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ABSTRACT 

 
$ GHWDLOHG VWUXFWXUDO DQDO\VLV �XQGHU VHLVPLF DQG ZLQG ORDGV� RI DQ KLVWRULFDO WDOO 
EXLOGLQJ LQ 0LODQ LV FDUULHG RXW LQ WKLV SDSHU� *DOID WRZHU LV RQH RI WKH ILUVW WDOO 
EXLOGLQJ �10� P KHLJKW� EXLOW LQ ,WDO\ GXULQJ WKH µ50 \HDUV� 1RZDGD\V� LW LV 
LQWHUHVWHG E\ DQ LPSRUWDQW UHVWRUDWLRQ SURFHVV LQYROYLQJ DOVR D FKDQJH LQ LWV 
LQWHQGHG XVH �IURP RIILFH WR OX[XU\ KRWHO DQG UHVLGHQFHV�� 

6HYHUDO GHVWUXFWLYH� QRQ�GHVWUXFWLYH DQG FRPELQHG WHVWV ZHUH SHUIRUPHG LQ 
RUGHU WR LQYHVWLJDWH WKH RQ�VLWH FKDUDFWHULVWLFV RI FRQFUHWH� 0RUHRYHU� DGGLWLRQDO 
PHFKDQLFDO DQG FKHPLFDO WHVWV RQ WKH VWHHO UHLQIRUFHPHQW DUH SHUIRUPHG WRR� 6RPH 
ILQLWH HOHPHQWV PRGHOV �)(0V� RI WKH WRZHU DUH LPSOHPHQWHG E\ XVLQJ EHDP DQG 
SODWH HOHPHQWV DQG FRQVLGHULQJ WZR GLIIHUHQW ERXQGDU\ FRQGLWLRQV �IXOO\ 
FRQVWUDLQHG DW IRXQGDWLRQ OHYHO DQG HODVWLF VRLO VXSSRUW DFFRUGLQJ WR :LQNOHU¶V 
PRGHO�� 7KH LQWHUDFWLRQ ZLWK WKH FORVH H[LVWLQJ ORZHU EXLOGLQJV LV FRQVLGHUHG DV 
ZHOO� 

,Q DOO RI WKH )(06 WKH PDWHULDOV FKDUDFWHULVWLFV DUH DVVLJQHG RQ WKH EDVLV RI WKH 
VWDWLVWLFDO LQWHUSUHWDWLRQ RI WKH RQ�VLWH WHVW UHVXOWV� 7KH VHLVPLF DQG ZLQG ORDGV DUH 
DSSOLHG DFFRUGLQJ WR WKH ,WDOLDQ 'HVLJQ &RGH �17&�� 

7KH VWUXFWXUDO VDIHW\ YHULILFDWLRQV DUH FDUULHG RXW LQ WHUPV RI VKHDU DQG 
FRPELQHG FRPSUHVVLYH�EHQGLQJ DFWLRQV� ZKHUHDV IXUWKHU GXFWLOLW\ YHULILFDWLRQV DUH 
FRQGXFWHG FRQVLGHULQJ VXLWDEOH QRQOLQHDU EHKDYLRXUV RI FRQFUHWH DQG VWHHO UHEDUV� 
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1. INTRODUCTION 
*DOID 7RZHU LV DQ KLVWRULFDO WDOO EXLOGLQJ LQ 0LODQ �,WDO\�� GHVLJQHG E\ WKH DUFKLWHFW 
0� %HJD LQ 1�5� DQG EXLOW LQ 1�5�� 7KH QDPH ³*DOID´ FRPHV IURP WKH ORFDWLRQ RI 
WKH EXLOGLQJ� ZKLFK LV SODFHG DW WKH LQWHUVHFWLRQ RI *DOYDQL VWUHHW DQG )DUD VWUHHW 
�WKH QDPH LV WKH DFURQ\P PDGH RI WKH ILUVW V\OODEOH RI WKH WZR VWUHHWV�� 7KH WRZHU LV 
102�5 P KHLJKW �IURP WKH JURXQG OHYHO WR WKH �1VW IORRU� DQG LWV W\SLFDO IORRU KDV D 
UHFWDQJXODU SODQ �GLPHQVLRQV� ���5 î 15��5 P�� 7KH XQGHUJURXQG IORRUV UHDFK 10 
P EHORZ WKH JURXQG OHYHO� $URXQG WKH WRZHU� WKHUH DUH ORZHU EXLOGLQJV �LQ WKH 
IROORZLQJ FDOOHG &% ³&RUSL %DVVL´� FKDUDFWHUL]HG E\ WZR DERYHJURXQG OHYHOV DQG 
WZR XQGHUJURXQG OHYHOV� 

 
)LJXUH 1� +LVWRULFDO YLHZ RI WKH WRZHU� 

 
2. TESTS AND SURVEYS 
$Q DGHTXDWH NQRZOHGJH OHYHO RI DQ H[LVWLQJ EXLOGLQJ LV QHFHVVDU\ LQ RUGHU WR 
HYDOXDWH WKH VWUXFWXUDO VDIHW\ RI WKH EXLOGLQJ DQG WR SHUIRUP WKH VWUXFWXUDO DQDO\VLV 
XQGHU HDUWKTXDNH DQG ZLQG ORDGV� 7KH NQRZOHGJH OHYHO RI WKH EXLOGLQJ LV EDVHG RQ 
WKH DZDUHQHVV RI LWV KLVWRU\ �E\ PHDQV RI DQ KLVWRULFDO DQDO\VLV�� LWV JHRPHWU\ 
�IURP VXUYH\ RI WKH VWUXFWXUDO HOHPHQWV LQ WKH ³DV EXLOW´ FRQILJXUDWLRQ� DQG LWV 
PDWHULDOV �WKURXJK PHFKDQLFDO WHVWV�� 5HJDUGLQJ WKH PHFKDQLFDO FKDUDFWHULVWLFV RI 
PDWHULDOV� WKH HYDOXDWLRQ RI WKH FRQFUHWH FRPSUHVVLYH VWUHQJWK� FRQFUHWH HODVWLF 
PRGXOXV DQG FKDUDFWHULVWLFV RI WKH VWHHO UHLQIRUFHPHQW �QXPEHU DQG GLDPHWHU RI 
EDUV DQG VWLUUXSV� GHWDLOLQJ RI UHLQIRUFHPHQW DQG LWV PHFKDQLFDO SURSHUWLHV� DUH 
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IXQGDPHQWDO� )RU WKLV UHDVRQ� VSHFLILF WHVWV KDYH WR EH FDUULHG RXW RQ UHSUHVHQWDWLYH 
HOHPHQWV RI WKH EXLOGLQJ� 

)RU LQVWDQFH� LQ D JHQHULF FROXPQ� WKH HYDOXDWLRQ RI WKH UHLQIRUFHPHQW 
�ORQJLWXGLQDO EDUV DQG VWLUUXSV� KDV WR EH SHUIRUPHG LQ PLG�KHLJKW VHFWLRQ DQG LQ 
WKH FULWLFDO VHFWLRQV �EDVH DQG WRS RI WKH FROXPQ�� 2Q WKH RWKHU KDQG� LQ D JHQHULF 
EHDP� WKH HYDOXDWLRQ FRXOG UHJDUG WKH ORZHU EDUV ORFDWHG DW WKH KDOI VSDQ RI WKH 
EHDP DQG WKH VWLUUXSV SODFHG FORVH WR WKH HQGV RI WKH EHDP� $ERXW WKH VWHHO 
UHLQIRUFHPHQW� WKH PHFKDQLFDO WHVWV DUH SHUIRUPHG RQ IHZ VDPSOHV WDNHQ IURP WKH 
VWUXFWXUH� VR WKH REWDLQHG LQIRUPDWLRQ DERXW WKH EDUV DQG VWLUUXSV FRXOG EH 
FRQVLGHUHG DV OLPLWHG� 7KXV� D FRPSDUDWLYH DQDO\VLV EHWZHHQ WKH WHVW UHVXOWV DQG 
WKH PDWHULDO SUHVFULSWLRQV LQFOXGHG LQ WKH RULJLQDO GUDZLQJV KDV WR EH GRQH WR ILQG 
WKH QHFHVVDU\ FRUUHVSRQGHQFH� 

,Q WKH FDVH RI *DOID WRZHU� WKH RULJLQDO VWUXFWXUDO GUDZLQJV ZHUH DYDLODEOH DQG 
WKH FKHFNV EHWZHHQ WKHP DQG WKH GHWHFWHG LQIRUPDWLRQ DERXW WKH ³DV EXLOW´ 
VWUXFWXUH ZHUH SRVLWLYH ERWK LQ WHUPV RI GLPHQVLRQV RI WKH FRQFUHWH HOHPHQWV DQG 
GHWDLOLQJ RI UHLQIRUFHPHQW� 

 

 
)LJXUH 2� ([DPSOH RI DQ RULJLQDO GHVLJQ GUDZLQJ� 

 
7KH HYDOXDWLRQ RI WKH SRVLWLRQ DQG GLDPHWHU RI WKH UHLQIRUFHPHQW EDUV LQ WKH 

VWUXFWXUHV ZDV FDUULHG RXW WKURXJK DQ LQVWUXPHQW FDOOHG ³SDFKRPHWHU´� 7KH WRRO 
FRQVLVWV RI D IHHOHU WKDW HPLWV PDJQHWLF ILHOG� 7KLV IHHOHU LV FRQQHFWHG WR D XQLW RI 
GLJLWDO DQG DFRXVWLFV SURFHVVLQJ� 7KH IHHOHU LV PDGH WR VOLGH DORQJ WKH VXUIDFH RI 
WKH FRQFUHWH WR EH LQYHVWLJDWHG DQG� E\ WKH DEVRUSWLRQ RI WKH PDJQHWLF ILHOG� WKH 
SRVLWLRQ RI WKH EDUV VXUIDFH� WKH WKLFNQHVV RI WKH FRQFUHWH FRYHU DQG WKH GLDPHWHU RI 
WKH EDUV FDQ EH GHWHFWHG ZLWK JRRG DSSUR[LPDWLRQ� 
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)LJXUH �� 6XUYH\ DIWHU SDFKRPHWHU LQYHVWLJDWLRQ� 

 
2.1 Concrete compression tests 
&RQFUHWH FRPSUHVVLRQ WHVWV DOORZ WKH GHWHUPLQDWLRQ RI HLWKHU FRQFUHWH FRPSUHVVLYH 
VWUHQJWK �E\ XVLQJ VDPSOH FKDUDFWHUL]HG E\ WKH UDWLR +�'   1� ZKHUH + LV WKH 
VDPSOH KHLJKW DQG ' LV WKH GLDPHWHU� DQG HODVWLF PRGXOXV ( �E\ XVLQJ VDPSOH ZLWK 
+�'   2�� $ERXW WKH FRQFUHWH VWUHQJWK� NQRZLQJ WKH FRPSUHVVLRQ WHVW UHVXOWV 
�HLWKHU LQ WHUPV RI FXELF VWUHQJWK 5F RU F\OLQGULFDO VWUHQJWK IF�� WKH ³LQ VLWX´ 
FRPSUHVVLRQ VWUHQJWK �LQ WKH IROORZLQJ� ³LQ VLWX´ FXELF VWUHQJWK 5F
 RU ³LQ VLWX´ 
F\OLQGULFDO VWUHQJWK IF
� FRXOG EH HYDOXDWHG E\ PHDQV RI WKH IROORZLQJ FRHIILFLHQWV 
F1 DQG F2� 7KH FRHIILFLHQW F1 GHSHQGV RQ WKH JHRPHWU\ RI WKH VDPSOH ZKHUHDV WKH 
FRHIILFLHQW F2 FRQVLGHUV WKH GLVWXUEDQFH GXH WR WKH H[WUDFWLRQ RI WKH VDPSOH 
�FRQFUHWH FRUH� IURP WKH JHQHULF FRQFUHWH HOHPHQW� 

 
F1   1 � 0�25 � >�+�'� ± D@     ZLWK D   1 RU 2� 
 
F2   1�0��5 � DFFRUGLQJ WR 0DOKRWUD >�@��  RU F2   1�0��� �DFFRUGLQJ WR $&,��� 
 
%\ WKH DSSOLFDWLRQ RI WKH DERYH FRHIILFLHQWV F1 DQG F2 WR WKH FRPSUHVVLRQ WHVW 

UHVXOWV� WKH ³LQ VLWX´ DYHUDJH FXELF VWUHQJWK 5FP
 RI FRQFUHWH RI WKH *DOID WRZHU DUH 
REWDLQHG �WKH FDOFXODWHG YDOXHV DUH OLVWHG LQ WKH IROORZLQJ 7DEOH 1� 
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7DEOH 1� 5FP
 FRQFUHWH VWUHQJWK RI *DOID WRZHU� 

 
 

2.2 Concrete elastic modulus 
7KH GHWHUPLQDWLRQ RI WKH FRQFUHWH HODVWLF PRGXOXV ( LV DQ HVVHQWLDO WDVN EHFDXVH� 
LQ D WDOO EXLOGLQJ� WKH G\QDPLF UHVSRQVH GXH WR VHLVPLF RU ZLQG ORDGV FRXOG ODUJHO\ 
GHSHQG RQ (� 

)RU WKH FDVH RI *DOID WRZHU� WKH H[SHULPHQWDO YDOXHV RI ( REWDLQHG IURP WKH 
WHVW FDPSDLJQ JDYH 15 YDOXHV LQFOXGHG LQ WKH DFFHSWDEOH UDQJH 20000��0000 03D 
DQG VRPH XQXVXDO YDOXHV ORZHU WKDQ 20000 03D RU KLJKHU WKDQ �0000 03D 
�XQXVXDO LI FRPSDUHG WR WKH FRQFUHWH VWUHQJWK YDOXHV VKRZQ LQ WKH SUHYLRXV 7DEOH 
1�� 
,Q WKH FRQFUHWH HODVWLF PRGXOXV HVWLPDWLRQ SURFHVV� WKH XQXVXDO YDOXHV RI ( ZHUH 
GLVFDUGHG DQG� IURP WKH XQLIRUP GLVWULEXWLRQ� D FOHDU YDOXHV FOXVWHULQJ LQFOXGHG LQ 
WKH UDQJH 2��000 WR 2��000 03D FRPH RXW� $W WKH HQG RI WKH VWDWLVWLFDO 
LQWHUSUHWDWLRQ� DOVR WDNLQJ LQWR DFFRXQW  WKH FRUUHODWLRQ ZLWK WKH DERYH PHQWLRQHG 
FRPSUHVVLYH VWUHQJWK� D FRQFUHWH HODVWLF PRGXOXV HTXDO WR (   2�000 03D ZDV 
GHWHUPLQHG� 
 
 
2.3 SonReb method 
,Q RUGHU WR FRPSOHWH WKH HYDOXDWLRQ RI WKH FRQFUHWH UHVLVWDQFH E\ WKH FRPELQHG 
6RQ5HE PHWKRG� WKH XOWUD�VRQLF DQG VFOHURPHWULF WHVWV DUH FDUULHG RXW� )RU WKH 
VRQLF WHVWV� WKH HYDOXDWLRQ RI WKH UHVLVWDQFH KDV EHHQ SHUIRUPHG HLWKHU E\ WKH GLUHFW 
ZDYHV WUDQVPLVVLRQ DQG WKH LQGLUHFW WUDQVPLVVLRQ� GHSHQGLQJ RQ WKH DFFHVVLELOLW\ 
IURP WKH WZR RSSRVLWH ³IDFHV´ RI WKH ZDOO WHVWHG� 7KH �³LQ VLWX� DYHUDJH YHORFLWLHV 
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�YP
� DUH VKRZQ LQ WKH QH[W 7DEOH 2� 7KH VRQLF WHVWV ZHUH FDUULHG RXW RQ Q��5 
IORRUV� IRU HDFK IORRU WKH DYHUDJH YHORFLW\ LV DOZD\V LQGLFDWHG LQ 7DEOH 2 ZLWK WKH 
/HVOLH DQG &KHHVPDQ  ³MXGJPHQW´ >�@ LQ UHODWLRQ WR WKH DYHUDJH YHORFLWLHV� 
 

7DEOH 2� 9DOXHV RI FRQFUHWH TXDOLW\ DFFRUGLQJ WR OLWHUDWXUH� 

 
 

7KH VFOHURPHWULF WHVWV ZHUH SHUIRUPHG WHVWLQJ IURP Q��2 WR Q��5 HOHPHQWV IRU 
HDFK IORRUV �H[HSW DW WKH 2�WK IORRU ZKHUH RQO\ RQH HOHPHQW ZDV WHVWHG�� )URP WKH 
DYHUDJH UHERXQG LQGLFHV �,U�P� WKH FRUUHVSRQGLQJ �³LQ VLWX´� DYHUDJH FRPSUHVVLRQ 
UHVLVWDQFH ZDV YDOXHG  5F� P 
   �1�2 03D DQG WKH YDULDWLRQ FRHIILFLHQW F
   0�0�� 
LV FDOFXODWHG WRR�  

 
)LJXUH �� ([DPSOH RI XOWUD�VRQLF DQG VFOHURPHWULF WHVWV� 

 
 

 
)LQDOO\� FRPELQLQJ WKH XOWUD�VRQLF YHORFLWLHV �YP� ZLWK WKH UHERXQG LQGLFHV 

�,U�P� E\ WKH IROORZLQJ UHODWLRQV �ZKHUH ,UP LV WKH DYHUDJH YDOXH RI ,U DQG Y
P LV WKH 
DYHUDJH RI Y
 �� WKH 6RQ5HE PHWKRG JLYHV DQ ³LQ VLWX´ DYHUDJH UHVLVWDQFH � 5F�P
   
2� 03D IRU WKH IORRUV LQ HOHYDWLRQ DQG 5F�P
   �� 03D IRU WKH XQGHUJURXQG IORRUV�   
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�5,/(0 1����  5
F    ����5 Â  10�10  Â ,U�P1��50 Â YP2�5� � ZLWK 5
F  >GD1�FP2@ DQG 
YP >P�V@  
 
�*$63$5,. 1��2�  5
F    0�02�� Â  ,U�P1�2�� Â YP1��5 � ZLWK 5
F >1�PP2@ DQG YP 
>.P�V@ 
 
�', /(2� 3$6&$/( 1���� 5
F    1�2Â10�� Â  ,U�P1�05� Â YP2���� � ZLWK 5
F  
>1�PP2@ DQG YP >P�V@ �  
 
 
2.4 Carbonation tests 
7R LQYHVWLJDWH WKH GXUDELOLW\ RI WKH FRQFUHWH� FDUERQDWLRQ WHVWV ZHUH SHUIRUPHG RQ 
DOO FRQFUHWH VDPSOHV H[WUDFWHG IURP WKH YHUWLFDO VWUXFWXUDO HOHPHQWV� 7KH 
FDUERQDWLRQ WHVW FRQVLVWV LQ D SKHQROSKWKDOHLQ VROXWLRQ VSULQNOLQJ RQ WKH H[WHUQDO 
VDPSOH¶V VXUIDFH� 7KH DEVHQFH RI FDUERQDWLRQ LV VLJQDOHG E\ IXFKVLD FRORU UHDFWLRQ� 
RWKHUZLVH WKH FRQFUHWH LV FRQVLGHUHG FDUERQDWHG LI WKH FRORU RI WKH VDPSOH GRHVQ¶W 
FKDQJH� 7KH SRUWLRQ RI WKH JHQHULF VDPSOH ZLWKRXW WKH IXFKVLD FRORULQJ LV JHQHUDOO\ 
PHDVXUHG LQ �OLQHDU� PP DQG LW LV FDOOHG FDUERQDWLRQ GHSWK �X�� )RU WKH *DOID FDVH� 
X ZDV DYHUDJO\ ORZHU WKDQ 20 PP H[FHSW LQ D VDPSOH H[WUDFWHG IURP WKH EDVDPHQW 
IRU ZKLFK X ZDV DERXW �5 PP�    
 

 
)LJXUH 5� ([DPSOH RI FDUERQDWLRQ WHVW� 

 
2.5 Tensile tests on steel 
6RPH WHQVLOH WHVWV ZHUH SHUIRUPHG RQ WKH VWHHO EDUV� WKH DYHUDJH \LHOG VWUHVV LV I\ 
#��0 03D DQG FRQVHTXHQWO\ WKH WHQVLOH VWUHQJKW LV IW # 5�0 03D�  
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3 STRUCTURAL MODELING 
$IWHU WKH NQRZOHGJH RI JHRPHWULHV DQG WKH PDWHULDOV FKDUDFWHULVWLFV� VRPH )(0V 
KDYH EHHQ LPSOHPHQWHG WR SHUIRUP WKH VHLVPLF DQG WKH ZLQG VWUXFWXUH DQDO\VLV 
�UHIHUUHG WR WKH ,WDOLDQ 6WUXFWXUDO &RGH� 17& 200��� ,Q WKH Q��� LPSOHPHQWHG 
)(0V WKH LQIOXHQFH RI WKH &%  �OLNH PHQWLRQHG� WKH ORZHU FRQVWUXFWLRQ FORVH WKH 
7RZHU� DQG WKH LQWHUDFWLRQ RI WKH VWUXFWXUH ZLWK WKH VRLO DUH DQDO\VHG OLNH LW LV 
H[SODLQHG LQ WKH IROORZLQJ FDVHV QRWHG 1D� � 1E�� 2D� DQG 2E��  

 
FDVH 1D�� 7RZHU �IL[HG DW WKH JURXQG IORRU� ZLWK &%� 
FDVH 1E�� 7RZHU �ZLWK VRLO GHIRUPDWLRQV DW WKH JURXQG IORRU� ZLWKRXW &%� 
FDVH  2D�� 7RZHU �IL[HG DW WKH EDVH� WKH EDVH LV WZR OHYHO XQGHUJURXQG� ZLWKRXW &%� 
FDVH 2E�� 7RZHU �ZLWK VRLO GHIRUPDWLRQV DW WKH EDVH� WKH EDVH LV DW WZR OHYHOV 
XQGHUJURXQG� ZLWKRXW &%� 

 
,Q WKH FDVHV 1D� DQG 2D�� WKH GHIRUPDEOH VRLO LV UHSUHVHQWHG E\ :LQNOHU VSULQJV 

KDYLQJ WKH FRHIILFLHQW N   1�0000 N1�P��  
 

 
)LJXUH �� )(0V RI WKH *DOID 7RZHU�  

 
6WDUWLQJ IURP WKH GUDZLQJ LQ ';) RI WKH JHRPHWULF VXUYH\� WKH QHZ GUDZLQJ� 

FOHDQVHG RI VXSHUIOXRXV HOHPHQWV IRU WKH SXUSRVHV RI VWUXFWXUDO PRGHOOLQJ KDV EHHQ 
REWDLQHG� ,W ZDV WKHQ LPSRUWHG LQWR 0LGDV*HQ� IRUPLQJ WKH EDVLV IRU WKH PRGHOOLQJ 
RI WKH VWUXFWXUDO HOHPHQWV� 

� %HDPV DQG FROXPQV ZHUH PRGHOOHG E\ %HDP HOHPHQWV �)LJXUH ��� 
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)LJXUH �� 5HSUHVHQWDWLRQ EHDP HOHPHQW )(0� 

 
� )ORRU DQG ZDOOV ZHUH PRGHOOHG E\ 3ODWH HOHPHQWV �)LJXUH ��� 
 

 
)LJXUH �� 5HSUHVHQWDWLRQ SODWH HOHPHQW )(0� 

 
7KH GHFN VODE �WKLFNQHVV 20 FP� FKDUDFWHUL]LQJ WKH IORRUV �1 DQG �2� DQG DOO WKH 

ZDOOV DUH LPSOHPHQWHG ZLWK ELGLUHFWLRQDO SODWH HOHPHQWV� WKH RWKHUV IORRUV RI WKH 
7RZHU �UHDOL]HG LQ UHLQIRUFHG FRQFUHWH DQG KROORZ WLOHV PL[HG IORRU RI  25�� FP� 
ZHUH LPSOHPHQWHG E\  �RQH�ZD\� SODWH HOHPHQWV DQG �VWLIIHQHG� IXQFWLRQ� %\ WKH 
IXQFWLRQ� RQFH WKH VLQJOH SODWH KDV EHHQ GHVLJQHG� LW LV SRVVLEOH WR LQVHUW WKH 
JHRPHWULHV RI WKH IORRU LQ D GLIIHUHQW ZD\ DFFRUGLQJ WR LWV ORFDO SODQV [] DQG \] �[� 
\ DQG ] DUH WKH ORFDO D[HV RI WKH SODWH HOHPHQW UHSUHVHQWDWLYHV RI WKH IORRU�� 

7KHQ� 0DWHULDOV� 6HFWLRQV DQG 7KLFNQHVV KDYH EHHQ GHILQHG LQ WKH ³3URSHUWLHV´ 
VHFWLRQ� 
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)LJXUH �� 5HSUHVHQWDWLRQ RI WKH IORRU W\SH� 

 
 

3.1 Material Properties 
7KH FKDUDFWHULVWLFV RI WKH PDWHULDOV �FRQFUHWH DQG VWHHO� FRQFHUQLQJ WKH H[LVWLQJ 
VWUXFWXUHV KDYH EHHQ REWDLQHG IURP WKH UHVXOWV RI WHVWV� DV UHSRUWHG LQ WKH DERYH 
SDUDJUDSKV� *LYHQ WKH ODUJH QXPEHU RI WHVWV FDUULHG RXW� DQ DSSURSULDWH OHYHO RI 
NQRZOHGJH RI WKH VWUXFWXUH KDV EHHQ UHDFKHG� &RQILGHQFH IDFWRUV HTXDO WR 1 FDQ EH 
FRUUHODWHG �WKDW LV� \RX KDYH D &RQILGHQFH OHYHO /&� VXFK DV QRW WR UHTXLUH DQ\ 
UHGXFWLRQ RI WKH YDOXHV RI WKH FKDUDFWHULVWLFV RI WKH PDWHULDOV REWDLQHG IURP WKH 
WHVWV�� 

$V UHJDUGV WKH FRQFUHWH WKH IROORZLQJ YDOXHV KDYH EHHQ LPSOHPHQWHG LQ WKH 
)(0� 

 
x IRU WKH FRPSUHVVLYH VWUHQJWK� LQ UHIHUHQFH WR WKH FKDUDFWHULVWLF YDOXHV  
)ORRUV LQ HOHYDWLRQ DERYH WKH �WK� 5FN 
   2� 03D� 
)ORRUV LQ HOHYDWLRQ EHORZ WKH �WK� 5FN 
   2� 03D� 
 
x IRU WKH HODVWLF PRGXOXV (F 
 �
   (FP�   2��000 03D� 
 
x IRU WKH 3RLVVRQ¶V UDWLR IRU DOO SODQV Y   0�125� 

 
$V UHJDUGV WKH VWHHO RI WKH UHLQIRUFLQJ EDUV � 

 
x IRU WKH \LHOG VWUHVV� LQ UHIHUHQFH WR WKH FKDUDFWHULVWLF YDOXH � I\N 
   �10 
03D� 

 
x IRU WKH XOWLPDWH VWUHVV� LQ UHIHUHQFH WR WKH FKDUDFWHULVWLF YDOXH� IWN 
     
��203D� 

 



1�1 
 

x IRU WKH HORQJDWLRQ DW UXSWXUH� LQ UHIHUHQFH WR WKH FKDUDFWHULVWLF YDOXH RI WKH 
HOHYDWLRQ IORRUV� $JN 
   1��� 

 
)LQDOO\� IRU WKH VWHHO ODGGHU RI QHZ FRQVWUXFWLRQ WKH FKDUDFWHULVWLFV RI FODVV 

62�5 VWHHO KDYH EHHQ FRQVLGHUHG� LQVHUWHG DXWRPDWLFDOO\ E\ WKH VRIWZDUH� 
 

x (ODVWLF PRGXOXV� (   2�1 �10� N1 � P2� 
 

x 3RLVVRQ
V UDWLR� Y   0��� 
 

x 'HQVLW\� ȡ62�5   ����� N1 � P�� 
 
 
3.2 Applied loads 
7KH YHUWLFDO ORDGV� LQ DGGLWLRQ WR WKH RZQ ZHLJKW RI WKH VWUXFWXUDO HOHPHQWV 
�FDOFXODWHG DXWRPDWLFDOO\ E\ WKH VRIWZDUH WKURXJK WKH JHRPHWU\ DQG GHQVLW\�� DUH� 
WKH SHUPDQHQW ORDGV � QRQ�VWUXFWXUDO ORDGV � WKH OLYH ORDGV DQG VQRZ ORDG � $OO WKHVH 
ORDGV ZHUH LQFOXGHG DV SUHVVXUH ORDGV RQ WKH IORRUV� 

,Q SDUWLFXODU� WKH QRQ�VWUXFWXUDO ORDGV� DSSOLHG LQ WKH GLIIHUHQW �DUHDV� RI WKH 
IORRUV� DUH UHSRUWHG LQ WKH WDEOH ��   

7KH OLYH ORDGV �4� DUH� 
1� OLYH ORDG DSSOLHG LQ DOO IORRUV� 41   200 NJ � P �  2 N1 � P�LQ DFFRUGLQJ WR 

7DEOH ��2�2 RI '0 200�� FDW� $�� 
2� OLYH ORDG DSSOLHG LQ  WKH URRI � 42   50 NJ � P �  0�5 N1 � P� LQ DFFRUGLQJ 

WR 7DEOH ��2�2 RI '0 200�� FDW� +1�� 
�� VQRZ ORDG� LQ DFFRUGLQJ WR '0 200� LV� 

 
ZKHUH� 

ȝL  LV WKH IRUP FRHIILFLHQW RI WKH URRI� 

TVNLV WKH FKDUDFWHULVWLF YDOXH RI WKH VQRZ ORDG� 

F( LV WKH H[SRVXUH IDFWRU� 

&W LV WKH WKHUPDO FRHIILFLHQW� 
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7DEOH �� ([DPSOH RI QRQ� VWUXFWXUDO ORDGV� 
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7KH KRUL]RQWDO ORDGV DUH ZLQG DQG HDUWKTXDNH� 
)RU WKH ZLQG� WKH ORDG ZDV DSSOLHG ERWK ORQJLWXGLQDOO\� LQ DFFRUGLQJ WR WKH 

JOREDO D[LV [ DQG WUDQVYHUVHO\� LQ DFFRUGLQJ WR WKH JOREDO D[LV \� LQ WKH PRGHO� 
 
)RU WKH HDUWKTXDNH� WKH VWUXFWXUH IDFWRU T LV FDOFXODWHG DV� 
 

T   T0 � .5 � .: 
ZKHUH� 
T0 LV WKH PD[LPXP YDOXH RI WKH VWUXFWXUH IDFWRU� ,W GHSHQGV E\ WKH GXFWLOLW\ 
FODVV SURYLGHG� 
.5 LV D UHGXFWLRQ IDFWRU � ,W GHSHQGV E\ WKH FKDUDFWHULVWLFV RI UHJXODULW\ LQ 
KHLJKW RI WKH EXLOGLQJ� 
.: LV D UHGXFWLRQ IDFWRU IRU WKH ZDOOV VWXEE\� WKLV LV XVHG WR UHGXFH WKH ULVN RI 
EULWWOH IUDFWXUH� 
7KH VWUXFWXUH IDFWRU LV� 
 

q= q0 ͼ KR ͼ  KW  = 3 ͼ 1ͼ  0,65 = 1,95 . 

7R LPSOHPHQW WKH UHVSRQVH VSHFWUXP HDUWKTXDNH� WKH VHLVPLF LQSXW GDWD DUH� 
1RPLQDO OLIH� 50 \HDUV� 
8VH &ODVV ,,� ZLWK XVH FRHIILFLHQW &X   1�  
ORZ GXFWLOLW\ FODVV� 
VRLO FDWHJRU\ �W\SH &� 
WRSRJUDSKLF FRQGLWLRQV� W\SH 61 � 
5HIHUHQFH SHULRG RI WKH VWUXFWXUH � 50 \HDUV� 
:LWK WKHVH GDWD� WKH VSHFWUXP� LPSOHPHQWHG LQ WKH VRIWZDUH� LV DV IROORZV� 

 

 
)LJXUH 10� 5HSUHVHQWDWLRQ RI WKH 6/9 UHVSRQVH VSHFWUXP HDUWKTXDNH� 
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4 RESULTS OF THE ANALYSIS  
 

7KH VWUXFWXUDO DQDO\VLV FRQVLVWHG LQ� 
x WKH LGHQWLILFDWLRQ RI WKH FKDUDFWHULVWLFV RI WKH VWUXFWXUH �LQ SDUWLFXODU� WKH 

PRGHV RI YLEUDWLRQ �SHULRGV� DQG PRGH VKDSHV�� IRU HDFK RI WKH IRXU PRGHOV� 
x WKH VWXG\ RI WKH UHVSRQVH RI WKH VWUXFWXUH� LQ WHUPV RI GLVSODFHPHQW RI WKH 

WRS DQG PD[LPXP GLVSODFHPHQWV RI LQWHU�IORRU �IORRU GULIW�� XQGHU YHUWLFDO ORDGV 
DQG KRUL]RQWDO DFWLRQV �ZLQG DQG HDUWKTXDNH�� WKH DFWLRQ  LV DSSOLHG ERWK 
WUDQVYHUVHO\ DQG ODWHUDOO\ DQG LQ WKH WZR GLUHFWLRQV� 

x 7KH GHILQLWLRQ RI HIILFLHQF\ ��FDSDFLW\ � GHPDQG�� RI ZDOOV DQG SLOODUV� LQ 
WHUPV RI UHVLVWDQFH �ȡ� DQG GHIRUPDWLRQ �į�� 

)RU HDFK )(0� WKH HLJHQYDOXH DQDO\VLV LV SHUIRUPHG DQG WKH YLEUDWLRQDO PRGH 
VKDSHV DUH YDOXHG LQ WHUPV RI IUHTXHQFLHV� SHUFHQWDJHV RI WKH PDVV DQG GHIRUPHG 
VKDSHV� 0RUHRYHU� WKH YHUWLFDO GHDG DQG OLYH ORDGV DUH DSSOLHG OLNH SUHVVXUH  RU 
OLQHDU ORDGV RQ WKH SODWH DQG EHDP HOHPHQWV� :KHUHDV WKH VHLVPLF DFWLRQ LV 
LPSOHPHQWHG E\ WKH VLWH VSHFWUXP � 7KH ZLQG DFWLRQ LV UHSUHVHQWHG E\ DQ 
KRUL]RQWDO IRUFH YHUWLFDOO\ GLVWULEXWHG� $OO WKH YHUWLFDO DQG ODWHUDO ORDGV DUH 
HVWLPDWHV OLNH IROORZLQJ WKH ,WDOLDQ &RQVWUXFWLRQ &RGH 17& 200� DQG DUH 
WKHPVHOYHV FRPELQHG IRU WKH 6HUYLFLDELOLW\ /LPLW 6WDWHV �6/6�� 8OWLPDWH /LPLW 
6WDWH �8/6� DQG /LIH 6DIHW\ /LPLW 6WDWH �/66�� )RU DOO WKH PHQWLRQHG FDVHV � 
1D�·2E� �� WKH UHVXOWV RI WKH HLJHQYDOXH DQDO\VLV� WKH GLVSODFHPHQWV DQG WKH LQWHU�
VWRUH\ GULIWV GXH WR WKH HDUWKTXDNH DQG ZLQG DFWLRQV DUH VKRZQ LQ 7DEOH �� 7KH 
LQGH[ / DQG 7 LQ WKH 7DEOH � UHVSHFWLYHO\ PHDQV LI WKH KRUL]RQWDO ORDGV DUH DSSOLHG 
ORQJLWXGLQDOO\  �/� RU WUDQVYHUVHO\ �7� OLNH LW LV DOVR GUDZQ LQ WKH SUHYLRXV )LJXUH ��  

 
 

7DEOH �� 9LEUDWLRQ PRGHV� GULIW RI IORRU DQG GLVSODFHPHQW LQWR WKH WRS LQ GLUHFWLRQ �7� DQG 
�/� 
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7KH DQDO\VLV RI UHVXOWV DOORZ XV WR PDNH VRPH FRQFOXVLRQV� 
 
x WKH PDLQ YLEUDWLRQ PRGHV � UHJDUGOHVV RI WKH PRGHOOLQJ� KDYH D IOH[XUDO 

EHKDYLRU DVVRFLDWHG ZLWK D URWDWLRQDO FRPSRQHQW �WKH  PRGHV DUH ³IOH[XUDO�
WRUVLRQDO´ PRGHV��  

 
x WKH PD[LPXP GLVSODFHPHQW �Ș WRS� LV 1��1 FP� WKLV YDOXH LV IRXQG XQGHU 

WKH DFWLRQ RI WKH ZLQG LQ WKH ORQJLWXGLQDO GLUHFWLRQ �� [� DQG� FRQVLGHULQJ WKH WRWDO 
KHLJKW �+� RI WKH 7RZHU� DERXW 10�P� WKLV FRUUHVSRQGV WR ȘWRS   + � ��0 �WKH YDOXH 
LV ORZHU WKDQ WKH GLVSODFHPHQW OLPLW� ȘWRS� PD[� RIWHQ UHIHUUHG WR LQ OLWHUDWXUH IRU KLJK 
EXLOGLQJV� HVWLPDWHG DW ȘWRS� PD[  + � 500�� 

 
x WKH PD[LPXP GULIW RI WKH IORRU �ǻȘ� LV ��0 PP� WKLV YDOXH LV IRXQG XQGHU 

WKH DFWLRQ RI WKH ZLQG LQ WKH ORQJLWXGLQDO GLUHFWLRQ �� [�� ZLWK YDOXHV YLUWXDOO\ 
LGHQWLFDO IRU DOO PRGHOLQJV� DW WKH XSSHU IORRUV �IURP WKH 25WK IORRU ZKHUH WKHUH LV 
WKH VSOLWWLQJ RI WKH ZDOO LQ  SLOODUV �� FRQVLGHULQJ WKH LQWHU�IORRU H[WHQW �K� ZLWK D 
YDOXH RI ��2� P� WKLV GULIW ǻȘ   ��0 PP FRUUHVSRQGV WR ǻȘ   K � 5�� �D ORZHU YDOXH 
WKDQ WKH GULIW OLPLW� ǻȘOLP� RIWHQ UHFRPPHQGHG� ERWK LQ OLWHUDWXUH DQG  LQ SUDFWLFH 
K�500 d ǻȘOLP d K��00�� 

 
,Q WKH )(0 DQDO\VLV WKH VWUXFWXUDO HOHPHQWV YHULILHG ZHUH GLVWLQFWO\ QRWHG E\ 

WKH GLUHFWLRQ 7 RU /� ,Q )LJXUH 11 WKH JURXQG IORRU DQG 25 WK SODQV IRU WKH 
WUDQVYHUVDO GLUHFWLRQ DUH VKRZQ�  
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)LJXUH 11� 3ODQV RI JURXQG IORRU DQG 25 WK IORRU� 

 
 

 
4.1 Resistance Analysis  
$V UHTXLUHG E\ 17&� VKHDU UHVLVWDQFH ³95G´ RI VWUXFWXUDO HOHPHQWV ZLWK VSHFLILF 
VKHDU UHLQIRUFHPHQW PXVW EH DVVHVVHG RQ WKH EDVLV RI DQ DGHTXDWH JULG 
VFKHPDWL]DWLRQ� 

7KH FDOFXODWLRQ RI WKH HIILFLHQF\ LQ WHUPV RI UHVLVWDQFH RI D ZDOO LQ WKH 
WUDQVYHUVH GLUHFWLRQ RI WKH *URXQG )ORRU� PRGHO 1E� LV UHSRUWHG DV DQ H[DPSOH� 7KH 
UHVLVWDQW HOHPHQWV DUH� WKH WUDQVYHUVH UHLQIRUFHPHQW� WKH ORQJLWXGLQDO 
UHLQIRUFHPHQW� WKH FRQFUHWH FRPSUHVVHG VWULQJHU DQG WKH LQFOLQHG FRUH VWUXWV� 7KH 
LQFOLQDWLRQ ³T´ RI WKH FRQFUHWH VWULQJHU  LQ UHODWLRQ WR WKH D[LV RI WKH EHDP PXVW 
PHHW WKH IROORZLQJ OLPLWV� 

 
1 � FWJ ș� 2�5 

 
7KH YHULILFDWLRQ RI UHVLVWDQFH �6/8� LV� 
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95G � 9(G 

 
 

ZKHUH 9(G LV WKH GHVLJQ YDOXH RI WKH DJHQW VKHDU VWUHVV� 
 
)RU WKH WUDQVYHUVH DUPDWXUH� WKH �VKHDU�WRUVLRQ�  UHVLVWDQFH LV FDOFXODWHG ZLWK� 

 
)RU  WKH FRQFUHWH FRUH� WKH �VKHDU�FRPSUHVVLRQ� UHVLVWDQFH LV FDOFXODWHG ZLWK� 
 

 
7KH VKHDU UHVLVWDQFH RI WKH EHDP LV WKH VPDOOHVW RI WKH WZR GHILQHG DERYH� 

 
 

95G   PLQ �95VG� 95FG� 
 
0RUHRYHU� DV UHSRUWHG LQ SDUDJUDSK �������5�1 RI 17&� IRU VWUXFWXUHV LQ /RZ 

GXFWLOLW\ &' �%� DQG LQ +LJK GXFWLOLW\ &' �$�� WKH SRVVLEOH LQFUHDVH RI WKH VKHDU 
IRUFHV GXH WR WKH IRUPDWLRQ RI WKH SODVWLF KLQJH DW WKH EDVH RI WKH ZDOO PXVW EH 
WDNHQ LQWR DFFRXQW� )RU WKH VWUXFWXUH LQ ORZ GXFWLOLW\ WKLV UHTXLUHPHQW LV VDWLVILHG LI 
WKH VKHDU UHVXOWLQJ IURP WKH DQDO\VLV LV LQFUHDVHG E\ 50�� 
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7KH HIILFLHQF\ ȡ �7� RI WKH ZDOO FRQFHUQHG LV HTXDO WR� 
 

 
 
$IWHU WKH H[DPLQDWLRQ� WKH IROORZLQJ FRQVLGHUDWLRQV FDQ EH PDGH� 
,PSURYLQJ RI ORQJLWXGLQDO HIILFLHQF\ LQ KHLJKW LQ UHODWLRQ WR WKH WUDQVYHUVH 

GLUHFWLRQ� H[FHSW IRU VRPH VLWXDWLRQV �IRU H[DPSOH� DV UHJDUGV HOHPHQWV � DQG � RQ 
WKH JURXQG IORRU DQG LQ WKH IRXQGDWLRQV�� 

,Q WKH FDVH RI WKH ZDOOV ZLWK HIILFLHQF\ ��5�� VRPH VHLVPLF LPSURYHPHQW 
LQWHUYHQWLRQV �ZLWK WUDGLWLRQDO RU LQQRYDWLYH WHFKQLTXHV� DUH QHHGHG LQ RUGHU WR 
LQFUHDVH HIILFLHQFLHV� 

 
 
 

4.2 Ductility Analysis 
$ GXFWLOLW\ DQDO\VLV LV FDUULHG RXW VWDUWLQJ IURP WKH GHILQLWLRQ RI WKH JOREDO GXFWLOLW\ 
IDFWRU T   1��� DQG WDFNLQJ LQWR DFFRXQW WKH FDVH 1E� EHFDXVH FRQVLGHUHG WKH PRVW 
UHSUHVHQWDWLYH� WKH JOREDO VWUXFWXUDO GXFWLOLW\ LV DFKLHYHG RQO\ LI WKH ORFDO HOHPHQWV 
�ZDOOV DQG FROXPQV�� XQGHU WKH ODWHUDO DFWLRQV� KDYH D VXIILFLHQW ORFDO GXFWLOLW\ LQ 
WHUPV RI WKH SODVWLF URWDWLRQ UHTXHVWHG� 7R HYDOXDWH WKH VWUXFWXUDO HIILFLHQF\ LQ 
WHUPV RI ORFDO GXFWLOLW\� WKH UDWLR �FDSDFLW\ � GHPDQG� LV FDOFXODWHG IRU HDFK ZDOOV 
DQG FROXPQV VWDUWLQJ IURP WKHLU FDSDFLW\ FXUYHV 0�Ȥ �ZKHUH 0 UHSUHVHQWV WKH 
EHQGLQJ PRPHQW DQG Ȥ LV WKH FXUYDWXUH��  

7KH FXUYHV DUH REWDLQHG E\ DVVLJQLQJ WKH .HQW�3DUN FRQVWLWXWLYH ODZV WR WKH 
FRQFUHWH DQG WKH 3DUN 6WUDLQ +DUGHQLQJ FRQVWLWXLYH ODZV WR WKH UHLQIRUFHG VWHHO 
EDUV DQG DOVR E\ DSSO\LQJ WKH KRUL]RQWDO IRUFHV �HDUWKTXDNH DQG ZLQG� WR WKH 
JHQHULF UHLQIRUFHG FRQFUHWH ZDOO �RU FROXPQ� D[LDOO\ ORDGHG E\ D FRQVWDQW IRUFH 
�1��,Q WKH 0�Ȥ FXUYHV WKUHH PDLQ SRLQWV DUH GHWHFWHG� WKH \LHOG �LQLWLDO�� WKH 
PD[LPXP DQG WKH XOWLPDWH� 7KH UDWLR EHWZHHQ WKH XOWLPDWH FXUYDWXUH �Ȥ8� DQG WKH 
\LHOG FXUYDWXUH �Ȥ3/� UHSUHVHQWV WKH GXFWLOLW\ FDSDFLW\ �ȝĳ&� RI WKH JHQHULF 
FRQVLGHUHG HOHPHQW �ȝĳ&   Ȥ8 � Ȥ3/�� 7KH YDOXH RI WKH GXFWLOLW\ FDSDFLW\ �ȝĳ&� ZDV 
FRPSDUHG WR WKH GXFWLOLW\ GHPDQG �ȝĳ'� ZKLFK GHSHQGV RQ WKH GXFWLOLW\ IDFWRU T� 

,Q WKH (XURFRGH �81, (1 1����1�2005 SDU� 5�2����� WKH FDSDFLW\ LQ WHUPV RI 
FXUYDWXUH �ȝĳ� GHSHQGV RQ WKH VWUXFWXUDO FDSDFLW\ LQ WHUPV RI WKH GHIRUPDWLRQV �ȝG� 
E\ WKH UHODWLRQ�  ȝĳ   2 ȝį �1 �ZKHUH ȝį   T  LI WKH SHULRG RI WKH PDLQ YLEUDWLRQDO 
PRGH �71� LV KLJKHU WKDQ WKH SHULRG FRUUHVSRQGLQJ WR WKH SDUW �7F� RI WKH VHLVPLF 
VSHFWUXP ZLWK FRQVWDQW YHORFLW\� OLNH LW LV LQ *DOID FDVH�� $Q H[DPSOH RI FDSDFLW\ 
0�Ȥ LV VKRZQ LQ )LJXUH12� ZKHUH WKH PDLQ SRLQWV \LHOG �QRWHG <0�� PD[LPXP 
�QRWHG 0� DQG XOWLPDWH �QRWHG 8� DUH SRLQWHG RXW� 
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)LJXUH 12� ([DPSOH RI 0�Ȥ FXUYH �ZDOO Q�� ;� XQGHU WKH VHLVPLF DFWLRQ LQ WUDQVYHUVDO 

GLUHFWLRQ� VHH )LJXUH 11�� 
 

5 CONCLUSIONS 
7KH VHYHUDO WHVWV RQ WKH PDWHULDOV KDYH SURYLGHG DQ DGHTXDWH NQRZOHGJH DERXW WKH 
PHFKDQLFDO SHUIRUPDQFHV RI WKH FRQFUHWH DQG WKH VWHHO UHLQIRUFHPHQWV� 7KH 
FKDUDFWHULVWLFV RI WKH PDWHULDOV DUH XVHG LQ Q��� ³DV EXLOW´ ILQLWH HOHPHQW PRGHOV 
UHSUHVHQWLQJ WKH FDVHV PHQWLRQHG LQ WKH SDUDJUDSK �� %\ WKHVH GLIIHUHQW FDVHV WKH 
VWUXFWXUDO UHVSRQVH XQGHU WKH VHLVPLF DQG ZLQG DFWLRQ DUH LQYHVWLJDWHG LQ UHODWLRQ 
WR WKH LQIOXHQFH RI WKH &% DQG WKH LQWHUDFWLRQ VWUXFWXUH�VRLO� )RU HDFK FDVHV 
HLJHQYDOXH DQDO\VLV DUH FDUULHG RXW VKRZLQJ WKH PDLQ YLEUDWLRQ PRGHV KDYH D 
EHQGLQJ�URWDWLRQDO GHIRUPV � 

8QGHU WKH KRUL]RQWDO ORDGV� WKH PD[LPXP YDOXHG GLVSODFHPHQW LV ȘWRS   1��1 
FP� GXH WR WKH ZLQG LQ WKH ORQJLWXGLQDO GLUHFWLRQ� LQ UHODWLRQ WR WKH WRWDO KHLJKW RI 
WKH WRZHU �+  10� P�� LW FRUUHVSRQGV WR  ȘWRS   +���0 � DQ DFFHSWDEOH YDOXH 
EHFDXVH ORZHU WKDQ WKH OLPLW WRS GLVSODFHPHQW ȘWRS�  +�500� LQ PDQ\ FDVHV 
FRQVLGHUHG DFFHSWDEOH IRU WKH WDOO EXLOGLQJV� 

0RUHRYHU� WKH PD[LPXP YDOXHG LQWHU�VWRUH\ GULIW LV ǻȘ   ��0 PP� GXH WR WKH 
ZLQG LQ WKH ORQJLWXGLQDO GLUHFWLRQ� LQ UHODWLRQ WR WKH LQWHU�VWRUH\ KHLJKW KL   ��2� P� 
LW FRUUHVSRQGV WR ǻȘ   KL�5�� � DQ DFFHSWDEOH YDOXH EHFDXVH LQFOXGHG LQ WKH OLPLW 
UDQJH RI WKH LQWHU�VWRUH\ GULIW KL�500  ǻȘOLP  KL��00 JHQHUDOO\ FRQVLGHUHG 
DFFHSWDEOH� )URP WKH GLIIHUHQW DQDO\VHG FDVH� WKH FDVH 1E� ZDV FRQVLGHUHG WKH PRVW 
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UHSUHVHQWDWLYH HYHQ LI WKH HIIHFWV RQ WKH VWUXFWXUH GXH WR WKH HDUWKTXDNH DQG ZLQG 
DUH YHU\ VLPLODU LQ DOO WKH FRQVLGHUHG FDVHV �L�H�� IRU WKH GLVSODFHPHQWV VHH WKH 
SUHYLRXV 7DEOH ��� 

7KH UHVLVWDQFH YHULILHV GRQH LQ WHUPV RI VKHDU �9� DQG D[LDO�EHQGLQJ �3I� VKRZ 
DQ HQRXJK VWUXFWXUDO HIILFLHQF\ RI PDQ\ ZDOOV� ,Q IDFW� FRQVLGHULQJ DFFHSWDEOH �IRU 
H[DPSOH� LQ WHUPV RI 9 WKH ³FDSDFLW\ � GHPDQG´ UDWLR ȡ5   9V �9U   0��5 �ZKHUH 
9V LV WKH VKHDU GXH WR WKH HDUWKTXDNH RU ZLQG DQG 9U LV WKH UHVLVWDQFH VKHDU GXH WR 
WKH VWLUUXSV DQG ZDOOV WKLFNQHVV� WKH IROORZLQJ FRQVLGHUDWLRQV FRXOG EH XQGHUOLQHG� 

IRU WUDQVYHUVDO �7� GLUHFWLRQ� DOO WKH ZDOOV ORFDWHG IURP WKH JURXQG  IORRU WR WKH 
1�WK  IORRU  VKRZ       ȡ5 � 0��5� HYHQ LI IURP WKH 1�WK IORRU VRPH IRU D ORW RI ZDOOV 
ȡ5 LV YHU\ FORVH WR WKH SUHGLFWHG OLPLW     ȡ5   0��5 EXW DURXQG WKH 25WK IORRU� ZKHUH 
WKH ZDOOV DUH VSOLW LQ FROXPQV� ȡ5  ODUJHO\ EDFNV ȡ5 � 0��5�   

IRU ORQJLWXGLQDO �/� GLUHFWLRQ� WKH ZDOOV ORFDWHG DW WKH JURXQG IORRU ODUJHO\ 
VKRZV ȡ5 � 0��5 ZKHUHDV WKH ZDOOV IURP WKH  �WK WR WKH 1�WK IORRU KDV SUDFWLFDOO\ ȡ5 
  0��5 �HYHQ LI ORZHU WKDQ WKH OLPLW YDOXH 0��5�� OLNH LQ WUDQVYHUVDO FDVH� ZKHUH WKH 
ZDOOV DUH VSOLW LQ FROXPQV� ȡ5  ODUJHO\ EDFNV ȡ5 � 0��5� 

7KH GXFWLOLW\ YHULILHV DUH ODUJHO\ VDWLVILHG� LQ IDFW� 
IRU WUDQVYHUVDO �7� GLUHFWLRQ� WKHUH DUH RQO\ WKUHH FDVHV ZKHUH WKH GXFWLOLW\ UDWLR 

ȡȝ  ȝĳ& � ȝĳ' UHVXOWV ȡȝ � 0��5 DQG  RQO\ RQH HOHPHQW VKRZV ȡȝ � 0�50 �HOHPHQW 
Q�� ; DW WKH 1�WK IORRU XQGHU WKH WUDQVYHUVDO ZLQG�� 

IRU ORQJLWXGLQDO �/� GLUHFWLRQ� WKHUH DUH 2� FDVHV ZKHUH WKH GXFWLOLW\ UDWLR ȡȝ  
ȝĳ& � ȝĳ' UHVXOWV ȡȝ � 0��5�  KRZHYHU  WKHVH FDVHV KDV D ȡȝ YDOXH YHU\ FORVH WR 
0��5 � DOVR LQ /� RQO\ D VLQJOH HOHPHQW VKRZV ȡȝ � 0�50 �HOHPHQW Q��� DW WKH DW WKH 
1�WK IORRU XQGHU WKH ORQJLWXGLQDO ZLQG�� 

7KDW PHDQV  WKH VWUXFWXUDO LPSURYHPHQWV KDYH WR PDLQO\ LQWHUHVW WKH UHVLVWDQFH 
RI WKH HOHPHQWV UDWKHU WKH GXFWLOLW\� $OO WKH K\SRWKHVLV WR LPSURYH WKH VWUXFWXUDO 
EHKDYLRXU XQGHU WKH ODWHUDO ORDGV KDYH WR EH SURSRVHG E\ FRQVLGHULQJ FRVW�EHQHILW 
DQDO\VLV DQG WKH LQYDVLYHQHVV LQ UHODWLRQ WR WKH DUFKLWHFWXUDO GHVLJQ FDUULHG RXW WR 
FKDQJH WKH LQWHQGHG XVH RI WKH 7RZHU� 
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