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1RWLFH

7KH� 8�6�� *RYHUQPHQW� GRHV� QRW� HQGRUVH� SURGXFWV� RU
PDQXIDFWXUHUV���7UDGH�RU�PDQXIDFWXUHUV
�QDPHV�DSSHDU
KHUHLQ� VROHO\� EHFDXVH� WKH\� DUH� FRQVLGHUHG� HVVHQWLDO� WR
WKH�REMHFW�RI�WKLV�UHSRUW�

7KH� FRQWHQWV� RI� WKLV� UHSRUW� DUH� WKH� YLHZV� RI� WKH
FRQWUDFWRU� DQG� GR� QRW� QHFHVVDULO\� UHIOHFW� WKH� YLHZV� RU



SROLFLHV�RI� WKH�8�6��'HSDUWPHQW�RI�+RXVLQJ�DQG�8UEDQ
'HYHORSPHQW�RU�WKH�8�6��*RYHUQPHQW�



$FNQRZOHGJHPHQWV

7KLV�UHSRUW�ZDV�SUHSDUHG�E\�WKH�1$+%�5HVHDUFK�&HQWHU�IRU�WKH�8�6��'HSDUWPHQW
RI�+RXVLQJ�DQG�8UEDQ�'HYHORSPHQW���6SHFLDO�DSSUHFLDWLRQ�LV�H[WHQGHG�WR�1$+%
PHPEHUV� %LOO� (LFK�� *HUDOG� (LG�� 7LP� 'XII�� -HVV� +DOO� DQG� WKHLU� VWDIIV�� IRU
FRQVWUXFWLQJ�WKH�ILYH�GHPRQVWUDWLRQ�KRPHV��5LFKDUG�0RUULV��1DWLRQDO�$VVRFLDWLRQ
RI�+RPH�%XLOGHUV� IRU� LQLWLDWLQJ� WKH� WHFKQRORJ\� WUDQVIHU� LQWR� WKH�8QLWHG� 6WDWHV�
3HWHU�6WHXUHU��1DWLRQDO�2FHDQLF� DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ�� IRU� SURYLGLQJ
DQG�YHULI\LQJ�SURSHU�PHWKRGV�RI�HVWLPDWLQJ� ORQJ�WHUP�DLU�IUHH]LQJ� LQGH[HV��'RZ
&KHPLFDO� &RPSDQ\�� 0LG�$PHULFD� 0ROGHUV�� 8�&�� ,QGXVWULHV�� ,QF�� DQG� $PRFR
)RDP� 3URGXFWV�� IRU� GRQDWLRQ� RI� LQVXODWLRQ�� DQG� :LOOLDP�)UHHERUQH�� 8�6�
'HSDUWPHQW� RI� +RXVLQJ� DQG� 8UEDQ� 'HYHORSPHQW�� IRU� JXLGDQFH� DQG� UHYLHZ
WKURXJKRXW�ERWK�SKDVHV�RI�WKH�SURMHFW�

,Q�DGGLWLRQ��WKH�1$+%�5HVHDUFK�&HQWHU�JLYHV�VSHFLDO�UHFRJQLWLRQ�WR�7KH�6RFLHW\�RI
WKH� 3ODVWLFV� ,QGXVWU\�� ,QF�� IRU� VHYHUDO� \HDUV� RI� VXSSRUW� WKDW� KDV� KHOSHG� WR� UH�
LQWURGXFH�WKLV�WHFKQRORJ\�WR�WKH�8QLWHG�6WDWHV���7KHLU�VSRQVRUVKLS�KDV�SURPRWHG
DFWLYLWLHV� VXFK� DV� WHFKQRORJ\� WUDQVIHU� IURP� (XURSH�� ILQLWH� HOHPHQW� FRPSXWHU
PRGHOOLQJ�RI�KHDW�WUDQVIHU�WKURXJK�IRXQGDWLRQV��DQDO\VLV�RI�GHVLJQ�SURFHGXUHV�IRU
IURVW� SURWHFWLRQ� RI� IRXQGDWLRQV�� IRUPXODWLRQ� RI� LPSRUWDQW� FOLPDWH� GDWD� IRU� WKH
8QLWHG�6WDWHV��DQG�GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�WR�EXLOGLQJ�FRGH�UHSUHVHQWDWLYHV�
�7KHVH�SUHYLRXV�DFWLYLWLHV�KDYH�FRQWULEXWHG�WUHPHQGRXVO\�WR�WKLV�GRFXPHQW���

7KH�1$+%�5HVHDUFK�&HQWHU�VWDII�UHVSRQVLEOH�IRU�WKLV�GRFXPHQW�DUH�

-D\�+��&UDQGHOO��3�(���SULQFLSDO�LQYHVWLJDWRU
(ULF�0��/XQG��WHFKQLFDO�DVVLVWDQFH
0LNH�*��%UXHQ��3�(���WHFKQLFDO�DVVLVWDQFH
0DUN�6��1RZDN��UHYLHZHU
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/LVW�RI�)LJXUHV

)LJXUHV

)LJXUH���$�IURVW�SURWHFWHG�VKDOORZ�IRXQGDWLRQ�LQ�FRPSDULVRQ�WR�D
��FRQYHQWLRQDO�KRXVH�IRXQGDWLRQ����������������������������������������������������������� �

)LJXUH���7KH�HIIHFW�RI�YDULRXV�FRQGLWLRQV�RQ�IURVW�SHQHWUDWLRQ�LQWR
��WKH�JURXQG ����������������������������������������������������������������������������������������� �

)LJXUH���+HDW�H[FKDQJH�RFFXUULQJ�DW�DQ�LQVXODWHG�EXLOGLQJ�IRXQGDWLRQ �������������� �
)LJXUH���3KRWRJUDSK�RI�WKH�:LOOLVWRQ��9HUPRQW�VLWH��������������������������������������������� �
)LJXUH���3KRWRJUDSK�RI�WKH�6SLULW�/DNH��,RZD�VLWH ����������������������������������������������� �
)LJXUH���3KRWRJUDSK�RI�WKH�)DUJR��1RUWK�'DNRWD�VLWH��KRPH������������������������������ �
)LJXUH���3KRWRJUDSK�RI�WKH�)36)�IRXQGDWLRQ�FRQVWUXFWLRQ�DW�)DUJR�

�1RUWK�'DNRWD��KRPH���� ���������������������������������������������������������������������� �
)LJXUH���3KRWRJUDSK�RI�WKH�3DOPHU��$ODVND�VLWH� ����������������������������������������������� ��
)LJXUH���3KRWRJUDSK�RI�WKH�UHF\FOHG�SODVWLF�OXPEHU�XVHG�LQ�WKH�)36)�GHVLJQ�DW

�WKH�VHFRQG�)DUJR��1RUWK�'DNRWD�VLWH��KRPH���� ��������������������������������� ��
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(;(&87,9(�6800$5<

7KLV� UHSRUW� FRQWDLQV� WKH� UHVXOWV� RI� DQ� LQYHVWLJDWLRQ� DQG� GHPRQVWUDWLRQ� RI� WKH
IURVW�SURWHFWHG� VKDOORZ� IRXQGDWLRQ� �)36)�� WHFKQRORJ\�� � 6SHFLILF� WDVNV� LQFOXGH
ILHOG�SHUIRUPDQFH� WHVWLQJ�RI� WKH� WHFKQRORJ\� LQ� ILYH�KRPHV� LQ� WKH�8QLWHG�6WDWHV�
LQYHVWLJDWLQJ�WKH�FRVW�HIIHFWLYHQHVV�RI�WKH�WHFKQRORJ\��DQG�GHYHORSLQJ�GHVLJQ�DQG
FRQVWUXFWLRQ�JXLGHOLQHV�IRU�EXLOGHUV��GHVLJQHUV��DQG�FRGH�RIILFLDOV�

$� IURVW�SURWHFWHG�VKDOORZ�IRXQGDWLRQ� LV�D�SUDFWLFDO�FRQVWUXFWLRQ�PHWKRG� LQ�FROG
FOLPDWHV� ZKHUH� PRUH� FRVWO\� FRQYHQWLRQDO� IRXQGDWLRQ� PHWKRGV� DUH� XVHG�� � 7KH
PRVW� H[WHQVLYH�XVH� RI� WKH� WHFKQRORJ\�KDV�EHHQ� LQ� WKH� 6FDQGLQDYLDQ� FRXQWULHV�
ZKHUH�RYHU���PLOOLRQ�KRPHV�KDYH�EHHQ�FRQVWUXFWHG�VXFFHVVIXOO\�RYHU�WKH�ODVW���
\HDUV�
� � 7KH� ILJXUH� EHORZ� LOOXVWUDWHV� D� IURVW�SURWHFWHG� VKDOORZ� IRXQGDWLRQ
FRPSDUHG� ZLWK� D� FRQYHQWLRQDO� IRXQGDWLRQ�� � %ULHIO\�� D� IURVW�SURWHFWHG� VKDOORZ
IRXQGDWLRQ� UHOLHV� RQ� LQVXODWLRQ� VWUDWHJLFDOO\� SODFHG� DURXQG� WKH� IRXQGDWLRQ� WR
UDLVH�WKH� IURVW�GHSWK�DURXQG�D�EXLOGLQJ�� WKHUHE\�DOORZLQJ� IRXQGDWLRQ�GHSWKV�DV
VKDOORZ�DV����LQFKHV������PHWHUV��LQ�WKH�PRVW�VHYHUH�8�6��FOLPDWHV�

                                                

 0RUULV� 5LFKDUG $� )URVW�3URWHFWHG 6KDOORZ )RXQGDWLRQV� &XUUHQW 6WDWH�RI�WKH�$UW DQG 3RWHQWLDO

$SSOLFDWLRQ LQ WKH 8�6� 3UHSDUHG IRU WKH 6RFLHW\ RI WKH 3ODVWLFV ,QGXVWU\� ,QF�� �(36 GLYLVLRQ� E\ WKH

1$+% 5HVHDUFK &HQWHU �$XJXVW ������ GLVWULEXWHG E\ 63, /LWHUDWXUH 6DOHV� :DOGRUI� 0'�

Schematic of FPSF and conventional foundation systems.
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7KH� LQVXODWLRQ� DURXQG� WKH� IRXQGDWLRQ� SHULPHWHU� FRQVHUYHV� KHDW� ORVV� IURP� WKH
IRXQGDWLRQ�DQG�SUHYHQWV� WKH� IUHH]LQJ�RI� VRLOV�XQGHU� WKH� IRXQGDWLRQ�� �7KH� IURVW�
SURWHFWHG� VKDOORZ� IRXQGDWLRQ� LV� DOVR� DSSOLFDEOH� WR� XQKHDWHG� SDUWV� RI� EXLOGLQJV
VXFK�DV�JDUDJHV�E\�FRQVHUYLQJ�WKH�JHRWKHUPDO�KHDW�UHVHUYHV�LQ�WKH�VRLO�EHORZ�WKH
EXLOGLQJ�

&216758&7,21�$1'�021,725,1*�2)�'(021675$7,21�+20(6

)LYH� KRPHV� ZHUH� FRQVWUXFWHG� IRU� WKLV� SURMHFW� RYHU� D� WZR� \HDU� SHULRG� WR
GHPRQVWUDWH�DQG�WHVW�WKH�WHFKQRORJ\���'XULQJ�WKH���������ZLQWHU�KHDWLQJ�VHDVRQ
�SKDVH�,���RQH�KRPH�ZDV�FRQVWUXFWHG�DQG�LQVWUXPHQWHG� LQ�HDFK�RI� WKUHH�VLWHV� �
)DUJR�� 1RUWK� 'DNRWD�� 6SLULW� /DNH�� ,RZD�� DQG� :LOOLVWRQ�� 9HUPRQW�� � 'XULQJ� WKH
��������ZLQWHU�VHDVRQ��SKDVH�,,��WZR�DGGLWLRQDO�KRPHV�ZHUH�EXLOW���RQH�LQ�)DUJR
DQG� DQRWKHU� LQ� 3DOPHU�� $ODVND�� � $OO� RI� WKH� KRPHV�ZHUH� EXLOW� RQ� VODE�RQ�JUDGH
IRXQGDWLRQV���7KH�VW\OHV�RI� WKHVH�KRPHV�YDULHG� IURP�DIIRUGDEOH�WRZQKRPHV�DQG
GHWDFKHG�UHVLGHQFHV�WR�FXVWRP�EXLOW�KRPHV���7KH�)36)�GHVLJQ�IRU�HDFK�VLWH�ZDV
EDVHG�RQ�WKH�HVWDEOLVKHG�SUDFWLFH�LQ�1RUZD\���)RXU�VLWHV�ZHUH�FRQVWUXFWHG�ZLWK
H[WUXGHG�SRO\VW\UHQH� �;36�� LQVXODWLRQ��DQG�RQH�VLWH�ZLWK� H[SDQGHG�SRO\VW\UHQH
�(36��

7HPSHUDWXUH�VHQVRUV�DQG�DQ�DXWRPDWHG�GDWD� ORJJHU�ZHUH� LQVWDOOHG�DW�HDFK�VLWH
GXULQJ�WKH�FRQVWUXFWLRQ�RI�WKH�KRPHV���6HQVRUV�ZHUH�SODFHG�WR�REWDLQ�IRXQGDWLRQ
WHPSHUDWXUHV�� JURXQG� WHPSHUDWXUHV�� LQGRRU� DQG� RXWGRRU� DLU� WHPSHUDWXUHV� DQG
VODE�VXUIDFH�WHPSHUDWXUHV�� � �6RLO� W\SH��PRLVWXUH�FRQWHQW��DQG�RWKHU�SDUDPHWHUV
ZHUH�UHFRUGHG�DW�HDFK�VLWH��

'(6,*1�3(5)250$1&(�$1$/<6,6

'DWD� IURP� WKH� ILYH�KRPHV�SURYLGHG� YDOXDEOH� LQIRUPDWLRQ� IRU� WKH� DVVHVVPHQW� RI
WKH� IURVW�SURWHFWHG� VKDOORZ� IRXQGDWLRQ� SHUIRUPDQFH� ZLWK� UHVSHFW� WR� WKH
UHFRPPHQGHG�GHVLJQ�JXLGHOLQHV���7KH�IURVW�KHDYH�SRWHQWLDO�DW�DOO�RI�WKH�VLWHV�ZDV
VXFFHVVIXOO\�PLWLJDWHG�IRU�ERWK�WKH�KHDWHG�DQG�XQKHDWHG�DUHDV�RI�WKH�KRPHV�DQG
QRQH� RI� WKH� KRPHV� H[SHULHQFHG� IUHH]LQJ� RI� WKH� VXEJUDGH� VRLO� VXSSRUWLQJ� WKH
IRXQGDWLRQ���7HVW�DUHDV�RQ�WZR�KRPHV�ZHUH�SXUSRVHO\�XQGHU�GHVLJQHG�WR�VXEMHFW
WKH� WHFKQRORJ\� WR� D� VHYHUH� WHVW� DV� ZRXOG� EH� H[SHFWHG� VKRXOG� D� ����\U� UHWXUQ
SHULRG�ZLQWHU�HYHQW�RFFXU���7KHVH�GHVLJQV�ZHUH�DOVR�VXFFHVVIXO�LQ�SUHYHQWLQJ�WKH
SRWHQWLDO� IRU� IURVW� GDPDJH�� DQG� IXUWKHU� YDOLGDWH� WKH� LQWHJULW\� RI� WKH� GHVLJQ
UHFRPPHQGDWLRQV�����

&267�2)�)5267�3527(&7('�6+$//2:�)281'$7,216

'XULQJ� SKDVH� ,� � RI� WKH� SURMHFW�� D� GHWDLOHG� FRVW� DQDO\VLV� ZDV� FRPSLOHG� IRU� WKH
KRPHV�EXLOW�IRU�WKH���������ZLQWHU�VHDVRQ���$OWKRXJK�WKH�EXLOGHUV�HDFK�UHDOL]HG
FRVW�VDYLQJV�FRPSDUHG�WR�WKHLU�FRQYHQWLRQDO�FRQVWUXFWLRQ�SUDFWLFHV��WKHUH�ZDV�D
ZLGH�YDULDELOLW\�LQ�FRVWV�GXH�SULPDULO\�WR�GLIIHUHQW�GHJUHHV�RI�IDPLOLDULW\�ZLWK�WKH



Executive Summary

L[

WHFKQLTXH�DQG�WR�GLIIHUHQFHV�LQ�KRXVH�W\SH���&RVW�VDYLQJV�UDQJHG�IURP�����WR����
SHUFHQW�RI�WKH�WRWDO�KRPH�VDOHV�SULFH��

3UHYLRXV�FRVW�VWXGLHV�DOVR�LOOXVWUDWH�WKH�FRVW�VDYLQJV�SRWHQWLDO�RI� IURVW�SURWHFWHG
VKDOORZ�IRXQGDWLRQV���$�VWXG\�E\�0RUULV�FRPSDUHG�VKDOORZ�IRXQGDWLRQV�ZLWKRXW
JDUDJHV�RU�RWKHU�XQKHDWHG�VSDFHV� WR�FRQYHQWLRQDO�GHHS�IRXQGDWLRQ�SUDFWLFHV� LQ
)DUJR��1'��0LQQHDSROLV�6W��3DXO��01��&KLFDJR��,/��3LWWVEXUJK��3$��:DVKLQJWRQ�
'&��DQG��6W��/RXLV��02�

� �7KH�VDYLQJV� FDOFXODWHG� IRU�D� IURVW�SURWHFWHG�VKDOORZ
IRXQGDWLRQ� LQ� WKLV� VWXG\� ZHUH� VLPLODU� WR� WKDW� DFKLHYHG� E\� WKH� GHPRQVWUDWLRQ
KRPHV�� �0RUULV�KDV�SURMHFWHG�D�SRWHQWLDOO\� ODUJH�DQQXDO� VDYLQJV� LQ� HQHUJ\�DQG
FRQVWUXFWLRQ�FRVWV�LI�WKH�WHFKQRORJ\�H[SHULHQFHV�ZLGH�VSUHDG�DFFHSWDQFH�

'(6,*1�$1'�&216758&7,21�5(&200(1'$7,216

'HVLJQ� DQG� FRQVWUXFWLRQ� UHFRPPHQGDWLRQV� ZHUH� GHYHORSHG� XQGHU� WKLV� SURMHFW
EDVHG�RQ�GDWD�IURP�D�SURSRVHG�FRQVHQVXV�VWDQGDUG�E\�WKH�&RPLWp�(XURSpHQ�GH
1RUPDOLVDWLRQ� �&(1��� � 7KH� &(1� GUDIW� VWDQGDUG� LV� EDVHG� RQ� ZHOO�GRFXPHQWHG
H[SHULHQFHV� LQ� (XURSH�� FRYHUV� D� EURDG� UDQJH� RI� IURVW�SURWHFWHG� VKDOORZ
IRXQGDWLRQ� DSSOLFDWLRQV�� DQG� LV� DOVR� EHLQJ� FRQVLGHUHG� DV� D� VWDQGDUG� E\� WKH
,QWHUQDWLRQDO� 6WDQGDUGV� 2UJDQL]DWLRQ�� � 5HVXOWV� IURP� WKH� ILYH� KRPHV� LQ� WKLV
LQYHVWLJDWLRQ�IXUWKHU�YDOLGDWH�WKH�SURSRVHG�&(1�GHVLJQ�VWDQGDUG�IRU�WKH�W\SH�RI
DSSOLFDWLRQV�FRYHUHG�LQ�WKH�GHPRQVWUDWLRQ�KRPHV���7KH�GHVLJQ�DQG�FRQVWUXFWLRQ
JXLGHOLQHV�DUH�SXEOLVKHG�XQGHU�D�VHSDUDWH�WLWOH��'HVLJQ�*XLGH�IRU�)URVW�3URWHFWHG
6KDOORZ�)RXQGDWLRQV
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$SSOLFDWLRQ LQ WKH 8�6� 3UHSDUHG IRU WKH 6RFLHW\ RI WKH 3ODVWLFV ,QGXVWU\� ,QF�� �(36 GLYLVLRQ� E\ WKH

1$+% 5HVHDUFK &HQWHU �$XJXVW ������ GLVWULEXWHG E\ 63, /LWHUDWXUH 6DOHV� :DOGRUI� 0'�
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 1$+% 5HVHDUFK &HQWHU� 'HVLJQ *XLGH IRU )URVW�3URWHFWHG 6KDOORZ )RXQGDWLRQV� 3UHSDUHG IRU

WKH 8QLWHG 6WDWHV 'HSDUWPHQW RI +RXVLQJ DQG 8UEDQ 'HYHORSPHQW� :DVKLQJWRQ� '&� *32� �����

&21&/86,216

)LQGLQJV�IURP�WKLV�VWXG\�VXSSRUW�WKH�IROORZLQJ�FRQFOXVLRQV�

���� +RXVHV� DQG� RWKHU� VWUXFWXUHV� PD\� EH� EXLOW� RQ� VKDOORZ�� VODE�RQ�JUDGH
IRXQGDWLRQV� LQ� FROG�FOLPDWHV� ZKHQ� SURSHUO\� LQVXODWHG� WR� SURWHFW� DJDLQVW
IURVW�KHDYH�

���� 7KH� GHPRQVWUDWLRQ� KRPHV� SHUIRUPHG� ZHOO� DQG� SURYLGH� VXEVWDQWLDWLQJ
HYLGHQFH� IRU� WKH� IURVW�SURWHFWHG� VKDOORZ� IRXQGDWLRQ� WHFKQLTXHV� GHVLJQ



Executive Summary

[

UHFRPPHQGDWLRQV�

���� )URVW�SURWHFWHG� VKDOORZ� IRXQGDWLRQ� FRQVWUXFWLRQ� SURYLGHV� D� FRVW�HIIHFWLYH
DOWHUQDWLYH�WR�FRQYHQWLRQDO�IRXQGDWLRQ�FRQVWUXFWLRQ�LQ�WKH�8QLWHG�6WDWHV��
&RVW�VDYLQJV�WR�WKH�KRPH�EX\HU�UDQJH�IURP�DSSUR[LPDWHO\���WR���SHUFHQW�RI
WKH�FRVW�RI�D�FRQYHQWLRQDO�VODE�RQ�JUDGH�KRPH�DQG�DUH�HYHQ�JUHDWHU�ZKHQ
FRPSDUHG�WR�EDVHPHQW�FRQVWUXFWLRQ�

���� ([SHULHQFH� KDV� VKRZQ� WKDW� WKH� IURVW�SURWHFWHG� VKDOORZ� IRXQGDWLRQ
WHFKQRORJ\�PD\�EH�XVHG�WR�LQFUHDVH�WKH�HQHUJ\�HIILFLHQF\�RI�QHZ�KRXVHV�DW
D�PLQLPDO�RU�UHGXFHG�FRQVWUXFWLRQ�FRVW�



�

,1752'8&7,21

7KLV� UHSRUW� DGGUHVVHV� RQH� RI� D� VHULHV� RI� SURMHFWV� FRQGXFWHG� IRU� WKH� 8�6�
'HSDUWPHQW� RI� +RXVLQJ� DQG� 8UEDQ� 'HYHORSPHQW� �+8'�� WR� LQYHVWLJDWH
WHFKQRORJLHV� WKDW�PD\� UHGXFH� WKH� FRQVWUXFWLRQ� FRVWV� RI� KRXVLQJ�� � 6SHFLILFDOO\�
WKLV� GRFXPHQW� UHSRUWV� RQ� ILQGLQJV� IURP� D� WZR�SKDVH� LQYHVWLJDWLRQ� RI� IURVW�
SURWHFWHG�VKDOORZ�IRXQGDWLRQV��)36)��

,Q� WKH� 3KDVH� ,� UHSRUW�� WR� +8'�� LW� ZDV� YHULILHG� WKDW� WKH� )36)� WHFKQRORJ\� ZDV
FDSDEOH� RI� UHGXFLQJ� WKH� FRVW� RI� IRXQGDWLRQ� FRQVWUXFWLRQ� DQG� VXFFHVVIXOO\
SUHYHQWLQJ� IURVW� KHDYH� RI� IRXQGDWLRQV�� � $� GHWDLOHG� SUHVHQWDWLRQ� RI� WKH
SHUIRUPDQFH� RI� WKH� ILUVW� WKUHH� KRPHV� GXULQJ� WKH� �������� ZLQWHU� VHDVRQ� LV
SUHVHQWHG�LQ�WKDW�UHSRUW���&RQVWUXFWLRQ�FRVW�VDYLQJV�RI���WR���SHUFHQW�RI�WKH�WRWDO
KRPH� VDOHV�SULFH� DUH� DOVR� UHSRUWHG�� � 7KHVH� ILQGLQJV� DUH� LQ� DJUHHPHQW�ZLWK� WKH
(XURSHDQ�H[SHULHQFH�RYHU�WKH�ODVW����\HDUV�ZKLFK�LV�H[HPSOLILHG�LQ�RYHU���PLOOLRQ
KRPHV�EXLOW�XVLQJ�)36)�WHFKQLTXHV�

:KLOH�WKH�3KDVH�,�VWXG\�ZDV�LQVWUXPHQWDO�LQ�GHPRQVWUDWLQJ�WKH�IHDVLELOLW\�RI�WKH
)36)� WHFKQRORJ\�� LW� GLG� QRW� SURYLGH� FRQFOXVLYH� WHVW� UHVXOWV� RI� WKH� SHUIRUPDQFH
OLPLW�RI�)36)�KRPHV�GXULQJ�DQ�H[WUHPH�ZLQWHU�HYHQW�

7KH�PDLQ�REMHFWLYHV�RI�WKLV�VHFRQG�SKDVH�VWXG\�ZHUH

���� WR�SURYLGH�D� VWULQJHQW� ILHOG� WHVW� RI� WKH� IURVW�SURWHFWHG� VKDOORZ� IRXQGDWLRQ
WHFKQRORJ\� RQ� KRPHV� EXLOW� LQ� VHYHUH� FOLPDWLF� DQG� VRLO� FRQGLWLRQV� RI� WKH
8QLWHG�6WDWHV�

���� WR�GHPRQVWUDWH�DQG�LQYHVWLJDWH�DOWHUQDWLYH�DSSOLFDWLRQV�RI�WKH�WHFKQRORJ\�
���� WR� SURYLGH� D� FRQFLVH�� \HW� FRPSUHKHQVLYH�� GHVLJQ� DQG� FRQVWUXFWLRQ

GRFXPHQW�IRU�EXLOGHUV��GHVLJQHUV��DQG�FRGH�RIILFLDOV��DQG
���� WR� LQLWLDWH� FKDQJHV� WR� WKH� PRGHO� 8�6�� EXLOGLQJ� FRGHV� DV� VXSSRUWHG� E\

VXEVWDQWLDWLQJ�HYLGHQFH�IURP�WKLV�SURMHFW�

7KH�WDVNV�FRQGXFWHG�GXULQJ�WKLV�3KDVH�,,�LQYHVWLJDWLRQ�RI�IURVW�SURWHFWHG�VKDOORZ
IRXQGDWLRQV�ZHUH�
�
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���� 0RQLWRULQJ�RI�3KDVH�,�GHPRQVWUDWLRQ�KRPHV���7KH�FRQWLQXHG�PRQLWRULQJ
RI� WKH� WKUHH� GHPRQVWUDWLRQ� KRPHV� LQ� 1RUWK� 'DNRWD�� ,RZD�� DQG� 9HUPRQW
UHTXLUHG�PDLQWHQDQFH�RI�DXWRPDWHG�GDWD�DFTXLVLWLRQ�V\VWHPV�DW�WKH�VLWHV�
SHULRGLF�GDWD�TXDOLW\�RSHUDWLRQDO�FKHFNV��DQG�SHUIRUPDQFH�DQDO\VLV�RI�WKH
)36)�GHVLJQV�GXULQJ�WZR�ZLQWHU�VHDVRQV�����������

���� &RQVWUXFWLRQ�DQG�PRQLWRULQJ�RI�DGGLWLRQDO�WHVW�KRPHV���7ZR�DGGLWLRQDO
KRPHV� ZHUH� FRQVWUXFWHG� WR� GHPRQVWUDWH� DOWHUQDWLYH� XVHV� RI� WKH� )36)
WHFKQRORJ\�� � 6SHFLDO� WHVW� DUHDV� RQ� WKH� IRXQGDWLRQV� ZHUH� GHVLJQHG� DQG
LQVWUXPHQWHG� WR� VLPXODWH� UHODWLYHO\� H[WUHPH� HQYLURQPHQWDO� FRQGLWLRQV��
3HUIRUPDQFH� ZDV� PRQLWRUHG� DQG� DQDO\]HG� GXULQJ� WKH� �������� ZLQWHU
VHDVRQ�

���� 3UHSDUDWLRQ�RI� ILQDO�GHVLJQ�DQG�FRQVWUXFWLRQ�UHFRPPHQGDWLRQV�� � 7KH
SUHOLPLQDU\�GHVLJQ�UHFRPPHQGDWLRQV�RI�WKH�3KDVH�,�VWXG\�ZHUH�XSGDWHG�LQ
DFFRUGDQFH� ZLWK� VLWH� PRQLWRULQJ� UHVXOWV�� FRQVWUXFWLRQ� H[SHULHQFH�� DQG
GHYHORSPHQW� RI� FRQVHQVXV� VWDQGDUGV�� � 7KH� ILQDO� GHVLJQ� JXLGHOLQHV� DUH
SXEOLVKHG� VHSDUDWHO\� DV� 'HVLJQ� *XLGH� IRU� )URVW�3URWHFWHG� 6KDOORZ
)RXQGDWLRQV���,Q�DGGLWLRQ��UHWXUQ�SHULRG�HVWLPDWHV�RI�WKH�DLU�IUHH]LQJ�LQGH[�
DQ� LPSRUWDQW�FOLPDWLF�SDUDPHWHU� UHTXLUHG� IRU� WKH�GHVLJQ�SURFHGXUH��ZHUH
YDOLGDWHG�E\�LQYHVWLJDWLRQV�XVLQJ�UHOLDEOH�ORQJ�WHUP�ZHDWKHU�UHFRUGV�
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$� IURVW� SURWHFWHG� VKDOORZ� IRXQGDWLRQ� �)36)�� LV� D� SUDFWLFDO� DQG� FRVW�HIIHFWLYH
DOWHUQDWLYH� WR� FRQYHQWLRQDO� UHVLGHQWLDO� IRXQGDWLRQV� ZKLFK�� LQ� SUDFWLFH�� UHTXLUH
H[FDYDWLRQV� WR� SUHVFULEHG� IURVW� GHSWKV�� � )LJXUH� �� VKRZV� D� W\SLFDO� )36)
DSSOLFDWLRQ� FRPSDUHG� WR� D� FRQYHQWLRQDO� IRXQGDWLRQ�� � %ULHIO\�� D� )36)� UHOLHV� RQ
VWUDWHJLFDOO\� SODFHG� LQVXODWLRQ� WR� UDLVH� WKH� IURVW� GHSWK� DGMDFHQW� WR� D� EXLOGLQJ
IRXQGDWLRQ�� WKHUHE\� DOORZLQJ� IRXQGDWLRQ� GHSWKV� DV� VKDOORZ� DV� ��� LQFKHV� ����
PHWHUV��LQ�VHYHUH�FOLPDWHV�
�

Figure 1.  A frost protected shallow foundation in comparison to a conventional house
foundation.
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)LJXUH���LOOXVWUDWHV�WKH�HIIHFW�RI�JURXQG�FRYHULQJV�DQG�RWKHU�FRQGLWLRQV�RQ�IURVW
SHQHWUDWLRQ���,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�IURVW�OLQH�ULVHV�QHDU�D�IRXQGDWLRQ�LI
WKH�EXLOGLQJ� LV�KHDWHG�� �7KLV�HIIHFW� LV�PDJQLILHG�ZKHQ�LQVXODWLRQ� LV�VWUDWHJLFDOO\
SODFHG�DURXQG�WKH�IRXQGDWLRQ�

)LJXUH���LOOXVWUDWHV�WKH�KHDW�H[FKDQJH�SURFHVV�RI�D�)36)��ZKLFK�DFWV�WR�SUHYHQW
VRLO� IUHH]LQJ�EHORZ�WKH�IRXQGDWLRQ���7KH�YHUWLFDO� �ZDOO�� LQVXODWLRQ�DQG�KRUL]RQWDO
�ZLQJ�� LQVXODWLRQ�DURXQG�WKH� IRXQGDWLRQ�SHULPHWHU�FRQVHUYHV�KHDW� ORVV� WKURXJK
WKH�VODE�DQG�UHGLUHFWV�LW�WRZDUG�WKH�VRLO�EHORZ�WKH�IRXQGDWLRQ���(QHUJ\�HIILFLHQF\
LV� LQFUHDVHG� E\� OLPLWLQJ� KHDW� ORVV� WKURXJK� WKH� DERYH� JURXQG� SRUWLRQ� RI� WKH
IRXQGDWLRQ�ZDOO�ZKHUH�WKH�PRVW�VHYHUH�ORVVHV�RFFXU�LQ�FRQYHQWLRQDO�IRXQGDWLRQV�
�6WRUHG�JHRWKHUPDO�KHDW�UHOHDVHG�IURP�WKH�XQGHUO\LQJ�JURXQG�DOVR�KHOSV�WR�UDLVH
WKH�IURVW�GHSWK�DURXQG�WKH�EXLOGLQJ�
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WHPSHUDWXUHV���$�ZHDWKHU�VWDWLRQ�WKDW�PHDVXUHG�DPELHQW�DLU�WHPSHUDWXUH��ZLQG
VSHHG��DQG�IURVW�SHQHWUDWLRQ�LQWR�XQGLVWXUEHG�VRLO�ZDV�DOVR�GHSOR\HG�DW�HDFK�VLWH�
�%RWK� WKHUPRFRXSOH�DQG� WKHUPLVWRU� VHQVRUV�ZHUH�XVHG�DQG��DW� VRPH� ORFDWLRQV�
VHQVRUV� ZHUH� GXSOLFDWHG� WR� DOORZ� VLPSOH� GDWD� TXDOLW\� FKHFNV�� � $XWRPDWHG
GDWDORJJHUV�ZHUH�LQVWDOOHG�ZKHQ�WKH�KRPHV�ZHUH�FRPSOHWHG�
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$Q� DQDO\VLV� RI� WKH�ZLQWHU� HYHQWV� H[SHULHQFHG� DW� HDFK� RI� WKH� VLWHV� LV� QHHGHG� WR
DFFXUDWHO\� DVVHVV� WKH� )36)� SHUIRUPDQFH�� � 7KH� DLU�IUHH]LQJ� LQGH[� �$),�� LV� D
FOLPDWLF�LQGH[�XVHG�WR�GHWHUPLQH�WKH�PDJQLWXGH�RI�WKH�JURXQG�IUHH]LQJ�SRWHQWLDO
H[SHULHQFHG�GXULQJ�D�ZLQWHU�VHDVRQ�� � ,Q� IDFW�� WKH�����\HDU�UHWXUQ�SHULRG�RI� WKH
$),� LV� XVHG� WR� VL]H� LQVXODWLRQ� UHTXLUHPHQWV� LQ� WKH� )36)� GHVLJQ� SURFHGXUH�� � $
GHWDLOHG�GLVFXVVLRQ�RI�WKH�$),�LV�LQFOXGHG�LQ�WKH�3KDVH�,�UHSRUW�DV�ZHOO�DV�RWKHU
WHFKQLFDO� UHSRUWV� UHIHUHQFHG� LQ� WKLV� GRFXPHQW�� � :KLOH� WKH� $),� LV� WKH� SULPDU\
IDFWRU�LQ�GHWHUPLQLQJ�WKH�JURXQG�IUHH]LQJ�SRWHQWLDO��IURVW�GHSWK���RWKHU�LPSRUWDQW
YDULDEOHV� LQFOXGH� JURXQG� FRYHU�� VQRZ� GHSWK�� VRLO� W\SH�� DQG� DPRXQW� RI� VRLO
PRLVWXUH���7KHVH�NH\�HQYLURQPHQWDO�SDUDPHWHUV�DUH�VXPPDUL]HG�IRU�HDFK�VLWH�LQ
WKH�$SSHQGL[���)RU�DOO�EXW�WKH�$ODVND�VLWH��WKH�PRVW�VHYHUH�ZLQWHU�ZDV�UHFRUGHG�LQ
WKH���������VHDVRQ���,Q�WHUPV�RI�WKH�DLU�IUHH]LQJ�LQGH[�WKH�1RUWK�'DNRWD��,RZD�
DQG�9HUPRQW�VLWHV�H[SHULHQFHG�DSSUR[LPDWHO\�D���\U�UHWXUQ�SHULRG�HYHQW�GXULQJ
WKH���������ZLQWHU�VHDVRQ���6KRUW�GXUDWLRQ�IUHH]LQJ�HSLVRGHV�RI���GD\�DQG���GD\
DYHUDJH�WHPSHUDWXUHV�EURNH�SUHYLRXV����\U�H[WUHPH�ORZ�WHPSHUDWXUH�UHFRUGV�LQ
)DUJR��1RUWK�'DNRWD�DQG�FKDOOHQJHG�SUHYLRXV�UHFRUGV�LQ�,RZD�DQG�9HUPRQW�

7R�DVVHVV� WKH�SHUIRUPDQFH�RI�HDFK� IRXQGDWLRQ�GHVLJQ��UHFRUGV�RI� WKH�PLQLPXP
GDLO\�DYHUDJH�WHPSHUDWXUHV�ZHUH�SORWWHG�DW�HYHU\�VHQVRU�IRU�WKH�SHULRG�RI�UHFRUG
DW� HDFK� VLWH�� � )RU� VLPSOLFLW\� LQ� MXGJLQJ� WKH� PD[LPXP� IURVW� OLQH� SHQHWUDWLRQ
DURXQG�WKH�IRXQGDWLRQV��WKH���R)���R&��LVRWKHUP�ZDV�DOVR�SORWWHG���6HOHFWHG�GDWD
LV�VKRZQ�LQ�WKH�$SSHQGL[���,W�LV�UHDOL]HG�WKDW�WKLV�SURYLGHV�D�FRQVHUYDWLYH�FULWHULD
IRU�DVVHVVLQJ�WKH�RQVHW�RI� IURVW�GDPDJH�VLQFH�IUHH]LQJ�RI�VRLO�ZDWHU�ZLOO�DFWXDOO\
EHJLQ� DW� D� VRPHZKDW� GHSUHVVHG� WHPSHUDWXUH�� 2WKHU� IDFWRUV�� VXFK� DV� D� ODWH
FRPSOHWLRQ�RI�VRPH�RI�WKH�WHVW�IRXQGDWLRQV��WKH�DQJOH�RI�WKH�IURVW�OLQH��DPRXQW�RI
SHQHWUDWLRQ� XQGHUQHDWK� WKH� IRRWLQJV� UHTXLUHG� IRU� VLJQLILFDQW� KHDYH� IRUFHV� WR
GHYHORS��DQG�WKH�DFWXDO�DPRXQW�RI�VRLO�PRLVWXUH�LQ�WHUPV�RI�ODWHQW�KHDW�FRQWHQW�
DGG�IXUWKHU�WR�D�FRQVHUYDWLYH�DVVHVVPHQW���7KHVH�IDFWRUV�PD\�EH�RIIVHW�WR�D�ODUJH
GHJUHH�E\� WKH�DPRXQW�RI� VQRZ�DFFXPXODWLRQ�DW� HDFK�VLWH�� �6LQFH� WKHVH� IDFWRUV
FDQQRW� EH� HDVLO\� FRQWUROOHG� E\� GHVLJQ�� WKH� )36)� GHVLJQ� PHWKRG� DVVXPHV� WKH
ZRUVW�FDVH�RI�D�VHYHUH�ZLQWHU�LQ�FRPELQDWLRQ�ZLWK�QR�VQRZ�DFFXPXODWLRQ�DQG�D
PLQLPXP� DPRXQW� RI� VRLO� ZDWHU� VXIILFLHQW� WR� DOORZ� IURVW� KHDYH� WR� RFFXU� EXW
PLQLPL]LQJ� WKH� ODWHQW� KHDW� FRQWULEXWLRQ�� � )RU� WKLV� UHDVRQ�� WKH� LQVXODWLRQ
UHTXLUHPHQWV� PD\� EH� DSSOLHG� WR� DOO� VRLO� W\SHV� DQG� VXFFHVVIXOO\� SUHYHQW� IURVW
KHDYH� IURP� RFFXUULQJ� DV� ZDV� HYLGHQFHG� E\� WKH� YDULHW\� RI� VRLO� W\SHV� DW� WKH
GHPRQVWUDWLRQ�VLWHV��VHH�WKH�$SSHQGL[�����

7KH� KRPHV� FRQVWUXFWHG� GXULQJ� 3KDVH� ,,� LQ� 3DOPHU�� $ODVND� DQG� )DUJR�� 1RUWK
'DNRWD��KRPH�����DUH�RI�SDUWLFXODU�LQWHUHVW�LQ�DVVHVVLQJ�WKH�LQWHJULW\�RI�WKH�IURVW�
SURWHFWHG�VKDOORZ�IRXQGDWLRQ�WHFKQRORJ\���$V�GHVFULEHG��SUHYLRXVO\��WKHVH�KRPHV
ZHUH� GHVLJQHG�ZLWK� D� WHVW� ]RQH� ZKLFK� KDG� XQGHUVL]HG� LQVXODWLRQ� WR� ZLWKVWDQG
RQO\� WKH� DYHUDJH� IUHH]LQJ� LQGH[� IRU� WKDW� VLWH�� � ,Q� HIIHFW�� D� QHDU� DYHUDJH� ZLQWHU
HYHQW�ZRXOG�VLPXODWH�D�����\U�UHWXUQ�SHULRG�WHVW�RI�WKH�IURVW�SURWHFWLRQ�SURYLGHG
E\� WKH� GHVLJQ� JXLGHOLQHV�� � ,Q� 1RUWK� 'DNRWD�� ZKHUH� WKH� �������� ZLQWHU� ZDV
SDUWLFXODUO\�VHYHUH��WKH�IURVW�OLQH�ZDV�VXFFHVVIXOO\�ZLWKKHOG�IURP�SHQHWUDWLQJ�LQWR
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WKH� VXEJUDGH� XQGHUQHDWK� WKH� SHULPHWHU� RI� WKH� EXLOGLQJ� LQ� WKH� WHVW� ]RQH�� � 7KH
IURVW�SHQHWUDWLRQ�ZDV�VLJQLILFDQWO\�OHVV�LQ�WKH�UHPDLQLQJ�DUHDV�RI�WKH�IRXQGDWLRQ
ZKHUH�QRUPDO�OHYHOV�RI�LQVXODWLRQ�ZHUH�XWLOL]HG�IRU�IURVW�SURWHFWLRQ���7KLV�ILQGLQJ
LQGLFDWHV� WKDW� WKH� LQVXODWLRQ� UHTXLUHPHQWV� VSHFLILHG� LQ� WKH� GHVLJQ� JXLGHOLQHV
SURYLGH�D�KLJK�GHJUHH�RI�SURWHFWLRQ�DJDLQVW� IURVW�KHDYH��DV� LQWHQGHG�� �6LPLODUO\
WKH� WHVW�ZDV� VXFFHVVIXO� DW� WKH� $ODVND� VLWH�� EXW� WKH�ZLQWHU� WKHUH�ZDV� UHODWLYHO\
PLOG�
����
$V� UHSRUWHG� IRU� WKH�3KDVH� ,�GHPRQVWUDWLRQ�KRPHV�� WKH� IRXQGDWLRQ�SHUIRUPDQFH
ZDV� VDWLVIDFWRU\� DQG� WKH� IRXQGDWLRQ� VRLOV� ZHUH� SURWHFWHG� DJDLQVW� IUHH]LQJ
WHPSHUDWXUHV��� � 7KH� KRPHV� FRQVWUXFWHG� GXULQJ� 3KDVH� ,� ZHUH� PRQLWRUHG
FRQWLQXRXVO\�IRU�WZR�ZLQWHU�VHDVRQV���7KLV�DOORZHG�D�PRUH�WKRURXJK�LQYHVWLJDWLRQ
RI�WKH�ORQJ�WHUP�SHUIRUPDQFH�RI�IURVW�SURWHFWHG�VKDOORZ�IRXQGDWLRQV�ZLWK�UHVSHFW
WR� WKH� WKHUPDO� LPSDFW� RI� D� EXLOGLQJ� RQ� JURXQG� WHPSHUDWXUHV� DQG� IUHH]LQJ�� ,Q
VSLWH� RI� D� PRUH� VHYHUH� ZLQWHU� DW� HDFK� RI� WKH� VLWHV� LQ� WKH� VHFRQG� VHDVRQ� RI
PRQLWRULQJ�� WKH� JHQHUDO� LQFUHDVH� LQ� JURXQG� WHPSHUDWXUHV� LQ� WKH� YLFLQLW\� RI� WKH
EXLOGLQJ� LQGLFDWHV� WKDW� EXLOGLQJV� SURYLGH� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� WKHUPDO
VWRUDJH�RI�KHDW�LQ�WKH�JURXQG���,Q�WXUQ��WKLV�WKHUPDO�PDVV�LQ�WKH�VRLO�XQGHU�WKH
EXLOGLQJ�FRQWULEXWHV�WR�JUHDWHU�IURVW�SURWHFWLRQ�DQG�LQFUHDVHG�FRPIRUW�IRU�VODEV�
RQ�JUDGH�LQ�FROG�FOLPDWHV�

:KLOH�DOO�RI� WKH�VLWHV�ZHUH�VXFFHVVIXO� LQ�SUHYHQWLQJ� IURVW�SHQHWUDWLRQ� LQ�WKH�VRLO
XQGHUQHDWK�WKH�IRRWLQJV��RQH�KRPH�H[SHULHQFHG�D�IURVW�SHQHWUDWLRQ�DW�WKH�FRUQHU
RI� WKH� IRXQGDWLRQ� JUHDWHU� WKDQ� H[SHFWHG� IRU� D� QHDU� DYHUDJH� ZLQWHU�� � +LJKO\
FRQGXFWLYH� VRLO� WKHUPDO� SURSHUWLHV� DQG�RU� D� ORZ� PRLVWXUH� FRQWHQW� PD\� KDYH
FRQWULEXWHG�WR�D�JUHDWHU�IURVW�SHQHWUDWLRQ��EXW�WKH�PD[LPXP�IURVW�GHSWK�UHFRUGHG
DW� WKH�ZHDWKHU� VWDWLRQ� GRHVQ
W� DSSHDU� WR� VXSSRUW� WKLV� K\SRWKHVLV�� � 7KH� SURSHU
VSHFLILFDWLRQ� RI� LQVXODWLRQ� SURGXFWV�� SDUDPRXQW� WR� WKH� VXFFHVV� RI� DQ\� )36)
DSSOLFDWLRQ��FRXOG�DOVR�KDYH�FRQWULEXWHG�WR�WKH�SHUIRUPDQFH�DW�WKLV�VLWH���%HFDXVH
IHZ� LQVXODWLRQ�SURGXFWV� DUH� DEOH� WR�PDLQWDLQ� D� GU\�5�YDOXH� LQ� D�PRLVW�� EHORZ�
JUDGH�HQYLURQPHQW�RYHU�DQ\�JUHDW� OHQJWK�RI� WLPH�� LQVXODWLRQ�SURGXFWV� VSHFLILHG
IRU�D�)36)�PXVW�EH�UDWHG�ZLWK�DQ�HIIHFWLYH�5�YDOXH��GHWHUPLQHG�E\�WKHLU�DELOLW\�WR
PDLQWDLQ�D�FHUWLILHG�5�YDOXH�LQ�VXFK�DQ�HQYLURQPHQW�IRU�WKH�H[SHFWHG�OLIH�RI�WKH
VWUXFWXUH�� � %HFDXVH� VRPH� LQVXODWLRQ� PDWHULDOV� UHVLVW� ZDWHU� DEVRUSWLRQ� OHVV
HIIHFWLYHO\� WKDQ� RWKHUV�� ZKLFK� LQ� WXUQ� GHJUDGHV� WKHLU� WKHUPDO� UHVLVWDQFH� �5�
YDOXHV��� LQVXODWLRQ� PDWHULDO� VKRXOG� EH� VSHFLILHG� FDUHIXOO\�� � ,QWHUHVWLQJO\�� (36
LQVXODWLRQ� �7\SH� ,;��ZDV�XVHG� DW� WKLV� VLWH�� IRU� ERWK� WKH� YHUWLFDO� DQG� KRUL]RQWDO
LQVXODWLRQ��DQG�D�PRGHVWO\�UHGXFHG�HIIHFWLYH�5�YDOXH�ZDV�XVHG�WR�GHWHUPLQH�WKH
UHTXLUHG�PDWHULDO�WKLFNQHVVHV���7KH�UHDGHU�LV�GLUHFWHG�WR�UHODWHG�UHIHUHQFHV�OLVWHG
LQ�WKH�ELEOLRJUDSK\�IRU�JUHDWHU�GHWDLO�RQ�WKLV�LVVXH����

6ODE� VXUIDFH� WHPSHUDWXUHV� DW� WKH� EXLOGLQJ� SHULPHWHU� ZHUH� PRQLWRUHG� WR
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LQYHVWLJDWH� WKH� OHYHO� RI� FRPIRUW� SURYLGHG� E\� WKH� PLQLPXP� LQVXODWLRQ
UHTXLUHPHQWV�IRU�IURVW�SURWHFWLRQ���$�VXIILFLHQWO\�KLJK�VODE�VXUIDFH�WHPSHUDWXUH�DW
WKH�SHULPHWHU�PXVW�DOVR�EH�PDLQWDLQHG�WR�SUHYHQW�PRLVWXUH�FRQGHQVDWLRQ�� �7KH
LQWHULRU�DUHDV�RI�WKH�VODE�DUH�DIIHFWHG�YHU\�OLWWOH�E\�WKH�SHULPHWHU�LQVXODWLRQ�OHYHOV�
�+RZHYHU��WKH�VODE�VXUIDFH�WHPSHUDWXUHV�DORQJ�WKH�SHULPHWHU�DUH�DIIHFWHG�E\�WKH
LQVXODWLRQ� OHYHOV�� SDUWLFXODUO\� WKH� YHUWLFDO� ZDOO� LQVXODWLRQ� 5�YDOXH�� � 4XDOLW\� RI
LQVWDOODWLRQ�ZLWK� UHVSHFW� WR� DLU�LQILOWUDWLRQ� DQG� HOLPLQDWLRQ� RI� FROG�EULGJHV� DOVR
DIIHFW�WKH�VODE�WHPSHUDWXUHV���*LYHQ�WKH�H[WUHPH�FROG�WHPSHUDWXUHV�H[SHULHQFHG
GXULQJ� WKH���������ZLQWHU� �H[FHHGLQJ� WKH����\HDU�H[WUHPH�FROG�RQ�UHFRUG��� WKH
PLQLPXP� VODE� VXUIDFH� WHPSHUDWXUHV� UHFRUGHG� ZHUH� JHQHUDOO\� ZLWKLQ� DQ
DFFHSWDEOH�UDQJH���$V�H[SHFWHG��WKH�ORZHVW�WHPSHUDWXUHV�ZHUH�UHFRUGHG�QHDU�WKH
FRUQHUV�RI� WKH� IRXQGDWLRQV�ZHUH�KHDW� ORVV� LV�JUHDWHVW�� �7KH�FROGHVW�VODE�VXUIDFH
WHPSHUDWXUHV�ZHUH�UHFRUGHG�DW��� IRRW� �����PHWHUV�� LQ� IURP�WKH�VODE�HGJH�DW� WKH
FRUQHU��DQG�WKH\�UDQJHG�IURP����WR���R)����WR��R&��IRU�DOO�EXW�WKH�$ODVND�VLWH���$W
PLGZDOO�ORFDWLRQV�DQG���IRRW�IURP�WKH�HGJH��WKH�FROGHVW�VODE�VXUIDFH�WHPSHUDWXUHV
UDQJHG�IURP����WR���R)�����WR���R&����7KH�PRVW�XQLIRUP�DQG�ZDUP�VODE�VXUIDFH
WHPSHUDWXUHV�ZHUH�UHFRUGHG�DW�WKH�$ODVND�VLWH�ZKHUH�LQVXODWHG�KRW�ZDWHU�OLQHV�IRU
EDVHERDUG�KHDWLQJ�ZHUH�UXQ�LQ�WKH�VODE�DURXQG�WKH�SHULPHWHU�RI�WKH�KRPH���7KH
PLQLPXP�VXUIDFH�WHPSHUDWXUHV�DW�DOO�PRQLWRULQJ�ORFDWLRQV�DURXQG�WKH�SHULPHWHU
RI�WKLV�VODE�UDQJHG�IURP�����WR���R)�����WR���R&���������

'(6,*1�$1'�&216758&7,21�5(&200(1'$7,216

7KH� IURVW�SURWHFWHG� VKDOORZ� IRXQGDWLRQ� GHVLJQ� DQG� FRQVWUXFWLRQ
UHFRPPHQGDWLRQV� UHVXOWLQJ� IURP� WKLV� SURMHFW� UHO\� H[WHQVLYHO\� RQ� GDWD� IURP� D
SURSRVHG�FRQVHQVXV�VWDQGDUG�E\�WKH�&RPLWp�(XURSpHQ�GH�1RUPDOLVDWLRQ��&(1���
7KH�&(1�GUDIW� VWDQGDUG� IRU� IURVW�SURWHFWHG�VKDOORZ� IRXQGDWLRQ�GHVLJQ� LV�EDVHG
RQ� ZHOO�GRFXPHQWHG� H[SHULHQFHV� LQ� (XURSH�� FRYHUV� D� EURDG� UDQJH� RI� IURVW�
SURWHFWHG� VKDOORZ� IRXQGDWLRQ� DSSOLFDWLRQV�� DQG� LV� DOVR� EHLQJ� FRQVLGHUHG� DV� D
VWDQGDUG� E\� WKH� ,QWHUQDWLRQDO� 6WDQGDUGV� 2UJDQL]DWLRQ�� � 7KH� UHVXOWV� RI� WKLV
LQYHVWLJDWLRQ�IXUWKHU�YDOLGDWH�WKH�SURSRVHG�&(1�GHVLJQ�VWDQGDUG�IRU�WKH�W\SH�RI
DSSOLFDWLRQV�FRYHUHG�LQ�WKH�GHPRQVWUDWLRQ�KRPHV���7KH�GHVLJQ�DQG�FRQVWUXFWLRQ
JXLGHOLQHV� IRU� WKH� 8QLWHG� 6WDWHV� DUH� SXEOLVKHG� XQGHU� D� VHSDUDWH� WLWOH�� 'HVLJQ
*XLGH�IRU�)URVW�3URWHFWHG�6KDOORZ�)RXQGDWLRQV�����7KH�GHVLJQ�JXLGH�SURYLGHV�ERWK
D�GHWDLOHG�DQG�D�VLPSOLILHG��SURFHGXUH�ZKLFK�LQFOXGHV�WKH�QHFHVVDU\�FOLPDWH�GDWD�
FRQVWUXFWLRQ�UHFRPPHQGDWLRQV��GHWDLOV��DQG�H[DPSOHV���7KH�VLPSOLILHG�PHWKRG�LV
EDVHG�RQ�D�FRGH�FKDQJH� UHFHQWO\�SURSRVHG� WR� WKH�&$%2�2QH��DQG�7ZR��)DPLO\
'ZHOOLQJ�&RGH���7KH�RXWFRPH�RI�WKLV�SURSRVDO�ZLOO�QRW�EH�NQRZQ�XQWLO�ODWH��������

                                                
� 1$+% 5HVHDUFK &HQWHU� 'HVLJQ *XLGH IRU )URVW�3URWHFWHG 6KDOORZ )RXQGDWLRQV� 3UHSDUHG IRU

WKH 8QLWHG 6WDWHV 'HSDUWPHQW RI +RXVLQJ DQG 8UEDQ 'HYHORSPHQW� :DVKLQJWRQ� '&� *32� �����



��
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7KH�IURVW�SURWHFWHG�VKDOORZ�IRXQGDWLRQ�WHFKQRORJ\�KDV�VHHQ�WUHPHQGRXV�JURZWK
LQ�WKH�6FDQGLQDYLDQ�KRXVLQJ� LQGXVWU\�DIWHU� ILUVW�EHLQJ�GLVFRYHUHG� LQ�WKH�8QLWHG
6WDWHV���:KLOH�WKH�WHFKQRORJ\�KDV�EHHQ�KLJKO\�GHYHORSHG�DQG�SURYHQ�LQ�(XURSH�
JUHDW�HIIRUW�ZLOO�EH�UHTXLUHG�WR�UH�LQWURGXFH� LW� WR�WKH�8QLWHG�6WDWHV�� �(YHQ�WKHQ�
ZLWK� VXFK� D� �QHZ�� FRQVWUXFWLRQ� FRQFHSW�� EXLOGLQJ� FRGH� DGRSWLRQ� ZLOO� EH� TXLWH
XQSUHGLFWDEOH�DQG�WLPH�FRQVXPLQJ���7KH�IROORZLQJ�UHFRPPHQGDWLRQV�DUH�RIIHUHG�

���� (IIRUWV� WR� HQFRXUDJH� DGRSWLRQ� RI� WKLV� WHFKQRORJ\� E\� WKH� PDMRU� EXLOGLQJ
FRGH�RUJDQL]DWLRQV�LQ�WKH�8QLWHG�6WDWHV�VKRXOG�FRQWLQXH�

���� (GXFDWLRQDO� VHPLQDUV� DQG� PDWHULDOV� VKRXOG� EH� HVWDEOLVKHG� IRU� EXLOGLQJ
RIILFLDOV��EXLOGHUV��HQJLQHHUV��DQG�DUFKLWHFWV�

���� %XLOGLQJ�HQHUJ\�FRGHV�VKRXOG�EH�HQFRXUDJHG�WR�UHFRJQL]H�WKH�XVH�RI�IURVW�
SURWHFWHG�VKDOORZ�IRXQGDWLRQV�DV�D�PHDQV�RI�PHHWLQJ�PLQLPXP�LQVXODWLRQ
UHTXLUHPHQWV�IRU�HQHUJ\�FRQVHUYDWLRQ�

���� $�PDWHULDO�WHVW�VWDQGDUG�WR�GHILQH�WKH�HIIHFW�RI�PRLVWXUH�DEVRUSWLRQ�RQ�WKH
WKHUPDO�UHVLVWDQFH��5�YDOXH��RI�YDULRXV�LQVXODWLRQ�SURGXFWV�LV�QHHGHG���7KH
VWDQGDUG�VKRXOG� LGHQWLI\�D� UDQJH�RI� W\SLFDO� JURXQG�XVH� FRQGLWLRQV�ZKLFK
PD\�SURPRWH�PRLVWXUH�DEVRUSWLRQ�DQG�WKHUPDO�GHJUDGDWLRQ�RI�LQVXODWLRQ��
7KH�VWDQGDUG�ZLOO�KHOS�ZLWK�FRUUHFWO\�VSHFLI\LQJ�DQG�UDWLQJ� LQVXODWLRQ� IRU
XVH�RQ�IRXQGDWLRQV�WR�SURWHFW�DJDLQVW�IURVW�KHDYH�DQG�H[FHVVLYH�KHDW�ORVV�

���� )XWXUH�UHVHDUFK�VKRXOG�LQYHVWLJDWH�DOWHUQDWLYH� IRXQGDWLRQ�PDWHULDOV�WR�EH
XVHG� IRU� IURVW� SURWHFWLRQ� ZKLFK� SURYLGH� VWUXFWXUDO� VXSSRUW� DV� ZHOO� DV
VLJQLILFDQW� WKHUPDO� UHVLVWDQFH�� � 6RPH� PDWHULDOV� PLJKW� LQFOXGH� SODVWLFV�
OLJKW�ZHLJKW�LQVXODWHG�FRQFUHWH�DQG�EORFNV��SHUPDQHQW�ZRRG�IRXQGDWLRQV�
DQG�RWKHUV�������



��



��

&21&/86,216

)LQGLQJV�IURP�WKLV�VWXG\�VXSSRUW�WKH�IROORZLQJ�FRQFOXVLRQV�

���� +RXVHV� DQG� RWKHU� VWUXFWXUHV� PD\� EH� EXLOW� RQ� VKDOORZ�� VODE�RQ�JUDGH
IRXQGDWLRQV� LQ� FROG�FOLPDWHV� ZKHQ� SURSHUO\� LQVXODWHG� WR� SURWHFW� DJDLQVW
IURVW�KHDYH�

���� 7KH� GHPRQVWUDWLRQ� KRPHV� SHUIRUPHG� ZHOO� DQG� SURYLGH� VXEVWDQWLDWLQJ
HYLGHQFH�IRU�WKH�IURVW�SURWHFWHG�VKDOORZ�IRXQGDWLRQ�WHFKQLTXHV�

���� )URVW�SURWHFWHG� VKDOORZ� IRXQGDWLRQ� FRQVWUXFWLRQ� SURYLGHV� D� FRVW�HIIHFWLYH
DOWHUQDWLYH�WR�FRQYHQWLRQDO�IRXQGDWLRQ�FRQVWUXFWLRQ�LQ�WKH�8QLWHG�6WDWHV��
&RVW�VDYLQJV�WR�WKH�KRPH�EX\HU�UDQJH�IURP�DSSUR[LPDWHO\���WR���SHUFHQW�RI
WKH�FRVW�RI�D�FRQYHQWLRQDO�VODE�RQ�JUDGH�KRPH�DQG�DUH�HYHQ�JUHDWHU�ZKHQ
FRPSDUHG�WR�EDVHPHQW�FRQVWUXFWLRQ�

���� ([SHULHQFH� KDV� VKRZQ� WKDW� WKH� IURVW�SURWHFWHG� VKDOORZ� IRXQGDWLRQ
WHFKQRORJ\�PD\�EH�XVHG�WR�LQFUHDVH�WKH�HQHUJ\�HIILFLHQF\�RI�QHZ�KRXVHV�DW
D�PLQLPDO�RU�UHGXFHG�FRQVWUXFWLRQ�FRVW�
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$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV��6WDQGDUG�6SHFLILFDWLRQ�IRU�5LJLG�
&HOOXODU�3RO\VW\UHQH�7KHUPDO�,QVXODWLRQ��$670�&����������3KLODGHOSKLD��3$
�������

��������0RLVWXUH�&RQWURO�LQ�%XLOGLQJV�&KDSWHU����(IIHFWV�RI�0RLVWXUH�RQ�WKH�7KHUPDO
3HUIRUPDQFH

RI� ,QVXODWLQJ�0DWHULDOV��$670�0DQXDO�6HULHV��01/�����+HLQ]�5��7UHFKVHO�
(GLWRU�
3KLODGHOSKLD��3$��������

%XLOGLQJ�2IILFLDOV�DQG�&RGH�$GPLQLVWUDWRUV� �%2&$�� ,QWHUQDWLRQDO�� ,QF�� �1DWLRQDO
%XLOGLQJ�&RGH���&RXQWU\�+LOOV��,/��������

&RPPLWWHH�RQ�)URVW�$FWLRQV�LQ�6RLOV���)URVW�,�-RUG��)URVW�$FWLRQ�LQ�6RLO����1U�����
2VOR��1RUZD\��1RYHPEHU��������LQ�1RUZHJLDQ�

&RPLWp� (XURSpHQ� GH� 1RUPDOLVDWLRQ� �&(1��� � %XLOGLQJ� )RXQGDWLRQV��3URWHFWLRQ
DJDLQVW� )URVW�+HDYH�� � 3UHOLPLQDU\� GUDIW� IRU� SURSRVHG�(XURSHDQ�6WDQGDUG
1�����&(1�7&����:*���$XJXVW�������

&RXQFLO� RI� $PHULFDQ� %XLOGLQJ� 2IILFLDOV� �&$%2��� � 0RGHO� (QHUJ\� &RGH�� � )DOOV
&KXUFK��9$

�������

�������2QH�DQG�7ZR�)DPLO\�'ZHOOLQJ�&RGH���)DOOV�&KXUFK��9$��������

&UDQGHOO�� -D\� +��� 3HWHU� 0�� 6WHXUHU�� DQG� :LOOLDP� )UHHERUQH�� 'HPRQVWUDWLRQ�
$QDO\VLV��DQG

'HYHORSPHQW� RI� )URVW� 3URWHFWHG� 6KDOORZ� )RXQGDWLRQV� DQG� )UHH]LQJ� ,QGH[
&OLPDWRJUDSK\�IRU�5HVLGHQWLDO�&RQVWUXFWLRQ�$SSOLFDWLRQV�LQ�WKH�8QLWHG�6WDWHV�
3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO� &ROG� 5HJLRQV� (QJLQHHULQJ� 6SHFLDOW\
&RQIHUHQFH�� (GLWHG� E\�'�:�� 6PLWK� DQG�'�&�� 6HJR�� &DQDGLDQ� 6RFLHW\� IRU
&LYLO�(QJLQHHULQJ��0RQWUHDO�4XHEHF���������

)DURXNL�� 2PDU�� �(XURSHDQ� )RXQGDWLRQ� 'HVLJQV� IRU� 6HDVRQDOO\� )UR]HQ� *URXQG��
8�6�� $UP\� &RUSV� RI� (QJLQHHUV�� &ROG� 5HJLRQV� 5HVHDUFK� 	� (QJLQHHULQJ
/DERUDWRU\��0RQRJUDSK�������+DQRYHU��1+��0DUFK�������

,QWHUQDWLRQDO�&RQIHUHQFH� RI� %XLOGLQJ�2IILFLDOV� �,&%2��� �8QLIRUP�%XLOGLQJ� &RGH��
:KLWWLHU��&$

�������
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