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ABSTRACT 
 
7KH SDSHU UHIHUV WKH XVH RI 7XQHG 0DVV 'XPSHU �70'� LQ GLIIHUHQW  FRQVWUXFWLRQV 
UHFHQWO\ EXLOW LQ ,WDO\ WR LPSURYH WKHLU VHUYLFHDELOLW\ VWUXFWXUDO SHUIRUPDQFHV� ,Q 
WZR IRRWEULGJHV DQG D QHZ WDOO EXLOGLQJ WKH G\QDPLF EHKDYLRUV  DUH DQDO\]HG LQ WKH 
WZR FRQGLWLRQV� ZLWKRXW DQG ZLWK 70'� 7KH VWUXFWXUDO DQDO\VLV VKRZ WKH 
LPSURYHPHQWV LQ WKH 6HUYLFHDELOLW\ /LPLW 6WDWH �6/6��  

,Q WKH IRRWEULGJH FDVHV WKH XVH RI WKH 70' DOORZV WKH FRQWURO RI WKH GHFN 
YLEUDQF\� HLWKHU LQ WKH GDLO\ XVH DQG LQ H[WUHPH RYHUFURZGLQJ FDVH� LQ WKH WDOO 
EXLOGLQJ FDVH WKH LPSURYHPHQWV DUH DSSUHFLDWHG LQ UHODWLRQ WR D JUHDWHU FRPIRUW IRU 
WKH RFFXSDQWV GXH D EHWWHU ZLQG VWUXFWXUDO UHVSRQVH� 
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1. INTRODUCTION 
6RPH 70' VROXWLRQV WR PLWLJDWH WKH HIIHFWV RI ODWHUDO ORDGV DQG WR FRQWURO WKH 
YLEUDWLRQV DUH DQDO\]HG IRU WZR NLQG RI FRQVWUXFWLRQV YHU\ GLIIHUHQW WKHPVHOYHV�  ,Q 
WZR QHZ IRRWEULGJHV WKH 70' DOORZV WKH FRQWURO RI WKH YLEUDQF\ XQGHU WKH 
SHGHVWULDQ DQG FURZG ORDGV� 

)RU D QHZ VOHQGHU WDOO EXLOGLQJ FDVH WKH 70' LV XVHG WR LQFUHDVH WKH FRPIRUW 
IRU WKH RFFXSDQWV PLWLJDWLQJ WKH DFFHOHUDWLRQV GXH WR WKH ZLQG �LQ WKH 6/6�� EXW LWV 
DSSOLFDWLRQ LV DQDO\]HG DOVR IRU WKH 8OWLPDWH /LPLW 6WDWH �8/6� DOWKRXJK WKH ,WDOLDQ 
6WUXFWXUDO &RGH GRHVQ¶W WUHDW WKH 70'¶V XVH IRU WKH 8/6� ,Q IDFW� WKH VWUXFWXUDO 
UHVLVWDQFH DQG GXFWLOLW\ RI WKH VWUXFWXUH  IRU WKH 8/6� LQ WKH ,WDOLDQ FRGH KDV WR EH 
HQWLUHO\ DWWULEXWHG WR WKH VWUXFWXUH�   

 
 

2. FOOTBRIDGES CASES 
)RU WZR GLIIHUHQW IRRWEULGJHV �LQ WKH IROORZLQJ FDOOHG  )1 DQG )2� D YLEUDQF\ 
DQDO\VLV LV FDUULHG RXW FRQVLGHULQJ WKH SHGHVWULDQ DQG WKH RYHUFURZGLQJ ORDGV�  

7KH VWUXFWXUDO DQG YLEUDQF\ DQDO\VLV DUH FDUULHG RXW E\ WKH ILQLWH HOHPHQW 
PRGHOV �)(0V� LPSOHPHQWDWLRQ DQG  IRU ERWK WKH QHFHVVDU\ HLJHQYDOXH DQDO\VLV 
DUH FRQGXFWHG IRU GLIIHUHQW ORDGV FRPELQDWLRQV LQ WKH FDVHV ZLWKRXW DQG ZLWK 
70'�  

)RU WKH YLEUDQF\ DQDO\VLV XQGHU SHGHVWULDQ ORDG� LW LV SRVVLEOH WR FRQVLGHU   
VRPH PHWKRGV VXPPDUL]HG LQ 7DEOH 1� 

  7KH IRUFHV ± UHSUHVHQWLQJ WKH SHGHVWULDQ ORDG �  WR DSSO\ LQ WKH )(0V �7DEOH 
1� DUH GHVFULEHG E\ WLPH YDU\LQJ IXQFWLRQV� WKHLU HIIHFWV DUH HYDOXDWHG LQ WHUPV RI 
DFFHOHUDWLRQ� 

 7KH PHWKRGV DSSOLHG LQ WKH FDVHV KHUH GLVFXVVHG DUH %DFKPDQQ� %65�00 DQG 
$OOHQ�0XUUD\� 7KH DFFHOHUDWLRQV GXH WR WKH DSSOLFDWLRQ RI WKH IRUFHV DUH YDOXHG 
DQG FRPSDUHG WR WKH OLPLW DFFHOHUDWLRQV �DOLP� KDYLQJ GLIIHUHQW YDOXH IRU  %6�5�00� 
WKH 217�� DQG LQ WKH ,62 101���200� 
 

7DEOH 1� 6RPH SHGHVWULDQ ORDG HYDOXDWLRQV� 
 

PHWKRGV IXQFWLRQ 
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)RU 7DEOH 1� WKH IROORZLQJ QRWHV DUH XVHIXO�  
x LQ %DFKPDQQ� *   �00 1�  ĮL LV L�KDUPRQLF FRHIILFLHQW�  IS LV WKH ³DFWLYLW\´ 

IUHTXHQF\ DQG IL LV WKH WKH L�KDUPRQLF SKDVH UHVSHFW WKH ILUVW KDUPRQLF� 
x LQ %6500� $   1�0 1� YHORFLW\ Y LV FRQVWDQW  DQG Y0�� I �v (IY LV WKH 

YHUWLFDO IUHTXHQF\�� 
x LQ $OOHQ�0XUUD\� 3   �00 1� I LV WKH ZDONLQJ IUHTXHQF\ DQG ĮL LV WKH 

G\QDPLF FRHIILFLHQW RI WKH L�KDUPRQLF� 
x LQ $,-� WKH ZDONLQJ FDVH LV UHSUHVHQWHG E\ D IRUFH RI 0�� NJI�VHF DSSOLHG IRU 

0�0�V� WKH UXQQLQJ FDVH LV UHSUHVHQWHG E\ D IRUFH RI 1�� NJI�VHF DSSOLHG IRU 
0�0�V� 

 
7KH DOLP YDOXHV� LQ WKH FRQVLGHUHG FDVH� DUH REWDLQHG E\ WKH IROORZLQJ UHODWLRQV� 

 

DOLP±%65�00   0�5ā�I�0�5 

DOLP±217��   0�25ā�I�0��� 

DOLP±,62101��   �0ā¥2ā 0�005  

 
%\ WKH SURSRVHG PHWKRGV WKH VWUXFWXUDO EHKDYLRXU RI WKH IRRWEULGJHV XQGHU WKH 

FURZG ORDG LV VWXGLHG LQ WHUPV RI IUHTXHQF\� 7KH  YHUWLFDO DQG KRUL]RQWDO YLEUDWLRQ 
PRGH VKDSHV DUH YDOXHG DQG WKH UHODWHG IUHTXHQFLHV DUH FDOFXODWHG� 6XEVHTXHQWO\ 
WKH IUHTXHQFLHV DUH FRPSDUHG WR WKH OLPLW YDOXHV SURSRVHG OLNH DFFHSWDEOH RU LQ 
6HWUD >1@ RU LQ VRPH VWUXFWXUDO LQWHUQDWLRQDO FRGHV� ,Q IDFW LW¶V SRVVLEOH WR DVVRFLDWH 
WKH ULVN RI VWUXFWXUDO UHVRQDQFH �5� WR WKH IRRWEULGJH¶V IUHTXHQF\ �I��  

 
 

)RU WKH YHUWLFDO IUHTXHQF\� 6HWUD SURSRVHV� 
x DQ KLJK 5 YDOXH IRU I   1��·2�1 +]� 
x D PHGLXP 5 IRU I   0��·1�� +] DQG I   2�1·2�� +]� 
x D ORZ 5 IRU I   2��·5�0 +]� 
x D YHU\ ORZ 5 IRU I   0·0�� +] DQG I ! 5 +]�  
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$JDLQ IRU WKH YHUWLFDO IUHTXHQF\� WKH ULVN RI VWUXFWXUDO UHVRQDQFH 5 LV DVVRFLDWHG WR 
RWKHU UDQJHV LQGLFDWHG LQ WKH IROORZLQJ FRGHV DQG PHWKRGV� 

 
x (&2�  1��·2�� +]� 
x (& 5� 0·5 +]� 
x %65�00� 0·5 +]� 
x -DSDQ FRGH $,-� 1�5·2�� +]� 
x ,62�',6 6WDQGDUG 101��� 1��·2�� +]� 
x &(% 20� %XOOHWLQ� 1��5·2��5 +]� 
x %DFKPDQ� 1��·2�� +]��  

 
)RU WKH KRUL]RQWDO IUHTXHQF\�  6HWUD SURSRVHV DUH� 
 

x DQ KLJK 5 YDOXH IRU I   0�5·1�1 +]� 
x D PHGLXP 5 IRU I 0��·0�5 +] DQG I 1�1·1�� +]� 
x D ORZ 5 IRU I   1��·2�5 +]� 
x D YHU\ ORZ 5 IRU I 0·0�� +] DQG I ! 2�5 +]� 

 
0RUHRYHU� (&1 VXJJHVWV WR HYDOXDWH WKH YHUWLFDO DQG KRUL]RQWDO IRRWEULGJH 

IUHTXHQFLHV OLPLWLQJ WR LQGLFDWH DFFHSWDEOH UDQJHV� SUHFLVHO\� 
 

x IRU WKH YHUWLFDO IUHTXHQF\ WKH UDQJH LV 1·� +]� 
x IRU WKH KRUL]RQWDO IUHTXHQF\ WKH UDQJH LV 0�5·1�5 +]�  

 
 
2WKHUV SUDFWLFDO PHWKRGV IRU WKH YLEUDQF\ DQDO\VLV H[LVW� IRU H[DPSOH FRXOG EH 

PHQWLRQ� WKH 5HLWKHU�0HVLWHU�/HQ]HQ �50/� >2@ RU WKH $UFHORUPLWWDO �$5� >�@ 
PHWKRGV�  

%\ WKHVH WZR PHWKRGV LW LV SRVVLEOH WR HVWLPDWH LI WKH GHFN YLEUDQF\ LV 
DFFHSWDEOH IRU WKH RFFXSDQWV� LQ IDFW� IRU WKH 6/6�  WKH YLEUDWLRQDO UHVSRQVH LV 
GHILQHG DFFHSWDEOH E\ XVLQJ D FRUUHODWLRQ EHWZHHQ WKH IUHTXHQF\ GHFN DQG WKH 
PD[LPXP YHUWLFDO GLVSODFHPHQWV XQGHU WKH SHGHVWULDQ ORDG� ,W LV LPSRUWDQW WR 
XQGHUOLQH WKH 50/ PHWKRG LV VSHFLILFDOO\ YDOLG IRU IORRU GHFN YLEUDQF\ VWXG\� 
KRZHYHU LW LV KHUH FRQGXFHG WR HYDOXDWH WKH VWUXFWXUDO EHKDYLRXU LQ D SRWHQWLDO 
RYHUFURZGLQJ VLWXDWLRQ LQ IRRWEULGJH FDVH� 
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       ,Q WKH FDVHV LQ WKH IROORZLQJ GHVFULEHG �FDOOHG )1 DQG )2� WKH  EHKDYLRXUV 
XQGHU WKH SHGHVWULDQ DQG RYHUFURZG ORDGV DUH VWXGLHG DQG LI WKH PHQWLRQHG 
DFFHSWDEOH OLPLWV DUH QRW UHVSHFWHG �RU LQ WHUPV RI DFFHOHUDWLRQ RU DFFHSWDEOH 
YLEUDQF\ UDQJH�� 70' VROXWLRQV DUH VWXGLHG�  

 )RU WKH GDPSHU FKDUDFWHULVWLFV 'HQ +DUWRJ >�@ IRUPXODWLRQV DUH XVHG�  
(VWLPDWLQJ  WKH UDWLR �ȝ� EHWZHHQ WKH 70' PDVV �P� DQG WKH PDVV RI WKH PDLQ 
VWUXFWXUH LQYROYHG LQ WKH PDLQ PRGH VKDSH �PL�� WKH RSWLPDO GDPSLQJ UDWLR �[ RSW� 
DQG RSWLPDO IUHTXHQF\ UDWLR �IRSW� DUH HYDOXDWHG E\ WKH IROORZLQJ UHODWLRQV� 
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F1 - case  
7KH )1 IRRWEULGJH FRQQHFWV WZR EXLOGLQJV UHQRYDWHG IRU (;32 2015� LW SUHVHQWV D 
6�55 VWHHO VWUXFWXUHV DQG LWV DUFKLWHFWXUDO GHVLJQ SUHVHQWV D 9LHUHQGHHO 
FRQILJXUDWLRQV ��0P WRWDO OHQJWK� 5�10P ZLGWK� �P URRI OHYHO KHLJKW��  

7KH IRRWEULGJH KDV WZR OHYHOV� WKH ZDONZD\ OHYHO DQG WKH URRI OHYHO� 7KH 
IRRWEULGJH FRXOG EH FODVVLILHG ,,, FODVV E\ WKH 6(75$� IRU D ,,, FODVV WKH FURZG 
ORDG LV GHILQHG E\ WKH 0�5 SHGHVWULDQ�P2 GHQVLW\�  

,Q WKH VWUXFWXUDO DQDO\VLV� WKH )1 LV LPSOHPHQWHG E\ EHDP DQG SODWH HOHPHQWV� 
LQ SDUWLFXODU WKH SODWH HOHPHQWV DUH XVHG IRU WKH ORZHU DQG XSSHU GHFNV 
FKDUDFWHUL]HG E\ D WUDSH]RLGDO VKHHW ZLWK D � FP FRQFUHWH WKLFNQHVV OD\HU� 

 7KH IRRWEULGJH LV VXSSRUWHG E\ Q��� JHQHUDO OLQNV� WKH\ FRQQHFW WKH Q��� 
H[WUHPLW\ QRGHV �Q��2 IRU HDFK VLGHV� RI WKH ORZHU GHFN WR IL[HG QRGHV SRVLWLRQHG 
DW D GLVWDQFH HTXDO WR WKH VXSSRUWV KHLJKW �LQ YHUWLFDO GLUHFWLRQ IURP WKH GHFN��  

7KH VXSSRUWV RQ WKH OHIW IRRWEULGJH VLGH DUH IL[HG DQG PXOWL�GLUHFWLRQDO� LQVWHDG  
WKH VXSSRUWV RQ WKH ULJKW VLGH DUH PRYDEOH DORQJ WKH ORQJLWXGLQDO IRRWEULGJH D[LV 
DQG PXOWL�GLUHFWLRQDO�  

7KH GHDG DQG OLYH ORDGV DUH FRPELQHG ZLWK WKH VHLVPLF DFWLRQ LQ DFFRUGLQJ WR 
17& 200�� 7KH HODVWLF VLWH VSHFWUXP ZLWK WKH GXFWLOLW\ VWUXFWXUH IDFWRU T   2 LV 
FRQVLGHUHG�  7KH HLJHQYDOXH DQDO\VLV LV FDUULHG RXW LQ RUGHU WR REWDLQ WKH YLEUDWLRQ 
PRGH VKDSHV DQG WKH UHODWHG LQYROYHG SHUFHQWDJH RI WKH PDVV �7DEOH 2 DQG )LJXUH 
1�� 



�0 
 

 
 
 
 

7DEOH 2� )$ � PDLQ YLEUDWLRQ PRGHV� 

PRGH IUHTXHQF\ 
>+]@ 

PDVV  
 >�@ 

PDLQ GLUHFWLRQ 
>�@ 

1 2�1� ����5 = JOREDO� YHUWLFDO 
5 ��22 �2��� < JOREDO� KRUL]RQWDO 
� ���0 ����2 ; JOREDO� KRUL]RQWDO 

 
 
 

 

  

)LJXUH 1� )$ IRRWEULGJH� 1�5�� YLEUDWLRQ PRGH VKDSHV� 

 
)RU )1� WKH DQDO\VLV XQGHU WKH SHGHVWULDQ ORDG LV FDUULHG RXW E\ WKH IROORZLQJ 

PHWKRGV� %DFKPDQ� %65�00 DQG $OOHQ�0XUUD\�  
,Q WKH %DFKPDQ FDVH� WKH WLPH KLVWRU\ IRUFH LV DSSOLHG DORQJ WKH FHQWUDO QRGHV 

RI WKH ORQJLWXGLQDO D[LV�  LQ %65�00 DQG $OOHQ 0XUUD\ FDVHV� WKH WLPH KLVWRU\ 
IRUFHV DUH DSSOLHG LQ WKH QRGH ZLWK WKH PD[LPXP YHUWLFDO GLVSODFHPHQW �XQGHU WKH 
GHDG DQG OLIH ORDGV�� 

 7KH %65�00 DQG $OOHQ�0XUUD\ >5@ IRUFHV DSSOLHG LQ WKH )(0 DUH VKRZHG LQ 
WKH QH[W )LJXUH 2�  
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)LJXUH 2� �RQ WKH OHIW� 7LPH +LVWRU\ IRUFH IRU %65�00�  �RQ WKH ULJKW� WLPH KLVWRU\ IRUFH IRU 
$OOHQ 0XUUD\ 

7KH DFFHOHUDWLRQV �DPD[� GXH WR WKH DSSOLFDWLRQ RI WKH IRUFHV DUH HYDOXDWHG DQG 
FRPSDUHG WR WKH OLPLW YDOXH �DOLP�� 7KH YHULILHV DUH SRVLWLYH EHFDXVH  DPD[   0�25 
P�V2  LV PLQRU WKDQ�  DOLP�%65�00    0��� P�V2�   DOLP�217��    0���P�V2 DQG  DOLP�,6210��   
0��2 P�V2�  $W WKH VDPH WLPH� WKH DFFHOHUDWLRQV FDOFXODWHG IRU )$ E\ WKH DSSOLFDWLRQ 
RI WKH IRUFHV GHVFULEHG LQ %6500 DQG $OOH\�0XUUD\ DUH PLQRU WKDQ WKH OLPLW 
DFFHOHUDWLRQV�    

)RU WKH WKH YLEUDQF\ XQGHU WKH FURZG ORDG�  WKH 50/ DQG $5 PHWKRGV DUH KHUH 
DSSOLHG�  

%\ XV\LQJ 50/� G\QDPLF QRGDO ORDGV �GHVFULSWHG LQ >2@� DUH DSSOLHG RQ WKH 
QRGHV KDYLQJ D PXWXDO GLVWDQFH RI 0��0 P� 7KH PD[LPXP GLVSODFHPHQW �įPD[� LV 
įPD[   0��� PP DQG WKH ILUVW ZDONZD\ GHFN IUHTXHQF\ LV 7I   1�0� +]� )URP WKH 
FRUUHODWLRQ RI įPD[ DQG 7I  WKH IRRWEULGJH VKRZV  D YHU\ SHUFHSWLEOH RVFLOODWLQJ 
PRYH� 7KXV� WR UHGXFH WKH RVFLOODWLQJ HIIHFW WKH 70'¶V LQWURGXFWLRQ FRXOG EH 
YDOLG�  

2Q WKH FRQWUDU\� IRU WKH YLEUDQF\ XQGHU WKH FURZG ORDG� GLIIHUHQW UHVXOW LV 
REWDLQHG E\ WKH DSSOLFDWLRQ RI $5 PHWKRG� &RQVLGHULQJ 1� RI VWUXFWXUDO GDPSLQJ 
DQG FRPELQLQJ 7I   1�0� +] WR WKH PRGDO PDVV �P� RI WKH IORRU LQYROYHG �P 
 �2��� NJ� HTXDO WR ��� RI WKH �22�� NJ WRWDO PDVV� LW UHVXOWV  26�506�0   0��� 
LQFOXGHG LQ WKH UHFRPPHQGHG UDQJH �0�2y0��� IRU WKH FODVV & IORRU UHWDLO >�@�  

$OWKRXJK WKH GLIIHUHQW UHVXOWV� WR LPSURYH WKH YLEUDQF\ EHKDYLRU RI WKH 
ZDONZD\ GHFN D 70' DUH VWXGLHG DQG RSWLPL]HG FRQVLGHULQJ WKH PHQWLRQHG 



�2 
 

UHODWLRQV� 7KH FKDUDFWHULVWLFV RI WKH 70' LQ WHUPV RI PDVV� VWLIIQHVV DQG GDPSLQJ 
DUH� PWPG   ��� N1� .WPG   2���� N1�P� FWPG   0��� N1V�P� 

 ,Q WKLV FDVH� WKH  RSWLPXP UDWLR RI IUHTXHQFLHV ĮRSW   0��� DQG WKH RSWLPDO 
HTXLYDOHQW YLVFRXV GDPSLQJ UDWLR LV ȟ   ��02��  

7KH 70' LV VLPSO\ LPSOHPHQWHG OLNH D QRGDO PDVV OLQNHG WR WKH ZDONZD\ 
GHFN E\ D VSULQJ DQG OLQHDU GDVKSRW OLQN� LQ WKH )(0 ZLWK WKH 70'¶V 
LPSOHPHQWDWLRQ  WKH PD[LPXP GLVSODFHPHQW GHFUHDVHV WR 0��25 PP DQG WKH 
IUHTXHQF\ VOLJKWO\ UHGXFHV WR I1   1�0� +]� &RPELQLQJ WKH QHZ YDOXHV RI WKH 
PD[LPXP YHUWLFDO GLVSODFHPHQWV DQG WKH IUHTXHQF\ WKH JOREDO EHKDYLRXU RI WKH 
IRRWEULGJH LPSURYHV WR D OLJKWO\ SHUFHSWLEOH RVFLOODWLQJ PRYH >2@� 0RUHRYHU� 
FRQVLGHULQJ WKH 6(75$ FODVVLILFDWLRQ� LI RQO\ WKH ZDONZD\ LV LPSOHPHQWHG LWV 
IUHTXHQF\ I1�RQO\ZDONZD\   1�0� +] LV LQ WKH PHGLXP 5 UDQJH EXW� LI DOO RI WKH 
IRRWEULGJH VWUXFWXUH LV LPSOHPHQWHG� LWV IUHTXHQF\  WKH I1�VWUXFWXUH   2�1� +] LV LQ WKH 
KLJK 5 UDQJH� 

 
 

F2  -  case 
7KH VHFRQG IRRWEULGJH )2 LV FKDUDFWHUL]HG E\ D  ���� P OHQJWK DQG ��0� P ZLGWK� 
LWKDV D VWHHO GHFN  DQG VWDWLF FRQFHSWXDO VFKHPH VKRZHG LQ WKH QH[W )LJXUH �� 
 
 

                    

)LJXUH �� )% VHFWLRQ  DQG VWUXFWXUDO FRQFHSWXDO GHVLJQ �/1   �5�� P � /2   21��P �� 

 

7KH )2 FRQQHFWV WZR XUEDQ DUHDV RI DQ LPSRUWDQW  ,WDOLDQ FLW\� %\ 6HWUD� LW LV 
SRVVLEOH FODVVLI\ )% LQ FODVV ,,,�   

7ZR )(0 DUH LPSOHPHQWHG LQ RUGHU WR GHHS WKH )2 VWUXFWXUDO UHVSRQVH� D EHDP 
PRGHO DQG D SODWH PRGHO� &RPSDULQJ WKH YLEUDWLRQ PRGHV E\ HLJHQYDOXH DQDO\VLV 
FDUULHG RXW LQ ERWK )(0V� WKH UHVXOWV DUH SUDFWLFDOO\ WKH VDPH LQ WHUPV RI YLEUDWLRQ 
PRGH VKDSHV DQG VWUHVV HIIHFWV� $V WKH )$ FDVH� KHUH D 70' VROXWLRQ LV VWXGLHG WR  
LPSURYH WKH )2 YLEUDQF\ EHKDYLRXU� 7KH 70' FRXOG EH LQVWDOOHG LQVLGH RI WKH 
GHFN FORVH WKH PD[LPXP YHUWLFDO GLVSODFHPHQW ]RQH� 7KH 70' LPSOHPHQWDWLRQ LQ 
WKH )(0  LV SHUIRUPHG OLNH PHQWLRQHG LQ )$ FDVH�  

,Q WKLV FDVH� WKH 70' ZRUNV IRU WKH YHUWLFDO GLUHFWLRQ �VR WKH YHUWLFDO PRGH 
VKDSHV KDV WR EH FRQVLGHUHG� EHFDXVH� IURP WKH )(0 DQDO\VLV� 

x WKH ILUVW IUHTXHQF\ LV I1   2�11 +] �LQ YHUWLFDO GLUHFWLRQ� DQG WKH PDVV 
LQYROYHG LV WKH ����0� RI WKH WRWDO PDVV� 

x WKH VHFRQG IUHTXHQF\ LV I2  ���� +] �KRUL]RQWDO GLUHFWLRQ� DQG WKH PDVV 
LQYROYHG LV WKH �1�21� RI WKH WRWDO PDVV�  



�� 
 

.QRZQ WKH YDOXH RI WKH ILUVW IUHTXHQF\� E\ 6(75$ WKH I1 LV LQFOXGHG LQ WKH 
KLJK 5 IUHTXHQF\ UDQJH IRU YHUWLFDO GLUHFWLRQ VKDSH� 7KDW VKRZV WKH LPSRUWDQFH RI 
WKH 70'¶V DSSOLFDWLRQ� )RU )2� WKH 70' KDV WKH IROORZLQJ FKDUDFWHULVWLFV� PWPG   
1��2N1 �FRUUHVSRQGLQJ WR WKH 1�25� RI WKH PDVV LQYROYHG LQ WKH ILUVW PRGH��  
VWLIIHQV .WPG   �12 N1�P DQG D GDPSLQJ FRHIILFLHQW FWPG   ���1 N1V�P� 7KH 
UHVXOWLQJ RSWLPXP UDWLR RI IUHTXHQFLHV LV ĮRSW   0��� DQG WKH RSWLPDO HTXLYDOHQW 
YLVFRXV GDPSLQJ UDWLR LV ȟ    ��5���   

,PSOHPHQWLQJ WKH 70' LQ WKH )(0 ZLWK SODWH HOHPHQWV� WKH PD[LPXP 
GLVSODFHPHQW GHFUHDVHV IURP  įPD[   1�2 PP WR įPD[   0�� PP DQG WKH IUHTXHQF\ 
FKDQJHV IURP I1   2�11 +] �ZLWKRXW 70'� WR I1  0��1+] �ZLWK 70'�� 7KXV� 
UHIHUULQJ WR 50/ PHWKRG� WKH YLEUDQF\ LV UHGXFHG WR D ORZHU OLJKWO\ SHUFHSWLEOH 
VWDWH >�@�  

 

)LJXUH �� 6(75$ YHUWLFDO FURZG ORDG DSSOLFDWLRQ� 

 

(YDOXDWLQJ WKH VWUXFWXUDO EHKDYLRXU XQGHU WKH FURZG ORDG� WKH 6HWUD LQGLFDWLRQV 
DUH IROORZHG E\ WKH DSSOLFDWLRQ RI WKH FURZG ORDG LQ WKH GLUHFWLRQ RI WKH 
GHIRUPDWLRQV �)LJXUH ��� WKH YDOXH RI WKH ORDG LV GHILQHG LQ WKH IROORZLQJ UHODWLRQ� 

 
Q = d ∙ (280N) ∙ cos (2πfvt) ∙10.8 ∙ (ξ/n) 0.5 ∙ ψ                                                     

  
  ZKHUH� 

x G LV HYDOXDWHG IRU GHQVH WUDIILF DQG ,,, FODVV IRRWEULGJH� G   0�5 
SHGHVWULDQ�P2 � 

x ȟ LV D QR�GLPHQVLRQDO GDPSLQJ UDWLR� 
x  Q LV WKH QXPEHU RI SHRSOH RQ WKH IRRWEULGJH GHFN� 

 
 
 
 
 
 
 



�� 
 

,QWURGXFLQJ WKH 70'� XQGHU WKH PHQWLRQHG 6HWUD ORDG FRQGLWLRQ� WKH 
DFFHOHUDWLRQ GHFUHDVHV WR 0�2� P�V2� WKLV YDOXH LV LQFOXGHG LQ WKH PRUH FRPIRUWDEOH 
UDQJH IRU WKH ,,, FODVV DFFHOHUDWLRQ LQ YHUWLFDO GLUHFWLRQ� 
 
 
3. A TALL BUILDING CASE 
7R LPSURYH WKH VWUXFWXUDO EHKDYLRXU XQGHU ZLQG ORDGV LQ D VOHQGHU WDOO EXLOGLQJ WKH 
70' LQVWDOODWLRQ FRXOG EH FRQVLGHUHG� HVSHFLDOO\ LI WKH VKDSH  � DQG FRQVHTXHQWO\ 
WKH JHRPHWULFDO SURSRUWLRQV �  RI WKH EXLOGLQJ SOD\V D V\PEROLF DUFKLWHFWXUDO UROH�  

,Q WKHVH FDVHV� LI WKH JHRPHWULFDO VOHQGHUQHVV �Ȝ� >�@ FDQ QRW GHFUHDVH WKH 
EXLOGLQJ FRXOG EH FKDUDFWHUL]HG E\ Ȝ!5·�� LW UHSUHVHQWV D GLVDGYDQWDJHRXV TXDOLW\ 
EHFDXVH WKH VWUXFWXUDO UHVSRQVH XQGHU WKH ZLQG DFWLRQ FRXOG EH DIIOLFWHG E\ 
G\QDPLF HIIHFWV GXH WR WKH YRUWH[ VKHGGLQJ�  

1RUPDOO\  WKH SDVVLYH 70' LV SRVLWLRQHG DW WKH WRS RI WKH EXLOGLQJ DQG LWV 
IXQFWLRQLQJ LQ WKH ,WDOLDQ FRGH LV FRQVLGHUHG YDOLG RQO\ IRU WKH 6/6 WR LPSURYH WKH 
RFFXSDQWV FRPIRUW�  

2Q WKH FRQWUDU\� WKH 70' UHDOO\ UHSUHVHQWV DQ LPSRUWDQW VROXWLRQ WR LPSURYH 
WKH ZLQG UHVSRQVH DOVR IRU WKH 8/6 OLNH LW LV H[SODLQHG LQ WKH FDVH GLVXFXVVHG LQ 
WKH IROORZLQJ�  

$ )(0 RI D QHZ VOHQGHU WDOO EXLOGLQJ LV LPSOHPHQWHG E\ EHDP DQG SODWH 
HOHPHQWV� 7KH PDLQ GLPHQVLRQV  RI WKH EXLOGLQJV DUH� 220P KHLJKW� ��P [ 2�P 
UHFWDQJXODU VHFWLRQ �VR Ȝ   ���5��  

7KH VWUXFWXUH LV FKDUDFWHUL]HG E\� WZR ODWHUDO FRUHV LQ  KLJK VWUHQJWK UHLQIRUFHG 
FRQFUHWH �+6&� &�0��5� ORFDWHG DW ��P PXWXDO GLVWDQFH� EHDPV DQG FROXPQV LQ 
+6&� DQG 0�25P SRVW WHQVH FRQFUHWH VODE GHFN� 7KH PDLQ IUHTXHQFLHV �I� HVWLPDWHG 
E\ WKH HLJHQYDOXH DQDO\VLV DUH I1 0�1�+]� I2 0�15+] DQG I� 0�2� +]� 

,Q WKH ZLQG DQDO\VLV� GLUHFWLRQDO ZLQG YHORFLWLHV �Y� FRPH IURP 1� GLIIHUHQW 
GLUHFWLRQV DUH FRQVLGHUHG� 7KH YDOXHV RI WKH YHORFLWLHV FRUUHVSRQG WR UHWXUQ SHULRG  
75 50 \HDUV�  

 7KH ; ORQJLWXGLQDO EXLOGLQJ D[LV �DORQJ WKH ��P OHQJWK VLGH� LV GLUHFWHG OLNH 
WKH 0��1�0� ZLQG GLUHFWLRQ DQG WKH < WUDQVYHUVDO EXLOGLQJ D[LV �DORQJ WKH 2�P 
OHQJWK VLGH� LV GLUHFWHG OLNH WKH �0��2�0� ZLQG GLUHFWLRQ �)LJXUH 5��  

%\  ZLQG WXQQHO WHVWV DQG WKH DSSOLFDWLRQ RI WKH +LJK )UHTXHQF\ )RUFH %DODQFH 
�+))%� >�@� >�@� >�@ SURFHGXUH� WKH EDVH VKHDU �9� DQG EHQGLQJ PRPHQW �0�� ZLWK 
WKH WRS DFFHOHUDWLRQ �Įmax�� DUH YDOXHG IRU HDFK GLUHFWLRQV�  
 



�5 
 

 

 

)LJXUH 5� 'LUHFWLRQ ZLQG YHORFLW\� 

%\ WKH +))% SURFHGXUH LW LV SRVVLEOH WR XQGHUVWDQG WKH PHQWLRQHG G\QDPLF 
HIIHFWV EHFDXVH WKH 9� 0 DQG Įmax REWDLQHG E\ WKH +))% DUH JUHDWHU WKDQ WKH 
YDOXHV FDOFXODWHG E\ WKH DSSOLFDWLRQ RI WKH &15 '720� ,WDOLDQ UHJXODWLRQ IRU WKH 
ZLQG FRQVWUXFWLRQ DQDO\VLV�� 7KH GLIIHUHQFHV LQ WHUPV RI EDVH VKHDU DUH VKRZHG LQ 
WKH 7DEOH � 

0RUHRYHU� WR QRW H[FHHG WKH 70'¶V OLPLW LQVWDOODWLRQ GXH DQ H[FHVVLYH PDVV 
>�@� E\ WKH +))% WKH ĮPD[ LV HYDOXDWHG FRQVLGHULQJ WZR YDOXHV RI GDPSLQJ 
FRHIILFLHQW �ȟ�� UHVSHFWLYHO\� ȟ   1� LQ WKH FDVH ZLWKRXW 70' DQG ȟ   �� LQ WKH 
FDVH ZLWK 70' �WKLV YDOXH LV WKH VXPPDWLRQ RI WKH 6/6 FRQFUHWH GDPSLQJ ȟV 1� 
DQG WKH 70' GDPSLQJ ȟWPG   ����  

)RU WKH 6/6 FRPIRUW EXLOGLQJ FRQGLWLRQV WKH ĮPD[ KDV WR EH PLQRU WKDQ WKH OLPLW 
DFFHOHUDWLRQ �ĮOLP� VXJJHVWHG LQ OLWHUDWXUH >�@�  7KH ĮOLP LQ FDVH RI RIILFH LQWHQGHG 
XVH LV ĮOLP   0�25 P�V2 UHIHUULQJ WR 75   10 \HDUV� IURP WKH +))% DQDO\VLV WKH ĮOLP  
IRU ȟ   1� LV ĮPD[   0��� P�V2 � ZKHUHDV IRU ȟ   ��  ĮPD[   0�2� P�V2� 

 
 

7DEOH �� %DVH VKHDU 9 FRPSDULVRQ� 

 ZLQG GLUHFWLRQ E\ &15 >N1@ E\ +))% >N1@

0��1�0� DORQJ�Z 
DFURVV �Z 

12211 
100�� 

10�1� 
����� 

�0��2�0� DORQJ�Z 
DFURVV �Z 

�1��1 
1��22 

��5�� 
15��� 

2�2�5� DORQJ�Z 
DFURVV �Z  

��� 
��� 

2��55 
��052 
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