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6(&7,21����,1752'8&7,21

6WUXFWXUDO�GHVLJQ�LV�PRVWO\�DERXW�VDIHO\�VXSSRUWLQJ�HVWLPDWHG�ORDGV���:H�XVH�EXLOGLQJ�FRGHV�WR�SUHGLFW�ORDGV
DQG� PDWHULDO� VSHFLILF� FRGHV� WR� VL]H� WKH� VSHFLILF� PHPEHUV�� � ,QYHVWLJDWLQJ� EXLOGLQJ� IDLOXUHV� KDV� DGYDQFHG
VWUXFWXUDO�GHVLJQ���$IWHU�HYHU\�PDMRU�GLVDVWHU�UHVHDUFKHUV�VLIW�WKURXJK�WKH�UXEEOH�WR�OHDUQ�ZKDW�ZHQW�ZURQJ�
(DFK�QHZ�HGLWLRQ�RI�WKH�EXLOGLQJ�FRGH�LQFRUSRUDWHV�QHZ�XQGHUVWDQGLQJ�

$QFLHQW�EXLOGHUV�OHDUQHG�E\�H[SHULHQFH�KRZ�WR�SURSRUWLRQ�DQG�DUUDQJH�WKH�HOHPHQWV�WR�VDIHO\�WUDQVPLW�ORDGV
IURP� WKH� URRI� GRZQ�� � /DWHUDO� ORDGV� VXFK� DV�ZLQG�ZHUH� QRW� XVXDOO\� FRQVLGHUHG�� � 7KH� JHRPHWULF� UXOHV� IRU
SURSRUWLRQLQJ�WKH�VNHOHWRQ�ZHUH�SDVVHG�GRZQ�WR�DSSUHQWLFHV���,QWXLWLYH�XQGHUVWDQGLQJ�ZDV�IXQGDPHQWDO�WR
HDUO\�EXLOGLQJ�FRQVWUXFWLRQ�DQG�LV�VWLOO�LPSRUWDQW�WR�SURSHUO\�SODQ�D�QHZ�EXLOGLQJ�

&RPSXWHUV�JLYH�D�IDOVH�VHQVH�RI�WKH�DFFXUDF\�WKDW�FDQ�EH�REWDLQHG�LQ�VWUXFWXUDO�GHVLJQ���$OVR��WKHUH�LV�D�ULVN
WKDW�ZURQJ�DVVXPSWLRQV�RU�LQSXW�UHJDUGLQJ�WKH�VXSSRUWV�RU�PHPEHU�FRQQHFWLRQ�VWUHQJWK�FDQ�LQYDOLGDWH�WKH
GHVLJQ�� �%XLOGLQJ�GHVLJQ�DQG�FRQVWUXFWLRQ� LV�DQ� LQH[DFW�VFLHQFH�DQG�SUHFLVH�FDOFXODWLRQV�DUH� LPSRVVLEOH� IRU
VHYHUDO�UHDVRQV���)LUVW��ORDGV�VXFK�DV�ZLQG��FDQ�RQO\�EH�HVWLPDWHG���6HFRQG��VWUXFWXUDO�PHPEHUV�KDYH�FHUWDLQ
WROHUDQFHV����,W�LV�LPSRUWDQW�WR�JDLQ�D�EDVLF�XQGHUVWDQGLQJ�RI�EXLOGLQJ�VWUXFWXUHV�EHIRUH�XVLQJ�KLJK�SRZHUHG
FRPSXWHU�DQDO\VLV�

0$7(5,$/6�	�0$7(5,$/�%(+$9,25

)OH[LEOH�PDWHULDOV�EHQG�HDVLO\�DQG��LI�QRW�RYHUVWUHVVHG��UHWXUQ�WR�WKHLU�RULJLQDO�VKDSH�ZKHQ�UHOHDVHG���7KLV�LV
FDOOHG�HODVWLF�EHKDYLRU���)OH[LEOH�PDWHULDOV�FDQ�GHIOHFW�D�ODUJH�DPRXQW�EHIRUH�SHUPDQHQW�GHIRUPDWLRQ�WDNHV
SODFH�� � ,Q� VWHHO� GHVLJQ�� WKLV� SHUPDQHQW� GHIRUPDWLRQ� LV� NQRZQ� DV� SODVWLF� EHKDYLRU�� 7R� KHOS� YLVXDOL]H� WKLV�
FRQVLGHU�D�SDSHU�FOLS���$�VPDOO�IRUFH�ZLOO�IOH[�WKH�FOLS�EXW�LW�UHWXUQV�WR�LWV�RULJLQDO�VKDSH�ZKHQ�WKH�IRUFH�LV
UHPRYHG���6WUDLJKWHQLQJ�UHTXLUHV�JUHDWHU�IRUFH�DQG�GHIOHFWLRQ�

3HUPDQHQW�GHIRUPDWLRQ�RFFXUV�ZKHQ�D�VWUXFWXUH�GRHV�QRW�UHWXUQ�WR�LWV�RULJLQDO�VKDSH�DQG�WKH�DSSOLHG�ORDGV
H[FHHG� WKH�PDWHULDO·V� HODVWLF� VWUHQJWK�� � 7KLV� LV� VRPHWLPHV� FRQVLGHUHG� WKH� RQVHW� RI� IDLOXUH�� � )DLOXUH� LQ� WKH
VWULFWHVW�VHQVH�LV�ZKHQ�WKH�VWUXFWXUH�GRHV�QRW�VDWLVI\�LWV�LQWHQGHG�SXUSRVH���7KXV��D�VPDOO�FUDFN�LQ�D�VLGHZDON
ZRXOG�QRW�EH�FRQVLGHUHG�D�IDLOXUH�VLQFH�LWV�IXQFWLRQ�ZRXOG�QRW�EH�DIIHFWHG���&RQYHUVHO\��ODUJH�GHIOHFWLRQV�RI
D�IORRU�V\VWHP�ZLWKRXW�FUDFNLQJ�ZRXOG�LQGLFDWH�RYHUORDG�DQG�FRQVWLWXWH�IDLOXUH�

:KHQ�D�ORDG�LV�UHPRYHG�IURP�D�VWUXFWXUH�WKDW�KDV�XQGHUJRQH�SODVWLF�GHIRUPDWLRQ�WKH�VWUXFWXUH�ZLOO�SDUWLDOO\
UHERXQG�� � �$�EHQW�SDSHU� FOLS� FDQ�XVXDOO\�EH� VWUDLJKWHQHG�EXW� WR� GR� VR� \RX�PXVW� EHQG� LW� VOLJKWO\� EH\RQG
ZKHUH�\RX�ZDQW�LW�WR�VWD\���:KHQ�\RX�OHW�JR�LW�UHERXQGV�VOLJKWO\���7KLV�UHERXQG�LV�FRQVLGHUHG�HODVWLF�UHERXQG
DQG�WKH�SHUPDQHQW�FKDQJH�LV�FDOOHG�SODVWLF�GHIRUPDWLRQ�

6RPH�PDWHULDOV� DUH� EULWWOH� DQG�ZLOO� VQDS� LI� RYHUORDGHG�� � 6RPH� DUH� VWURQJHU� LQ� FRPSUHVVLRQ� WKDQ� WHQVLRQ�
([DPSOHV�RI�EULWWOH�PDWHULDOV�DUH�FDVW� LURQ��XQUHLQIRUFHG�FRQFUHWH��PRUWDU��VWXFFR��EULFN��VWRQH��DGREH�DQG
FHUDPLFV�

%$6,&�0$7(5,$/�3523(57,(6

0DWHULDOV�KDYH�HQJLQHHULQJ�SURSHUWLHV�WKDW�DUH�LPSRUWDQW�WR�WKH�DUFKLWHFW���7KHVH�LQFOXGH�KDUGQHVV��HODVWLFLW\�
GXFWLOLW\��GHQVLW\��FRQGXFWLYLW\��FRHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ��WHQVLOH��VKHDU�DQG�FRPSUHVVLYH�VWUHQJWKV�
0DWHULDOV�WKDW�DUH�VXLWDEOH�IRU�RQH�SXUSRVH�DUH�QRW�HTXDOO\�VXLWDEOH�IRU�DQRWKHU���7KH�EHQHILW�RI�XVLQJ�VWHHO
LQVWHDG�RI�FRQFUHWH�IRU�EULGJH�FDEOHV�LV�REYLRXV���2WKHU�VLWXDWLRQV�DUH�QRW�DV�REYLRXV�
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o (ODVWLFLW\�LV�WKH�SURSHUW\�WKDW�UHODWHV�ORDG�WR�GHIOHFWLRQ���$�PDWHULDO·V�0RGXOXV�RI�(ODVWLFLW\�LV�GHILQHG
E\� VWUHVV� YV�� VWUDLQ� EHKDYLRU� �DOVR� NQRZQ� DV� WKH�PDWHULDO� VSULQJ� FRQVWDQW��� � 6WHHO� KDV� D�0RGXOXV� RI
(ODVWLFLW\�DERXW����WLPHV�JUHDWHU�WKDQ�ZRRG�

o +DUGQHVV� RI� D�PDWHULDO� �XVXDOO\� D� QDWXUDO� RQH�� LV� UHODWHG� WR� WKDW� RI� GLDPRQG� DQG� LV� GHVFULEHG� XVLQJ
´0RK·Vµ�VFDOH���'LDPRQGV�KDYH�D�KDUGQHVV�RI�����FKDON� ����OLPHVWRQH� ���

o 'HQVLW\�LV�ZHLJKW�SHU�XQLW�YROXPH���6WHHO�KDV�D�GHQVLW\�RI�����SRXQGV�SHU�FXELF�IW��SFI���FRQFUHWH�DERXW
���� SFI�� ZRRG� EHWZHHQ� ��� DQG� ��� SFI�� �:DWHU� E\� FRPSDULVRQ� KDV� D� GHQVLW\� RI� ����� SFI�� � 6SHFLILF
JUDYLW\�LV�WKH�UDWLR�RI�PDWHULDO�GHQVLW\�WR�WKH�GHQVLW\�RI�ZDWHU�

o &RHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ� LV�WKH�DPRXQW�RI�H[SDQVLRQ�D�XQLW� OHQJWK�RI�PDWHULDO�ZLOO�XQGHUJR
SHU� GHJUHH�� � $� ���·� ORQJ� VWHHO� EULGJH� VWUXFWXUH� H[SRVHG� WR� D� ��� GHJUHH� )DKUHQKHLW� LQFUHDVH� LQ
WHPSHUDWXUH�ZLOO�OHQJWKHQ�E\�DERXW����µ�

o 7HQVLOH�VWUHQJWK�� �)RU�H[DPSOH��KLJK� VWUHQJWK� VWHHO� FDEOH�KDV�D� WHQVLOH� VWUHQJWK�RI�XS� WR���������SVL
ZKLOH�ZRRG�KDV�OLPLW�RI�DERXW�������SVL���$Q�DYHUDJH�FDU�ZHLJKV�������

o 6KHDU�VWUHQJWK�LV�UHODWHG�WR�WHQVLRQ�VWUHQJWK���$�KROH�SXQFK�VKHDUV�WKH�PDWHULDO�DORQJ�WKH�SHULPHWHU�RI
WKH�KROH�

o &RPSUHVVLYH�VWUHQJWK�YDULHV�VLJQLILFDQWO\�IRU�GLIIHUHQW�PDWHULDOV�� �6KRUW��VWRFN\��VWHHO�FROXPQV�KDYH�D
FRPSUHVVLYH� VWUHQJWK� HTXDO� WR� WKHLU� WHQVLOH� VWUHQJWK�� � &RQFUHWH� DQG�PDVRQU\� KDYH� JRRG� FRPSUHVVLYH
VWUHQJWK�EXW�DUH�SRRU�LQ�WHQVLRQ�

:25.,1*�675(66�96��8/7,0$7(�675(1*7+

7KH�HQJLQHHU�FDOFXODWHV�WKH�UHTXLUHG�VL]H�RI�VWUXFWXUDO�HOHPHQWV�DIWHU�DSSO\LQJ�VDIHW\�IDFWRUV���7KHUH�DUH�WZR
W\SLFDO�ZD\V�RI�DSSO\LQJ�WKHVH�IDFWRUV�

o $OORZDEOH�6WUHVV�'HVLJQ��'LYLGH� WKH�EUHDNLQJ�VWUHQJWK�RI� WKH�PDWHULDO�E\�D� IDFWRU�RI� VDIHW\� WR�JHW� D
XVHDEOH�VWUHQJWK���:H�ZLOO�XVH�WKLV�DSSURDFK�LQ�WKLV�FRXUVH�

o 8OWLPDWH�6WUHQJWK�'HVLJQ��,QFUHDVH�WKH�ORDGV�WKH�VWUXFWXUH�PXVW�FDUU\�E\�PXOWLSO\LQJ�WKHP�E\�D�IDFWRU
RI�VDIHW\�DQG�WKHQ�GHWHUPLQH�WKH�PHPEHU�VL]H�EDVHG�PDWHULDO·V�EUHDNLQJ�VWUHQJWK�

,178,7,9(�81'(567$1',1*�2)�6758&785(6

/HW�PH�GRZQ�

,QWXLWLRQ�SOD\V�D�ELJ�SDUW�LQ�XQGHUVWDQGLQJ�VWUXFWXUHV�
5HPHPEHU�SOD\LQJ�RQ�D�VHHVDZ���+RZ�GRHV�WKH
UHODWLRQVKLS�EHWZHHQ�ZHLJKW�DQG�GLVWDQFH�DIIHFW
HTXLOLEULXP"

7KHUH�LV�D�VDIH�DQJOH�IRU�D�ODGGHU�DJDLQVW�D�EXLOGLQJ�
7RR�VWHHS�DQG�WKHUH�LV�D�FKDQFH�RI�IDOOLQJ�EDFNZDUG�
*HRPHWU\�RI�WKH�VWUXFWXUH�LV�RI�YLWDO�LPSRUWDQFH�
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,I� WKH� FOLPEHU� VWDQGV� WRR� IDU� DZD\� IURP� WKH� WUXQN�RQ� D
WKLQ� EUDQFK� LW�ZLOO� EUHDN�� �+RZ�GRHV� GLVWDQFH� IURP� WKH
WUXQN�DIIHFW�VDIHW\"

%RWK�HTXLOLEULXP�DQG�VWUHQJWK�DUH�UHTXLUHG�IRU�VDIHW\���$V�DQ�H[DPSOH�RI�WKH�GLIIHUHQFH�EHWZHHQ�VWUHQJWK
DQG�VWDELOLW\��D�ODGGHU�FDQ�EH�VWURQJ�EXW�XQVWDEOH���$�WUHH�LV�QRUPDOO\�VWDEOH�EXW�D�EUDQFK�PD\�EH�WRR�ZHDN
WR�VWDQG�RQ�

6(&7,21���)81'$0(17$/�(48,/,%5,80�2)�6758&785(6

2Q�DQ\�REMHFW��DW�UHVW��WKH�VXP�RI�DSSOLHG�ORDGV�SOXV�VHOI�ZHLJKW�ZLOO�HTXDO�]HUR���$�GLDJUDP�RI�VWRQH
���VKRZQ�EHORZ�KDV�WKUHH�IRUFHV�DSSOLHG�WR�LW��WKH�IRUFH�WUDQVPLWWHG�IURP�VWRQH�����LWV�VHOI�ZHLJKW�DQG
WKH�IRXQGDWLRQ�UHDFWLRQ����7KLV�W\SH�RI�GLDJUDP�LV�NQRZQ�DV�D�)UHH�%RG\�'LDJUDP��)%'����$GGLQJ�WKH
YHFWRUV� WKDW� UHSUHVHQW� HDFK� IRUFH�� WKH� WRWDO� ZLOO� EH� ]HUR� IRU� DQ\� VHFWLRQ� RI� D� VWUXFWXUH� DW� UHVW�� � 7KLV� LV
1HZWRQ·V��VW�ODZ�

�

�

�

6HOI�ZW

5HDFWLRQ

$SSOLHG ORDG

(TXLOLEULXP���1HZWRQ·V��VW�DQG��UG�ODZV�RI�VWDWLF�HTXLOLEULXP�DUH�XVHG�LQ�VWUXFWXUDO�GHVLJQ��1HZWRQ·V��QG

ODZ�LV�I� �P�
�D�DQG�JRYHUQV�WKH�ODZV�RI�PRWLRQ�

���6WDWLF�HTXLOLEULXP� :KHQ�DQ�REMHFW�GRHVQ·W�PRYH�EHFDXVH�LW�LV�VXSSRUWHG���1HZWRQ·V��VW�ODZ�
���'\QDPLF� :KHQ�D�IRUFH�DFFHOHUDWHV�DQ�REMHFW���1HZWRQ·V��QG�/DZ�

1HZWRQ·V�VHFRQG�ODZ�LV�VRPHWLPHV�XVHG�LQ�VSHFLDO�DQDO\VLV�RI�VWUXFWXUHV�
���2I�D�IUDPHZRUN�� (TXDO�DQG�RSSRVLWH�IRUFHV�LQ�PHPEHUV�RI�DQ�DVVHPEO\�RI�REMHFWV�

�1HZWRQ·V�WKLUG�ODZ�
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/2$'6��)25&(6��675(66�$1'�&225',1$7(�6<67(06

/RDG���([DPSOHV�LQFOXGH�VQRZ��ZLQG��ZHLJKW�RI�RFFXSDQWV��IXUQLWXUH��HWF���SVI��N1�P��
)RUFH���,QWHUQDO�WR�WKH�VWUXFWXUH����OEV��N��1��N1��
6WUHVV��)RUFH�SHU�XQLW�DUHD��RQ�D�PDWHULDO�OHYHO��SVL��NVL��N3D��03D��
��NLS� ���NLORSRXQG� ������OEV�� ��N

• &DUWHVLDQ�FRRUGLQDWH�V\VWHP��8VHG�DV�D
UHIHUHQFH�WR�GHVFULEH�VWUXFWXUHV���3RVLWLYH�[��\�DQG�]
GLUHFWLRQV�DUH�WKRVH�LQGLFDWHG�KHUH

X

Y

Z

• 9HFWRU��UHSUHVHQWLQJ�D�ORDG���,QGLFDWHV
PDJQLWXGH��VHQVH�DQG�GLUHFWLRQ�RI�D�GLVFUHHW
ORDG���,PSRUWDQW�LQ�EDVLF�VWUXFWXUDO�FDOFXODWLRQV�

=

����

Average Guy 

9HFWRU 5HSUHVHQWDWLRQ
RI $YHUDJH *X\

����

• 5($&7,21��)RUFH�DW�EDVH�RI�DQ�REMHFW
VDWLVILHV�HTXLOLEULXP���,W�LV�HTXDO�EXW�RSSRVLWH�LQ
VHQVH�WR�WKH�ORDG�YHFWRU���,V�UHTXLUHG�WR�PDLQWDLQ
VWDELOLW\�

����  5HDFWLRQ

����

, NQRZ WKDW WKH HDUWK ZLOO VXSSRUW P\ ZHLJKW�

&RXSOH���)RUFHV�HTXDO�DQG�RSSRVLWH�LQ�VHQVH�VHSDUDWHG�E\�D�GLVWDQFH���$�V\VWHP�OLNH�WKLV�LV�VKRZQ�EHORZ�
$OWKRXJK� WKLV� V\VWHP�RI� IRUFHV� LV� LQ� YHUWLFDO� HTXLOLEULXP� � Fy =∑ 0 �� LW� LV� QRW� LQ� URWDWLRQDO� HTXLOLEULXP�

� M ≠∑ 0 �

Pivot 
P P

This�PHDQV�WKDW�DQRWKHU�IRUFH��WKLV�WLPH�D�PRPHQW��0���LV�QHHGHG�WR�HVWDEOLVK�HTXLOLEULXP�

P P
Pivot 

M

a a

2(P x a) - M = 0
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([HUFLVHV���6LPSOH�)UHH�%RG\�'LDJUDPV

2QH�EULFN�ZHLJKV�DERXW���OEV�
/DEHO�WKH�ORDGV�DQG�UHDFWLRQV�IRU�HDFK�IUHH�ERG\�GLDJUDP�EHORZ�

=

=

=

=

=

= =

= = =

5HSUHVHQWV WKH ZHLJKW RI RQH EULFN DERYH

6XSSRUW UHDFWLRQ  ��

ex.

15k

20k

20k

:KDW LV WKH IRUFH LQ FDEOH $ WR PDLQWDLQ
YHUWLFDO HTXLOLEULXP"

A
�� .LSV

�� .LSV

BBB .LSV
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75,*2120(75<�5(9,(:

7KH�XQLW�FLUFOH�LV�XVHG�WR�GHVFULEH�WKH�UHODWLRQVKLS�EHWZHHQ�[�	�\���%RWK�[�	�\�DUH�SRVLWLYH�LQ�TXDGUDQW���

4XDGUDQW �4XDGUDQW �

4XDGUDQW �4XDGUDQW �

x

y

φ
0

6LQ��φ�� �\�FRRUGLQDWH�RI�D�SRLQW�RQ�D�XQLW�FLUFOH φ GHJUHHV�FRXQWHUFORFNZLVH�IURP�]HUR
&RV��φ�� �[�FRRUGLQDWH�RI�WKH�VDPH�SRLQW

6LQHV�DQG�FRVLQHV�FDQ�EH�FDOFXODWHG�RU�IRXQG�LQ�D�WDEOH���6LQH�RI�DQ�DQJOH�φ UHSUHVHQWV�WKH�<�FRRUGLQDWH�IRU
WKDW�DQJOH�RQ�WKH�XQLW�FLUFOH��FLUFOH�Z��UDGLXV�RI������,Q�WKH�FLUFOH�VKRZQ�EHORZ��WKH�DQJOH�φ�LV����GHJUHHV�
7KH�\�FRRUGLQDWH��VLQ�����LV�����DQG�WKH�[�FRRUGLQDWH��FRV�����LV�������

                                                           

0.5

0.866

30
�

9HFWRUV�FDQ�EH�WKRXJKW�RI�DV�WKH�UDGLXV�RI�D�FLUFOH��3UHYLRXV�H[DPSOH�LV�D�FLUFOH�KDYLQJ�D�UDGLXV�RI����WKH
UDGLXV�LV�WKH�OHQJWK�RI�WKH�YHFWRU���*LYHQ�D�YHFWRU·V�PDJQLWXGH��GLUHFWLRQ�DQG�VHQVH��WULJRQRPHWU\�FDQ�EH
XVHG�WR�GHWHUPLQH�WKH�KRUL]RQWDO�DQG�YHUWLFDO�FRPSRQHQWV�

��

14.14 kips

Horiz Component = 14.14*cos(45)= 10k,    Vert component = 14.14*sin(45) = 10k

:KHQ�WKH�VORSH�RI�D�YHFWRU�LV�JLYHQ�DV�WKH�UDWLR�EHWZHHQ�YHUWLFDO�	�KRUL]RQWDO��WULJ�LV�QRW�QHFHVVDU\����7KH
������ WULDQJOH� LV�KDQG\� IRU� WKLV�GHPRQVWUDWLRQ�� �+RUL]RQWDO� FRPSRQHQW� LV� ���� WLPHV����� ����� �9HUWLFDO
FRPSRQHQW�LV�����WLPHV����� ����

���

3
4

5
��

��
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9(&725�(;$03/(6�

7KH�VXSSRUWV�IRU�D�VWUXFWXUH�SURYLGH�HTXLOLEULXP.  FRUFHV�SURYLGHG�E\�VXSSRUWV�DUH�FDOOHG�UHDFWLRQV�� � ,Q
YHFWRU�DQDO\VLV�WKH�UHDFWLRQ�LV�DOVR�NQRZQ�DV�WKH�HTXLOLEUDQW���7R�DGG�YHFWRUV��FDOFXODWH�DQG�DGG�WKHLU�[�	�\
FRPSRQHQWV�

([HUFLVH

9HFWRU

$

[ FRPSRQHQW \ FRPSRQHQW

%

&

Total

9HFWRU

$

[ FRPSRQHQW \ FRPSRQHQW

%

&

Total

28.3k

A

B

C

45

20k

38.65k
30

50k
A

BC
50k14.14k

3
4

3
4

1
1

5HVXOWDQW���7KH�YHFWRU�WKDW�UHSUHVHQWV�DOO�RI�WKH�DSSOLHG�ORDGV�LV�FDOOHG�WKH�UHVXOWDQW�

*5$3+,&$/�$1$/<6,6�2)�9(&7256����7RROV��JUDSK�SDSHU��GHFLPDO�VFDOH�DQG�D�SURWUDFWRU�

,QVWHDG�RI�XVLQJ�PDWKHPDWLFV�WR�VROYH�D�VLPSOH�VHW�RI�YHFWRUV��ZH�FDQ�XVH�WKH�PHWKRG�RI�JUDSKLFDO�DQDO\VLV�
7KH�SURFHVV�LV�DV�IROORZV���2Q�JUDSK�SDSHU��GUDZ�D�OLQH�WKDW�UHSUHVHQWV�RQH�YHFWRU�LQ�D�V\VWHP�RI�YHFWRUV���%H
FDUHIXO�WR�GUDZ�LW�DW�WKH�VDPH�DQJOH�DV�LW� LV� LQ�WKH�IUHH�ERG\�GLDJUDP���7KH�OLQHV�VKRXOG�EH�GUDZQ�WR�VRPH
FRQYHQLHQW�VFDOH���/DUJHU�GLDJUDPV�\LHOG�PRUH�DFFXUDWH�UHVXOWV���)URP�WKH�DUURZ�HQG�RI�WKLV�ILUVW�OLQH�GUDZ
DQRWKHU�OLQH�WR�UHSUHVHQW�WKH�QH[W�YHFWRU���,W�GRHV�QRW�PDWWHU�ZKLFK�YHFWRU�LV�QH[W�EXW�LW�PXVW�EH�GUDZQ�VR
WKH� DUURZ�SRLQWV� DZD\� IRUP� WKH� ODVW� DUURZKHDG� DQG� DW� WKH� VDPH� VFDOH� DV� WKH� ILUVW� YHFWRU�� �'UDZ� WKH� ODVW
YHFWRU�WKH�VDPH�ZD\�� �,I� WKH�V\VWHP�RI�WKUHH�YHFWRUV� LV� LQ�HTXLOLEULXP��WKH\�VKRXOG�IRUP�D�FORVHG� WULDQJOH�
)RU�PRUH�WKDQ�WKUHH�YHFWRUV�LW�ZLOO�EH�VRPH�RWKHU�VKDSH�EXW�LW�ZLOO�DOZD\V�EH�D�FORVHG�VKDSH�LI�WKH\�DUH�LQ
HTXLOLEULXP�

50k
A

BC
50k14.14k

3
4

3
4

1
1

A

B

C

FBD
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75866�(;$03/(

(DFK�VXSSRUW�FDUULHV������EHFDXVH�WKH�������ORDG�LV�DW�WKH�FHQWHU���'UDZ�D�GLDJUDP�RI�WKH�IRUFHV�WKDW�PHHW
DW� WKH� OHIW� VXSSRUW�� �6HOHFW� DQ�DSSURSULDWH� VFDOH� DQG�GUDZ� WKH������ VXSSRUW� UHDFWLRQ� DV� DQ� DUURZ�SRLQWLQJ
XSZDUG���)URP�WKH�WRS�RI�WKLV�DUURZ��GUDZ�D�OLQH�RQ�D����GHJUHH�DQJOH�SRLQWLQJ�GRZQ�DQG�WR�WKH�OHIW��7KHQ
GUDZ�D�KRUL]RQWDO� OLQH�WR�WKH� OHIW�� �6FDOH�WKH� OHQJWK�RI�WKHVH� ODVW� WZR�OLQHV�� �7KH� OHQJWK� LV�HTXLYDOHQW� WR� WKH
LQWHUQDO�IRUFH�LQ�HDFK�PHPEHU�

���� OEV

����
����

&

7
�� 7<3 ��

)RUFH SRO\JRQ RI OHIW VXSSRUW 6FDOH ��  ����

����

7

&

����
FBD

:RUN�6HVVLRQ

30

10k

A

B

10'

C

30

10k

B
C

A

FBD

6ROYH� WKLV� SUREOHP� XVLQJ� ERWK� WULJRQRPHWU\� DQG
JUDSKLFDO� DQDO\VLV�� 3RLQW� &� LV� LVRODWHG� DQG� WKH� IRUFHV
DSSOLHG�WR� LW�DUH�VKRZQ��,Q�D� IUHH�ERG\�GLDJUDP�DOO� WKH
YHFWRUV� QHHG� WR� EH� VKRZQ� HYHQ� LI� WKHLU� PDJQLWXGH� LV
XQNQRZQ�� �7KH�H[WHUQDOO\� DSSOLHG���N� ORDG� LV� WKH�RQO\
NQRZQ�IRUFH�� �7KH�IRUFHV�$�	�%�DUH�XQNQRZQ�� �6ROYH
WKLV�SUREOHP�JUDSKLFDOO\�
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62/9,1*�6,08/7$1(286�(48$7,216

1000#

45

AB

60

7R�VROYH�WKH�FDEOH�IRUFHV�LQ�WKH�DERYH�H[HUFLVH��WKH�[�	�\�FRPSRQHQWV�RI�WKH�WKUHH�YHFWRUV�LQYROYHG�PXVW
DGG�WR�EH�]HUR���:H�QHHG�WZR�VLPXOWDQHRXV�HTXDWLRQV�IRU�WKH���XQNQRZQ�FDEOH�IRUFHV�

(�J�� �IRU�Σ)[ ���ZH�ZULWH��������������$
FRV�����²�%
FRV����� ��
DQG�IRU�Σ)\ ��ZH�KDYH����������$
VLQ�������%
VLQ�����²����� ��

6LPSOLI\�� ���������$�²������%���������� ��
���������$������%��������� ��

VXEWUDFW�HTXDWLRQ���IURP�HTXDWLRQ��
������%�������� ��
���������%� ������������ 
���������$� 

6ROYH�JUDSLFDOO\
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6(&7,21����/2$'6�	�%($06�

'HDG�ORDGV�DUH�FRQVLGHUHG�SHUPDQHQW�DQG�LQFOXGH�EXLOGLQJ�VWUXFWXUH�ZHLJKW��PHFKDQLFDO�ORDGV��FHLOLQJV�DQG
ZDOOV�

/LYH�ORDGV�DUH�WHPSRUDU\�DQG�DUH�GHILQHG�E\�EXLOGLQJ�FRGHV���7KH\�LQFOXGH�SHRSOH��IXUQLWXUH�DQG�VWRUDJH�

(QYLURQPHQWDO�ORDGV�VXFK�DV�VQRZ��UDLQ�RQ�VQRZ��SRQGLQJ��HDUWKTXDNHV�DQG�ZLQG�DUH�VRPHWLPHV
FRQVLGHUHG�OLYH�ORDGV���7KH\�YDU\�JHRJUDSKLFDOO\�DQG�DUH�GHILQHG�E\�EXLOGLQJ�FRGHV�

7KHUPDO��,Q�ORQJHU�VWUXFWXUHV�VXFK�DV�EULGJHV�	�SLSHOLQHV��D�FKDQJH�LQ�OHQJWK�LV�FDXVHG�E\�D�FKDQJH�LQ
WHPSHUDWXUH���([WUHPH�IRUFHV�ZLOO�EXLOG�XS�LI�WKLV�OHQJWK�FKDQJH�LV�UHVLVWHG�E\�DGMDFHQW�FRQVWUXFWLRQ�

3UHVVXUH��3LSHV��WDQNV��XQGHUJURXQG�DQG�XQGHUZDWHU�VWUXFWXUHV�DUH�VXEMHFWHG�WR�SUHVVXUH�
(�J��$�VXEPDULQH�LV�VXEMHFWHG�WR�H[WHUQDO�SUHVVXUH��DLUSODQHV�DUH�VXEMHFWHG�WR�LQWHUQDO�SUHVVXUH�

/DZ�RI�6XSHUSRVLWLRQ��(IIHFWV�RI�GHDG��OLYH�DQG�HQYLURQPHQWDO�ORDGV�PD\�EH�DQDO\]HG�VHSDUDWHO\�DQG�WKH
UHVXOWV�DGGHG�

6XSSRUW�W\SHV��7\SLFDO�VXSSRUW�W\SHV�DUH�WKH�KLQJH��UROOHU�RU�IL[HG���5HDFWLRQV�DUH�VXSSRUW�IRUFHV�FDXVHG�E\
WKH�DSSOLHG�ORDGV���7KH�UHDFWLRQV�SRVVLEOH�IRU�HDFK�VXSSRUW�W\SH�DUH�VKRZQ�EHORZ�

+LQJH RU 3LQ 5ROOHU

)L[HG

%HDP�DQDO\VLV��,QIRUPDWLRQ�QHHGHG�WR�DQDO\]H�D�EHDP� ���6XSSRUW�FRQGLWLRQV
���6SDQ
3. /RDGV

6LPSOH�6SDQ�%HDP���%HDPV�ZLWK�SLQQHG�RU�UROOHU�VXSSRUWV�

4' - 0" 

w = 100 plfe.g.

'HWHUPLQH�WKH�VXSSRUW�UHDFWLRQV�IRU�D��·�ORQJ�EHDP�KDYLQJ�DQ�DSSOLHG�ORDG���VHOI�ZW�RI�����SOI��SRXQGV
SHU�OLQHDO�IRRW��

6ROXWLRQ

6WHS��� 7RWDO�DSSOLHG�ORDG�� ��·�[�����OEV�IW� �����OEV
6WHS��� 6LQFH�ORDG�LV�XQLIRUPO\�GLVWULEXWHG�HDFK�VXSSRUW�UHVLVWV�ó�WKH�WRWDO�ORDG�WKHUHIRUH

6XSSRUW�UHDFWLRQV� ��������� �����OEV
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6(&7,21� ��� /2$'� 75$&,1*� 	� 75,%87$5<� $5($6�� /RDGV� RQ� LQGLYLGXDO� PHPEHUV� DUH
WUDQVIHUUHG�WR�WKHLU�VXSSRUWV���7KH�VKRUWHVW�SDWK�WR�WKH�JURXQG�LV�XVXDOO\�WKH�PRVW�HIILFLHQW

:KLFK�RI�WKH�VL[�FROXPQV�UHFHLYH�ORDG�IURP�WKH�VKDGHG�DUHD"

��QG��)/225��)5$0,1*��3/$1�

6WDLU

7ULEXWDU\�:LGWK

([DPSOH����&DOFXODWH�WKH�WULEXWDU\�ZLGWK�DQG�ORDGV�IRU�EHDPV�%��&�	�'�

%HDP�$

��
����� ��
����� ��
�����

%HDP�&%HDP�% %HDP�'

�
����

'HDG�ORDG� ����SVI

/LYH�ORDG� �����SVI

%HDP�$���7ULE�ZLGWK� ���·��� ��·��”   w(dl +ll) = 9 x ( 50 + 100) =1350 plf

%HDP�%�

%HDP�&�

%HDP�'�
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7ULEXWDU\�$UHD��6LPLODU�WR�WULEXWDU\�ZLGWK�H[FHSW�D�WRWDO�DUHD��QRW�MXVW�D�ZLGWK���7KH�VKDGHG�DUHD�LQGLFDWHG
RQ�WKH�SODQ�VKRZQ�EHORZ�LV�WKH�WULEXWDU\�DUHD�IRU�FROXPQ�%�����$VVXPH�WKH�VDPH�ORDGV�DV�IRU�WKH�SUHYLRXV
H[DPSOH�

:RUN�6HVVLRQ��7ULEXWDU\�$UHDV

6(&21'��)/225��)5$0,1*��3/$1�

��
����� ��
����� ��
�����

24' - 0"

A

%

� � � �

'HDG�ORDG� ����SVI

/LYH�ORDG� �����SVI

&DOFXODWH�WKH�WULEXWDU\�DUHD�DQG� ORDGV�IRU�DOO�FROXPQV� LQ� WKH�VHFRQG�IORRU�SODQ�VKRZQ�DERYH�� �7ULEXWDU\
DUHD�IRU�&RO�%���LV�VKDGHG�
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&RPSOHWH�WKH�WDEOH�WR�NHHS�WUDFN�RI�FROXPQ�ORDGV�IRU�D���VWRU\�EXLOGLQJ�KDYLQJ�WRWDO�URRI�ORDGV�RI����SVI
DQG�IORRU�ORDGV�RI�����SVI���$VVXPH�WKH�SODQ�DW�HDFK�OHYHO�LV�WKH�VDPH���7KH�ORDGV�DW�WKH�JURXQG�OHYHO�DUH
FDUULHG�GLUHFWO\�LQWR�WKH�JURXQG�DQG�QHHG�QRW�EH�FRQVLGHUHG�LQ�WKH�FROXPQ�GHVLJQ���$VVXPH�WKH�H[WHULRU
PDVRQU\�ZDOO�ZHLJKV����SVI�DQG�LV�FDUULHG�E\�WKH��QG�IORRU�EHDPV�

10'

10' 3 Bays @ 25'

40'-0"
$UHD RI ZDOO FDUULHG
E\ FRUQHU FROXPQ  �������������

8VH�WKH�WDEOHV�EHORZ�WR�RUJDQL]H�\RXU�FDOFXODWLRQV�

&RUQHU�FROXPQ
/HYHO 7ULE�$UHD /RDG��,QWHQVLW\ 7ULE�$UHD�[�/RDG�,QWHQVLW\
5RRI
)ORRU
:DOO�FDUULHG�E\�IORRU

7RWDO

6LGHZDOO�FROXPQ
/HYHO 7ULE�$UHD /RDG��,QWHQVLW\ 7ULE�$UHD�[�/RDG�,QWHQVLW\
5RRI
)ORRU
:DOO�FDUULHG�E\�IORRU

7RWDO
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6(&7,21��� 527$7,21$/�(48,/,%5,80

a a

P

P

R

7KH�ORDGV�VKRZQ�LQ�WKH�ILJXUH�DERYH�DUH�HTXDO�H[FHSW�RQH� LV�´VSUHDG�RXW�ZKLOH� WKH�RWKHU� LV�FRQFHQWUDWHG�
7KH\�EDODQFH�HDFK�RWKHU�EHFDXVH�WKH�FHQWHU�RI�JUDYLW\�IRU�HDFK�LV�WKH�VDPH�GLVWDQFH�IURP�WKH�SLYRW�SRLQW�

0RPHQW���)RUFH�WLPHV�D�GLVWDQFH�RU�OHYHU�DUP�FDXVHV�EHQGLQJ���)RUFH�FDQ�EH�GHDG��OLYH��DQG�VHLVPLF�RU�ZLQG
ORDG�� �2EMHFW�FDQ�EH�DQ\WKLQJ� IURP�DQ�DLUSODQH�ZLQJ� WR�D� WUHH�EHQGLQJ� LQ� WKH�ZLQG�� �5LJKW�+DQG�5XOH�
2ULHQWDWLRQ�RI� WKXPE� DQG� ILQJHUV� UHSUHVHQW� WKH� D[LV� DQG�GLUHFWLRQ�RI�PRPHQW�� �7KH�ERDW� LV� VXEMHFW� WR� D
SRVLWLYH�PRPHQW��WKH�WUHH�WR�D�QHJDWLYH�RQH�

��:LQG�/RDG

:LQG�ORDG

��:LQG�ORDG�WULHV�WR�WLS
�ERDW�RYHU�EXW�PRPHQW
��FDXVHG�E\�FHQWHU�RI�JUDYLW\
�WLPHV�GLVWDQFH�WR�EXR\DQW�IRUFH
�NHHSV�ERDW�IURP�WLSSLQJ�

M
V h

'HPRQVWUDWLRQ�� �8VLQJ� WKH� VFDOH� DQG�D�ERDUG� WR� UHSUHVHQW� D�EHDP��PRYH� D�ZHLJKW� IURP� OHIW� WR� ULJKW� DQG
PRQLWRU�WKH�VFDOH�

Scale

2a a

P
2P

R

Fy R P P R P= − − = ∴ =∑ 0 2 0 3, ,

8VLQJ�PRPHQWV�WR�GHWHUPLQH�URWDWLRQDO�HTXLOLEULXP�

M P a P a P a P a= × − × = ∴ × = ×∑ 0 2 2 0 2 2,
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P

R
L R

R

R   = P
L R  = 0

R

P

R
L R

R

R   = P/2
L R

R   = P/2

,QWXLWLYHO\�� ZH� NQRZ� WKH� VXSSRUW� UHDFWLRQV� IRU� WKH� EHDPV� DERYH� ZLWKRXW� GRLQJ� DQ\� FDOFXODWLRQV�� � :KDW
KDSSHQV�ZKHQ�WKH�ORDG�3�LV�QRW�DW�WKH�FHQWHU�RU�RYHU�RQH�VXSSRUW"��7R�EHJLQ�WR�YLVXDOL]H�WKLV��LPDJLQH�WKH
EHDP�LV�IOLSSHG�XSVLGH�GRZQ�DQG�QRZ�UHVHPEOHV�D�VHHVDZ���0DWKHPDWLFDOO\��WKH�SUREOHP�LV�WKH�VDPH�

R   = ?
L

R   = ?
R

a
.

R   = ?L R   = ?R

a
.

P

b

P

b

)RU� HTXLOLEULXP� WR� EH�PDLQWDLQHG� WKH� HIIHFW� RI� 5
/
� �� D� �� PXVW� EDODQFH� 5

5
� �� E� ��� � %HFDXVH� WKHUH� DUH� WZR

XQNQRZQV��QDPHO\�5
/
	�5

5
ZH�QHHG�WZR�HTXDWLRQV�

�� 5
/
���D��� �5

5
���E����7KLV�XVHV�WKH�ODZ�RI�URWDWLRQDO�HTXLOLEULXP�Σ0] �

�� 5
/
���5

5
²�3� �����2XU�ROG�IULHQG��Σ)\ �

5HDUUDQJLQJ�DQG�VROYLQJ�ZH�JHW�5
/
� �3���E�.�����DQG��5

5
� 3���D� .���

$QRWKHU�DSSURDFK�WR�XQGHUVWDQGLQJ�WKLV�LV�WR�LPDJLQH�WKDW�ZKHQ�3�LV�RQH�WHQWK�RI�WKH�ZD\�IURP�OHIW�WR�ULJKW
VXSSRUW�LW�JLYHV�RQH�WHQWK�RI�LWVHOI�WR�WKH�ULJKW�VXSSRUW�DQG�QLQH�WHQWKV�WR�WKH�OHIW�VXSSRUW���6DPH�ORJLF�ZRUNV
IRU�DQ\�GLVWDQFH�

([DPSOH� Calculate the reactions for the following beam

3 �����

��


��
 ��


Load is ¼ of distance from left support to right therefore right support feels 0.25*6,000# = 1,500# and
load is ¾ of distance from right support to left therefore left support feels 0.75*6,000# = 4,500#.

Repeat this exercise using the equations for RL & RR above.
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&DQWLOHYHUHG�EHDP�UHDFWLRQV

L = span

P

Lc = Cantilever dist.

1R ORDG RQ EDFNVSDQ� DVVXPH EHDP KDV QR VHOI�ZW

R
R R

A
B

/

• 'HWHUPLQH�UHDFWLRQV�XVLQJ Σ0� ��
• 8VH�$�DV�UHIHUHQFH�SRLQW�����5

5

/���3
�/���/F�� ����VROYH�IRU�5

5

• 8VH�%�DV�UHIHUHQFH�SRLQW��������5
/

�/���3
/F� �����6ROYH�IRU�5

/

• &KHFN�UHDFWLRQV�DJDLQVW�DSSOLHG�ORDGV

Σ�)\� ����5
/
����5

5
���3� ��

7U\�DQ�H[DPSOH���/� ���·����/F� ���·���3� ���N

&HQWHU�RI�JUDYLW\���)XQGDPHQWDO�WR�VWUXFWXUDO�DQDO\VLV�LV�WKH�FRQFHSW�RI�FHQWHU�RI�JUDYLW\�RU�PDVV���.QRZLQJ
LWV� ORFDWLRQ� UHGXFHV� FDOFXODWLRQ� WLPH� EHFDXVH� LW� LV� WKH� ORFDWLRQ� IRU� D� SRLQW� ORDG� WKDW� LV� HTXLYDOHQW� WR� D
GLVWULEXWHG�ORDG�

([HUFLVH��XVLQJ�FDUGERDUG�FXW�RXW�D�ULJKW�WULDQJOH�DQG�VXVSHQG�LW�IURP�D�VWULQJ���'UDZ�DQ�H[WHQVLRQ�RI�WKH
OLQH�XVLQJ�D�VWUDLJKWHGJH�DOLJQHG�ZLWK�WKH�VWULQJ�� �6XVSHQG�WKH� WULDQJOH� IURP�DQRWKHU�SRLQW�DQG�H[WHQG�WKH
OLQH�DJDLQ���:KHUH�WKH�OLQHV�FURVV�LV�WKH�FHQWHU�RI�JUDYLW\�

0HDVXUH�WKH�ORFDWLRQ�RI�WKH�FHQWHU�RI�JUDYLW\�IRU�WKH�WULDQJOH���,W�VKRXOG�EH����UGV�WKH�EDVH�GLPHQVLRQ�

8VLQJ�WKH�PHWKRG�GHVFULEHG�DERYH��VHOHFW�D�VKDSH�DQG�ILQG�WKH�FHQWHU�RI�JUDYLW\���&DQ�\RX�EDODQFH�WKH�VKDSH
RQ�D�SHQFLO�SRLQW�DW�LWV�FHQWHU�RI�JUDYLW\"
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7KH�FDU�VKRZQ�EHORZ�KDV�D�FHQWHU�RI�JUDYLW\�DQG�D�ZHLJKW�DV�VKRZQ�� �7KH�UHDU�D[OH� ORDG� LV�������������
7KH�IURQW�LV�������������

       

�


��


:W  �����

�


CG

([HUFLVH���'HWHUPLQH�WRWDO�ORDG�DQG�ORFDWH�WKH�FHQWHU�RI�JUDYLW\�IRU�WKH�EHDP�EHORZ���Z��YDULHV�IURP���DW�WKH
OHIW�HQG�WR�����SOI�DW�WKH�ULJKW�HQG���Z��LV�FRQVWDQW�DW�����SOI���+LQW���PXOWLSO\�ORDG�WLPHV�GLVWDQFH�IRU�HDFK�RI
WKH�WZR�ORDG�W\SHV�WKHQ�GLYLGH�WKLV�QXPEHU�E\�WKH�WRWDO�ORDG�

��
� ��

��� SOI

��� SOI

%HDP�6XSSRUW�7\SHV

Hinge or pin Fixed Roller Rotational Spring Translational Spring

Z &HQWHU RI JUDYLW\ RI ORDG DW /��
8VLQJ HTXLOLEULXP Z/�/��� � 5�/�  �
5HDUUDQJLQJ� 5  Z/�/����/  Z/��

&DOFXODWLQJ�EHDP�UHDFWLRQV

Z

:  Z�D�

&HQWHU RI JUDYLW\ RI ORDG DW / � D��

/

/

D

Z�D��/ � D��� � 5 OHIW�/�  �
5 OHIW  ZD�/� D��� � /
5 ULJKW  ZD�D��� � /

3
3�E� � 5 OHIW�/�  �
5 OHIW  3�E�/�

/

D

5 ULJKW  3�D�/�

E

IURP ULJKW VXSSRUW

/

D E

Z
3  Z�F�

F

8VH VDPH DSSURDFK DV IRU D EHDP ZLWK D

VLQJOH SRLQW ORDG RI YDOXH 3
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��
����� ��
����� ��
�����

��
�����

$

%

� � � �

���

���

���

���

���

���

���

���

���

���

��� ��� ���

���

���

7<3,&$/��)/225��)5$0,1*��3/$1�

'HDG�ORDGV���������������� ����SVI
3DUWLWLRQ�DOORZDQFH��� ����SVI
/LYH�ORDG������������������ �����SVI

([WHULRU�ZDOO�ZW������ ����SVI��������������

)ORRU�WR�IORRU�KW������ ����IW

��#��
� 

%HDP����
Z��SOI�

��
����

Z� �EHDP�WULE�ZLGWK�[��XQLIRUP�ORDGV���H[W��ZDOO�ZW�

Z� ��
�[����SVI������[���SVI� ������SOI���5� ������NOI�
���
��� ������NLSV
IORRU�WULE�ZLGWK� ���
�����VS����� ��
����ZDOO�KW� ���


%HDP����
Z��SOI�

��
����

Z� ��EHDP�WULE�ZLGWK�[�XQLIRUP�ORDGV

Z� ��
�[����SVI� ������SOI���5� ������NOI�
���
��� ������NLSV�
IORRU�WULE�ZLGWK� ���
�����VS� ��


:RUN�6HVVLRQ���&DOFXODWH�WKH�IRUFHV�RQ�OLQH���	���JLUGHUV�DQG�GUDZ�WKH�JLUGHU�ORDGLQJ�GLDJUDP��&DOFXODWH�HQG
UHDFWLRQV���$GG�UHDFWLRQV�IURP�EHDP�����	�JLUGHU�RQ�OLQH���WR�REWDLQ�WKH�IRUFH�DW�FROXPQ�$�����5HSHDW�IRU
OLQH���JLUGHU�DQG�WZR�HQG�UHDFWLRQV�IURP�WKH�WZR�����EHDPV�#�$����&RPSDUH�FROXPQ�ORDG�WR�WKDW�REWDLQHG
XVLQJ�WULEXWDU\�DUHD�PHWKRG���7KH\�VKRXOG�EH�HTXDO�

&ROXPQ�$��
7ULE�$UHD /RDG��,QWHQVLW\ 7ULE�$UHD�[�/RDG�,QWHQVLW\

)ORRU
:DOO

7RWDO

&ROXPQ�$��
7ULE�$UHD /RDG

,QWHQVLW\
7ULE�$UHD�[�/RDG�,QWHQVLW\

)ORRU
:DOO

7RWDO
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6(&7,21����0(&+$1,&6�2)�0$7(5,$/6

�� )RUFH�7\SHV
$� 7HQVLRQ
%� &RPSUHVVLRQ
&� 6KHDU
'� %HQGLQJ

�� 0DWHULDOV
$� :RRG
�� 6SHFLHV
�� *UDGH
�� 7HQVLOH�VWUHQJWK
�� &RPSUHVVLYH�VWUHQJWK
�� %HQGLQJ�VWUHQJWK
�� $QLVRWURSLF
�� 'HWHULRUDWLRQ

%� &RQFUHWH
�� &RPSUHVVLYH�VWUHQJWK
�� 6KHDU�VWUHQJWK
�� 7HQVLOH�VWUHQJWK
�� ,VRWURSLF
�� 6KULQNDJH
�� $GPL[WXUHV�WR�HQKDQFH�FHUWDLQ�SURSHUWLHV

&� 6WHHO
�� <LHOG�VWUHQJWK��WHQVLRQ�DQG�FRPSUHVVLRQ�
�� 6KHDU�VWUHQJWK
�� ,VRWURSLF
�� &RUURVLRQ

'� 0DVRQU\
�� &RPSUHVVLYH�VWUHQJWK
�� 7HQVLOH�VWUHQJWK
�� 6KHDU�VWUHQJWK
�� 6KULQNDJH��EORFN�
�� ([SDQVLRQ��EULFN�
�� +�W�UDWLR�IRU�HPSLULFDO�GHVLJQ
�� 'XUDELOLW\
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Computing stresses
Tensile Stress T / Area

Compressive Stress C / Area
Average Shear Stress V / Web area

Bending Stress M / S

7(16,/(�675(66��σ
W
�

)RU�WKH�H[DPSOH�WKDW�IROORZV�GHWHUPLQH�

• 7KH�DUHD�UHTXLUHG�IRU�WKH�VWHHO�URG�EDVHG�RQ�DQ�DOORZDEOH�WHQVLRQ�VWUHVV�RI���� NVL��GLYLGH�ORDG�E\
DOORZDEOH�VWUHVV��

• 7KH�UHTXLUHG�URG�GLDPHWHU���$� �π�G����
• 5HSHDW�IRU�DOXPLQXP�XVLQJ�DQ�DOORZDEOH�WHQVLRQ�RI������ NVL�

1ton

Hanger Rod

&2035(66,21��0RUH�FRPSOLFDWHG�WKDQ�WHQVLRQ�VLQFH�EXFNOLQJ�LV�D�FRQFHUQ�
�VW�VWHS���(VWLPDWH�WKH�GLPHQVLRQV�UHTXLUHG�WR�UHVLVW�FRPSUHVVLRQ�IRUFH�
�QG�VWHS���&KHFN�EXFNOLQJ�
�UG�VWHS�²�5HYLVH�PHPEHU�VL]H�DQG�UHFKHFN�EXFNOLQJ�ORDG�FDSDFLW\�

6+($5�675(66�� �6KHDU� LV� WKH�IRUFH�ZKLFK�WULHV� WR�FXW�DQ�REMHFW�RU�FDXVHV�IULFWLRQ�EHWZHHQ�WZR�VHSDUDWH
REMHFWV���,Q�WKH�EHDP�VKRZQ�EHORZ��GLYLGH�VKHDU�ORDG�9�E\�ZHE�DUHD�WR�FDOFXODWH�DYHUDJH�VKHDU�VWUHVV�

��������

5 �������  9

&DOFXODWH VKHDU VWUHVV XVLQJ WKH IRUPXOD IY  9 � $

$VVXPH DUHD RI ZHE $  � VT LQ

R

'RHV�VKHDU�VWUHVV�H[FHHG�DOORZDEOH�OHYHOV�IRU�$����VWHHO"��6HH�WDEOH�
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Material
Typical 

Allowable  Stresses  (psi)

Modulus of 
Elasticity Coeff of 

Expansion
Tension Compression* Bending Shear (psi) in/in/deg F

A-36 Steel 24,000 20,000 22,000 ** 14,400 29,000,000 0.0000066 
V50 Steel 33,000 28,000 30,000 ** 20,000 29,000,000 0.0000066 

4000 psi concrete 190 762 1,800 70 3,600,000 0.000006 

Hem-Fir #2 500 1,250 850 75 1,300,000 0.00003 

Aluminum 6063-T6 12,500 *** *** 10,000,000 0.000013 
Masonry (Block) 37 375(1-(h/140r)^2) 500 comp 58 1,500,000 0.0000035 

Footnotes

����6WRFN\�FROXPQV


��,QGLFDWHV�W\SLFDO�EHDP�LQ�EHQGLQJ�ZLWK�QRPLQDO�ODWHUDO�VXSSRUW



�,QGLFDWHV�VWUHVV�OHYHO�LV�FRQWUROOHG�E\�VWDELOLW\�FRQVLGHUDWLRQV

7KLV�EHDP�KDV�JUHDWHU�EHQGLQJ�UHVLVWDQFH�WKDQ
D�VTXDUH�EHDP�ZLWK�WKH�VDPH�DUHD�

%(1',1*�675(66�

6WHHO�EHDPV� DUH�PDGH� LQ� WKH� VKDSH�RI� DQ� ,� EHFDXVH� WKLV� ORFDWHV�PRUH�PDWHULDO� DZD\� IURP� WKH� FHQWHU� WKXV
LQFUHDVLQJ�LWV�HIIHFWLYHQHVV���7KH�SURSHUW\�WKDW�GHILQHV�WKLV�HIILFLHQF\�LV�FDOOHG�WKH�VHFWLRQ�PRGXOXV�

     

More area is located away from CG, or neutral axis.

NA

%HQGLQJ�FDXVHV�EHDPV�WR�FXUYH�OLNH�WKH�RQH�EHORZ���$PRXQW�RI�FXUYDWXUH�GHSHQGV�RQ�EHDP·V�0RPHQW�RI
,QHUWLD� �,��� WKH�PDWHULDO�0RGXOXV� RI� (ODVWLFLW\� �(�� DQG� WKH� DPRXQW� RI�PRPHQW� DSSOLHG�� � 6WUHVVHV� DUH� QRW
HYHQO\� GLVWULEXWHG� WKURXJKRXW� WKH� GHSWK�� � 7\SLFDO� VLPSOH� VSDQ� EHDPV� ZLOO� KDYH� FRPSUHVVLRQ� RQ� WKH� WRS�
WHQVLRQ�RQ� WKH�ERWWRP�� �7LPEHU�EHDPV� VKRXOG�EH�SODFHG� VR� WKDW� NQRWV� DUH�RQ� WRS� VLQFH� WKH\�GRQ·W� DIIHFW
FRPSUHVVLRQ�VWUHQJWK�EXW�UHGXFH�WHQVLRQ�FDSDFLW\�

6HH�GHWDLO�DW�ULJKW

5DGLXV�RI�FXUYDWXUH

%HQGLQJ�VWUHVVHV�DUH�VRPHWLPHV�UHIHUUHG�WR�DV�ILEHU�VWUHVVHV���7KH�JUHDWHVW�VWUHVV�LV�LQ�WKH�H[WUHPH�ILEHU�RU�WKH
SDUW�RI�WKH�EHDP�IDUWKHVW�IURP�QHXWUDO�D[LV�
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)LEHU�VWUHVV���7KH�VWUHVVHV�VKRZQ�RQ�WKH�ILJXUH�EHORZ�UHSUHVHQW�FRPSUHVVLRQ�RQ�WKH�WRS�DQG�WHQVLRQ�RQ�WKH
ERWWRP���7KH�DUURZV�UHSUHVHQW�WKH�UHVXOWDQW�RI�WKH�FRPSUHVVLRQ�DQG�WHQVLRQ�VWUHVVHV���7KH�FRXSOH�IRUPHG�E\
WKH�IRUFHV�WLPHV�WKH�GLVWDQFH�G�FRXQWHUEDODQFH�WKH�DSSOLHG�PRPHQW�

dM

%HQGLQJ�6WUHVV�'LVWULEXWLRQ�LQ�D�&DQWLOHYHUHG�%HDP

0RPHQW�DW�6XSSRUW

5HVXOWDQW�RI�WHQVLRQ
DQG�&RPSUHVVLRQRQ

P P

�[����,� �����LQA�
�[����,� ������LQA�

'HSHQGLQJ�XSRQ�RULHQWDWLRQ�WKH��[���VKRZQ�DERYH�KDV�YDVWO\�GLIIHUHQW�EHQGLQJ�UHVLVWDQFH���$V�D�SODQN�WKH
UHVLVWDQFH� LV�SULPDULO\�EDVHG�RQ� WKH� WKLFNQHVV�ZKLOH� DV� D� MRLVW� �GLDJUDP�RQ� ULJKW�� WKH� UHVLVWDQFH� LV�SULPDULO\
EDVHG�RQ�WKH�����µ�GHSWK���6RPHWLPHV�WKH�FDSDFLW\�RI�D�EHDP�LV�JRYHUQHG�E\�VWDELOLW\�DJDLQVW�WZLVWLQJ���,I�D
EHDP�LV�VOHQGHU�DQG�QRW�EUDFHG�LW�ZLOO�URWDWH�DQG�EXFNOH���5HVLVWDQFH�WR�GHIOHFWLRQ�LV�D�IXQFWLRQ�RI�WKH�EHDP·V
GHSWK��PRPHQW�RI�LQHUWLD��DQG�PRGXOXV�RI�HODVWLFLW\�

P

TORSIONAL SHEAR STRESS: 7RUVLRQ�ORDG�FDXVHV�WZLVWLQJ���7KH�DPRXQW�RI�VWUHVV�LV�D�IXQFWLRQ�RI�WKH
DSSOLHG�WRUTXH�DQG�WKH�FURVV�VHFWLRQDO�SURSHUWLHV�RI�WKH�PHPEHU�DQG�XQOLNH�WHQVLRQ�RU�FRPSUHVVLRQ��LV�QRW�D
FRQVWDQW�WKURXJKRXW�WKH�FURVV�VHFWLRQ���7KH�SURSHUW\�WKDW�GHILQHV�WRUVLRQDO�UHVLVWDQFH�LV�FDOOHG�WKH�WRUVLRQDO
PRPHQW�RI�LQHUWLD�-
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675$,1��ε���(ORQJDWLRQ�SHU�XQLW�OHQJWK��LQFK�LQFK�RU�PP�PP�

,Q�WKH�H[DPSOH�EHORZ��FDEOH�$�KDV�D�WHQVLRQ�ORDG�RI�����VLQ����� ����NLSV��$VVXPH�LW�LV�PDGH�RI�VWHHO�KDYLQJ
DQ�DOORZDEOH�WHQVLOH�VWUHVV�LV�������)\�� ���������� ����NVL�
�� :KDW�FDEOH�DUHD�LV�UHTXLUHG"
�� �:KDW�LV�WKH�UHTXLUHG�DUHD�RI�FRPSUHVVLRQ�VWUXW�%�LI�LW�LV�PDGH�RI�+HP�)LU����ZRRG"
3. ,I�WKH�FDEOH�ZDV�PDGH�UXEEHU�LQVWHDG�RI�VWHHO��WKHUH�ZRXOG�EH�D�QRWLFHDEOH�FKDQJH�LQ�FDEOH�OHQJWK�DQG�WKH
��N�ORDG�ZRXOG�PRYH�GRZQZDUG���7KLV��DOVR��ZRXOG�KDSSHQ�LI�PDGH�RI�VWHHO�EXW�ZRXOGQ·W�EH�DV�QRWLFHDEOH�

    

30

10k

A

B

&RQVWUXFW IUHH�ERG\ GLDJUDPV WR KHOS
YLVXDOL]H WKH FRPSRQHQW IRUFHV�

CC

T

T

7KH�HODVWLF�SURSHUW\�RI�D�PDWHULDO�LQ�WHQVLRQ�RU�FRPSUHVVLRQ�LV�VRPHWLPHV�FDOOHG�WKH�PDWHULDO�VSULQJ�FRQVWDQW�
,W�LV�FRPPRQO\�NQRZQ�DV�WKH�PRGXOXV�RI�HODVWLFLW\���0DWKHPDWLFDOO\��LW�LV�WKH�UDWLR�RI�VWUHVV�WR�VWUDLQ���,Q�D
ODE��PDWHULDO�HQJLQHHUV�ZLOO�VXEMHFW�D�VHFWLRQ�RI�D�PDWHULDO�WR�DQ�LQFUHDVLQJ�ORDG�FDXVLQJ�VWUHVVHV�	�VWUDLQV�WR
EXLOG�XS���7KHVH�DUH�PHDVXUHG�DQG�D�´6WUHVV��6WUDLQµ�FXUYH�LV�SORWWHG�IURP�WKH�GDWD�

Stress, f
Concrete

Steel

.003
εStrain,

Masonry

Inelastic range

$�VKHG�LV�VXSSRUWHG�RQ�+HP�)LU�WLPEHU�SRVWV�FDUULHV�D�WRWDO�URRI
ORDG� RI� ��NLSV� DQG� HDFK� FROXPQ� WDNHV� ��N�� � $VVXPLQJ� QR
EHQGLQJ� �EXLOGLQJ� LV� [�EUDFHG� DQG� SRVWV� DUH� VWRFN\� HQRXJK� WR
LJQRUH�EXFNOLQJ��ZKDW� LV� WKH�UHTXLUHG�SRVW�FURVV�VHFWLRQDO� DUHD"
:KDW� LI�SRVWV�DUH�FRQFUHWH"� � ,QFLGHQWDOO\��SRVW� WKDW�DUH� MXVW� WKH
VL]H� UHTXLUHG� IRU� ORDG�ZLWKRXW� FRQVLGHULQJ�EXFNOLQJ�� DUH�XQVDIH
DQG�ZLOO�PDNH�SHRSOH�IHHO�XQFRPIRUWDEOH�

&UHHS
6RPH�PDWHULDOV�FKDQJH�LQ�OHQJWK�RYHU�WLPH�GXH�WR�VWUHVV���:KLOH�WKLV�LV�XVXDOO\�LQVLJQLILFDQW�LW�VKRXOG�EH�QRWHG
WKDW�LQ�VRPH�FDVHV�WKH�FKDQJH�LQ�OHQJWK�FRXOG�DIIHFW�DGMRLQLQJ�FRQVWUXFWLRQ���,Q�KLJK�ULVH�FRQFUHWH�EXLOGLQJV
WKH� LQWHULRU� FROXPQV� KDYH� D� JUHDWHU� D[LDO� ORDG� WKDQ� H[WHULRU�� � ,I� DOO� FROXPQV� DUH� PDGH� WKH� VDPH� VL]H� IRU
IRUPZRUN�HFRQRP\�WKHQ�WKH�PRUH�KLJKO\�VWUHVVHG�LQWHULRU�FROXPQV�ZLOO�VKRUWHQ�PRUH�WKDQ�WKRVH�DORQJ�WKH
H[WHULRU���,I�WKH�EXLOGLQJ�LV�WDOO��VD\�����IHHW�WKH�GLIIHUHQFH�LQ�OHQJWK�FDQ�FDXVH�SUREOHPV�
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6(&7,21����/2$'��6+($5�	�020(17�',$*5$06�)25�%($06��,1752'8&7,21�

6KHDU�DQG�0RPHQW��6LJQ�FRQYHQWLRQ�

6KHDU ��������0RPHQW

- M

+ M

-V

+V

3URFHGXUH�IRU�VROYLQJ�DQG�GUDZLQJ�WKH�VKHDU�DQG�PRPHQW�GLDJUDPV�IRU�D�VLPSOH�VSDQ�EHDP�

�� 5� �Z��/������IRU�D�EHDP�ZLWK�D�XQLIRUP�ORDG�
�� 'UDZ�D�IUHH�ERG\�GLDJUDP�DQG�XVH�WKH�ODZV�RI�HTXLOLEULXP�WR�ZULWH�HTXDWLRQV�IRU�VKHDU�DQG�PRPHQW�

  D. Σ)\� ��� 5���Z��[����9� �� 5HDUUDQJLQJ 9� 5��Z��[�

  E��Σ0]� ��� �5��[����Z��[���[������0� �� 5HDUUDQJLQJ 0� �5��[����Z��[�������

6SDQ� �/

,Q�D�IUHH�ERG\�GLDJUDP�LQWHUQDO�IRUFHV�PXVW�
EH�DSSOLHG�DW�WKH�VHFWLRQ�OLQH�WR�PDLQWDLQ�HTXLOLEULXP��

w (plf)

5

5
9

Z

[

0

w = 100 plf 

Span = 40'RL RR

V

M

V = R

M = area under shear diagram
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6KHDU�	�0RPHQW�GLDJUDPV�IRU�VLPSOH�EHDPV���FRQWLQXHG�
�� )LQG�UHDFWLRQV��DSSO\�ODZ�RI�VXSHUSRVLWLRQ�LI�WKHUH�DUH�WZR�RU�PRUH�ORDGV��VHH�SJ�����
�� 'UDZ�VKHDU�GLDJUDP�VWDUWLQJ�ZLWK�WKH�YDOXH�RI�VKHDU� �OHIW�VXSSRUW�UHDFWLRQ���6XEWUDFW�ORDG�DSSOLHG
WR�EHDP�IURP�OHIW�VXSSRUW�WR�FHQWHU�OLQH�
�� 'UDZ�PRPHQW�GLDJUDP�E\�GHWHUPLQLQJ�DUHD�XQGHU�VKHDU�GLDJUDP�IURP�OHIW�VXSSRUW�WR�FHQWHU�OLQH�

Example:

w = 70 plf 

P = 2000 # 

RL RR

20'

Span = 40'

5
/
� �5

5
� ������������������������� �������

    

9 ������ � ��
�����IW�  ������

9 ������ � ������  �������

0 ��

������� � ���������

([HUFLVH���)LOO�LQ�WKH�GLDJUDP�EHORZ�IRU�D�JLUGHU�KDYLQJ�D���·�VSDQ���N�SRLQW�ORDGV�DW�����SRLQWV�DQG�D�XQLIRUP
ORDG�RI����SOI���&DOFXODWH�HQG�UHDFWLRQV��VKHDU�DQG�PRPHQW�GLDJUDPV�

V

M
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�6(&7,21����&$/&8/$7,1*�3523(57,(6�2)�&5266�6(&7,216

$UHD��XVHG�IRU�FDOFXODWLQJ�GLUHFW�VWUHVV�GXH�WR�WHQVLRQ�RU�FRPSUHVVLRQ�

0RPHQW�RI�,QHUWLD�	�6HFWLRQ�0RGXOXV��XVHG�IRU�GHIOHFWLRQ�	�EHQGLQJ�VWUHVV�FDOFXODWLRQV�

���$UHD�RI�FLUFOH $UHD�RI�WULDQJOH $UHD�RI�UHFWDQJOH

A r A b h A b h= • = • = •π 2

2

&*�2)�$1�$5($���RWKHUZLVH�NQRZQ�DV�&HQWURLG�

7KH�FHQWHU�RI�JUDYLW\�RI�DQ�REMHFW�LV�WKH�ORFDWLRQ�ZKHUH�LW�PD\�EH�EDODQFHG���)RU�D�VTXDUH�RU�UHFWDQJOH�LW� LV
ORFDWHG�DW�WKH�PLG�SRLQW�RI�LWV�EDVH�DQG�KHLJKW���)RU�D�ULJKW�WULDQJOH�LW�LV�RQH�WKLUG�RI�WKH�EDVH�DQG�RQH�WKLUG�RI
WKH�KHLJKW�

([DPSOHV�RI�&HQWHU�RI�*UDYLW\�FDOFXODWLRQV��8VLQJ�WKH�FRQFHSW�Σ0 ��PXOWLSO\�WKH�DUHD�E\�LWV�GLVWDQFH�WR�D
UHIHUHQFH�OLQH���7RWDO�WKHVH�DQG�GLYLGH�E\�WKH�WRWDO�DUHD�WR�ILQG�WKH�&*�GLVWDQFH�

��

��

��
���

$�

$�

7RW DUHD  ����� � ����  �� VT LQ
&* \  >���������� � ���������@���  ��� LQ

&* [  >�������� � �������@���  ��� LQ

0RPHQW�RI�,QHUWLD���,�

,Q�EHQGLQJ�WKH�FHQWHU�RI�JUDYLW\�LV�V\QRQ\PRXV�ZLWK�QHXWUDO�D[LV���1HXWUDO�D[LV�LV�ZKHUH�VWUDLQ�GXH�WR�EHQGLQJ
LV�]HUR�WKHUHIRUH�WKH�PDWHULDO�LV�QRW�VWUHVVHG�

0RPHQW�RI�LQHUWLD�LV�IXQGDPHQWDO�LQ�GHWHUPLQLQJ�UHVLVWDQFH�WR�EHQGLQJ�DQG�EXFNOLQJ���8QOLNH�FURVV�VHFWLRQDO
DUHD� LW� LV� KDUG� WR� YLVXDOL]H�� �7KH� WH[W�PDNHV� WKH� DQDORJ\�RI� LQHUWLDO� IRUFH� OLNH� D� VNDWHU� VSLQQLQJ�ZLWK� DUPV
RXWVWUHWFKHG�VSLQV�PRUH�VORZO\�WKDQ�ZLWK�DUPV�IROGHG���0RPHQW�RI�LQHUWLD�LV�DUHD�WLPHV�WKH�GLVWDQFH�VTXDUHG

�XQLWV�DUH�LQ
�
��

,QHUWLD�LV�WKH�UHVLVWDQFH�WR�PRWLRQ���,I�DQ�REMHFW�LV�ORFDWHG�IXUWKHU�IURP�D�SLYRW�SRLQW�WKH�LQHUWLD�RI�WKDW�REMHFW
DERXW�WKDW�SLYRW�SRLQW�ZLOO�EH�JUHDWHU���$FUREDWV�RQ�D�WLJKW�URSH�XVH�D�ORQJ�SROH�IRU�VWDELOLW\���$�VKRUW�SROH
ZRXOG�KDYH�OHVV�PRPHQW�RI�LQHUWLD�DQG�ZRXOG�QRW�KHOS�DV�PXFK�

0RPHQW�RI�,QHUWLD�RI�D�UHFWDQJOH�

y
N-A

b

hdA

I y bdy b y bh
h

h
= × = × × =∫2 2 3 122

0

2
3

0

2 3
/

/
[ / ] /
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,�RI�WZR�GLVWLQFW�DQG�HTXDO�DUHDV�DERXW�WKH�KRUL]RQWDO�QHXWUDO�D[LV

y
N-A

Area = A

y I y A= × ×2 2

c
depth (d) N-A

width (b)

or (h)

width
tf

N-A d'

tw

depth
c

,� �EK
�

���� Easy method for wide flange shapes

&� �K���� ,� �>EG
�

��E�W
Z
��G·�

�

@�����

6� ��EK
�

������K��� 6� �,���F

    = EK
�

���

6HFWLRQ�0RGXOXV���6�

6� � ,� �� F��ZKHUH� F� LV�PRPHQW� DUP� IURP�QHXWUDO� D[LV� WR� H[WUHPH� ILEHU�ZKHUH� VWUHVVHV� GXH� WR� EHQGLQJ� DUH

PD[LPXP��F� �K�����IRU�D�UHFWDQJOH����)RU�D�UHFWDQJXODU�VHFWLRQ�6� ��EK
�
����������K���� ��E�K

�
����

c

c

,Q�WKH�ILJXUH�DERYH��VWUHVVHV�DUH�SURSRUWLRQDO� WR�GLVWDQFH�IURP�WKH�FHQWURLG�� �)LEHUV� ORFDWHG�DW�WKH�H[WUHPH
GLVWDQFH�IURP�WKH�FHQWURLG�DUH�PRVW�KLJKO\�VWUHVVHG���)RU�WKH�ZRRGHQ�MRLVW�VKRZQ�EHORZ�DSSUR[LPDWH�,�YDOXH

 ��� �$�\
�

���� �7KLV� DSSUR[LPDWLRQ� LJQRUHV� WKH�ZHE�FRQWULEXWLRQ�� � -RLVWV�RI� WKLV�QDWXUH� DUH� HIILFLHQW�EHFDXVH
PRVW�RI�WKH�PDWHULDO�LV�SODFHG�DZD\�IURP�WKH�FHQWHU�RI�JUDYLW\���5HVLVWDQFH�WR�EHQGLQJ�LV�GHILQHG�DV�0

U
� �)

E

�6
[
��ZKHUH�)

E
�LV�WKH�DOORZDEOH�EHQGLQJ�VWUHVV�

y

y

A

&DOFXODWH�,�IRU�D���µ�GHHS�ZRRGHQ�,�MRLVW�KDYLQJ
�[��IODQJHV�DQG�����µ�ZHE�

$IOJ�  � ����� VT�� LQ�� \IOJ�  � ����µ� � ,WRWDO�  

���������������������������� �����LQ�



Structures I:  A541                      Class Notes                                                        Page 28

([HUFLVHV�

1. :HEV� XVXDOO\� FRQWULEXWH� WR� EHQGLQJ� VWUHQJWK� DQG� QRUPDOO\� DUH� LQFOXGHG� LQ� EHDP� FDSDFLW\� FDOFXODWLRQV
�H[FHSW�LQ�VRPH�W\SHV�RI�PRPHQW�FRQQHFWLRQ�FDOFXODWLRQV����8VH�WKH�HTXDWLRQV�IURP�SJ�����WR�FDOFXODWH�,

[

DQG�6
[
�IRU�WKH�IROORZLQJ�FROXPQ�VHFWLRQ���&RPSDUH�\RXU�DQVZHUV�ZLWK�WKH�YDOXHV�IRU�D�:��[���RQ�SDJH

����RI�\RXU�WH[W�

10.84"

.99"

N-A

.605"

10.265"

�� $�FRQFUHWH�F\OLQGHU�KDV�D�GLDPHWHU�RI��µ�DQG�FUXVKHV�XQGHU�D� ORDG�RI����������� �:KDW� LV� WKH�VWUHVV�DW
FUXVKLQJ" 6WHSV�������&DOFXODWH�DUHD���$� ���������

�
��� ���������������VT�LQ

� ���&DOFXODWH�FRPSUHVVLYH�VWUHQJWK� �/RDG��DUHD
��I

F
 �������������������� ���������������SVL

�� $�UHFWDQJXODU�WLPEHU�EHDP�LV�����LQFKHV�ZLGH�[�������LQFKHV�WDOO�DQG�LV�VXEMHFWHG�WR�D�EHQGLQJ�PRPHQW�RI
�������IW�OEV���:KDW�LV�WKH�EHQGLQJ�VWUHVV"

6WHSV�������&DOFXODWH�6HFWLRQ�0RGXOXV� �E�K
�
���������6� �������������� �LQ

�

���&DOFXODWH�EHQGLQJ�VWUHVV� �0���6�����I
E
� ������������������������� ���������������SVL

�� 7ZR�WLPEHUV�DUH�MRLQHG�ZLWK����µ�GLDPHWHU�FDUULDJH�W\SH�EROWV���7KH�DOORZDEOH�VKHDU�ORDG�LV������SHU
EROW���7HQVLRQ�7� ���������+RZ�PDQ\�EROWV�DUH�UHTXLUHG"

T
T

�� $�VWHHO�EHDP�KDV���ORDGV�RI����N�VSDFHG��·�DSDUW����7KHUH�LV�D�VKHDU�IDLOXUH�EHWZHHQ�WKH�OHIW�VXSSRUW�DQG
�VW�ORDG�ZKHUH�WKHUH��ZDV�D�SRRU�TXDOLW\�ZHOG���7KH�ZHOG�DUHD�LV�����VT��LQFKHV���:KDW�ZDV�WKH�DYHUDJH
VKHDU�VWUHVV��IY��LQ�WKH�ZHE�DW�IDLOXUH"

��N ��N ��N ��N ��N ��N

�

typ

��


Weld Failure

fv=V/A (web)
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6. )LOO�LQ�WKH�IROORZLQJ�WDEOH�UHIHUULQJ�WR�ILJXUHV�RQ�SDJH����DQG�WKH�W\SLFDO�DOORZDEOH�ORDGV�LQ�WDEOH�RQ�SDJH
�����0U�LV�HTXDO�WR�6��)E��ZKHUH�)E�LV�DOORZDEOH�EHQGLQJ�VWUHVV.

Width tw Depth  tf Area I c S Mr
Wooden Beam 1.5" ---- 10" ---- 15 in^2

Wooden I Beam 3.5" 0.75" 12" 1.5" 335 in^4 6"
Steel Plate 1" ---- 5" ---- 2.5"

Steel I Beam 4" 0.375" 12" 0.625" 33.5in 3̂ 61.4 ft-k

Concrete Beam** 10" ---- 22" ---- 220 in^2 8873 in^4 11" 807in 3̂ **



�&DSDFLW\�LV�FRQWUROOHG�E\�TXDQWLW\�RI�UHLQIRUFLQJ�EDUV�VXSSOLHG�

1RWH�WKDW�IRU�XQV\PPHWULFDO�VHFWLRQV�6�LV�GLIIHUHQW�IRU�WRS�DQG�ERWWRP�RI�EHDP�

�� &DOFXODWH�WKH�LQWHUPHGLDWH�YDOXHV�IRU�WKH�VKHDU�GLDJUDP�DQG�FDOFXODWH�PD[LPXP�PRPHQW�
)ROORZ�WKH�UHDFWLRQ�FDOFXODWLRQV�E\�UHIHUULQJ�WR�JHQHULF�H[DPSOHV�RQ�SDJH����

w = 800 plf 

Span = 40'

P = 2000 # 

RL RR

30'

V

M

5� ������������������������ �������

5� ������������������������ �������

/

5
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6(&7,21�����'(7(50,1$7(��	�,1'(7(50,1$7(�6758&785(6

'HWHUPLQDWH�6WUXFWXUHV��'HWHUPLQDWH�VWUXFWXUHV�FDQ�EH�VROYHG�XVLQJ�VLPSOH�UXOHV�RI�6WDWLFV�� �%HDPV
KDYLQJ�WZR�SLQQHG�VXSSRUWV�RU�RQH�SLQ�DQG�RQH�UROOHU�DUH�GHWHUPLQDWH�ZKLFK�PHDQV�WKH\�FDQ�EH�DQDO\]HG
XVLQJ�VWDWLF�HTXLOLEULXP�PHWKRGV��1HZWRQ·V��VW�	��UG�ODZV��

,QGHWHUPLQDWH� 6WUXFWXUHV�� $� FRQWLQXRXV� EHDP� ZLWK� WKUHH� VXSSRUWV� LV� LQGHWHUPLQDWH�� � 2QH� RI� WKH
VXSSRUWV�FDQ�EH�FDOOHG�D�UHGXQGDQW���7KH�UHPRYDO�RI�D�VXSSRUW�RU�PHPEHU�RU�WKH�LQWURGXFWLRQ�RI�DQ�LQWHUQDO
KLQJH�PD\�PDNH�DQ� LQGHWHUPLQDWH�VWUXFWXUH�GHWHUPLQDWH�EXW�PD\�ZHDNHQ� LW� DQG�FDXVH�PRUH�GHIOHFWLRQ�RU
IDLOXUH�

5HGXQGDQW�VXSSRUW

&DQWLOHYHUHG�EHDP��GHWHUPLQDWH
6LPSOH�%HDP��GHWHUPLQDWH

3URSSHG�&DQWLOHYHU��LQGHWHUPLQDWH&RQWLQXRXV�%HDP��LQGHWHUPLQDWH

'HWHUPLQDWH�VWUXFWXUH��QR�UHGXQGDQWV� ,QGHWHUPLQDWH�VWUXFWXUH��RQH�UHGXQGDQW�

7UXVVHV�PD\�EH�HLWKHU�GHWHUPLQDWH�RU�LQGHWHUPLQDWH���,QGHWHUPLQDWH�WUXVVHV�KDYH�PRUH�VXSSRUWV�RU�PHPEHUV
WKDQ�UHTXLUHG�IRU�VWDWLF�HTXLOLEULXP�

'HWHUPLQDWH�.LQJ�SRVW�WUXVV ,QGHWHUPLQDWH�.LQJ�SRVW�WUXVV ,QGHWHUPLQDWH��WUXVV
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:KLFK�RI�WKH�IROORZLQJ�DUH�XQVWDEOH"��:KLFK�DUH�LQGHWHUPLQDWH"

rope

(1) (2) (3)

(4)
(5)

(6)

6(&7,21�����$5&+(6

$QDO\VLV� RI� DUFKHV� UHTXLUHV� D� IDPLOLDULW\� ZLWK� IUHH� ERG\� GLDJUDPV�� � $Q� DUFK� XWLOL]HV� WKH� FRPSUHVVLYH
VWUHQJWK�RI�VWRQH��PDVRQU\�RU�FRQFUHWH���,W·V�LQYHUVH�UHODWLYH��WKH�VXVSHQVLRQ�EULGJH��XVHV�WHQVLRQ�LQVWHDG
RI� FRPSUHVVLRQ�� �2QH� FDQ�PRGHO� DQ� DUFK� XVLQJ� D� URSH� RU� VWULQJ� DQG� KDQJLQJ� ZHLJKWV� WKDW� UHSUHVHQW
DSSOLHG�ORDGV���8VLQJ�WKLV�VDPH�DSSURDFK��$QWRQL�*DXGL�PRGHOHG�WKH�6DJUDGD�)DPLOLD���7KH�EHVW�VKDSHV
IRU�PDVRQU\�VWUXFWXUHV�DUH�WKRVH�SURGXFLQJ�SXUH�FRPSUHVVLRQ�

'HI��)XQLFXODU�VKDSH���6KDSH�RI�VWUXFWXUH�LV�LQ�GLUHFW�UHVSRQVH�WR�DSSOLHG�ORDG��H�J��FDEOH�VWUXFWXUHV�

'HPRQVWUDWLRQ� 8VLQJ�URSH�DQG�ZHLJKWV�GHWHUPLQH�WKH�EHVW�VKDSH�IRU�D�VWRQH�DUFK�WR�FDUU\�D�XQLIRUP
ORDG�

• +DQJ�ZHLJKWV�IURP�D�URSH�DW�����SRLQWV�PHDVXUHG�DORQJ�WKH�KRUL]RQWDO��8VH�VHYHUDO�EULFNV�UHVWLQJ�RQ
D� EDWKURRP� VFDOH� WR� DQFKRU� WKH� URSH��8VLQJ� D� ORQJ� ERDUG� DV� D� VWUDLJKWHGJH��PHDVXUH� WKH� GLVWDQFH
EHWZHHQ�WKH�VWUDLJKW�OLQH�DQG�WKH�URSH�

Desk Desk

φ


