWK�DQ�HOHYDWRU�DWWDFKHG�ZDV�GHVLJQHG��7KH�HOHYDWRU�DQG�VWDLU�

JR�WR�DOO�WKUHH�IORRUV��7R�UHGXFH�FRVW��WKH�HOHYDWRU�LV�K\GUDXOLF��ZKLFK�LV�DOO�WKDW�LV�QHHGHG�IRU�D�

VKRUW�VWUXFWXUH��,Q�RUGHU�WR�PDNH�URRP�IRU�SHRSOH�ZDONLQJ�RQ�WKH�VWDLUV�DQG�SHRSOH�JRLQJ�WR�WKH�

HOHYDWRU�WKH�ODQGLQJ�RQ�WKH�HOHYDWRU�VLGH�ZDV�PDGH�ZLGHU�WKDQ�WKDW�IRU�WKH�WUHDGV��7KH�VDPH�

ZDV�DOVR�GRQH�IRU�WKH�RWKHU�VHWV�RI�ODQGLQJV�EHFDXVH�WKHUH�LV�D�GRRU�JRLQJ�WR�WKH�RXWVLGH��7KLV�

PDGH�WKH�VWDLU�VKDIW�WDNH�XS�PRUH�VSDFH�DORQJ�WKH�ZDOO�WKDQ�LQLWLDOO\�DQWLFLSDWHG�EXW�VWLOO�QRW�WKDW�

PXFK��7KLV�LV�JRRG�EHFDXVH�WKH�JRDO�RI�PDNLQJ�WKLV�VWDLU�ZDV�WR�OLPLW�KRZ�PXFK�VSDFH�LW�WRRN�XS�

VR�DV�OLWWOH�RI�WKH�ZDOO�LW�FRQQHFWV�WR�QHHGHG�WR�EH�DOWHUHG��+RZHYHU�DOO�WKH�ROG�IRXQGDWLRQ�EHORZ�

ZKHUH�WKH�QHZ�IRRWLQJV�IRU�WKH�&08�VKDIW�ZLOO�QHHG�WR�EH�H[FDYDWHG�DQG�UHPRYHG��7KH�QHZ�

IRRWLQJV�GR�QRW�QHHG�WR�FRQQHFW�WR�WKH�ROG�IRXQGDWLRQ�KRZHYHU�EHFDXVH�RI�KRZ�KLJK�DERYH�WKH�

QHZ�IRRWLQJV�ZLOO�EH�VR�DV�WR�SXW�OLWWOH�VXUFKDUJH�ORDGLQJ��$V�IDU�DV�WKH�VWDLU�LWVHOI��LW�LV�GHVLJQHG�LQ�

YHU\�VWDQGDUG�IDVKLRQ��'HDG�ORDG�DQG�OLYH�ORDG�RQ�WKH�VWDLU�ZDONLQJ�VXUIDFH�DUH����SVI�DQG�����

SVI�UHVSHFWLYHO\��DQG�WKH�JXDUGUDLOV�DUH�GHVLJQHG�IRU����SOI�DORQJ�WKH�WRS�UDLO��7KH�IUDPLQJ�

PHPEHUV�DQG�WKH�JXDUGUDLO�PHPEHUV�DUH�DQDO\]HG�IRU�EHQGLQJ�EDVHG�RQ�WKHVH�ORDGV��7KH�

VWULQJHUV�IUDPH�LQWR�KHDGHUV�ZKLFK�EHDU�LQ�SRFNHWV�LQ�WKH�ZDOOV�RI�WKH�VKDIW��DV�LV�W\SLFDO�IRU�&08�

VKDIW�VWDLU�IUDPLQJ��)RU�HFRQRP\��WKH�URRI�GHFN�LV�XVHG�IRU�WKH�ODQGLQJV��7KH�JXDUGUDLO�SRVWV�XVH�

KLJK�VWUHQJWK�VWHHO�LQ�RUGHU�IRU�WKHP�WR�EH�DV�VPDOO�DV�SRVVLEOH�VR�WKDW�WKH\�FDQ�EH�ZHOGHG�RQ�

WRS�RI�WKH�VPDOOHVW�SRVVLEOH�VWULQJHUV��
,Q�RUGHU�WR�SURYLGH�DHVWKHWLF�DSSHDO�WR�WKH�QHZ�HQWUDQFH�DQ�DOXPLQXP�FDQRS\�LV�

SURYLGHG��,W�XVHV�WKH�FKHDSHVW�DYDLODEOH�DOXPLQXP�IRU�HFRQRP\��0RVW�RI�WKH�PHPEHUV�DUH�WKH�

VPDOOHVW�SRVVLEOH�H[FHSW�IRU�WKH�WRS�PHPEHUV�ZKLFK�QHHG�WR�EH�ELJJHU�WR�DFFRXQW�IRU�EHQGLQJ��

$VVXPLQJ�WKHUH�DUH�EULFN�WLHV�LQ�WKH�EULFN�IDFDGH�WKDW�WKH�FDQRS\�DWWDFKHV�WR��WKH�FDQRS\�FDQ�

���
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VLPSO\�EH�DWWDFKHG�WR�WKH�IDFDGH��ZKLFK�PDNHV�WKH�HUHFWLRQ�SKDVH�TXLFNHU��7KH�FDQRS\�GRHV�

QHHG�D�SRVW�LQ�WKH�IURQW�PLGGOH�DV�ZHOO�DV�WKH�HQGV�WR�DFFRPRGDWH�IRU�VWUHQJWK��EXW�WKHUH�LV�VWLOO�

SOHQW\�RI�URRP�WR�ZDON�WKURXJK��

7KH�GHVLJQ�RI�WKH�SDYHG�KDQGLFDS�SDUNLQJ�VSDFHV�VDWLVILHV�WKH�$'$�6WDQGDUGV�IRU�

TXDQWLW\�DQG�GLPHQVLRQV��7KH�DGGLWLRQ�RI�WKHVH�VSDFHV�DOORZ�IRU�HDVLHU�DFFHVV�IRU�KDQGLFDS�

SHUVRQV�WR�WKH�PDLQ�HQWUDQFH�DQG�WKH�HOHYDWRU�VKDIW��7KH�VSDFHV�DUH�GHVLJQHG�WR�ILW�D�ODUJH�VL]H�

YHKLFOH��VXFK�DV�D�YDQ��DQG�DOORZ���IHHW�RI�VSDFH�RQ�HDFK�VLGH�LQ�EHWZHHQ�SDUNLQJ�VSRWV��7KH�

UDPSV�XS�WR�VLGHZDON�OHYHO�DUH�DSSURSULDWH�VORSHV�ZLWK�GHWHFWDEOH�ZDUQLQJV�IRU�LQFUHDVHG�VDIHW\��

7KH�QRUWK�VLGH�RI�WKH�SDUNLQJ�ORW�ZLOO�EH�OLQHG�ZLWK�D���IRRW�ZLGH�VLGHZDON�DQG�FXUE��DQG�WKH�UHVW�

RI�LW�UHPDLQLQJ�JUDYHO��7KH�RXWGRRU�SDWLR�ZDV�D�VLPSOH�GHVLJQ��D������VTXDUH�IRRW�SDWFK�RI�

SHUPHDEOH�SDYHUV�WKDW�SURYLGHV�DPSOH�VSDFH�IRU�UHFHSWLRQV��FHUHPRQLHV��DQG�FRPPXQLW\�

JHW�WRJHWKHUV���

� �
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6HFWLRQ�9,,��(QJLQHHU¶V�&RVW�(VWLPDWH�

7DEOH����&RVW�HVWLPDWH�RI�SURSRVHG�SURMHFW�SKDVLQJ�DQG�RYHUDOO�FRVW��
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$SSHQGL[�$�
�

5HIHUHQFHV�

,&&����������������,EF�LQWHUQDWLRQDO�EXLOGLQJ�FRGH ���&RXQWU\�&OXE�+LOOV��,/��

'HSW��RI�-XVWLFH�����������*XLGDQFH�RQ�WKH������$GD�VWDQGDUGV�IRU�DFFHVVLEOH�GHVLJQ���

:DVKLQJWRQ��'�&��

,QWHUQDWLRQDO�&RGH�&RXQFLO�����������,QWHUQDWLRQDO�H[LVWLQJ�EXLOGLQJ�FRGH�������,HEF���&RXQWU\�

&OXE�+LOOV��,/��

,QWHUQDWLRQDO�&RGH�&RXQFLO�����������,QWHUQDWLRQDO�ILUH�FRGH������ ���)DOOV�&KXUFK��9$��

�

�
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Stair Framing Calculations

Define Variables

≔l 9.5 ft ≔b +3 ft 4 in ≔b2 +7 ft 10.5 in ≔g 13 in ≔e 1.5 in ≔h 42 in

≔γs 490 pcf ≔γc 150 pcf ≔LL 100 psf ≔Fy 36 ksi ≔Ω 1.67 ≔fm' 1500 psi

Design Calculations

Dead Load

≔t 2.25 in Average landing slab thickness

≔DL =⋅γc t 28.125 psf ≔DL 30 psf

Guardrail Dead Load

≔wHSS 2.27 plf ≔t 1.66 in

≔d 0.375 in ≔spicket 3.5 in ≔rise 7 ≔run 11 ≔c =‾‾‾‾‾‾‾‾‾‾+rise2 run2 13.038

≔Apicket =―
π
4

d2 0.11 in 2 ≔Lpicket =---h 2 t 3 in 2 in 33.68 in

≔DLrail =+4 wHSS ――――――
⋅⋅γs Apicket Lpicket

spicket
12.697 plf so ≔DLrail 15 plf

Stringer

≔wS 10.6 plf ≔ZxMC 11.6 in 3

≔w =+++⋅―
1
2

b DL ⋅―
1
2

b LL wS DLrail 242.267 plf

≔RS =⋅―
1
2

w l ⎛⎝ ⋅1.151 103 ⎞⎠ lbf

≔M =⋅―
1
8

w l2 2.733 ⋅kip ft

≔Mn =⋅Fy ZxMC 34.8 ⋅kip ft =――
Mn

Ω
20.838 ⋅kip ft

Use MC12x10.6 (A36)

Front Header

≔W =++2 b g 2 e 8 ft

≔ZxC 7.19 in 3≔wFH 9.8 plf

Non-Commercial Use Only
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≔wFH 9.8 plf ≔ZxC 7.19 in 3

≔w =++⋅―
1
4

b2 DL ⋅―
1
4

b2 LL wFH 265.738 plf

≔RFH =+⋅―
1
2

w W 2 RS
⎛⎝ ⋅3.364 103 ⎞⎠ lbf

≔M =---⋅RFH
⎛
⎜
⎝
―
1
2

W
⎞
⎟
⎠

⋅RS
⎛
⎜
⎝

-―
1
2

W e
⎞
⎟
⎠

⋅RS
⎛
⎜
⎝
―
1
2

g
⎞
⎟
⎠

⋅⋅w ―
1
2

W ―
1
4

W 6.249 ⋅kip ft

≔Mn =⋅Fy ZxC 21.57 ⋅kip ft =――
Mn

Ω
12.916 ⋅kip ft

Use C7x9.8 (A36)

Intermediate Header

≔wIH 8.2 plf ≔ZxC 5.16 in 3

≔w =++⋅―
1
2

b2 DL ⋅―
1
2

b2 LL wIH 520.075 plf

≔RIH =⋅―
1
2

w W ⎛⎝ ⋅2.08 103 ⎞⎠ lbf

≔M =⋅―
1
8

w W2 4.161 ⋅kip ft

≔Mn =⋅Fy ZxC 15.48 ⋅kip ft =――
Mn

Ω
9.269 ⋅kip ft

Use C6x8.2 (A36)

Rear Header

≔wRH 8.2 plf ≔ZxC 5.16 in 3

≔w =++⋅―
1
4

b2 DL ⋅―
1
4

b2 LL wRH 264.138 plf

≔RRH =⋅―
1
2

w W ⎛⎝ ⋅1.057 103 ⎞⎠ lbf

≔M =⋅―
1
8

w W2 2.113 ⋅kip ft

≔Mn =⋅Fy ZxC 15.48 ⋅kip ft =――
Mn

Ω
9.269 ⋅kip ft

Use C6x8.2 (A36)

Front Header Bearing Check and Bearing Plate Design

Non-Commercial Use Only
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Front Header Bearing Check and Bearing Plate Design

≔bp 4 in ≔lp 4 in ≔tp ―
3
8

in ≔Rall =⋅⋅0.25 fm' bp lp 6 kip =RFH 3.364 kip

Use 4" x 4" x 3/8" Plate (A36) w/ (1) 1/2" dia. x 4" long Headed Stud

Guardrail Calculations

Define Variables

≔s +3 ft 7 in ≔E 29000 ksi

Design Calculations

Guardrail Post and Top, Bottom, and Handrails By Extension

≔Fy 50 ksi ≔ZxHSS 0.305 in 3

≔S =――
rise
run

0.636 ≔c =‾‾‾‾‾‾‾‾‾‾+rise2 run2 13.038

≔P =max(( ,⋅50 plf s 200 lbf)) 200 lbf

≔M =⋅P
⎛
⎜
⎝

--h ―
1
2

t 2 in
⎞
⎟
⎠

0.653 ⋅kip ft

≔Mn =⋅Fy ZxHSS 1.271 ⋅kip ft =――
Mn

Ω
0.761 ⋅kip ft

Use HSS1.660x0.140 (A500-HSLA-50)
assumed weld
dimensionsGuardrail Post Weld

≔t ―
3
16

in ≔dHSS 1.66 in ≔Fy 70 ksi

≔Zx =―
1
6

⎛
⎝ -⎛⎝ +dHSS 2 0.707 t⎞⎠

3
⎛⎝dHSS⎞⎠

3 ⎞
⎠ 0.427 in 3

≔Mn =⋅――
0.6
2

Fy Zx 0.747 ⋅kip ft =M 0.653 ⋅kip ft

Use 3/16" Weld (E70XX)

Stringer Web Weak Axis Bending

Assuming 40" of Web Resist Bending ≔bw 40 in ≔Fy 36 ksi

≔tw 0.19 in ≔Zw =⋅―
1
4

bw tw
2 0.361 in 3

=――
Mn

Ω
0.649 ⋅kip ft

Non-Commercial Use Only
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≔Mn =⋅Fy Zw 1.083 ⋅kip ft =――
Mn

Ω
0.649 ⋅kip ft =M 0.653 ⋅kip ft

Picket

≔Fy 36 ksi ≔Z =―
1
6

d3 0.009 in 3 ≔I =―
π
64

d4 ⎛⎝ ⋅9.707 10-4⎞⎠ in 4

≔P =⋅50 lbf ――
spicket
12 in

14.583 lbf

≔M =⋅―
1
4

P Lpicket 0.01 ⋅kip ft ≔Mn =⋅Fy Z 0.026 ⋅kip ft =――
Mn

Ω
0.016 ⋅kip ft

≔Δ =――――
⋅P Lpicket

3

⋅⋅48 E I
0.412 in ≔dopening =+-spicket d 2 Δ 3.95 in < 4 in

Use 3/8" Dia. Round Bars (A36)

Handrail Bracket

≔d ―
5
8

in ≔c 2.5 in ≔M =⋅200 lbf c 0.042 ⋅kip ft

≔Mn =⋅Fy
⎛
⎜
⎝
―
1
6

d3 ⎞
⎟
⎠

0.122 ⋅kip ft =――
Mn

Ω
0.073 ⋅kip ft

Use 5/8" Dia. Round Bars (A36)

Handrail Bracket Weld

≔t ―
3
16

in ≔Fy 70 ksi

≔Zx =―
1
6

⎛
⎝ -(( +d 2 0.707 t))

3
((d))3

⎞
⎠ 0.077 in 3

≔Mn =⋅――
0.6
2

Fy Zx 0.134 ⋅kip ft =M 0.042 ⋅kip ft

Use 3/16" Weld (E70XX)

stress analysis 
using area 
transformationWall Rail Attachment

≔dbp 2.75 in ≔seq =
‾‾‾‾‾‾
―
π
4

dbp
2 2.437 in

≔c =―
seq
3

0.812 in ≔C =―
M
c

615.48 lbf ≔fc =――
4 C
seq

2
414.494 psi ≔Fc =0.7 fm' 1050 psi

≔T =C 615.48 lbf ≔Tn_Ω 780 lbf

Use 2-3/4" dia. Bracket Plate (A36) w/ (1) 3/8" dia. HILTI KB3

Tread and Riser Plate Calculations

Non-Commercial Use Only
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Tread and Riser Plate Calculations
The tread and riser plate is 
analyzed for one foot of load 
but to avoid slenderness the 
flanges are kept to 1 inchDefine Variables

≔Fy 36 ksi ≔t 0.0598 in ≔turn 1 in ≔PLL 300 lbf

Design Calculations

≔w =+⋅1 ft DL ⋅1 ft LL 130 plf

≔M =⋅―
1
8

w b2 0.181 ⋅kip ft ≔M =+⋅―
1
4

PLL b ⋅―
1
8

(( ⋅1 ft DL)) b2 0.292 ⋅kip ft

≔Ix =++⋅―
1
12

t (( +⋅rise in t))
3

⋅―
1
12

(( -turn t)) t3 ⋅⋅2 (( -turn t)) t
⎛
⎜
⎝
―――

⋅rise in
2

⎞
⎟
⎠

2

3.131 in 4

≔Sx =――――
2 Ix

+⋅rise in t
0.887 in 3

≔Mn =⋅Fy Sx 2.661 ⋅kip ft =――
Mn

Ω
1.593 ⋅kip ft

≔ΔLL =――――――
⋅5 (( ⋅LL 1 ft)) b4

⋅⋅384 E Ix
0.003059 in =――

b
1000

0.04 in

Use 16-Gauge Steel Plate (A36)

Landing Deck Design

≔TL =+DL LL 130 psf =b 3.333 ft Vulcraft: span: 4' 10" TL=131.6 psf

Use 1.5B20 Deck with 1.5" Concrete Topping

Elevator Hoist Beam Design

Define Variables

≔W 4650 lbf ≔A +7 ft 4 in ≔B +6 ft 0 in ≔Fy 50 ksi

Design Calculations

≔V =―
1
2

W 2.325 kip ≔M =⋅―
1
4

W B 6.975 ⋅kip ft ≔Zx 5.73 in 3

≔Mn =⋅Fy Zx 23.875 ⋅kip ft =――
Mn

Ω
14.296 ⋅kip ft

Use W6x8.5 (A992)

Elevator Pit Slab Strength
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Elevator Pit Slab Strength

Define Variables

≔B +8 ft 8 in ≔L 10 ft ≔H +40 ft 2 in ≔wCMU 58 psf

≔γc 145 pcf ≔t 1 ft ≔Ab 0.2 in 2 ≔db 0.5 in ≔fc' 4 ksi ≔fy 60 ksi

Design Calculations

≔Pwall_slab =+⋅⋅wCMU H (( +2 (( -B 2 ft)) 2 (( -L 2 ft)))) ⋅⋅⋅γc t B L 80.904 kip

≔pslab =―――
Pwall_slab

⋅B L
0.934 ksf

≔Mu =―
1
8

⎛⎝1.2 0.50 pslab⎞⎠ (( -L 2 ft))
2

4.481 kip

≔As =⋅2 Ab 0.4 in 2

≔d =--t 2 in 1.5 db 9.25 in =―――
As

⋅1 ft d
0.0036 > ≔ρmin 0.0018

≔As_tensioncontrolled =――――――
⋅⋅⋅0.85 fc' 0.85 1 ft

fy

⎛
⎜
⎝
――
3 d
8

⎞
⎟
⎠

2.005 in 2

≔a =―――――
⋅As fy
⋅0.85 fc' 1 ft

0.588 in

≔ϕMn =⋅⋅⋅0.9 As fy
⎛
⎜
⎝

-d ―
a
2
⎞
⎟
⎠

16.1 ⋅kip ft

Elevator Pit Slab Bearing Capacity

Define Variables

≔c' 0 psf ≔ϕ' 30 ° ≔γ 120 pcf ≔FSq 3 ≔Df 12 ft

Design Calculations

≔Nq =⋅exp((π tan((ϕ'))))
⎛
⎜
⎝
tan

⎛
⎜
⎝

+45 ° ―
ϕ'
2
⎞
⎟
⎠
⎞
⎟
⎠

2

18.401

≔Nc =―――
⎛⎝ -Nq 1⎞⎠
tan((ϕ'))

30.14

≔Nγ =2 ⎛⎝ +Nq 1⎞⎠ tan((ϕ')) 22.402

≔sc =+1
⎛
⎜
⎝
―
B
L
⎞
⎟
⎠

⎛
⎜
⎝
――
Nq

Nc

⎞
⎟
⎠

1.529
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≔sc =+1
⎛
⎜
⎝
―
B
L
⎞
⎟
⎠

⎛
⎜
⎝
――
Nq

Nc

⎞
⎟
⎠

1.529

≔sq =+1
⎛
⎜
⎝
―
B
L
⎞
⎟
⎠
tan((ϕ')) 1.5

≔sγ =-1 0.4
⎛
⎜
⎝
―
B
L
⎞
⎟
⎠

0.653

≔dc =+1 0.4
⎛
⎜
⎝
―
Df

B

⎞
⎟
⎠

1.554

≔dq =+1 2
⎛
⎜
⎝
―
Df

B

⎞
⎟
⎠
tan((ϕ')) (( -1 sin ((ϕ'))))

2
1.4

≔dγ 1

≔qs =⋅γ Df 1440 psf

≔qn' =++⋅⋅c' Nc ⎛⎝ ⋅sc dc⎞⎠ ⋅⋅qs Nq ⎛⎝ ⋅sq dq⎞⎠ ⋅⋅⋅0.5 γ B Nγ ⎛⎝ ⋅sγ dγ⎞⎠ 63258 psf

≔Pn =⋅⋅qn' B L 5482.346 kip

≔Pa =――
Pn

FSq
1827.449 kip =Pwall_slab 80.904 kip
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Dead Load Calculation

Calculated later

Live Load Calculation

≔plfloor 50 psf ≔plroof 20 psf

Snow Load Calculation

Define Variables

≔pg 30 psf Ground snow load for Volga, IA

≔Ce 0.9 Exposure factor for surface roughness category B, fully exposed

≔Ct 1.0 Thermal factor

≔Is 1.0 Importance factor for risk category II

Design Calculations

Balanced Load

≔pf =⋅⋅⋅⋅0.7 Ce Ct Is pg 18.9 psf

Wind Load Calculations
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Wind Load Calculations

Define Variables

≔V 110 mph (b/c Cat. II)

≔Kd 0.85 ≔Kzt 1.0

≔zg 900 ft ≔α 9.5 (Exposure Class C, Surface Roughness B)

≔z15 15 ft ≔z16 16 ft ≔z27 27 ft ≔zh 27 ft

≔B 61 ft ≔L 68 ft ≔H 27 ft

≔bw 3 ft ≔lw 7.5 ft

Design Calculations

≔Ke =e
⋅-0.0000362 ―
zg
ft 0.968

≔K15 =⋅2.01
⎛
⎜
⎝
――
z15
zg

⎞
⎟
⎠

―
2
α

0.849 ≔K16 =⋅2.01
⎛
⎜
⎝
――
z16
zg

⎞
⎟
⎠

―
2
α

0.86

≔K27 =⋅2.01
⎛
⎜
⎝
――
z27
zg

⎞
⎟
⎠

―
2
α

0.961 ≔Kh =⋅2.01
⎛
⎜
⎝
―
zh
zg

⎞
⎟
⎠

―
2
α

0.961

≔q15 =⋅⋅⋅⋅⋅0.00256 ―――
psf

mph 2
K15 Kzt Kd Ke V2 21.634 psf

≔q16 =⋅⋅⋅⋅⋅0.00256 ―――
psf

mph 2
K16 Kzt Kd Ke V2 21.93 psf

≔q27 =⋅⋅⋅⋅⋅0.00256 ―――
psf

mph 2
K27 Kzt Kd Ke V2 24.484 psf

≔qh =⋅⋅⋅⋅⋅0.00256 ―――
psf

mph 2
Kh Kzt Kd Ke V2 24.484 psf

≔G 0.85

Check North wall for partial enclosure classification:

≔Ao =⋅⋅31 bw lw 697.5 ft 2 ≔Ag =⋅L H 1836 ft 2
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≔Ao =⋅⋅31 bw lw 697.5 ft 2 ≔Ag =⋅L H 1836 ft 2

≔Aoi =⋅45 bw lw 1012.5 ft 2 ≔Agi =(( +2 B L)) H 5130 ft 2

=>Ao 0.8 Ag 0 =>Ao ⋅1.1 Aoi 0 =>Ao min ⎛⎝ ,4 ft 2 0.01 Ag
⎞⎠ 1 =<――

Aoi

Agi
0.20 1

Therefore, building is partially open ≔GCpi 0.18

East-West Wind Pressures

=―
L
B

1.115 ≔Cp_windward 0.8 ≔Cp_leeward_EastWest -0.5

≔p15_windward_EastWest =-⋅⋅q15 G Cp_windward ⋅qh GCpi 10.304 psf

≔p16_windward_EastWest =-⋅⋅q16 G Cp_windward ⋅qh GCpi 10.505 psf

≔p27_windward_EastWest =-⋅⋅q27 G Cp_windward ⋅qh GCpi 12.242 psf

≔pleeward_EastWest =-⋅⋅qh G Cp_leeward_EastWest ⋅qh GCpi -14.813 psf

≔p15_net_EastWest =-p15_windward_EastWest pleeward_EastWest 25.117 psf

≔p16_net_EastWest =-p16_windward_EastWest pleeward_EastWest 25.318 psf

≔p27_net_EastWest =-p27_windward_EastWest pleeward_EastWest 27.055 psf

North-South Wind Pressures

=―
B
L

0.897 ≔Cp_leeward_NorthSouth -0.5

≔pleeward_NorthSouth =-⋅⋅qh G Cp_leeward_NorthSouth ⋅qh GCpi -14.813 psf

Windward East-West pressures are same as 
windward North-South pressures.

≔p15_net_NorthSouth =-p15_windward_EastWest pleeward_NorthSouth 25.117 psf

≔p16_net_NorthSouth =-p16_windward_EastWest pleeward_NorthSouth 25.318 psf

≔p27_net_NorthSouth =-p27_windward_EastWest pleeward_NorthSouth 27.055 psf
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Column Axial Strength Calculations

Define Variables

≔b 20 in ≔A7 0.6 in 2 ≔fc' 3000 psi ≔fy 40 ksi ≔Pc 178 kip ≔Mc ⋅16 kip ft

Design Calculations

≔Ag =b2 400 in 2 ≔Ast =8 A7 4.8 in 2 ≔Ac =-Ag Ast 395.2 in 2

≔ϕPn =⋅0.8 0.65 ⎛⎝ +⋅0.85 fc' Ac ⋅fy Ast⎞⎠ 624 kip ≔Pr1 =ϕPn 623.9 kip ≔Mr1 ⋅0 kip ft

Column Bending and Axial Interaction Calculations

Define Variables

≔fc' 3000 psi ≔fy 40000 psi ≔Es 29000 ksi ≔εcu 0.003

≔h 20 in ≔cc 1.5 in ≔ds ―
3
8

in ≔d7 0.875 in ≔A7 0.6 in 2

Design Calculations

≔Fc1 =⋅0.85 fc' h2 1020 kip ≔yc1 =―
h
2

10 in

≔d' =++cc ds ―
d7
2

2.313 in ≔s =―――
-h 2 d'
2

7.688 in

≔Fs1 =⋅⎛⎝ -fy 0.85 fc'⎞⎠ 3 A7 67 kip ≔ys1 =d' 2.313 in

≔Fs2 =⋅⎛⎝ -fy 0.85 fc'⎞⎠ 2 A7 45 kip ≔ys2 =+d' s 10 in

≔Fs3 =⋅⎛⎝ -fy 0.85 fc'⎞⎠ 3 A7 67 kip ≔ys3 =+d' 2 s 17.69 in

≔yp =―――――――――――
+++⋅Fc1 yc1 ⋅Fs1 ys1 ⋅Fs2 ys2 ⋅Fs3 ys3

+++Fc1 Fs1 Fs2 Fs3
10 in

≔ε0 =―――――
-⋅εs1 h ⋅εcu ys1
-h ys1

⋅-3.922 10-4
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≔yp =―――――――――――
+++⋅Fc1 yc1 ⋅Fs1 ys1 ⋅Fs2 ys2 ⋅Fs3 ys3

+++Fc1 Fs1 Fs2 Fs3
10 in

≔εs1 0 ≔ε0 =―――――
-⋅εs1 h ⋅εcu ys1
-h ys1

⋅-3.922 10-4

≔c =―――
⋅εcu h
-εcu ε0

17.688 in ≔a =0.85 c 15.034 in

≔ΣFc =⋅⋅0.85 fc' a h 766.8 kip ≔Mc1 =⋅ΣFc
⎛
⎜
⎝

--h ―
a
2

yp
⎞
⎟
⎠

158.6 ⋅kip ft

≔εty =―
fy
Es

0.001379 ≔ε0 =⋅-εcu ―――
(( -h c))

c
⋅-3.922 10-4

≔εs1 =+⋅ε0 ―――
-h ys1
h

⋅εcu ――
ys1
h

⋅-5.421 10-20 ≔εs2 =+⋅ε0 ―――
-h ys2
h

⋅εcu ――
ys2
h

0.001

≔εs3 =+⋅ε0 ―――
-h ys3
h

⋅εcu ――
ys3
h

0.002608

≔fs1 =⋅εs1 Es 0 psi ≔fs2 =-⋅εs2 Es 0.85 fc' 35263 psi

≔fs3 =-fy 0.85 fc' 37450 psi ≔fs4 =-fy 0.85 fc' 37450 psi

≔Fs1 =⋅fs1 3 A7 ⋅-2.83 10-15 kip ≔Fs2 =⋅fs2 2 A7 42.315 kip

≔Fs3 =⋅fs3 3 A7 67.41 kip

≔ΣFs =++Fs1 Fs2 Fs3 109.725 kip

≔Pn =+ΣFc ΣFs 876.5 kip

≔Mn =+++⋅Fs1 ⎛⎝ -ys1 yp⎞⎠ ⋅Fs2 ⎛⎝ -ys2 yp⎞⎠ ⋅Fs3 ⎛⎝ -ys3 yp⎞⎠ Mc1 201.8 ⋅kip ft

≔ϕ =0.65 0.65

≔Pr2 =⋅ϕ Pn 569.7 kip ≔Mr2 =⋅ϕ Mn 131.2 ⋅kip ft

≔εs1 =――
-fy
Es

-0.001 ≔ε0 =―――――
-⋅εs1 h ⋅εcu ys1
-h ys1

-0.002

≔c =―――
⋅εcu h
-εcu ε0

12.117 in ≔a =0.85 c 10.299 in

≔Mc1 =⋅ΣFc
⎛
⎜
⎝

--h ―
a
2

yp
⎞
⎟
⎠

212.3 ⋅kip ft≔ΣFc =⋅⋅0.85 fc' a h 525.3 kip
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≔ΣFc =⋅⋅0.85 fc' a h 525.3 kip ≔Mc1 =⋅ΣFc
⎛
⎜
⎝

--h ―
a
2

yp
⎞
⎟
⎠

212.3 ⋅kip ft

≔εty =―
fy
Es

0.001379 ≔ε0 =⋅-εcu ―――
(( -h c))

c
-0.002

≔εs1 =+⋅ε0 ―――
-h ys1
h

⋅εcu ――
ys1
h

-0.001 ≔εs2 =+⋅ε0 ―――
-h ys2
h

⋅εcu ――
ys2
h

⋅5.241 10-4

≔εs3 =+⋅ε0 ―――
-h ys3
h

⋅εcu ――
ys3
h

0.002427

≔fs1 =⋅εs1 Es -40000 psi ≔fs2 =⋅εs2 Es 15198 psi

≔fs3 =-fy 0.85 fc' 37450 psi

≔Fs1 =⋅fs1 3 A7 -72 kip ≔Fs2 =⋅fs2 2 A7 18.237 kip

≔Fs3 =⋅fs3 3 A7 67.41 kip

≔ΣFs =++Fs1 Fs2 Fs3 13.647 kip

≔Pn =+ΣFc ΣFs 538.9 kip

≔Mn =+++⋅Fs1 ⎛⎝ -ys1 yp⎞⎠ ⋅Fs2 ⎛⎝ -ys2 yp⎞⎠ ⋅Fs3 ⎛⎝ -ys3 yp⎞⎠ Mc1 301.6 ⋅kip ft

≔ϕ =+0.65 0.25
⎛
⎜
⎝
―――――

-abs⎛⎝εs1⎞⎠ εty
0.003

⎞
⎟
⎠

0.65

≔Pr3 =⋅ϕ Pn 350.3 kip ≔Mr3 =⋅ϕ Mn 196.1 ⋅kip ft

≔εs1 -0.005 ≔ε0 =―――――
-⋅εs1 h ⋅εcu ys1
-h ys1

-0.006

≔c =―――
⋅εcu h
-εcu ε0

6.633 in ≔a =0.85 c 5.638 in

≔ΣFc =⋅⋅0.85 fc' a h 287.5 kip ≔Mc1 =⋅ΣFc
⎛
⎜
⎝

--h ―
a
2

yp
⎞
⎟
⎠

172.1 ⋅kip ft

≔εty =―
fy
Es

0.001379 ≔ε0 =⋅-εcu ―――
(( -h c))

c
-0.006

≔εs1 =+⋅ε0 ―――
-h ys1
h

⋅εcu ――
ys1
h

-0.005 ≔εs2 =+⋅ε0 ―――
-h ys2
h

⋅εcu ――
ys2
h

-0.002

≔εs3 =+⋅ε0 ―――
-h ys3
h

⋅εcu ――
ys3
h

0.001954
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≔εs3 =+⋅ε0 ―――
-h ys3
h

⋅εcu ――
ys3
h

0.001954

≔fs1 =-fy -40000 psi ≔fs2 =-fy -40000 psi

≔fs3 =-fy 0.85 fc' 37450 psi

≔Fs1 =⋅fs1 3 A7 -72 kip ≔Fs2 =⋅fs2 2 A7 -48 kip

≔Fs3 =⋅fs3 3 A7 67.41 kip

≔ΣFs =++Fs1 Fs2 Fs3 -52.59 kip

≔Pn =+ΣFc ΣFs 234.9 kip

≔Mn =+++⋅Fs1 ⎛⎝ -ys1 yp⎞⎠ ⋅Fs2 ⎛⎝ -ys2 yp⎞⎠ ⋅Fs3 ⎛⎝ -ys3 yp⎞⎠ Mc1 261.4 ⋅kip ft

≔ϕ =0.90 0.9

≔Pr4 =⋅ϕ Pn 211.4 kip ≔Mr4 =⋅ϕ Mn 235.2 ⋅kip ft

≔εs1 -0.02 ≔ε0 =―――――
-⋅εs1 h ⋅εcu ys1
-h ys1

-0.023

≔c =―――
⋅εcu h
-εcu ε0

2.307 in ≔a =0.85 c 1.961 in

≔ΣFc =⋅⋅0.85 fc' a h 100 kip ≔Mc1 =⋅ΣFc
⎛
⎜
⎝

--h ―
a
2

yp
⎞
⎟
⎠

75.2 ⋅kip ft

≔εty =―
fy
Es

0.001379 ≔ε0 =⋅-εcu ―――
(( -h c))

c
-0.023

≔εs1 =+⋅ε0 ―――
-h ys1
h

⋅εcu ――
ys1
h

-0.02 ≔εs2 =+⋅ε0 ―――
-h ys2
h

⋅εcu ――
ys2
h

-0.01

≔εs3 =+⋅ε0 ―――
-h ys3
h

⋅εcu ――
ys3
h

-0.000007

≔fs1 =-fy -40000 psi ≔fs2 =-fy -40000 psi

≔fs3 =⋅εs3 Es -205 psi

≔Fs1 =⋅fs1 3 A7 -72 kip ≔Fs2 =⋅fs2 2 A7 -48 kip
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≔Fs1 =⋅fs1 3 A7 -72 kip ≔Fs2 =⋅fs2 2 A7 -48 kip

≔Fs3 =⋅fs3 3 A7 -0.369 kip

≔ΣFs =++Fs1 Fs2 Fs3 -120.369 kip

≔Pn =+ΣFc ΣFs -20.4 kip

≔Mn =+++⋅Fs1 ⎛⎝ -ys1 yp⎞⎠ ⋅Fs2 ⎛⎝ -ys2 yp⎞⎠ ⋅Fs3 ⎛⎝ -ys3 yp⎞⎠ Mc1 121.1 ⋅kip ft

≔ϕ =0.9 0.9

≔Pr5 =⋅ϕ Pn -18.3 kip ≔Mr5 =⋅ϕ Mn 109 ⋅kip ft

70

140

210

280

350

420

490

560

-70

0

630

50 75 100 125 150 175 200 2250 25 250

Mr1 (( ⋅kip ft))

Mr2 (( ⋅kip ft))

Mr3 (( ⋅kip ft))

Mr4 (( ⋅kip ft))

Mr5 (( ⋅kip ft))

Mc (( ⋅kip ft))

Pr1 ((kip))

Pr2 ((kip))

Pr3 ((kip))

Pr4 ((kip))

Pr5 ((kip))

Pc ((kip))

Beam Shear Design
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Beam Shear Design

Define Variables

≔bw 20 in ≔h 30 in ≔c 2.5 in ≔hs 6 in ≔Nu 4 kip ≔Vu 61 kip

≔Ab 0.79 in 2 ≔fc' 3000 psi ≔λ 1 ≔As 0.2 in 2

Design Calculations

≔d =-h c 27.5 in

≔ρw =――
4 Ab

⋅bw d
0.006

≔Ag =⋅bw h 600 in 2

≔ϕVc =⋅0.75 min
⎛
⎜
⎜⎝

,⋅⋅5 λ ‾‾fc' ――
‾‾‾lbf
in

+⋅⋅⋅⋅8 λ ⎛⎝ρw⎞⎠
―
1
3 ‾‾fc' ――

‾‾‾lbf
in

min
⎛
⎜
⎝

,⋅0.05 fc' ――
Nu

6 Ag

⎞
⎟
⎠

⎞
⎟
⎟⎠
bw d 32.8 kip

≔ϕ 0.75 ≔Av =2 As 0.4 in 2 ≔fyt =fy 40 ksi

≔Vsrequired =―――
-Vu ϕVc

ϕ
37.558 kip

≔smax =⋅⋅Av fyt ―――
d

Vsrequired
11.715 in

Beam Moment Design
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Beam Moment Design

Define Variables

≔bw 20 in ≔h 30 in ≔ys 2.5 in ≔hs 6 in ≔Mu ⋅252 kip ft

≔Ab 0.79 in 2 ≔fc' 3000 psi ≔λ 1 ≔As 0.2 in 2

Design Calculations

≔As =⋅4 Ab 3.16 in 2

≔d =-h ys 27.5 in =――
As

⋅bw d
0.00575 > ≔ρmin 0.0018

≔As_tensioncontrolled =――――――
⋅⋅⋅0.85 fc' 0.85 bw

fy

⎛
⎜
⎝
――
3 d
8

⎞
⎟
⎠

11.176 in 2

≔a =――――
⋅As fy

⋅0.85 fc' bw
2.478 in

≔ϕMn =⋅⋅⋅0.9 As fy
⎛
⎜
⎝

-d ―
a
2
⎞
⎟
⎠

249 ⋅kip ft

Slab Shear Design
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Slab Shear Design

Foot worth of slab

Define Variables

≔bw 20 in ≔h 30 in ≔c 1 in ≔hs 6 in ≔Nu 0 kip ≔Vu 1.563 kip

≔Ab 0.2 in 2 ≔fc' 3000 psi ≔λ 1 ≔As 0.2 in 2

Design Calculations

≔d =-hs c 5 in

≔ρw =―――
2 Ab

⋅1 ft d
0.007

≔Ag =⋅1 ft hs 72 in 2

≔ϕVc =⋅0.75 min
⎛
⎜
⎜⎝

,⋅⋅5 λ ‾‾fc' ――
‾‾‾lbf
in

+⋅⋅⋅⋅8 λ ⎛⎝ρw⎞⎠
―
1
3 ‾‾fc' ――

‾‾‾lbf
in

min
⎛
⎜
⎝

,⋅0.05 fc' ――
Nu

6 Ag

⎞
⎟
⎠

⎞
⎟
⎟⎠
1 ft d 3.7 kip

Slab Moment Design

Define Variables

≔bw 20 in ≔h 30 in ≔ys 1 in ≔hs 6 in ≔Mu ⋅4.345 kip ft

≔Ab 0.2 in 2 ≔fc' 3000 psi ≔λ 1 ≔As 0.2 in 2

Design Calculations

≔As =⋅2 Ab 0.4 in 2

≔d =-hs ys 5 in =―――
As

⋅1 ft d
0.00667> ≔ρmin 0.0018

≔As_tensioncontrolled =――――――
⋅⋅⋅0.85 fc' 0.85 1 ft

fy

⎛
⎜
⎝
――
3 d
8

⎞
⎟
⎠

1.219 in 2
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≔As_tensioncontrolled =――――――
⋅⋅⋅0.85 fc' 0.85 1 ft

fy

⎛
⎜
⎝
――
3 d
8

⎞
⎟
⎠

1.219 in 2

≔a =―――――
⋅As fy
⋅0.85 fc' 1 ft

0.523 in

≔ϕMn =⋅⋅⋅0.9 As fy
⎛
⎜
⎝

-d ―
a
2
⎞
⎟
⎠

5.7 ⋅kip ft
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Wind Load Shear, Axial Force, and Moments Calculated Using Portal Method

Define Variables

≔p1 25.117 psf ≔p2 27.055 psf ≔h 11 ft ≔u 6 ft

≔s1 15 ft ≔s2 15 ft ≔s3 15 ft ≔s4 15 ft

≔L1 24 ft ≔L2 16 ft ≔L3 28 ft

Design Calculations

East-West Wind

≔w1 =⋅p1 (( +-h u 0.5 h)) 263.729 plf ≔w2 =+⋅p2 ((0.5 h)) ⋅p1 ((0.5 h)) 286.946 plf

≔w3 =⋅p2 ((0.5 h)) 148.803 plf ≔Σs =+++s1 s2 s3 s4 60 ft

≔P1 =⋅w1 ――
Σs
5

3.165 kip ≔P2 =⋅w2 ――
Σs
5

3.443 kip ≔P3 =⋅w3 ――
Σs
5

1.786 kip

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔Vc1 1 kip ≔Vc2 1 kip ≔Vc3 1 kip ≔Vc4 1 kip

＝0 kip ++++P3 Vc1 Vc2 Vc3 Vc4 ＝Vc2 2 Vc1 ＝Vc3 2 Vc4 ＝Vc4 Vc1

≔

Vc1
Vc2
Vc3
Vc4

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,Vc1 Vc2 Vc3 Vc4⎞⎠

-0.298
-0.595
-0.595
-0.298

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kip
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Gu
es

s V
al

ue
s
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ns

tra
in

ts
So

lv
er

≔Vc1 1 kip ≔Vc2 1 kip ≔Vc3 1 kip ≔Vc4 1 kip

＝0 kip ++++P3 Vc1 Vc2 Vc3 Vc4 ＝Vc2 2 Vc1 ＝Vc3 2 Vc4 ＝Vc4 Vc1

≔

Vc1
Vc2
Vc3
Vc4

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,Vc1 Vc2 Vc3 Vc4⎞⎠

-0.298
-0.595
-0.595
-0.298

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kip

Gu
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s V
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ts
So
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er

≔Vb1 1 kip ≔Fc1 1 kip ≔Fb1 1 kip ≔Mc1 ⋅1 kip ft ≔Mb1 ⋅1 kip ft

＝0 kip ++Vc1 Fb1 P3 ＝0 kip +Fc1 Vb1 ＝⋅0 kip ft +Mb1 Mc1

＝Mc1 0.5 h Vc1 ＝Mb1 0.5 L1 Vb1

≔

Vb1
Fc1
Fb1
Mc1
Mb1

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb1 Fc1 Fb1 Mc1 Mb1⎞⎠

0.136
-0.136
-1.488
-1.637 ft
1.637 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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er

≔Vb2 1 kip ≔Fc2 1 kip ≔Fb2 1 kip ≔Mc2 ⋅1 kip ft ≔Mb2 ⋅1 kip ft

＝0 kip -+Vc2 Fb2 Fb1 ＝0 kip -+Fc2 Vb2 Vb1 ＝⋅0 kip ft ++Mb2 Mc2 Mb1

＝Mc2 0.5 h Vc2 ＝Mb2 0.5 L2 Vb2

≔

Vb2
Fc2
Fb2
Mc2
Mb2

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb2 Fc2 Fb2 Mc2 Mb2⎞⎠

0.205
-0.068
-0.893
-3.274 ft
1.637 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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er

≔Vb3 1 kip ≔Fc3 1 kip ≔Fb3 1 kip ≔Mc3 ⋅1 kip ft ≔Mb3 ⋅1 kip ft

＝0 kip -+Vc3 Fb3 Fb2 ＝0 kip -+Fc3 Vb3 Vb2 ＝⋅0 kip ft ++Mb3 Mc3 Mb2

＝Mc3 0.5 h Vc3 ＝Mb3 0.5 L3 Vb3

≔

Vb3
Fc3
Fb3
Mc3
Mb3

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb3 Fc3 Fb3 Mc3 Mb3⎞⎠

0.117
0.088

-0.298
-3.274 ft
1.637 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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s V
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s
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ts
So
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er

≔Fc4 1 kip ≔Mc4 ⋅1 kip ft

＝0 kip -Fc4 Vb3 ＝Mc4 0.5 h Vc4

≔
Fc4
Mc4

⎡
⎢
⎣

⎤
⎥
⎦

=find ⎛⎝ ,Fc4 Mc4⎞⎠
0.117

-1.637 ft
⎡
⎢⎣

⎤
⎥⎦
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Gu
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So
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er

≔Vb3 1 kip ≔Fc3 1 kip ≔Fb3 1 kip ≔Mc3 ⋅1 kip ft ≔Mb3 ⋅1 kip ft

＝0 kip -+Vc3 Fb3 Fb2 ＝0 kip -+Fc3 Vb3 Vb2 ＝⋅0 kip ft ++Mb3 Mc3 Mb2

＝Mc3 0.5 h Vc3 ＝Mb3 0.5 L3 Vb3

≔

Vb3
Fc3
Fb3
Mc3
Mb3

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb3 Fc3 Fb3 Mc3 Mb3⎞⎠

0.117
0.088

-0.298
-3.274 ft
1.637 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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ts
So
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er

≔Fc4 1 kip ≔Mc4 ⋅1 kip ft

＝0 kip -Fc4 Vb3 ＝Mc4 0.5 h Vc4

≔
Fc4
Mc4

⎡
⎢
⎣

⎤
⎥
⎦

=find ⎛⎝ ,Fc4 Mc4⎞⎠
0.117

-1.637 ft
⎡
⎢⎣

⎤
⎥⎦
kip
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s V
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s

Co
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tra
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ts
So

lv
er

≔Vc5 1 kip ≔Vc6 1 kip ≔Vc7 1 kip ≔Vc8 1 kip

＝0 kip +++++P2 P3 Vc5 Vc6 Vc7 Vc8 ＝Vc6 2 Vc5 ＝Vc7 2 Vc8 ＝Vc8 Vc5

≔

Vc5
Vc6
Vc7
Vc8

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,Vc5 Vc6 Vc7 Vc8⎞⎠

-0.871
-1.743
-1.743
-0.871

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kip

Gu
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s V
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Co
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ts
So
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er

≔Vb4 1 kip ≔Fc5 1 kip ≔Fb4 1 kip ≔Mc5 ⋅1 kip ft ≔Mb4 ⋅1 kip ft

＝0 kip -++Vc5 Fb4 P2 Vc1 ＝0 kip -+Fc5 Vb4 Fc1 ＝⋅0 kip ft ++Mb4 Mc5 Mc1

＝Mc5 0.5 h Vc5 ＝Mb4 0.5 L1 Vb4

≔

Vb4
Fc5
Fb4
Mc5
Mb4

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb4 Fc5 Fb4 Mc5 Mb4⎞⎠

0.536
-0.672
-2.869
-4.793 ft
6.43 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip

Gu
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s V
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s
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ns

tra
in

ts
So

lv
er

≔Vb5 1 kip ≔Fc6 1 kip ≔Fb5 1 kip ≔Mc6 ⋅1 kip ft ≔Mb5 ⋅1 kip ft

＝0 kip --+Vc6 Fb5 Fb4 Vc2 ＝0 kip --+Fc6 Vb5 Vb4 Fc2

＝Mc6 0.5 h Vc6 ＝Mb5 0.5 L2 Vb5 ＝⋅0 kip ft ++Mb5 Mc6 Mb4

≔

Vb5
Fc6
Fb5
Mc6
Mb5

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb5 Fc6 Fb5 Mc6 Mb5⎞⎠

0.395
0.073

-1.722
-9.586 ft
3.156 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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s V
al

ue
s
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tra
in

ts
So
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er

≔Vb6 1 kip ≔Fc7 1 kip ≔Fb6 1 kip ≔Mc7 ⋅1 kip ft ≔Mb6 ⋅1 kip ft

＝0 kip --+Vc7 Fb6 Fb5 Vc3 ＝0 kip --+Fc7 Vb6 Vb5 Fc3

＝Mc7 0.5 h Vc7 ＝Mb6 0.5 L3 Vb6 ＝⋅0 kip ft ++Mb6 Mc7 Mb5

≔

Vb6
Fc7
Fb6
Mc7
Mb6

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb6 Fc7 Fb6 Mc7 Mb6⎞⎠

0.459
0.023

-0.574
-9.586 ft
6.43 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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er

≔Vb6 1 kip ≔Fc7 1 kip ≔Fb6 1 kip ≔Mc7 ⋅1 kip ft ≔Mb6 ⋅1 kip ft

＝0 kip --+Vc7 Fb6 Fb5 Vc3 ＝0 kip --+Fc7 Vb6 Vb5 Fc3

＝Mc7 0.5 h Vc7 ＝Mb6 0.5 L3 Vb6 ＝⋅0 kip ft ++Mb6 Mc7 Mb5

≔

Vb6
Fc7
Fb6
Mc7
Mb6

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb6 Fc7 Fb6 Mc7 Mb6⎞⎠

0.459
0.023

-0.574
-9.586 ft
6.43 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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s V
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ts
So

lv
er

≔Fc8 1 kip ≔Mc8 ⋅1 kip ft

＝0 kip --Fc8 Vb6 Fc4 ＝Mc8 0.5 h Vc8

≔
Fc8
Mc8

⎡
⎢
⎣

⎤
⎥
⎦

=find ⎛⎝ ,Fc8 Mc8⎞⎠
0.576

-4.793 ft
⎡
⎢⎣

⎤
⎥⎦
kip
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s V
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s
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ts
So

lv
er

≔Vc9 1 kip ≔Vc10 1 kip ≔Vc11 1 kip ≔Vc12 1 kip

＝0 kip ++++++P1 P2 P3 Vc9 Vc10 Vc11 Vc12 ＝Vc10 2 Vc9 ＝Vc11 2 Vc12 ＝Vc12 Vc9

≔

Vc9
Vc10
Vc11
Vc12

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,Vc9 Vc10 Vc11 Vc12⎞⎠

-1.399
-2.798
-2.798
-1.399

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kip
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So
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≔Vb7 1 kip ≔Fc9 1 kip ≔Fb7 1 kip ≔Mc9 ⋅1 kip ft ≔Mb7 ⋅1 kip ft

＝0 kip -++Vc9 Fb7 P1 Vc5 ＝0 kip -+Fc9 Vb7 Fc5 ＝⋅0 kip ft ++Mb7 Mc9 Mc5

＝Mc9 0.5 h Vc9 ＝Mb7 0.5 L1 Vb7

≔

Vb7
Fc9
Fb7
Mc9
Mb7

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb7 Fc9 Fb7 Mc9 Mb7⎞⎠

1.041
-1.713
-2.637
-7.694 ft
12.487 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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er

≔Vb8 1 kip ≔Fc10 1 kip ≔Fb8 1 kip ≔Mc10 ⋅1 kip ft ≔Mb8 ⋅1 kip ft

＝0 kip --+Vc10 Fb8 Fb7 Vc6 ＝0 kip --+Fc10 Vb8 Vb7 Fc6

＝Mc10 0.5 h Vc10 ＝Mb8 0.5 L2 Vb8 ＝⋅0 kip ft ++Mb8 Mc10 Mb7

≔

Vb8
Fc10
Fb8
Mc10
Mb8

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb8 Fc10 Fb8 Mc10 Mb8⎞⎠

0.363
0.751

-1.582
-15.388 ft

2.901 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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≔Vb8 1 kip ≔Fc10 1 kip ≔Fb8 1 kip ≔Mc10 ⋅1 kip ft ≔Mb8 ⋅1 kip ft

＝0 kip --+Vc10 Fb8 Fb7 Vc6 ＝0 kip --+Fc10 Vb8 Vb7 Fc6

＝Mc10 0.5 h Vc10 ＝Mb8 0.5 L2 Vb8 ＝⋅0 kip ft ++Mb8 Mc10 Mb7

≔

Vb8
Fc10
Fb8
Mc10
Mb8

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb8 Fc10 Fb8 Mc10 Mb8⎞⎠

0.363
0.751

-1.582
-15.388 ft

2.901 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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er

≔Vb9 1 kip ≔Fc11 1 kip ≔Fb9 1 kip ≔Mc11 ⋅1 kip ft ≔Mb9 ⋅1 kip ft

＝0 kip --+Vc11 Fb9 Fb8 Vc7 ＝0 kip --+Fc11 Vb9 Vb8 Fc7

＝Mc11 0.5 h Vc11 ＝Mb9 0.5 L3 Vb9 ＝⋅0 kip ft ++Mb9 Mc11 Mb8

≔

Vb9
Fc11
Fb9
Mc11
Mb9

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb9 Fc11 Fb9 Mc11 Mb9⎞⎠

0.892
-0.506
-0.527

-15.388 ft
12.487 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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s V
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s
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in

ts
So
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er

≔Fc12 1 kip ≔Mc12 ⋅1 kip ft

＝0 kip --Fc12 Vb9 Fc8 ＝Mc12 0.5 h Vc12

≔
Fc12
Mc12

⎡
⎢
⎣

⎤
⎥
⎦

=find ⎛⎝ ,Fc12 Mc12⎞⎠
1.468

-7.694 ft
⎡
⎢⎣

⎤
⎥⎦
kip

=Vc1 -0.298 kip =Vc2 -0.595 kip =Vc3 -0.595 kip =Vc4 -0.298 kip

=Vc5 -0.871 kip =Vc6 -1.743 kip =Vc7 -1.743 kip =Vc8 -0.871 kip

=Vc9 -1.399 kip =Vc10 -2.798 kip =Vc11 -2.798 kip =Vc12 -1.399 kip

=Vb1 0.136 kip =Vb2 0.205 kip =Vb3 0.117 kip

=Vb4 0.536 kip =Vb5 0.395 kip =Vb6 0.459 kip

=Vb7 1.041 kip =Vb8 0.363 kip =Vb9 0.892 kip

=Fc1 -0.136 kip =Fc2 -0.068 kip =Fc3 0.088 kip =Fc4 0.117 kip

=Fc5 -0.672 kip =Fc6 0.073 kip =Fc7 0.023 kip =Fc8 0.576 kip
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=Fc1 -0.136 kip =Fc2 -0.068 kip =Fc3 0.088 kip =Fc4 0.117 kip

=Fc5 -0.672 kip =Fc6 0.073 kip =Fc7 0.023 kip =Fc8 0.576 kip

=Fc9 -1.713 kip =Fc10 0.751 kip =Fc11 -0.506 kip =Fc12 1.468 kip

=Fb1 -1.488 kip =Fb2 -0.893 kip =Fb3 -0.298 kip

=Fb4 -2.869 kip =Fb5 -1.722 kip =Fb6 -0.574 kip

=Fb7 -2.637 kip =Fb8 -1.582 kip =Fb9 -0.527 kip

=Mc1 -1.637 ⋅kip ft =Mc2 -3.274 ⋅kip ft =Mc3 -3.274 ⋅kip ft =Mc4 -1.637 ⋅kip ft

=Mc5 -4.793 ⋅kip ft =Mc6 -9.586 ⋅kip ft =Mc7 -9.586 ⋅kip ft =Mc8 -4.793 ⋅kip ft

=Mc9 -7.694 ⋅kip ft =Mc10 -15.388 ⋅kip ft =Mc11 -15.388 ⋅kip ft =Mc12 -7.694 ⋅kip ft

=Mb1 1.637 ⋅kip ft =Mb2 1.637 ⋅kip ft =Mb3 1.637 ⋅kip ft

=Mb4 6.43 ⋅kip ft =Mb5 3.156 ⋅kip ft =Mb6 6.43 ⋅kip ft

=Mb7 12.487 ⋅kip ft =Mb8 2.901 ⋅kip ft =Mb9 12.487 ⋅kip ft

≔Pc =max⎛⎝ ,,,,,,,,,,,abs⎛⎝Fc1⎞⎠ abs⎛⎝Fc2⎞⎠ abs⎛⎝Fc3⎞⎠ abs⎛⎝Fc4⎞⎠ abs⎛⎝Fc5⎞⎠ abs⎛⎝Fc6⎞⎠ abs⎛⎝Fc7⎞⎠ abs⎛⎝Fc8⎞⎠ abs⎛⎝Fc9⎞⎠ abs⎛⎝Fc10⎞⎠ abs⎛⎝Fc11⎞⎠ abs⎛⎝Fc12⎞⎠⎞⎠ 1.713 kip

≔Vc =-min ⎛⎝ ,,,,,,,,,,,Vc1 Vc2 Vc3 Vc4 Vc5 Vc6 Vc7 Vc8 Vc9 Vc10 Vc11 Vc12⎞⎠ 2.798 kip

≔Mc =-min ⎛⎝ ,,,,,,,,,,,Mc1 Mc2 Mc3 Mc4 Mc5 Mc6 Mc7 Mc8 Mc9 Mc10 Mc11 Mc12⎞⎠ 15.388 ⋅kip ft

≔Pb =max⎛⎝ ,,,,,,,,abs⎛⎝Fb1⎞⎠ abs⎛⎝Fb2⎞⎠ abs⎛⎝Fb3⎞⎠ abs⎛⎝Fb4⎞⎠ abs⎛⎝Fb5⎞⎠ abs⎛⎝Fb6⎞⎠ abs⎛⎝Fb7⎞⎠ abs⎛⎝Fb8⎞⎠ abs⎛⎝Fb9⎞⎠⎞⎠ 2.869 kip

≔Vb =max⎛⎝ ,,,,,,,,abs⎛⎝Vb1⎞⎠ abs⎛⎝Vb2⎞⎠ abs⎛⎝Vb3⎞⎠ abs⎛⎝Vb4⎞⎠ abs⎛⎝Vb5⎞⎠ abs⎛⎝Vb6⎞⎠ abs⎛⎝Vb7⎞⎠ abs⎛⎝Vb8⎞⎠ abs⎛⎝Vb9⎞⎠⎞⎠ 1.041 kip

≔Mb =max⎛⎝ ,,,,,,,,abs⎛⎝Mb1⎞⎠ abs⎛⎝Mb2⎞⎠ abs⎛⎝Mb3⎞⎠ abs⎛⎝Mb4⎞⎠ abs⎛⎝Mb5⎞⎠ abs⎛⎝Mb6⎞⎠ abs⎛⎝Mb7⎞⎠ abs⎛⎝Mb8⎞⎠ abs⎛⎝Mb9⎞⎠⎞⎠ 12.487 ⋅ft kip

North-South Wind
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≔w1 =⋅p1 (( +-h u 0.5 h)) 263.729 plf ≔w2 =+⋅p2 ((0.5 h)) ⋅p1 ((0.5 h)) 286.946 plf

≔w3 =⋅p2 ((0.5 h)) 148.803 plf ≔ΣL =++L1 L2 L3 68 ft

≔P1 =⋅w1 ――
ΣL
4

4.483 kip ≔P2 =⋅w2 ――
ΣL
4

4.878 kip ≔P3 =⋅w3 ――
ΣL
4

2.53 kip

Gu
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s V
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s
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in

ts
So
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er

≔Vc1 1 kip ≔Vc2 1 kip ≔Vc3 1 kip ≔Vc4 1 kip ≔Vc5 1 kip

＝0 kip +++++P3 Vc1 Vc2 Vc3 Vc4 Vc5 ＝Vc2 2 Vc1 ＝Vc3 2 Vc1 ＝Vc4 2 Vc1 ＝Vc5 Vc1

≔

Vc1
Vc2
Vc3
Vc4
Vc5

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vc1 Vc2 Vc3 Vc4 Vc5⎞⎠

-0.316
-0.632
-0.632
-0.632
-0.316

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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≔Vb1 1 kip ≔Fc1 1 kip ≔Fb1 1 kip ≔Mc1 ⋅1 kip ft ≔Mb1 ⋅1 kip ft

＝0 kip ++Vc1 Fb1 P3 ＝0 kip +Fc1 Vb1 ＝⋅0 kip ft +Mb1 Mc1

＝Mc1 0.5 h Vc1 ＝Mb1 0.5 s1 Vb1

≔

Vb1
Fc1
Fb1
Mc1
Mb1

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb1 Fc1 Fb1 Mc1 Mb1⎞⎠

0.232
-0.232
-2.213
-1.739 ft
1.739 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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er

≔Vb2 1 kip ≔Fc2 1 kip ≔Fb2 1 kip ≔Mc2 ⋅1 kip ft ≔Mb2 ⋅1 kip ft

＝0 kip -+Vc2 Fb2 Fb1 ＝0 kip -+Fc2 Vb2 Vb1 ＝⋅0 kip ft ++Mb2 Mc2 Mb1

＝Mc2 0.5 h Vc2 ＝Mb2 0.5 s2 Vb2

≔

Vb2
Fc2
Fb2
Mc2
Mb2

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb2 Fc2 Fb2 Mc2 Mb2⎞⎠

0.232
⋅3.695 10-10

-1.581
-3.478 ft
1.739 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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er

≔Vb2 1 kip ≔Fc2 1 kip ≔Fb2 1 kip ≔Mc2 ⋅1 kip ft ≔Mb2 ⋅1 kip ft

＝0 kip -+Vc2 Fb2 Fb1 ＝0 kip -+Fc2 Vb2 Vb1 ＝⋅0 kip ft ++Mb2 Mc2 Mb1

＝Mc2 0.5 h Vc2 ＝Mb2 0.5 s2 Vb2

≔

Vb2
Fc2
Fb2
Mc2
Mb2

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb2 Fc2 Fb2 Mc2 Mb2⎞⎠

0.232
⋅3.695 10-10

-1.581
-3.478 ft
1.739 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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er

≔Vb3 1 kip ≔Fc3 1 kip ≔Fb3 1 kip ≔Mc3 ⋅1 kip ft ≔Mb3 ⋅1 kip ft

＝0 kip -+Vc3 Fb3 Fb2 ＝0 kip -+Fc3 Vb3 Vb2 ＝⋅0 kip ft ++Mb3 Mc3 Mb2

＝Mc3 0.5 h Vc3 ＝Mb3 0.5 s3 Vb3

≔

Vb3
Fc3
Fb3
Mc3
Mb3

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb3 Fc3 Fb3 Mc3 Mb3⎞⎠

0.232
⋅3.767 10-10

-0.949
-3.478 ft
1.739 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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er

≔Vb4 1 kip ≔Fc4 1 kip ≔Fb4 1 kip ≔Mc4 ⋅1 kip ft ≔Mb4 ⋅1 kip ft

＝0 kip -+Vc4 Fb4 Fb3 ＝0 kip -+Fc4 Vb4 Vb3 ＝⋅0 kip ft ++Mb4 Mc4 Mb3

＝Mc4 0.5 h Vc4 ＝Mb4 0.5 s4 Vb4

≔

Vb4
Fc4
Fb4
Mc4
Mb4

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb4 Fc4 Fb4 Mc4 Mb4⎞⎠

0.232
⋅3.754 10-10

-0.316
-3.478 ft
1.739 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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er

≔Fc5 1 kip ≔Mc5 ⋅1 kip ft

＝0 kip -Fc5 Vb4 ＝Mc5 0.5 h Vc5

≔
Fc5
Mc5

⎡
⎢
⎣

⎤
⎥
⎦

=find ⎛⎝ ,Fc5 Mc5⎞⎠
0.232

-1.739 ft
⎡
⎢⎣

⎤
⎥⎦
kip
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So
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er

≔Vc6 1 kip ≔Vc7 1 kip ≔Vc8 1 kip ≔Vc9 1 kip ≔Vc10 1 kip

＝0 kip ++++++P2 P3 Vc6 Vc7 Vc8 Vc9 Vc10 ＝Vc7 2 Vc6 ＝Vc8 2 Vc6 ＝Vc9 2 Vc6 ＝Vc10 Vc6

≔

Vc6
Vc7
Vc8
Vc9
Vc10

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vc6 Vc7 Vc8 Vc9 Vc10⎞⎠

-0.926
-1.852
-1.852
-1.852
-0.926

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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Gu
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So
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er

≔Vc6 1 kip ≔Vc7 1 kip ≔Vc8 1 kip ≔Vc9 1 kip ≔Vc10 1 kip

＝0 kip ++++++P2 P3 Vc6 Vc7 Vc8 Vc9 Vc10 ＝Vc7 2 Vc6 ＝Vc8 2 Vc6 ＝Vc9 2 Vc6 ＝Vc10 Vc6

≔

Vc6
Vc7
Vc8
Vc9
Vc10

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vc6 Vc7 Vc8 Vc9 Vc10⎞⎠

-0.926
-1.852
-1.852
-1.852
-0.926

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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s
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So
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er

≔Vb5 1 kip ≔Fc6 1 kip ≔Fb5 1 kip ≔Mc6 ⋅1 kip ft ≔Mb5 ⋅1 kip ft

＝0 kip -++Vc6 Fb5 P2 Vc1 ＝0 kip -+Fc6 Vb5 Fc1 ＝⋅0 kip ft ++Mb5 Mc6 Mc1

＝Mc6 0.5 h Vc6 ＝Mb5 0.5 s1 Vb5

≔

Vb5
Fc6
Fb5
Mc6
Mb5

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb5 Fc6 Fb5 Mc6 Mb5⎞⎠

0.911
-1.143
-4.268
-5.093 ft
6.832 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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s
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tra
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ts
So
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er

≔Vb6 1 kip ≔Fc7 1 kip ≔Fb6 1 kip ≔Mc7 ⋅1 kip ft ≔Mb6 ⋅1 kip ft

＝0 kip --+Vc7 Fb6 Fb5 Vc2 ＝0 kip --+Fc7 Vb6 Vb5 Fc2

＝Mc7 0.5 h Vc7 ＝Mb6 0.5 s2 Vb6 ＝⋅0 kip ft ++Mb6 Mc7 Mb5

≔

Vb6
Fc7
Fb6
Mc7
Mb6

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb6 Fc7 Fb6 Mc7 Mb6⎞⎠

0.447
0.464

-3.049
-10.186 ft

3.354 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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s V
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s
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tra
in

ts
So

lv
er

≔Vb7 1 kip ≔Fc8 1 kip ≔Fb7 1 kip ≔Mc8 ⋅1 kip ft ≔Mb7 ⋅1 kip ft

＝0 kip --+Vc8 Fb7 Fb6 Vc3 ＝0 kip --+Fc8 Vb7 Vb6 Fc3

＝Mc8 0.5 h Vc8 ＝Mb7 0.5 s3 Vb7 ＝⋅0 kip ft ++Mb7 Mc8 Mb6

≔

Vb7
Fc8
Fb7
Mc8
Mb7

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb7 Fc8 Fb7 Mc8 Mb7⎞⎠

0.911
-0.464
-1.829

-10.186 ft
6.832 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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s
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tra
in

ts
So

lv
er

≔Vb8 1 kip ≔Fc9 1 kip ≔Fb8 1 kip ≔Mc9 ⋅1 kip ft ≔Mb8 ⋅1 kip ft

＝0 kip --+Vc9 Fb8 Fb7 Vc4 ＝0 kip --+Fc9 Vb8 Vb7 Fc4

＝Mc9 0.5 h Vc9 ＝Mb8 0.5 s4 Vb8 ＝⋅0 kip ft ++Mb8 Mc9 Mb7

≔

Vb8
Fc9
Fb8
Mc9
Mb8

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb8 Fc9 Fb8 Mc9 Mb8⎞⎠

0.447
0.464

-0.61
-10.186 ft

3.354 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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er

≔Vb7 1 kip ≔Fc8 1 kip ≔Fb7 1 kip ≔Mc8 ⋅1 kip ft ≔Mb7 ⋅1 kip ft

＝0 kip --+Vc8 Fb7 Fb6 Vc3 ＝0 kip --+Fc8 Vb7 Vb6 Fc3

＝Mc8 0.5 h Vc8 ＝Mb7 0.5 s3 Vb7 ＝⋅0 kip ft ++Mb7 Mc8 Mb6

≔

Vb7
Fc8
Fb7
Mc8
Mb7

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb7 Fc8 Fb7 Mc8 Mb7⎞⎠

0.911
-0.464
-1.829

-10.186 ft
6.832 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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tra
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ts
So
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er

≔Vb8 1 kip ≔Fc9 1 kip ≔Fb8 1 kip ≔Mc9 ⋅1 kip ft ≔Mb8 ⋅1 kip ft

＝0 kip --+Vc9 Fb8 Fb7 Vc4 ＝0 kip --+Fc9 Vb8 Vb7 Fc4

＝Mc9 0.5 h Vc9 ＝Mb8 0.5 s4 Vb8 ＝⋅0 kip ft ++Mb8 Mc9 Mb7

≔

Vb8
Fc9
Fb8
Mc9
Mb8

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb8 Fc9 Fb8 Mc9 Mb8⎞⎠

0.447
0.464

-0.61
-10.186 ft

3.354 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So

lv
er

≔Fc10 1 kip ≔Mc10 ⋅1 kip ft

＝0 kip --Fc10 Vb8 Fc5 ＝Mc10 0.5 h Vc10

≔
Fc10
Mc10

⎡
⎢
⎣

⎤
⎥
⎦

=find ⎛⎝ ,Fc10 Mc10⎞⎠
0.679

-5.093 ft
⎡
⎢⎣

⎤
⎥⎦
kip
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tra
in

ts
So
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er

≔Vc11 1 kip ≔Vc12 1 kip ≔Vc13 1 kip ≔Vc14 1 kip ≔Vc15 1 kip

＝0 kip +++++++P1 P2 P3 Vc11 Vc12 Vc13 Vc14 Vc15＝Vc12 2 Vc11 ＝Vc13 2 Vc11 ＝Vc14 2 Vc11 ＝Vc15 Vc11

≔

Vc11
Vc12
Vc13
Vc14
Vc15

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vc11 Vc12 Vc13 Vc14 Vc15⎞⎠

-1.486
-2.973
-2.973
-2.973
-1.486

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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tra
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ts
So
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er

≔Vb9 1 kip ≔Fc11 1 kip ≔Fb9 1 kip ≔Mc11 ⋅1 kip ft ≔Mb9 ⋅1 kip ft

＝0 kip -++Vc11 Fb9 P3 Vc6 ＝0 kip -+Fc11 Vb9 Fc6 ＝⋅0 kip ft ++Mb9 Mc11 Mc6

＝Mc11 0.5 h Vc11 ＝Mb9 0.5 s1 Vb9

≔

Vb9
Fc11
Fb9
Mc11
Mb9

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb9 Fc11 Fb9 Mc11 Mb9⎞⎠

1.769
-2.912
-1.969
-8.175 ft
13.268 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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s
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tra
in

ts
So

lv
er

≔Vb10 1 kip ≔Fc12 1 kip ≔Fb10 1 kip ≔Mc12 ⋅1 kip ft ≔Mb10 ⋅1 kip ft

＝0 kip --+Vc12 Fb10 Fb9 Vc7 ＝0 kip --+Fc12 Vb10 Vb9 Fc7

＝Mc12 0.5 h Vc12 ＝Mb10 0.5 s2 Vb10 ＝⋅0 kip ft ++Mb10 Mc12 Mb9

≔

Vb10
Fc12
Fb10
Mc12
Mb10

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb10 Fc12 Fb10 Mc12 Mb10⎞⎠

0.411
1.822

-0.848
-16.35 ft

3.082 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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≔Vb10 1 kip ≔Fc12 1 kip ≔Fb10 1 kip ≔Mc12 ⋅1 kip ft ≔Mb10 ⋅1 kip ft

＝0 kip --+Vc12 Fb10 Fb9 Vc7 ＝0 kip --+Fc12 Vb10 Vb9 Fc7

＝Mc12 0.5 h Vc12 ＝Mb10 0.5 s2 Vb10 ＝⋅0 kip ft ++Mb10 Mc12 Mb9

≔

Vb10
Fc12
Fb10
Mc12
Mb10

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb10 Fc12 Fb10 Mc12 Mb10⎞⎠

0.411
1.822

-0.848
-16.35 ft

3.082 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip

Gu
es

s V
al

ue
s

Co
ns
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So
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er

≔Vb11 1 kip ≔Fc13 1 kip ≔Fb11 1 kip ≔Mc13 ⋅1 kip ft ≔Mb11 ⋅1 kip ft

＝0 kip --+Vc13 Fb11 Fb10 Vc8 ＝0 kip --+Fc13 Vb11 Vb10 Fc8

＝Mc13 0.5 h Vc13 ＝Mb11 0.5 s3 Vb11 ＝⋅0 kip ft ++Mb11 Mc13 Mb10

≔

Vb11
Fc13
Fb11
Mc13
Mb11

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb11 Fc13 Fb11 Mc13 Mb11⎞⎠

1.769
-1.822
0.272

-16.35 ft
13.268 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip
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So
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er

≔Vb12 1 kip ≔Fc14 1 kip ≔Fb12 1 kip ≔Mc14 ⋅1 kip ft ≔Mb12 ⋅1 kip ft

＝0 kip --+Vc14 Fb12 Fb11 Vc9 ＝0 kip --+Fc14 Vb12 Vb11 Fc9

＝Mc14 0.5 h Vc14 ＝Mb12 0.5 s4 Vb12 ＝⋅0 kip ft ++Mb12 Mc14 Mb11

≔

Vb12
Fc14
Fb12
Mc14
Mb12

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

=find ⎛⎝ ,,,,Vb12 Fc14 Fb12 Mc14 Mb12⎞⎠

0.411
1.822
1.393

-16.35 ft
3.082 ft

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

kip

Gu
es

s V
al

ue
s
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So
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er

≔Fc15 1 kip ≔Mc15 ⋅1 kip ft

＝0 kip --Fc15 Vb12 Fc10 ＝Mc15 0.5 h Vc15

≔
Fc15
Mc15

⎡
⎢
⎣

⎤
⎥
⎦

=find ⎛⎝ ,Fc15 Mc15⎞⎠
1.09

-8.175 ft
⎡
⎢⎣

⎤
⎥⎦
kip

=Vc1 -0.316 kip =Vc2 -0.632 kip =Vc3 -0.632 kip =Vc4 -0.632 kip =Vc5 -0.316 kip

=Vc6 -0.926 kip =Vc7 -1.852 kip =Vc8 -1.852 kip =Vc9 -1.852 kip =Vc10 -0.926 kip
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=Vc1 -0.316 kip =Vc2 -0.632 kip =Vc3 -0.632 kip =Vc4 -0.632 kip =Vc5 -0.316 kip

=Vc6 -0.926 kip =Vc7 -1.852 kip =Vc8 -1.852 kip =Vc9 -1.852 kip =Vc10 -0.926 kip

=Vc11 -1.486 kip =Vc12 -2.973 kip =Vc13 -2.973 kip =Vc14 -2.973 kip =Vc15 -1.486 kip

=Vb1 0.232 kip =Vb2 0.232 kip =Vb3 0.232 kip =Vb4 0.232 kip

=Vb5 0.911 kip =Vb6 0.447 kip =Vb7 0.911 kip =Vb8 0.447 kip

=Vb9 1.769 kip =Vb10 0.411 kip =Vb11 1.769 kip =Vb12 0.411 kip

=Fc1 -0.232 kip =Fc2 0 kip =Fc3 0 kip =Fc4 0 kip =Fc5 0.232 kip

=Fc6 -1.143 kip =Fc7 0.464 kip =Fc8 -0.464 kip =Fc9 0.464 kip =Fc10 0.679 kip

=Fc11 -2.912 kip =Fc12 1.822 kip =Fc13 -1.822 kip =Fc14 1.822 kip =Fc15 1.09 kip

=Fb1 -2.213 kip =Fb2 -1.581 kip =Fb3 -0.949 kip =Fb4 -0.316 kip

=Fb5 -4.268 kip =Fb6 -3.049 kip =Fb7 -1.829 kip =Fb8 -0.61 kip

=Fb9 -1.969 kip =Fb10 -0.848 kip =Fb11 0.272 kip =Fb12 1.393 kip

=Mc1 -1.739 ⋅kip ft =Mc2 -3.478 ⋅kip ft =Mc3 -3.478 ⋅kip ft =Mc4 -3.478 ⋅kip ft =Mc5 -1.739 ⋅kip ft

=Mc6 -5.093 ⋅kip ft =Mc7 -10.186 ⋅kip ft =Mc8 -10.186 ⋅kip ft =Mc9 -10.186 ⋅kip ft =Mc10 -5.093 ⋅kip ft

=Mc11 -8.175 ⋅kip ft =Mc12 -16.35 ⋅kip ft =Mc13 -16.35 ⋅kip ft =Mc14 -16.35 ⋅kip ft =Mc15 -8.175 ⋅kip ft

=Mb1 1.739 ⋅kip ft =Mb2 1.739 ⋅kip ft =Mb3 1.739 ⋅kip ft =Mb4 1.739 ⋅kip ft

=Mb5 6.832 ⋅kip ft =Mb6 3.354 ⋅kip ft =Mb7 6.832 ⋅kip ft =Mb8 3.354 ⋅kip ft

=Mb9 13.268 ⋅kip ft =Mb10 3.082 ⋅kip ft =Mb11 13.268 ⋅kip ft =Mb12 3.082 ⋅kip ft

≔Pc2 =max⎛⎝ ,,,,,,,,,,,,,,abs⎛⎝Fc1⎞⎠ abs⎛⎝Fc2⎞⎠ abs⎛⎝Fc3⎞⎠ abs⎛⎝Fc4⎞⎠ abs⎛⎝Fc5⎞⎠ abs⎛⎝Fc6⎞⎠ abs⎛⎝Fc7⎞⎠ abs⎛⎝Fc8⎞⎠ abs⎛⎝Fc9⎞⎠ abs⎛⎝Fc10⎞⎠ abs⎛⎝Fc11⎞⎠ abs⎛⎝Fc12⎞⎠ abs⎛⎝Fc13⎞⎠ abs⎛⎝Fc14⎞⎠ abs⎛⎝Fc15⎞⎠⎞⎠ 2.912 kip

≔Vc2 =-min ⎛⎝ ,,,,,,,,,,,,,,Vc1 Vc2 Vc3 Vc4 Vc5 Vc6 Vc7 Vc8 Vc9 Vc10 Vc11 Vc12 Vc13 Vc14 Vc15⎞⎠ 2.973 kip

≔Mc2 =-min ⎛⎝ ,,,,,,,,,,,,,,Mc1 Mc2 Mc3 Mc4 Mc5 Mc6 Mc7 Mc8 Mc9 Mc10 Mc11 Mc12 Mc13 Mc14 Mc15⎞⎠ 16.35 ⋅kip ft

≔Pb2 =max⎛⎝ ,,,,,,,,,,,abs⎛⎝Fb1⎞⎠ abs⎛⎝Fb2⎞⎠ abs⎛⎝Fb3⎞⎠ abs⎛⎝Fb4⎞⎠ abs⎛⎝Fb5⎞⎠ abs⎛⎝Fb6⎞⎠ abs⎛⎝Fb7⎞⎠ abs⎛⎝Fb8⎞⎠ abs⎛⎝Fb9⎞⎠ abs⎛⎝Fb10⎞⎠ abs⎛⎝Fb11⎞⎠ abs⎛⎝Fb12⎞⎠⎞⎠ 4.268 kip

≔Vb2 =max⎛⎝ ,,,,,,,,,,,abs⎛⎝Vb1⎞⎠ abs⎛⎝Vb2⎞⎠ abs⎛⎝Vb3⎞⎠ abs⎛⎝Vb4⎞⎠ abs⎛⎝Vb5⎞⎠ abs⎛⎝Vb6⎞⎠ abs⎛⎝Vb7⎞⎠ abs⎛⎝Vb8⎞⎠ abs⎛⎝Vb9⎞⎠ abs⎛⎝Vb10⎞⎠ abs⎛⎝Vb11⎞⎠ abs⎛⎝Vb12⎞⎠⎞⎠ 1.769 kip

≔Mb2 =max⎛⎝ ,,,,,,,,,,,abs⎛⎝Mb1⎞⎠ abs⎛⎝Mb2⎞⎠ abs⎛⎝Mb3⎞⎠ abs⎛⎝Mb4⎞⎠ abs⎛⎝Mb5⎞⎠ abs⎛⎝Mb6⎞⎠ abs⎛⎝Mb7⎞⎠ abs⎛⎝Mb8⎞⎠ abs⎛⎝Mb9⎞⎠ abs⎛⎝Mb10⎞⎠ abs⎛⎝Mb11⎞⎠ abs⎛⎝Mb12⎞⎠⎞⎠ 13.268 ⋅ft kip
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≔Mb2 =max⎛⎝ ,,,,,,,,,,,abs⎛⎝Mb1⎞⎠ abs⎛⎝Mb2⎞⎠ abs⎛⎝Mb3⎞⎠ abs⎛⎝Mb4⎞⎠ abs⎛⎝Mb5⎞⎠ abs⎛⎝Mb6⎞⎠ abs⎛⎝Mb7⎞⎠ abs⎛⎝Mb8⎞⎠ abs⎛⎝Mb9⎞⎠ abs⎛⎝Mb10⎞⎠ abs⎛⎝Mb11⎞⎠ abs⎛⎝Mb12⎞⎠⎞⎠ 13.268 ⋅ft kip

≔Pc =max⎛⎝ ,Pc Pc2⎞⎠ 2.912 kip

≔Vc =max⎛⎝ ,Vc Vc2⎞⎠ 2.973 kip

≔Mc =max⎛⎝ ,Mc Mc2⎞⎠ 16.35 ⋅ft kip

≔Pb =max⎛⎝ ,Pb Pb2⎞⎠ 4.268 kip

≔Vb =max⎛⎝ ,Vb Vb2⎞⎠ 1.769 kip

≔Mb =max⎛⎝ ,Mb Mb2⎞⎠ 13.268 ⋅ft kip

Column Factored Loading
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Column Factored Loading

Define Variables

≔plfloor 50 psf ≔plroof 20 psf ≔pf 18.9 psf ≔wc 150 pcf

≔bw 20 in ≔d 30 in ≔c 20 in ≔hs 6 in

Design Calculations

≔pslab =⋅wc hs 75 psf ≔pbeam =―――――――――――――――――
⋅⋅wc bw ⎛⎝ -d hs⎞⎠ ⎛⎝ +4 ⎛⎝ +++s1 s2 s3 s4⎞⎠ 5 ⎛⎝ ++L1 L2 L3⎞⎠⎞⎠

⎛⎝ +++s1 s2 s3 s4⎞⎠ ⎛⎝ ++L1 L2 L3⎞⎠
71.078 psf

≔Pcolumn =⋅⋅wc c2 h 4.583 kip

≔AI =+++⋅s1 L2 ⋅s1 L3 ⋅s2 L2 ⋅s2 L3 1320 ft 2

≔Pd =+⋅⋅⎛⎝ +2 pslab 2 pbeam⎞⎠ ⎛⎝ +0.5 s1 0.5 s2⎞⎠ ⎛⎝ +0.5 L2 0.5 L3⎞⎠ 3 Pcolumn 110.162 kip

≔plfloor2 =⋅plfloor max
⎛
⎜
⎜⎝

,0.4 +0.25 ―――
15 ft
‾‾‾‾1 AI

⎞
⎟
⎟⎠

33.143 psf

≔plfloor1 =⋅plfloor max
⎛
⎜
⎜⎝

,0.4 +0.25 ―――
15 ft
‾‾‾‾2 AI

⎞
⎟
⎟⎠

27.097 psf

≔Pl =⋅⋅⎛⎝ ++plfloor1 plfloor2 plroof⎞⎠ ⎛⎝ +0.5 s1 0.5 s2⎞⎠ ⎛⎝ +0.5 L2 0.5 L3⎞⎠ 26 kip

≔Plr =⋅⋅plroof ⎛⎝ +0.5 s1 0.5 s2⎞⎠ ⎛⎝ +0.5 L2 0.5 L3⎞⎠ 7 kip

≔Ps =⋅⋅pf ⎛⎝ +0.5 s1 0.5 s2⎞⎠ ⎛⎝ +0.5 L2 0.5 L3⎞⎠ 6.237 kip

≔Pw =Pc 2.912 kip

≔Pu1 =max⎛⎝ ,1.4 Pd ++1.2 Pd 1.6 Pl 0.5 max⎛⎝ ,Plr Ps⎞⎠⎞⎠ 178 kip

≔Pu2 =max⎛⎝ ++1.2 Pd 1.6 max⎛⎝ ,Plr Ps⎞⎠ max⎛⎝ ,Pl 0.5 Pw⎞⎠⎞⎠ 169 kip

≔Pu3 =max⎛⎝ ,+++1.2 Pd 1.0 Pw Pl 0.5 max⎛⎝ ,Plr Ps⎞⎠ +0.9 Pd 1.0 Pw⎞⎠ 165 kip

≔Pcolumn =max⎛⎝ ,,Pu1 Pu2 Pu3⎞⎠ 178 kip

≔Mcolumn =Mc 16 ⋅kip ft

≔Vcolumn =Vc 3 kip

Assumed floor load distribution for slab and beam analysis
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≔Vcolumn =Vc 3 kip

Assumed floor load distribution for slab and beam analysis

Slab Factored Loading

Define Variables

≔plfloor 50 psf ≔plroof 20 psf ≔pf 18.9 psf ≔wc 150 pcf

≔bw 20 in ≔d 30 in ≔c 20 in ≔hs 6 in

Design Calculations

Case 1

≔DL =pslab 75 psf ≔LL =plfloor 50 psf ≔B =s1 15 ft

≔w1AL =⋅0.446 LL B 334.5 plf ≔w1BL =⋅1.22 LL B 915 plf

≔w1CL =⋅0.464 LL B 348 plf ≔w1DL =⋅0.598 LL B 448.5 plf

≔w1EL =⋅0.442 LL B 331.5 plf ≔w1L =w1BL 915 plf

≔V1L =⋅0.620 LL B 465 plf

≔M1Lneg =⋅0.121 LL B2 1361.25 lbf ≔M1Lpos =⋅0.0996 LL B2 1120.5 lbf

≔w1AD =⋅0.393 DL B 442.125 plf ≔w1BD =⋅1.14 DL B 1282.5 plf

≔w1CD =⋅0.928 DL B 1044 plf ≔w1DD =⋅1.14 DL B 1282.5 plf

≔w1ED =⋅0.393 DL B 442.125 plf ≔w1D =w1BD
⎛⎝ ⋅1.283 103 ⎞⎠ plf

≔V1D =⋅0.607 DL B 682.875 plf
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≔V1D =⋅0.607 DL B 682.875 plf

≔M1Dneg =⋅0.107 DL B2 1805.625 lbf ≔M1Dpos =⋅0.0772 DL B2 1302.75 lbf

Case 2

≔DL =0.6 pslab 45 psf ≔LL =0.6 plfloor 30 psf =B 15 ft

≔w2AL =⋅0.446 LL B 200.7 plf ≔w2BL =⋅1.22 LL B 549 plf

≔w2CL =⋅0.464 LL B 208.8 plf ≔w2DL =⋅0.598 LL B 269.1 plf

≔w2EL =⋅0.442 LL B 198.9 plf ≔w2L =w2BL 549 plf

≔V2L =⋅0.620 LL B 279 plf

≔M2Lneg =⋅0.121 LL B2 816.75 lbf ≔M2Lpos =⋅0.0996 LL B2 672.3 lbf

≔w2AD =⋅0.393 DL B 265.275 plf ≔w2BD =⋅1.14 DL B 769.5 plf

≔w2CD =⋅0.928 DL B 626.4 plf ≔w2DD =⋅1.14 DL B 769.5 plf

≔w2ED =⋅0.393 DL B 265.275 plf ≔w2D =w2BD 769.5 plf

≔V2D =⋅0.607 DL B 409.725 plf

≔M2Dneg =⋅0.107 DL B2 1083.375 lbf ≔M2Dpos =⋅0.0772 DL B2 781.65 lbf

Case 3

≔E 1 ksi ≔I 1 ――
in 4

ft
≔P 1

≔Rr_1 →-―――――――――――――――――――
++⋅⋅q1 L1

⎛
⎜
⎝

++―
1
2

L1 L2 L3
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+―
1
2

L2 L3
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝
―
1
2

L3
⎞
⎟
⎠

++L1 L2 L3
―――――――――――

⋅⎛⎝ --⎛⎝ ⋅98 q3⎞⎠ ⎛⎝ +⋅144 q2 ⋅336 q1⎞⎠⎞⎠ ft
17

≔M1 ((x)) →+⋅Rr_1 x ⋅―
1
2

q1 x2 +――――――――――――
⋅⋅ft x ⎛⎝ --⎛⎝ ⋅98 q3⎞⎠ ⎛⎝ +⋅144 q2 ⋅336 q1⎞⎠⎞⎠

17
―――

⋅q1 x2

2

≔M2 ((x)) →++⋅Rr_1 x ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅―
1
2

q2 ⎛⎝ -x L1⎞⎠
2

+―――――
⋅q2 (( -x ⋅24 ft))

2

2

⎛
⎜
⎝

-⋅⋅⋅24 q1 ft (( -x ⋅12 ft)) ――――――――――
⋅⋅ft x ⎛⎝ +⋅98 q3 +⋅144 q2 ⋅336 q1⎞⎠

17

⎞
⎟
⎠

...

≔M3 ((x)) →+++⋅Rr_1 x ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

--x L1 ―
1
2

L2
⎞
⎟
⎠

⋅―
1
2

q3 ⎛⎝ --x L1 L2⎞⎠
2

+―――――
⋅q3 (( -x ⋅40 ft))

2

2

⎛
⎜
⎝

-+⋅⋅⋅24 q1 ft (( -x ⋅12 ft)) ⋅⋅⋅16 q2 ft (( -x ⋅32 ft)) ――――――――――
⋅⋅ft x ⎛⎝ +⋅98 q3 +⋅144 q2 ⋅336 q1⎞⎠

17

⎞
⎟
⎠

...

≔Rv1_1 =-――――
⋅P ⎛⎝ +L2 L3⎞⎠

++L1 L2 L3
-0.647
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≔M3 ((x)) →+++⋅Rr_1 x ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

--x L1 ―
1
2

L2
⎞
⎟
⎠

⋅―
1
2

q3 ⎛⎝ --x L1 L2⎞⎠
2

+―――――
⋅q3 (( -x ⋅40 ft))

2

2

⎛
⎜
⎝

-+⋅⋅⋅24 q1 ft (( -x ⋅12 ft)) ⋅⋅⋅16 q2 ft (( -x ⋅32 ft)) ――――――――――
⋅⋅ft x ⎛⎝ +⋅98 q3 +⋅144 q2 ⋅336 q1⎞⎠

17

⎞
⎟
⎠

...

≔Rv1_1 =-――――
⋅P ⎛⎝ +L2 L3⎞⎠

++L1 L2 L3
-0.647

≔Mv1_1 ((x)) →⋅Rv1_1 x ⋅-0.64705882352941191 x

≔Mv1_2 ((x)) →+⋅Rv1_1 x ⋅P ⎛⎝ -x L1⎞⎠ -⋅0.35294117647058809 x ⋅24.0 ft

≔Mv1_3 ((x)) →+⋅Rv1_1 x ⋅P ⎛⎝ -x L1⎞⎠ -⋅0.35294117647058809 x ⋅24.0 ft

≔Rv2_1 =-――――
⋅P L3

++L1 L2 L3
-0.412

≔Mv2_1 ((x)) →⋅Rv2_1 x ⋅-0.411764705882353 x

≔Mv2_2 ((x)) →⋅Rv2_1 x ⋅-0.411764705882353 x

≔Mv2_3 ((x)) →+⋅Rv2_1 x ⋅P ⎛⎝ --x L1 L2⎞⎠ -⋅0.588235294117647 x ⋅40.0 ft

≔d1 ⎛⎝ ,,q1 q2 q3⎞⎠ →++
⌠
⎮
⎮⌡

d

0 ft

L1

――――――
⋅M1 ((x)) Mv1_1 ((x))

⋅E I
x

⌠
⎮
⎮⌡

d

L1

+L1 L2

――――――
⋅M2 ((x)) Mv1_2 ((x))

⋅E I
x

⌠
⎮
⎮⌡

d

+L1 L2

++L1 L2 L3

――――――
⋅M3 ((x)) Mv1_3 ((x))

⋅E I
x ―――――――――――――――――――――――――――――

⋅⎛⎝ +⋅84303.058823529467125 q3 +⋅91075.764705882396781 q2 ⋅74541.176470588265532 q1⎞⎠ ft5

⋅in4 ksi

≔d2 ⎛⎝ ,,q1 q2 q3⎞⎠ →++
⌠
⎮
⎮⌡

d

0 ft

L1

――――――
⋅M1 ((x)) Mv2_1 ((x))

⋅E I
x

⌠
⎮
⎮⌡

d

L1

+L1 L2

――――――
⋅M2 ((x)) Mv2_2 ((x))

⋅E I
x

⌠
⎮
⎮⌡

d

+L1 L2

++L1 L2 L3

――――――
⋅M3 ((x)) Mv2_3 ((x))

⋅E I
x ―――――――――――――――――――――――――――――

⋅⎛⎝ +⋅101151.37254901963026 q3 +⋅96697.72549019609618 q2 ⋅70204.235294117659299 q1⎞⎠ ft5

⋅in4 ksi

≔f11 →+
⌠
⎮
⎮⌡

d

0 ft

L1

―――――――
⋅Mv1_1 ((x)) Mv1_1 ((x))
⋅E I

x
⌠
⎮
⎮⌡

d

L1

++L1 L2 L3

―――――――
⋅Mv1_2 ((x)) Mv1_2 ((x))
⋅E I

x ――――――――――
⋅5466.3529411764752934 ft4

⋅in4 ksi

≔f12 →++
⌠
⎮
⎮⌡

d

0 ft

L1

―――――――
⋅Mv1_1 ((x)) Mv2_1 ((x))
⋅E I

x
⌠
⎮
⎮⌡

d

L1

+L1 L2

―――――――
⋅Mv1_2 ((x)) Mv2_2 ((x))
⋅E I

x
⌠
⎮
⎮⌡

d

+L1 L2

++L1 L2 L3

―――――――
⋅Mv1_3 ((x)) Mv2_3 ((x))
⋅E I

x ――――――――――
⋅5376.0000000000038816 ft4

⋅in4 ksi

≔f22 →+
⌠
⎮
⎮⌡

d

0 ft

+L1 L2

―――――――
⋅Mv2_1 ((x)) Mv2_1 ((x))
⋅E I

x
⌠
⎮
⎮⌡

d

+L1 L2

++L1 L2 L3

―――――――
⋅Mv2_3 ((x)) Mv2_3 ((x))
⋅E I

x ――――――――――
⋅6149.0196078431396267 ft4

⋅in4 ksi

Dead Load
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Dead Load

≔q1 -0.3 pslab ≔q2 -0.6 pslab ≔q3 -0.3 pslab
Gu

es
s V

al
ue

s
Co

ns
tra

in
ts

So
lv

er

≔R1 1 plf ≔R2 1 plf ≔R3 1 plf ≔R4 1 plf

＝0 lbf

+++

 ↲++⋅R2 L1 ⋅R3 ⎛⎝ +L1 L2⎞⎠ ⋅R4 ⎛⎝ ++L1 L2 L3⎞⎠

⋅⋅q1 L1
⎛
⎜
⎝
―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+L1 ―
1
2

L2
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝

++L1 L2 ―
1
2

L3
⎞
⎟
⎠

＝0 plf ++++++⋅q1 L1 ⋅q2 L2 ⋅q3 L3 R1 R2 R3 R4

＝++d1 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f11 R2 ⋅f12 R3 0 ft

＝++d2 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f12 R2 ⋅f22 R3 0 ft

≔

R1
R2
R3
R4

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,R1 R2 R3 R4⎞⎠

219.729
648.962
767.289
254.02

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

plf

≔w3AD =R1 219.729 plf ≔w3BD =R2 648.962 plf

≔w3CD =R3 767.289 plf ≔w3DD =R4 254.02 plf ≔w3D =R3 767.289 plf

≔w1 =R1 219.729 plf ≔w2 =R2 648.962 plf ≔w3 =R3 767.289 plf

≔M1 ((x)) →+⋅w1 x ⋅―
1
2

q1 x2 +⋅⋅-11.2499999999999979 psf x2 ⋅⋅219.72877358490581 plf x

≔M2 ((x)) →+++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅―
1
2

q2 ⎛⎝ -x L1⎞⎠
2

+-+⋅⋅⋅-539.9999999999998992 ft psf (( -x ⋅12.0 ft)) ⋅⋅648.9622641509435 plf (( -x ⋅24.0 ft)) ⋅⋅22.4999999999999958 psf (( -x ⋅24.0 ft))
2

⋅⋅219.72877358490581 plf x...

≔M3 ((x)) →+++++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅w3 ⎛⎝ --x L1 L2⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

--x L1 ―
1
2

L2
⎞
⎟
⎠

⋅―
1
2

q3 ⎛⎝ --x L1 L2⎞⎠
2

++⋅⋅⋅-539.9999999999998992 ft psf (( -x ⋅12.0 ft)) ⋅⋅648.9622641509435 plf (( -x ⋅24.0 ft))
⎛
⎝ -+-⋅⋅767.28942048517445 plf (( -x ⋅40.0 ft)) ⋅⋅11.2499999999999979 psf (( -x ⋅40.0 ft))

2
⋅⋅219.72877358490581 plf x ⋅⋅⋅719.9999999999998656 ft psf (( -x ⋅32.0 ft))

⎞
⎠...

≔V1 ((x)) →――
d

dx
M1 ((x)) +⋅⋅-22.4999999999999958 psf x ⋅219.72877358490581 plf

≔V2 ((x)) →――
d

dx
M2 ((x)) ++⋅⋅-44.9999999999999916 psf x ⋅⋅539.9999999999998992 ft psf ⋅868.69103773584931 plf...

≔V3 ((x)) →――
d

dx
M3 ((x)) +⋅⋅-22.4999999999999958 psf x (( -⋅1635.98045822102376 plf ⋅⋅359.9999999999999328 ft psf))...
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≔V3 ((x)) →――
d

dx
M3 ((x)) +⋅⋅-22.4999999999999958 psf x (( -⋅1635.98045822102376 plf ⋅⋅359.9999999999999328 ft psf))...

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V1 ((x)) 0 plf

≔x1 =find ((x)) 9.766 ft

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V2 ((x)) 0 plf

≔x2 =find ((x)) 31.304 ft

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V3 ((x)) 0 plf

≔x3 =find ((x)) 56.71 ft

=L1 24 ft =+L1 L2 40 ft =++L1 L2 L3 68 ft

=V1 ((0 ft)) 219.729 plf

=V1 ⎛⎝L1⎞⎠ -320.271 plf =V2 ⎛⎝L1⎞⎠ 328.691 plf

=V2 ⎛⎝ +L1 L2⎞⎠ -391.309 plf =V3 ⎛⎝ +L1 L2⎞⎠ 375.98 plf

=V3 ⎛⎝ ++L1 L2 L3⎞⎠ -254.02 plf ≔V3D =V2 ⎛⎝ +L1 L2⎞⎠ -391.309 plf

=M1 ((0 ft)) 0 lbf

=M1 ⎛⎝L1⎞⎠ -1206.509 lbf =M2 ⎛⎝L1⎞⎠ -1206.509 lbf

=M2 ⎛⎝ +L1 L2⎞⎠ -1707.453 lbf =M3 ⎛⎝ +L1 L2⎞⎠ -1707.453 lbf

=M3 ⎛⎝ ++L1 L2 L3⎞⎠ 0 lbf ≔M3Dneg =M2 ⎛⎝ +L1 L2⎞⎠ ⋅-1.707 103 lbf

=M1 ⎛⎝x1⎞⎠ 1072.905 lbf

=M2 ⎛⎝x2⎞⎠ -6.089 lbf

=M3 ⎛⎝x3⎞⎠ 1433.91 lbf ≔M3Dpos =M3 ⎛⎝x3⎞⎠ 1433.91 lbf

Live Load Max Positive Moment

≔q1 -0.3 LL ≔q2 -0 LL ≔q3 -0.3 LL

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔R1 1 plf ≔R2 1 plf ≔R3 1 plf ≔R4 1 plf

＝0 lbf

+++

 ↲++⋅R2 L1 ⋅R3 ⎛⎝ +L1 L2⎞⎠ ⋅R4 ⎛⎝ ++L1 L2 L3⎞⎠

⋅⋅q1 L1
⎛
⎜
⎝
―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+L1 ―
1
2

L2
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝

++L1 L2 ―
1
2

L3
⎞
⎟
⎠

＝0 plf ++++++⋅q1 L1 ⋅q2 L2 ⋅q3 L3 R1 R2 R3 R4

＝++d1 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f11 R2 ⋅f12 R3 0 ft

＝++d2 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f12 R2 ⋅f22 R3 0 ft

≔

R1
R2
R3
R4

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,R1 R2 R3 R4⎞⎠

96.042
106.075
158.064
107.818

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

plf
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es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔R1 1 plf ≔R2 1 plf ≔R3 1 plf ≔R4 1 plf

＝0 lbf

+++

 ↲++⋅R2 L1 ⋅R3 ⎛⎝ +L1 L2⎞⎠ ⋅R4 ⎛⎝ ++L1 L2 L3⎞⎠

⋅⋅q1 L1
⎛
⎜
⎝
―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+L1 ―
1
2

L2
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝

++L1 L2 ―
1
2

L3
⎞
⎟
⎠

＝0 plf ++++++⋅q1 L1 ⋅q2 L2 ⋅q3 L3 R1 R2 R3 R4

＝++d1 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f11 R2 ⋅f12 R3 0 ft

＝++d2 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f12 R2 ⋅f22 R3 0 ft

≔

R1
R2
R3
R4

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,R1 R2 R3 R4⎞⎠

96.042
106.075
158.064
107.818

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

plf

≔w3AL =R1 96.042 plf ≔w3BL =R2 106.075 plf

≔w3CL =R3 158.064 plf ≔w3DL =R4 107.818 plf

≔w1 =R1 96.042 plf ≔w2 =R2 106.075 plf ≔w3 =R3 158.064 plf

≔M1 ((x)) →+⋅w1 x ⋅―
1
2

q1 x2 +⋅⋅-4.5 psf x2 ⋅⋅96.042452830188779 plf x

≔M2 ((x)) →+++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅―
1
2

q2 ⎛⎝ -x L1⎞⎠
2

++⋅⋅⋅-216.0 ft psf (( -x ⋅12.0 ft)) ⋅⋅106.07547169811308 plf (( -x ⋅24.0 ft)) ⋅⋅96.042452830188779 plf x...

≔M3 ((x)) →+++++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅w3 ⎛⎝ --x L1 L2⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

--x L1 ―
1
2

L2
⎞
⎟
⎠

⋅―
1
2

q3 ⎛⎝ --x L1 L2⎞⎠
2

+-++⋅⋅⋅-216.0 ft psf (( -x ⋅12.0 ft)) ⋅⋅106.07547169811308 plf (( -x ⋅24.0 ft)) ⋅⋅158.06401617250683 plf (( -x ⋅40.0 ft)) ⋅⋅4.5 psf (( -x ⋅40.0 ft))
2

⋅⋅96.042452830188779 plf x...

≔V1 ((x)) →――
d

dx
M1 ((x)) +⋅⋅-9.0 psf x ⋅96.042452830188779 plf

≔V2 ((x)) →――
d

dx
M2 ((x)) +⋅⋅-216.0 ft psf ⋅202.117924528301859 plf

≔V3 ((x)) →――
d

dx
M3 ((x)) ++⋅⋅-9.0 psf x ⋅⋅144.0 ft psf ⋅360.181940700808689 plf

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V1 ((x)) 0 plf

≔x1 =find ((x)) 10.671 ft

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V2 ((x)) 0 plf

≔x2 =find ((x)) ?

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V3 ((x)) 0 plf

≔x3 =find ((x)) 56.02 ft

=L1 24 ft =+L1 L2 40 ft =++L1 L2 L3 68 ft

=V1 ((0 ft)) 96.042 plf
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=L1 24 ft =+L1 L2 40 ft =++L1 L2 L3 68 ft

=V1 ((0 ft)) 96.042 plf

=V1 ⎛⎝L1⎞⎠ -119.958 plf =V2 ⎛⎝L1⎞⎠ -13.882 plf

=V2 ⎛⎝ +L1 L2⎞⎠ -13.882 plf =V3 ⎛⎝ +L1 L2⎞⎠ 144.182 plf

=V3 ⎛⎝ ++L1 L2 L3⎞⎠ -107.818 plf

=M1 ((0 ft)) 0 lbf

=M1 ⎛⎝L1⎞⎠ -286.981 lbf =M2 ⎛⎝L1⎞⎠ -286.981 lbf

=M2 ⎛⎝ +L1 L2⎞⎠ -509.094 lbf =M3 ⎛⎝ +L1 L2⎞⎠ -509.094 lbf

=M3 ⎛⎝ ++L1 L2 L3⎞⎠ 0 lbf

=M1 ⎛⎝x1⎞⎠ 512.453 lbf

=M2 ⎛⎝x2⎞⎠ ? lbf

=M3 ⎛⎝x3⎞⎠ 645.819 lbf ≔M3Lpos =M3 ⎛⎝x3⎞⎠ 645.819 lbf

Live Load Max Negative Moment, Shear, and Reaction

≔q1 -0 LL ≔q2 -0.6 LL ≔q3 -0.3 LL

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔R1 1 plf ≔R2 1 plf ≔R3 1 plf ≔R4 1 plf

＝0 lbf

+++

 ↲++⋅R2 L1 ⋅R3 ⎛⎝ +L1 L2⎞⎠ ⋅R4 ⎛⎝ ++L1 L2 L3⎞⎠

⋅⋅q1 L1
⎛
⎜
⎝
―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+L1 ―
1
2

L2
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝

++L1 L2 ―
1
2

L3
⎞
⎟
⎠

＝0 plf ++++++⋅q1 L1 ⋅q2 L2 ⋅q3 L3 R1 R2 R3 R4

＝++d1 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f11 R2 ⋅f12 R3 0 ft

＝++d2 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f12 R2 ⋅f22 R3 0 ft

≔

R1
R2
R3
R4

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,R1 R2 R3 R4⎞⎠

-3.297
104.972
339.338

98.988

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

plf

≔w3AL =R1 -3.297 plf ≔w3BL =R2 104.972 plf
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≔w3AL =R1 -3.297 plf ≔w3BL =R2 104.972 plf

≔w3CL =R3 339.338 plf ≔w3DL =R4 98.988 plf ≔w3L =R3 339.338 plf

≔w1 =R1 -3.297 plf ≔w2 =R2 104.972 plf ≔w3 =R3 339.338 plf

≔M1 ((x)) →+⋅w1 x ⋅―
1
2

q1 x2 ⋅⋅-3.297169811320698 plf x

≔M2 ((x)) →+++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅―
1
2

q2 ⎛⎝ -x L1⎞⎠
2

-+⋅⋅-9.0 psf (( -x ⋅24.0 ft))
2

⋅⋅104.97169811320767 plf (( -x ⋅24.0 ft)) ⋅⋅3.297169811320698 plf x...

≔M3 ((x)) →+++++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅w3 ⎛⎝ --x L1 L2⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

--x L1 ―
1
2

L2
⎞
⎟
⎠

⋅―
1
2

q3 ⎛⎝ --x L1 L2⎞⎠
2

+⋅⋅104.97169811320767 plf (( -x ⋅24.0 ft))
⎛
⎝ ---⋅⋅339.337601078167 plf (( -x ⋅40.0 ft)) ⋅⋅4.5 psf (( -x ⋅40.0 ft))

2
⋅⋅3.297169811320698 plf x ⋅⋅⋅288.0 ft psf (( -x ⋅32.0 ft))

⎞
⎠...

≔V1 ((x)) →――
d

dx
M1 ((x)) ⋅-3.297169811320698 plf

≔V2 ((x)) →――
d

dx
M2 ((x)) ++⋅⋅-18.0 psf x ⋅⋅432.0 ft psf ⋅101.674528301886972 plf

≔V3 ((x)) →――
d

dx
M3 ((x)) ++⋅⋅-9.0 psf x ⋅⋅72.0 ft psf ⋅441.012129380053972 plf

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V1 ((x)) 0 plf

≔x1 =find ((x)) ?

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V2 ((x)) 0 plf

≔x2 =find ((x)) 29.649 ft

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V3 ((x)) 0 plf

≔x3 =find ((x)) 57.001 ft

=L1 24 ft =+L1 L2 40 ft =++L1 L2 L3 68 ft

=V1 ((0 ft)) -3.297 plf

=V1 ⎛⎝L1⎞⎠ -3.297 plf =V2 ⎛⎝L1⎞⎠ 101.675 plf

=V2 ⎛⎝ +L1 L2⎞⎠ -186.325 plf =V3 ⎛⎝ +L1 L2⎞⎠ 153.012 plf

=V3 ⎛⎝ ++L1 L2 L3⎞⎠ -98.988 plf ≔V3L =V2 ⎛⎝ +L1 L2⎞⎠ -186.325 plf

=M1 ((0 ft)) 0 lbf

=M1 ⎛⎝L1⎞⎠ -79.132 lbf =M2 ⎛⎝L1⎞⎠ -79.132 lbf

=M2 ⎛⎝ +L1 L2⎞⎠ -756.34 lbf =M3 ⎛⎝ +L1 L2⎞⎠ -756.34 lbf
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=M1 ⎛⎝L1⎞⎠ -79.132 lbf =M2 ⎛⎝L1⎞⎠ -79.132 lbf

=M2 ⎛⎝ +L1 L2⎞⎠ -756.34 lbf =M3 ⎛⎝ +L1 L2⎞⎠ -756.34 lbf

=M3 ⎛⎝ ++L1 L2 L3⎞⎠ 0 lbf ≔M3Lneg =M2 ⎛⎝ +L1 L2⎞⎠ -756.34 lbf

=M1 ⎛⎝x1⎞⎠ ? lbf

=M2 ⎛⎝x2⎞⎠ 208.027 lbf

=M3 ⎛⎝x3⎞⎠ 544.367 lbf

Summary

=w1D 1282.5 plf =V1D 682.875 plf =M1Dneg 1805.625 lbf =M1Dpos 1302.75 lbf

=w1L 915 plf =V1L 465 plf =M1Lneg 1361.25 lbf =M1Lpos 1120.5 lbf

=w2D 769.5 plf =V2D 409.725 plf =M2Dneg 1083.375 lbf =M2Dpos 781.65 lbf

=w2L 549 plf =V2L 279 plf =M2Lneg 816.75 lbf =M2Lpos 672.3 lbf

=w3D 767.289 plf =V3D -391.309 plf =M3Dneg -1707.453 lbf =M3Dpos 1433.91 lbf

=w3L 339.338 plf =V3L -186.325 plf =M3Lneg -756.34 lbf =M3Lpos 645.819 lbf

≔VDslab =max ⎛⎝ ,,abs ⎛⎝V1D⎞⎠ abs ⎛⎝V2D⎞⎠ abs ⎛⎝V3D⎞⎠⎞⎠ 682.875 plf

≔VLslab =max ⎛⎝ ,,abs ⎛⎝V1L⎞⎠ abs ⎛⎝V2L⎞⎠ abs ⎛⎝V3L⎞⎠⎞⎠ 465 plf

≔MDnegslab =max ⎛⎝ ,,abs ⎛⎝M1Dneg⎞⎠ abs ⎛⎝M2Dneg⎞⎠ abs ⎛⎝M3Dneg⎞⎠⎞⎠ 1805.625 lbf

≔MLnegslab =max ⎛⎝ ,,abs ⎛⎝M1Lneg⎞⎠ abs ⎛⎝M2Lneg⎞⎠ abs ⎛⎝M3Lneg⎞⎠⎞⎠ 1361.25 lbf

≔MDposslab =max ⎛⎝ ,,abs ⎛⎝M1Dpos⎞⎠ abs ⎛⎝M2Dpos⎞⎠ abs ⎛⎝M3Dpos⎞⎠⎞⎠ 1433.91 lbf

≔MLposslab =max ⎛⎝ ,,abs ⎛⎝M1Lpos⎞⎠ abs ⎛⎝M2Lpos⎞⎠ abs ⎛⎝M3Lpos⎞⎠⎞⎠ 1120.5 lbf

≔Vslab =+1.2 VDslab 1.6 VLslab 1.563 klf

≔Mneg_slab =+1.2 MDnegslab 1.6 MLnegslab 4.345 kip

≔Mpos_slab =+1.2 MDposslab 1.6 MLposslab 3.513 kip

Beam Factored Loading
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Beam Factored Loading

Define Variables

≔plfloor 50 psf ≔plroof 20 psf ≔pf 18.9 psf ≔wc 150 pcf

≔bw 20 in ≔d 30 in ≔c 20 in ≔hs 6 in

Design Calculations

Case 1

≔wbeam =⋅wc ⎛⎝ -d hs⎞⎠ bw 500 plf

≔DL =+w3D wbeam
⎛⎝ ⋅1.267 103 ⎞⎠ plf ≔LL =w3L 339.338 plf =B 15 ft

≔w1AL =⋅0.446 LL B ⎛⎝ ⋅2.27 103 ⎞⎠ ⋅ft plf ≔w1BL =⋅1.22 LL B ⎛⎝ ⋅6.21 103 ⎞⎠ ⋅ft plf

≔w1CL =⋅0.464 LL B ⎛⎝ ⋅2.362 103 ⎞⎠ ⋅ft plf ≔w1DL =⋅0.598 LL B ⎛⎝ ⋅3.044 103 ⎞⎠ ⋅ft plf

≔w1EL =⋅0.442 LL B ⎛⎝ ⋅2.25 103 ⎞⎠ ⋅ft plf

≔V1L =⋅0.620 LL B ⎛⎝ ⋅3.156 103 ⎞⎠ ⋅ft plf

≔M1Lneg =⋅0.121 LL B2 9238.466 ⋅ft lbf ≔M1Lpos =⋅0.0996 LL B2 7604.556 ⋅ft lbf

≔w1AD =⋅0.393 DL B 7470.671 ⋅ft plf ≔w1BD =⋅1.14 DL B 21670.649 ⋅ft plf

≔w1CD =⋅0.928 DL B 17640.669 ⋅ft plf ≔w1DD =⋅1.14 DL B 21670.649 ⋅ft plf

≔w1ED =⋅0.393 DL B ⎛⎝ ⋅7.471 103 ⎞⎠ ⋅ft plf

≔V1D =⋅0.607 DL B ⎛⎝ ⋅1.154 104 ⎞⎠ ⋅ft plf

≔M1Dneg =⋅0.107 DL B2 30509.993 ⋅ft lbf ≔M1Dpos =⋅0.0772 DL B2 22012.817 ⋅ft lbf

Case 2

≔E 1 ksi ≔I 1 in 4 ≔P 1

clear ⎛⎝ ,,q1 q2 q3⎞⎠

≔Rr_1 →-―――――――――――――――――――
++⋅⋅q1 L1

⎛
⎜
⎝

++―
1
2

L1 L2 L3
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+―
1
2

L2 L3
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝
―
1
2

L3
⎞
⎟
⎠

++L1 L2 L3
―――――――――――

⋅⎛⎝ --⎛⎝ ⋅98 q3⎞⎠ ⎛⎝ +⋅144 q2 ⋅336 q1⎞⎠⎞⎠ ft
17

≔M1 ((x)) →+⋅Rr_1 x ⋅―
1
2

q1 x2 +――――――――――――
⋅⋅ft x ⎛⎝ --⎛⎝ ⋅98 q3⎞⎠ ⎛⎝ +⋅144 q2 ⋅336 q1⎞⎠⎞⎠

17
―――

⋅q1 x2

2
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≔Rr_1 →-―――――――――――――――――――
++⋅⋅q1 L1

⎛
⎜
⎝

++―
1
2

L1 L2 L3
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+―
1
2

L2 L3
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝
―
1
2

L3
⎞
⎟
⎠

++L1 L2 L3
―――――――――――

⋅⎛⎝ --⎛⎝ ⋅98 q3⎞⎠ ⎛⎝ +⋅144 q2 ⋅336 q1⎞⎠⎞⎠ ft
17

≔M1 ((x)) →+⋅Rr_1 x ⋅―
1
2

q1 x2 +――――――――――――
⋅⋅ft x ⎛⎝ --⎛⎝ ⋅98 q3⎞⎠ ⎛⎝ +⋅144 q2 ⋅336 q1⎞⎠⎞⎠

17
―――

⋅q1 x2

2

≔M2 ((x)) →++⋅Rr_1 x ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅―
1
2

q2 ⎛⎝ -x L1⎞⎠
2

+―――――
⋅q2 (( -x ⋅24 ft))

2

2

⎛
⎜
⎝

-⋅⋅⋅24 q1 ft (( -x ⋅12 ft)) ――――――――――
⋅⋅ft x ⎛⎝ +⋅98 q3 +⋅144 q2 ⋅336 q1⎞⎠

17

⎞
⎟
⎠

...

≔M3 ((x)) →+++⋅Rr_1 x ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

--x L1 ―
1
2

L2
⎞
⎟
⎠

⋅―
1
2

q3 ⎛⎝ --x L1 L2⎞⎠
2

+―――――
⋅q3 (( -x ⋅40 ft))

2

2

⎛
⎜
⎝

-+⋅⋅⋅24 q1 ft (( -x ⋅12 ft)) ⋅⋅⋅16 q2 ft (( -x ⋅32 ft)) ――――――――――
⋅⋅ft x ⎛⎝ +⋅98 q3 +⋅144 q2 ⋅336 q1⎞⎠

17

⎞
⎟
⎠

...

≔Rv1_1 =-――――
⋅P ⎛⎝ +L2 L3⎞⎠

++L1 L2 L3
-0.647

≔Mv1_1 ((x)) →⋅Rv1_1 x ⋅-0.64705882352941191 x

≔Mv1_2 ((x)) →+⋅Rv1_1 x ⋅P ⎛⎝ -x L1⎞⎠ -⋅0.35294117647058809 x ⋅24.0 ft

≔Mv1_3 ((x)) →+⋅Rv1_1 x ⋅P ⎛⎝ -x L1⎞⎠ -⋅0.35294117647058809 x ⋅24.0 ft

≔Rv2_1 =-――――
⋅P L3

++L1 L2 L3
-0.412

≔Mv2_1 ((x)) →⋅Rv2_1 x ⋅-0.411764705882353 x

≔Mv2_2 ((x)) →⋅Rv2_1 x ⋅-0.411764705882353 x

≔Mv2_3 ((x)) →+⋅Rv2_1 x ⋅P ⎛⎝ --x L1 L2⎞⎠ -⋅0.588235294117647 x ⋅40.0 ft

≔d1 ⎛⎝ ,,q1 q2 q3⎞⎠ →++
⌠
⎮
⎮⌡

d

0 ft

L1

――――――
⋅M1 ((x)) Mv1_1 ((x))

⋅E I
x

⌠
⎮
⎮⌡

d

L1

+L1 L2

――――――
⋅M2 ((x)) Mv1_2 ((x))

⋅E I
x

⌠
⎮
⎮⌡

d

+L1 L2

++L1 L2 L3

――――――
⋅M3 ((x)) Mv1_3 ((x))

⋅E I
x ―――――――――――――――――――――――――――――

⋅⎛⎝ +⋅84303.058823529467125 q3 +⋅91075.764705882396781 q2 ⋅74541.176470588265532 q1⎞⎠ ft4

⋅in4 ksi

≔d2 ⎛⎝ ,,q1 q2 q3⎞⎠ →++
⌠
⎮
⎮⌡

d

0 ft

L1

――――――
⋅M1 ((x)) Mv2_1 ((x))

⋅E I
x

⌠
⎮
⎮⌡

d

L1

+L1 L2

――――――
⋅M2 ((x)) Mv2_2 ((x))

⋅E I
x

⌠
⎮
⎮⌡

d

+L1 L2

++L1 L2 L3

――――――
⋅M3 ((x)) Mv2_3 ((x))

⋅E I
x ―――――――――――――――――――――――――――――

⋅⎛⎝ +⋅101151.37254901963026 q3 +⋅96697.72549019609618 q2 ⋅70204.235294117659299 q1⎞⎠ ft4

⋅in4 ksi

≔f11 →+
⌠
⎮
⎮⌡

d

0 ft

L1

―――――――
⋅Mv1_1 ((x)) Mv1_1 ((x))
⋅E I

x
⌠
⎮
⎮⌡

d

L1

++L1 L2 L3

―――――――
⋅Mv1_2 ((x)) Mv1_2 ((x))
⋅E I

x ――――――――――
⋅5466.3529411764752934 ft3

⋅in4 ksi
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≔f12 →++
⌠
⎮
⎮⌡

d

0 ft

L1

―――――――
⋅Mv1_1 ((x)) Mv2_1 ((x))
⋅E I

x
⌠
⎮
⎮⌡

d

L1

+L1 L2

―――――――
⋅Mv1_2 ((x)) Mv2_2 ((x))
⋅E I

x
⌠
⎮
⎮⌡

d

+L1 L2

++L1 L2 L3

―――――――
⋅Mv1_3 ((x)) Mv2_3 ((x))
⋅E I

x ――――――――――
⋅5376.0000000000038816 ft3

⋅in4 ksi

≔f22 →+
⌠
⎮
⎮⌡

d

0 ft

+L1 L2

―――――――
⋅Mv2_1 ((x)) Mv2_1 ((x))
⋅E I

x
⌠
⎮
⎮⌡

d

+L1 L2

++L1 L2 L3

―――――――
⋅Mv2_3 ((x)) Mv2_3 ((x))
⋅E I

x ――――――――――
⋅6149.0196078431396267 ft3

⋅in4 ksi

Dead Load

≔q1 --w1D wbeam ≔q2 --w2D wbeam ≔q3 --w1D wbeam

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔R1 1 lbf ≔R2 1 lbf ≔R3 1 lbf ≔R4 1 lbf

＝⋅0 lbf ft

+++

 ↲++⋅R2 L1 ⋅R3 ⎛⎝ +L1 L2⎞⎠ ⋅R4 ⎛⎝ ++L1 L2 L3⎞⎠

⋅⋅q1 L1
⎛
⎜
⎝
―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+L1 ―
1
2

L2
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝

++L1 L2 ―
1
2

L3
⎞
⎟
⎠

＝0 lbf ++++++⋅q1 L1 ⋅q2 L2 ⋅q3 L3 R1 R2 R3 R4

＝++d1 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f11 R2 ⋅f12 R3 0 ft

＝++d2 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f12 R2 ⋅f22 R3 0 ft

≔

R1
R2
R3
R4

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,R1 R2 R3 R4⎞⎠

18446.873
31835.516
41803.64
20915.971

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

⋅ft plf

≔w3AD =R1
⎛⎝ ⋅1.845 104 ⎞⎠ ⋅ft plf ≔w3BD =R2

⎛⎝ ⋅3.184 104 ⎞⎠ ⋅ft plf

≔w3CD =R3
⎛⎝ ⋅4.18 104 ⎞⎠ ⋅ft plf ≔w3DD =R4

⎛⎝ ⋅2.092 104 ⎞⎠ ⋅ft plf ≔w3D =R3
⎛⎝ ⋅4.18 104 ⎞⎠ ⋅ft plf

≔w1 =R1
⎛⎝ ⋅1.845 104 ⎞⎠ ⋅ft plf ≔w2 =R2

⎛⎝ ⋅3.184 104 ⎞⎠ ⋅ft plf ≔w3 =R3
⎛⎝ ⋅4.18 104 ⎞⎠ ⋅ft plf

≔M1 ((x)) →+⋅w1 x ⋅―
1
2

q1 x2 -⋅⋅⋅18446.873427672965879 plf x ft ⋅⋅891.24999999999993 plf x2

≔M2 ((x)) →+++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅―
1
2

q2 ⎛⎝ -x L1⎞⎠
2

+-+⋅⋅⋅-42779.99999999999664 ft plf (( -x ⋅12.0 ft)) ⋅⋅⋅31835.515723270439633 plf ft (( -x ⋅24.0 ft)) ⋅⋅634.749999999999975 plf (( -x ⋅24.0 ft))
2

⋅⋅⋅18446.873427672965879 plf x ft...

≔M3 ((x)) →+++++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅w3 ⎛⎝ --x L1 L2⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

--x L1 ―
1
2

L2
⎞
⎟
⎠

⋅―
1
2

q3 ⎛⎝ --x L1 L2⎞⎠
2

++⋅⋅⋅-42779.99999999999664 ft plf (( -x ⋅12.0 ft)) ⋅⋅⋅31835.515723270439633 plf ft (( -x ⋅24.0 ft))
⎛
⎝ -+-⋅⋅⋅41803.639824797900262 plf ft (( -x ⋅40.0 ft)) ⋅⋅891.24999999999993 plf (( -x ⋅40.0 ft))

2
⋅⋅⋅18446.873427672965879 plf x ft ⋅⋅⋅20311.9999999999992 ft plf (( -x ⋅32.0 ft))

⎞
⎠...
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≔M2 ((x)) →+++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅―
1
2

q2 ⎛⎝ -x L1⎞⎠
2

+-+⋅⋅⋅-42779.99999999999664 ft plf (( -x ⋅12.0 ft)) ⋅⋅⋅31835.515723270439633 plf ft (( -x ⋅24.0 ft)) ⋅⋅634.749999999999975 plf (( -x ⋅24.0 ft))
2

⋅⋅⋅18446.873427672965879 plf x ft...

≔M3 ((x)) →+++++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅w3 ⎛⎝ --x L1 L2⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

--x L1 ―
1
2

L2
⎞
⎟
⎠

⋅―
1
2

q3 ⎛⎝ --x L1 L2⎞⎠
2

++⋅⋅⋅-42779.99999999999664 ft plf (( -x ⋅12.0 ft)) ⋅⋅⋅31835.515723270439633 plf ft (( -x ⋅24.0 ft))
⎛
⎝ -+-⋅⋅⋅41803.639824797900262 plf ft (( -x ⋅40.0 ft)) ⋅⋅891.24999999999993 plf (( -x ⋅40.0 ft))

2
⋅⋅⋅18446.873427672965879 plf x ft ⋅⋅⋅20311.9999999999992 ft plf (( -x ⋅32.0 ft))

⎞
⎠...

≔V1 ((x)) →――
d

dx
M1 ((x)) +⋅⋅-1782.49999999999986 plf x ⋅⋅18446.873427672965879 ft plf

≔V2 ((x)) →――
d

dx
M2 ((x)) +⋅⋅-1269.49999999999995 plf x ⋅⋅37970.389150943407672 ft plf

≔V3 ((x)) →――
d

dx
M3 ((x)) +⋅⋅-1782.49999999999986 plf x ⋅⋅100294.02897574130433 ft plf

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V1 ((x)) 0 lbf

≔x1 =find ((x)) 10.349 ft

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V2 ((x)) 0 lbf

≔x2 =find ((x)) 29.91 ft

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V3 ((x)) 0 lbf

≔x3 =find ((x)) 56.266 ft

=L1 24 ft =+L1 L2 40 ft =++L1 L2 L3 68 ft

=V1 ((0 ft)) ⎛⎝ ⋅1.845 104 ⎞⎠ ⋅ft plf

=V1 ⎛⎝L1⎞⎠ -24333.127 ⋅ft plf =V2 ⎛⎝L1⎞⎠ 7502.389 ⋅ft plf

=V2 ⎛⎝ +L1 L2⎞⎠ -12809.611 ⋅ft plf =V3 ⎛⎝ +L1 L2⎞⎠ 28994.029 ⋅ft plf

=V3 ⎛⎝ ++L1 L2 L3⎞⎠ -20915.971 ⋅ft plf ≔V2D =V3 ⎛⎝ +L1 L2⎞⎠ 28994.029 ⋅ft plf

=M1 ((0 ft)) 0 ⋅ft lbf

=M1 ⎛⎝L1⎞⎠ -70635.038 ⋅ft lbf =M2 ⎛⎝L1⎞⎠ -70635.038 ⋅ft lbf

=M2 ⎛⎝ +L1 L2⎞⎠ -113092.811 ⋅ft lbf =M3 ⎛⎝ +L1 L2⎞⎠ -113092.811 ⋅ft lbf

=M3 ⎛⎝ ++L1 L2 L3⎞⎠ 0 ⋅ft lbf ≔M2Dneg =M2 ⎛⎝ +L1 L2⎞⎠ ⋅-1.131 105 ⋅ft lbf

=M1 ⎛⎝x1⎞⎠ 95452.213 ⋅ft lbf

=M2 ⎛⎝x2⎞⎠ -48466.529 ⋅ft lbf

=M3 ⎛⎝x3⎞⎠ 122714.683 ⋅ft lbf ≔M2Dpos =M3 ⎛⎝x3⎞⎠ 122714.683 ⋅ft lbf

Live Load Max Positive Moment 

≔q1 -1 w1L ≔q2 -0 w2L ≔q3 -1 w1L
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≔q1 -1 w1L ≔q2 -0 w2L ≔q3 -1 w1L

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔R1 1 lbf ≔R2 1 lbf ≔R3 1 lbf ≔R4 1 lbf

＝⋅0 lbf ft

+++

 ↲++⋅R2 L1 ⋅R3 ⎛⎝ +L1 L2⎞⎠ ⋅R4 ⎛⎝ ++L1 L2 L3⎞⎠

⋅⋅q1 L1
⎛
⎜
⎝
―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+L1 ―
1
2

L2
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝

++L1 L2 ―
1
2

L3
⎞
⎟
⎠

＝0 lbf ++++++⋅q1 L1 ⋅q2 L2 ⋅q3 L3 R1 R2 R3 R4

＝++d1 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f11 R2 ⋅f12 R3 0 ft

＝++d2 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f12 R2 ⋅f22 R3 0 ft

≔

R1
R2
R3
R4

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,R1 R2 R3 R4⎞⎠

9764.316
10784.34
16069.842
10961.503

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

⋅ft plf

≔w3AD =R1
⎛⎝ ⋅9.764 103 ⎞⎠ ⋅ft plf ≔w3BD =R2

⎛⎝ ⋅1.078 104 ⎞⎠ ⋅ft plf

≔w3CD =R3
⎛⎝ ⋅1.607 104 ⎞⎠ ⋅ft plf ≔w3DD =R4

⎛⎝ ⋅1.096 104 ⎞⎠ ⋅ft plf ≔w3D =R3
⎛⎝ ⋅1.607 104 ⎞⎠ ⋅ft plf

≔w1 =R1
⎛⎝ ⋅9.764 103 ⎞⎠ ⋅ft plf ≔w2 =R2

⎛⎝ ⋅1.078 104 ⎞⎠ ⋅ft plf ≔w3 =R3
⎛⎝ ⋅1.607 104 ⎞⎠ ⋅ft plf

≔M1 ((x)) →+⋅w1 x ⋅―
1
2

q1 x2 -⋅⋅⋅9764.3160377358595801 plf x ft ⋅⋅457.500000000000055 plf x2

≔M2 ((x)) →+++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅―
1
2

q2 ⎛⎝ -x L1⎞⎠
2

++⋅⋅⋅-21960.00000000000264 ft plf (( -x ⋅12.0 ft)) ⋅⋅⋅10784.339622641502625 plf ft (( -x ⋅24.0 ft)) ⋅⋅⋅9764.3160377358595801 plf x ft...

≔M3 ((x)) →+++++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅w3 ⎛⎝ --x L1 L2⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

--x L1 ―
1
2

L2
⎞
⎟
⎠

⋅―
1
2

q3 ⎛⎝ --x L1 L2⎞⎠
2

+-++⋅⋅⋅-21960.00000000000264 ft plf (( -x ⋅12.0 ft)) ⋅⋅⋅10784.339622641502625 plf ft (( -x ⋅24.0 ft)) ⋅⋅⋅16069.841644204855643 plf ft (( -x ⋅40.0 ft)) ⋅⋅457.500000000000055 plf (( -x ⋅40.0 ft))
2

⋅⋅⋅9764.3160377358595801 plf x ft...

≔V1 ((x)) →――
d

dx
M1 ((x)) +⋅⋅-915.00000000000011 plf x ⋅⋅9764.3160377358595801 ft plf

≔V2 ((x)) →――
d

dx
M2 ((x)) ⋅⋅-1411.3443396226404349 ft plf

≔V3 ((x)) →――
d

dx
M3 ((x)) +⋅⋅-915.00000000000011 plf x ⋅⋅51258.497304582219608 ft plf
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≔V3 ((x)) →――
d

dx
M3 ((x)) +⋅⋅-915.00000000000011 plf x ⋅⋅51258.497304582219608 ft plf

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V1 ((x)) 0 lbf

≔x1 =find ((x)) 10.671 ft

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V2 ((x)) 0 lbf

≔x2 =find ((x)) ?

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V3 ((x)) 0 lbf

≔x3 =find ((x)) 56.02 ft

=L1 24 ft =+L1 L2 40 ft =++L1 L2 L3 68 ft

=V1 ((0 ft)) ⎛⎝ ⋅9.764 103 ⎞⎠ ⋅ft plf

=V1 ⎛⎝L1⎞⎠ -12195.684 ⋅ft plf =V2 ⎛⎝L1⎞⎠ -1411.344 ⋅ft plf

=V2 ⎛⎝ +L1 L2⎞⎠ -1411.344 ⋅ft plf =V3 ⎛⎝ +L1 L2⎞⎠ 14658.497 ⋅ft plf

=V3 ⎛⎝ ++L1 L2 L3⎞⎠ -10961.503 ⋅ft plf

=M1 ((0 ft)) 0 ⋅ft lbf

=M1 ⎛⎝L1⎞⎠ -29176.415 ⋅ft lbf =M2 ⎛⎝L1⎞⎠ -29176.415 ⋅ft lbf

=M2 ⎛⎝ +L1 L2⎞⎠ -51757.925 ⋅ft lbf =M3 ⎛⎝ +L1 L2⎞⎠ -51757.925 ⋅ft lbf

=M3 ⎛⎝ ++L1 L2 L3⎞⎠ 0 ⋅ft lbf

=M1 ⎛⎝x1⎞⎠ 52099.381 ⋅ft lbf

=M2 ⎛⎝x2⎞⎠ ? lbf

=M3 ⎛⎝x3⎞⎠ 65658.219 ⋅ft lbf ≔M2Lpos =M3 ⎛⎝x3⎞⎠ 65658.219 ⋅ft lbf

Live Load Max Negative Moment and Shear 

≔q1 -0 w1L ≔q2 -1 w2L ≔q3 -1 w1L

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔R1 1 lbf ≔R2 1 lbf ≔R3 1 lbf ≔R4 1 lbf

＝⋅0 lbf ft

+++

 ↲++⋅R2 L1 ⋅R3 ⎛⎝ +L1 L2⎞⎠ ⋅R4 ⎛⎝ ++L1 L2 L3⎞⎠

⋅⋅q1 L1
⎛
⎜
⎝
―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+L1 ―
1
2

L2
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝

++L1 L2 ―
1
2

L3
⎞
⎟
⎠

＝0 lbf ++++++⋅q1 L1 ⋅q2 L2 ⋅q3 L3 R1 R2 R3 R4

＝++d1 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f11 R2 ⋅f12 R3 0 ft

＝++d2 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f12 R2 ⋅f22 R3 0 ft

≔

R1
R2
R3
R4

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,R1 R2 R3 R4⎞⎠

244.863
-252.632

23906.04
10505.729

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

⋅ft plfNon-Commercial Use Only
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Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔R1 1 lbf ≔R2 1 lbf ≔R3 1 lbf ≔R4 1 lbf

＝⋅0 lbf ft

+++

 ↲++⋅R2 L1 ⋅R3 ⎛⎝ +L1 L2⎞⎠ ⋅R4 ⎛⎝ ++L1 L2 L3⎞⎠

⋅⋅q1 L1
⎛
⎜
⎝
―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

+L1 ―
1
2

L2
⎞
⎟
⎠

⋅⋅q3 L3
⎛
⎜
⎝

++L1 L2 ―
1
2

L3
⎞
⎟
⎠

＝0 lbf ++++++⋅q1 L1 ⋅q2 L2 ⋅q3 L3 R1 R2 R3 R4

＝++d1 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f11 R2 ⋅f12 R3 0 ft

＝++d2 ⎛⎝ ,,q1 q2 q3⎞⎠ ⋅f12 R2 ⋅f22 R3 0 ft

≔

R1
R2
R3
R4

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

=find ⎛⎝ ,,,R1 R2 R3 R4⎞⎠

244.863
-252.632

23906.04
10505.729

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

⋅ft plf

≔w3AD =R1 244.863 ⋅ft plf ≔w3BD =R2 -252.632 ⋅ft plf

≔w3CD =R3
⎛⎝ ⋅2.391 104 ⎞⎠ ⋅ft plf ≔w3DD =R4

⎛⎝ ⋅1.051 104 ⎞⎠ ⋅ft plf ≔w3D =R3
⎛⎝ ⋅2.391 104 ⎞⎠ ⋅ft plf

≔w1 =R1 244.863 ⋅ft plf ≔w2 =R2 -252.632 ⋅ft plf ≔w3 =R3
⎛⎝ ⋅2.391 104 ⎞⎠ ⋅ft plf

≔M1 ((x)) →+⋅w1 x ⋅―
1
2

q1 x2 ⋅⋅⋅244.86320754718208661 plf x ft

≔M2 ((x)) →+++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅―
1
2

q2 ⎛⎝ -x L1⎞⎠
2

+-⋅⋅-274.5 plf (( -x ⋅24.0 ft))
2

⋅⋅⋅252.63207547173293963 plf ft (( -x ⋅24.0 ft)) ⋅⋅⋅244.86320754718208661 plf x ft...

≔M3 ((x)) →+++++⋅w1 x ⋅w2 ⎛⎝ -x L1⎞⎠ ⋅w3 ⎛⎝ --x L1 L2⎞⎠ ⋅⋅q1 L1
⎛
⎜
⎝

-x ―
1
2

L1
⎞
⎟
⎠

⋅⋅q2 L2
⎛
⎜
⎝

--x L1 ―
1
2

L2
⎞
⎟
⎠

⋅―
1
2

q3 ⎛⎝ --x L1 L2⎞⎠
2

+⋅⋅⋅-252.63207547173293963 plf ft (( -x ⋅24.0 ft))
⎛
⎝ -+-⋅⋅⋅23906.039757412434383 plf ft (( -x ⋅40.0 ft)) ⋅⋅457.500000000000055 plf (( -x ⋅40.0 ft))

2
⋅⋅⋅244.86320754718208661 plf x ft ⋅⋅⋅8784.0 ft plf (( -x ⋅32.0 ft))

⎞
⎠...

≔V1 ((x)) →――
d

dx
M1 ((x)) ⋅⋅244.86320754718208661 ft plf

≔V2 ((x)) →――
d

dx
M2 ((x)) +⋅⋅-549.0 plf x ⋅⋅13168.231132075449147 ft plf

≔V3 ((x)) →――
d

dx
M3 ((x)) +⋅⋅-915.00000000000011 plf x ⋅⋅51714.27088948788793 ft plf

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V1 ((x)) 0 lbf

≔x1 =find ((x)) ?

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V2 ((x)) 0 lbf

≔x2 =find ((x)) 23.986 ft

Gu
es

s V
al

ue
s

Co
ns

tra
in

ts
So

lv
er

≔x 1 ft

＝V3 ((x)) 0 lbf

≔x3 =find ((x)) 56.518 ft

=L1 24 ft =+L1 L2 40 ft =++L1 L2 L3 68 ft

=V1 ((0 ft)) 244.863 ⋅ft plf

=V1 ⎛⎝L1⎞⎠ 244.863 ⋅ft plf =V2 ⎛⎝L1⎞⎠ -7.769 ⋅ft plf

=V2 ⎛⎝ +L1 L2⎞⎠ -8791.769 ⋅ft plf =V3 ⎛⎝ +L1 L2⎞⎠ 15114.271 ⋅ft plf

=V3 ⎛⎝ ++L1 L2 L3⎞⎠ -10505.729 ⋅ft plf ≔V2L =V3 ⎛⎝ +L1 L2⎞⎠ 15114.271 lbf
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=V2 ⎛⎝ +L1 L2⎞⎠ -8791.769 ⋅ft plf =V3 ⎛⎝ +L1 L2⎞⎠ 15114.271 ⋅ft plf

=V3 ⎛⎝ ++L1 L2 L3⎞⎠ -10505.729 ⋅ft plf ≔V2L =V3 ⎛⎝ +L1 L2⎞⎠ 15114.271 lbf

=M1 ((0 ft)) 0 ⋅ft lbf

=M1 ⎛⎝L1⎞⎠ 5876.717 ⋅ft lbf =M2 ⎛⎝L1⎞⎠ 5876.717 ⋅ft lbf

=M2 ⎛⎝ +L1 L2⎞⎠ -64519.585 ⋅ft lbf =M3 ⎛⎝ +L1 L2⎞⎠ -64519.585 ⋅ft lbf

=M3 ⎛⎝ ++L1 L2 L3⎞⎠ 0 ⋅ft lbf ≔M2Lneg =M3 ⎛⎝ +L1 L2⎞⎠ -64519.585 ⋅ft lbf

=M1 ⎛⎝x1⎞⎠ ? lbf

=M2 ⎛⎝x2⎞⎠ 5876.772 ⋅ft lbf

=M3 ⎛⎝x3⎞⎠ 60311.663 ⋅ft lbf

Summary

=V1D 11538.67 lbf =M1Dneg 30509.993 ⋅ft lbf =M1Dpos 22012.817 ⋅ft lbf

=V1L 3155.84 lbf =M1Lneg 9238.466 ⋅ft lbf =M1Lpos 7604.556 ⋅ft lbf

=V2D 28994.029 lbf =M2Dneg -113092.811 ⋅ft lbf =M2Dpos 122714.683 ⋅ft lbf

=V2L 15114.271 lbf =M2Lneg -64519.585 ⋅ft lbf =M2Lpos 65658.219 ⋅ft lbf

≔VDbeam =max ⎛⎝ ,abs ⎛⎝V1D⎞⎠ abs ⎛⎝V2D⎞⎠⎞⎠ ⎛⎝ ⋅2.899 104 ⎞⎠ lbf

≔VLbeam =max ⎛⎝ ,abs ⎛⎝V1L⎞⎠ abs ⎛⎝V2L⎞⎠⎞⎠ ⎛⎝ ⋅1.511 104 ⎞⎠ lbf

≔MDnegbeam =max ⎛⎝ ,abs ⎛⎝M1Dneg⎞⎠ abs ⎛⎝M2Dneg⎞⎠⎞⎠ 113092.811 ⋅lbf ft

≔MLnegbeam =max ⎛⎝ ,abs ⎛⎝M1Lneg⎞⎠ abs ⎛⎝M2Lneg⎞⎠⎞⎠ 64519.585 ⋅lbf ft

≔MDposbeam =max ⎛⎝ ,abs ⎛⎝M1Dpos⎞⎠ abs ⎛⎝M2Dpos⎞⎠⎞⎠ 122714.683 ⋅lbf ft

≔MLposbeam =max ⎛⎝ ,abs ⎛⎝M1Lpos⎞⎠ abs ⎛⎝M2Lpos⎞⎠⎞⎠ 65658.219 ⋅lbf ft

≔Vbeam =++1.2 VDbeam 1.6 VLbeam 1.0 Vb 61 kip ≔Pbeam =Pb 4 kip

≔Mneg_beam =++1.2 MDnegbeam 1.6 MLnegbeam 1.0 Mb 252 ⋅kip ft

≔Mpos_beam =+1.2 MDposbeam 1.6 MLposbeam 252 ⋅kip ft
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≔ORIGIN 1

Include << H:\Finite Element\mathCAD-FEA1-UtilityFunctions.mcdx

Include << H:\Finite Element\trussElement.mcdx

Truss A Design

Define Variables

≔e 10100000 ≔a1 0.438 ≔a2 0.688 ≔r1 0.361 ≔r2 0.693 ≔k 0.75 ≔S1 0.114 ≔S2 0.332

≔sp 2 ft ≔pd 5 psf ≔ps 30 psf ≔b 36 ≔h 48 ≔s 0.33333

Design Calculations

≔nodalCoords =

0 0
0 h
b 0
b -h ⋅s b
2 b 0
2 b -h ⋅2 s b
3 b 0
3 b -h ⋅3 s b
4 b 0
4 b -h ⋅4 s b

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

0 0
0 48

36 0
36 36
72 0
72 24

108 0
108 12
144 0
144 0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔elemNodes

1 2
3 4
5 6
7 8
9 10
1 3
3 5
5 7
7 9
2 4
4 6
6 8
8 10
2 3
3 6
6 7
7 10

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔assembLocs ‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

for ∊ |
|
|
|
|
|
|
|
|
|

i ‥0 -rows((elemNodes)) 1
‖
‖
‖
‖
‖
‖
‖
‖‖

←assembLocs
,+i 1 1

-2 elemNodes (( ,i 0)) 1

←assembLocs
,+i 1 2

2 elemNodes (( ,i 0))

←assembLocs
,+i 1 3

-2 elemNodes (( ,i 1)) 1

←assembLocs
,+i 1 4

2 elemNodes (( ,i 1))

return assembLocs

≔matProps e e e e e e e e e e e e e e e e e[[ ]]

≔secProps a1 a1 a1 a1 a1 a1 a1 a1 a1 a2 a2 a2 a2 a1 a1 a1 a1[[ ]]

≔nd max((assembLocs)) ≔K zerosMat (( ,nd nd)) ≔R zerosVec ((nd))
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≔nd max((assembLocs)) ≔K zerosMat (( ,nd nd)) ≔R zerosVec ((nd))

≔P =⋅⋅―――
+pd ps
lbf

sp ――
⋅b ft
12

210

≔R
4

――
-P
2

≔R
8

-P ≔R
12

-P ≔R
16

-P ≔R
20

――
-P
2

≔K ‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|

for ∊ |
|
|
|
|
|
|
|
|
|
|
|
||

en ‥1 rows((elemNodes))
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←e matProps
,1 en

←a secProps
,1 en

←nodes elemNodes ⟨en

⟩

←coord extractRows (( ,nodalCoords nodes))

←lm assembLocs ⟨en
⟩

←k trussElementK (( ,,e a coord))
←K assembleK (( ,,K k lm))

return K

≔ebc 2 18[[ ]] ≔ebcVals 0 0[[ ]]

≔d nodalSolution (( ,,,K R ebc ebcVals))

=Td 0 0 0 0 0 0 0 0 0 -0.1 0 -0.1 0 -0.1 0 -0.1 0 0 0 0[[ ]]

≔reacts reactionSolution (( ,,,K R ebc d))

=Treacts 420 420[[ ]] ≔Wa =0.5 reacts ((0)) 210

≔F ‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

for ∊ |
|
|
|
|
|
|
|
|
|
|
|
|
|
||

en ‥1 rows((elemNodes))
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←e matProps
,1 en

←a secProps
,1 en

←nodes elemNodes ⟨en

⟩

←coord extractRows (( ,nodalCoords nodes))

←lm assembLocs ⟨en

⟩

←de extractVec (( ,d lm))
←eps sigma force[[ ]] trussElementSolution (( ,,,e a coord de))

←F
,en 1

force

return F

=TF -420 -210 0 -210 -420 0 630 630 0 -332 -332 -996 -996 525 -379 379 945[[ ]]

Tension Design
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Tension Design

=max((F)) 945 ≔σallow 4.8 ksi ADM 2010 ≔Pallow =⋅⋅σallow a1 in 2 2102 lbf

Compression Design

≔secProps2 r1 r1 r1 r1 r1 r1 r1 r1 r1 r2 r2 r2 r2 r1 r1 r1 r1[[ ]]

≔Pcr
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

for ∊ |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

en ‥1 rows((elemNodes))
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←a secProps
,1 en

←r secProps2
,1 en

←nodes elemNodes ⟨en

⟩
←coord extractRows (( ,nodalCoords nodes))

←L
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+(( -coord (( ,1 0)) coord (( ,0 0))))
2

(( -coord (( ,1 1)) coord (( ,0 1))))
2

←Pcr ⋅⋅
⎛
⎜
⎝

-4.5 ⋅⋅0.016 k ―
L
r
⎞
⎟
⎠
a 1000

←P
,en 1

Pcr

return P

=TPcr 1272 1447 1622 1796 1971 1447 1447 1447 1447 2644 2644 2644 2644 1097 1341 1341 1447[[ ]]

=
T⎛

⎜
⎝
――
F
Pcr

⎞
⎟
⎠

-0.33 -0.15 0 -0.12 -0.21 0 0.44 0.44 0 -0.13 -0.13 -0.38 -0.38 0.48 -0.28 0.28 0.65[[ ]]

Bending and Compression Design for Top Chord Members

≔C =min ((F)) -996 ≔M =⋅⋅―
1
10

⎛⎝ +pd ps⎞⎠ sp
⎛
⎝

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+((36 in))

2
((12 in))

2 ⎞
⎠

2

840 ⋅lbf in

≔σallow 6.3 ksi ADM 2010 ≔Mallow =⋅⋅σallow S2 in 3 2092 ⋅lbf in

=+―――
-C

Pcr ((9))
―――
M

Mallow
0.778

Truss C Design (Truss B Doesn't Govern)
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Truss C Design (Truss B Doesn't Govern)

Define Variables

≔sp 2 ft ≔pd 5 psf ≔ps 30 psf ≔b 24 ≔h 12 ≔s 0

Design Calculations

≔nodalCoords =

0 0
0 h
b 0
b -h ⋅s b
2 b 0
2 b -h ⋅2 s b
3 b 0
3 b -h ⋅3 s b
4 b 0
4 b -h ⋅4 s b

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

0 0
0 12

24 0
24 12
48 0
48 12
72 0
72 12
96 0
96 12

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔elemNodes

1 2
3 4
5 6
7 8
9 10
1 3
3 5
5 7
7 9
2 4
4 6
6 8
8 10
2 3
3 6
6 7
7 10

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔assembLocs ‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

for ∊ |
|
|
|
|
|
|
|
|
|

i ‥0 -rows((elemNodes)) 1
‖
‖
‖
‖
‖
‖
‖
‖‖

←assembLocs
,+i 1 1

-2 elemNodes (( ,i 0)) 1

←assembLocs
,+i 1 2

2 elemNodes (( ,i 0))

←assembLocs
,+i 1 3

-2 elemNodes (( ,i 1)) 1

←assembLocs
,+i 1 4

2 elemNodes (( ,i 1))

return assembLocs

≔matProps e e e e e e e e e e e e e e e e e[[ ]]

≔secProps a1 a1 a1 a1 a1 a1 a1 a1 a1 a2 a2 a2 a2 a1 a1 a1 a1[[ ]]

≔nd max((assembLocs)) ≔K zerosMat (( ,nd nd)) ≔R zerosVec ((nd))

=reacts 420
420

⎡
⎢⎣

⎤
⎥⎦

≔P =reacts (( ,0 0)) 420

≔R
4

――
-P
2

≔R
8

-P ≔R
12

-P ≔R
16

-P ≔R
20

――
-P
2

≔K ‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|

for ∊ |
|
|
|
|
|
|
|
|
|
|
|
||

en ‥1 rows((elemNodes))
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←e matProps
,1 en

←a secProps
,1 en

←nodes elemNodes ⟨en

⟩

←coord extractRows (( ,nodalCoords nodes))

←lm assembLocs ⟨en

⟩

←k trussElementK (( ,,e a coord))
←K assembleK (( ,,K k lm))

return K
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≔K ‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|

for ∊ |
|
|
|
|
|
|
|
|
|
|
|
||

en ‥1 rows((elemNodes))
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←e matProps
,1 en

←a secProps
,1 en

←nodes elemNodes ⟨en

⟩

←coord extractRows (( ,nodalCoords nodes))

←lm assembLocs ⟨en

⟩

←k trussElementK (( ,,e a coord))
←K assembleK (( ,,K k lm))

return K

≔ebc 2 18[[ ]] ≔ebcVals 0 0[[ ]]

≔d nodalSolution (( ,,,K R ebc ebcVals))

=Td 0 0 0 0 0 -0.1 0 -0.1 0 -0.1 0 -0.1 0 -0.1 0 -0.1 0 0 0 0[[ ]]

≔reacts reactionSolution (( ,,,K R ebc d))

=Treacts 840 840[[ ]]

≔F ‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

for ∊ |
|
|
|
|
|
|
|
|
|
|
|
|
|
||

en ‥1 rows((elemNodes))
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←e matProps
,1 en

←a secProps
,1 en

←nodes elemNodes ⟨en

⟩

←coord extractRows (( ,nodalCoords nodes))

←lm assembLocs ⟨en

⟩

←de extractVec (( ,d lm))
←eps sigma force[[ ]] trussElementSolution (( ,,,e a coord de))

←F
,en 1

force

return F

=TF -840 -420 0 -420 -840 0 1680 1680 0 -1260 -1260 -1260 -1260 1409 -470 -470 1409[[ ]]

Tension Design

=max((F)) 1680 ≔σallow 4.8 ksi ADM 2010 ≔Pallow =⋅⋅σallow a1 in 2 2102 lbf

Compression Design
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Compression Design

≔secProps2 r1 r1 r1 r1 r1 r1 r1 r1 r1 r2 r2 r2 r2 r1 r1 r1 r1[[ ]]

≔Pcr
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

for ∊ |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

en ‥1 rows((elemNodes))
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←a secProps
,1 en

←r secProps2
,1 en

←nodes elemNodes ⟨en

⟩

←coord extractRows (( ,nodalCoords nodes))

←L
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+(( -coord (( ,1 0)) coord (( ,0 0))))
2

(( -coord (( ,1 1)) coord (( ,0 1))))
2

←Pcr ⋅⋅
⎛
⎜
⎝

-4.5 ⋅⋅0.016 k ―
L
r
⎞
⎟
⎠
a 1000

←P
,en 1

Pcr

return P

=TPcr 1796 1796 1796 1796 1796 1622 1622 1622 1622 2810 2810 2810 2810 1580 1580 1580 1580[[ ]]

=
T⎛

⎜
⎝
――
F
Pcr

⎞
⎟
⎠

-0.47 -0.23 0 -0.23 -0.47 0 1.04 1.04 0 -0.45 -0.45 -0.45 -0.45 0.89 -0.3 -0.3 0.89[[ ]]

Bending and Compression Design for Top Chord Members

≔C =min ((F)) -1260 ≔M =⋅⋅―
1
10

⎛⎝ +pd ps⎞⎠ sp ((24 in))
2

336 ⋅lbf in

≔σallow 6.3 ksi ADM 2010 ≔Mallow =⋅⋅σallow S2 in 3 2092 ⋅lbf in

=+―――
-C

Pcr ((9))
―――
M

Mallow
0.609

Truss Design Summary

For All Top Chord Members of All Trusses Use RT2x1x1/8 (6063-T6 Welded)

For Rest Use RT1x1x1/8 (6063-T6 Welded)

Canopy Post and Post Anchorage for Wind Uplift
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Canopy Post and Post Anchorage for Wind Uplift

≔pw 25 psf =+pd ps 35 psf ≔Pd_s =2 reacts ((0)) 1680

≔Puplift =⋅Pd_s ―
5
7

1200 ≔Tall 1412 For one bolt, per HILTI

Use HSS2.875x0.203 Post (A500-B) w/ 5" x 5" x 3/8" Base Plate with 
(2) 1/2" dia. KB-TZ anchors with 2" min. embed.

Canopy Anchorage to Wall

Minimal shear reaction in bolt assuming two per truss: =Wa 210

Also no pullout force present. Simply anchor into facade assuming brick ties.
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