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Härmed översänds rubricerat dokument.

Sedan 1998 har Vägverket en metodbeskrivning för mätning av deflektioner vid
provbelastning av vägkonstruktioner med fallviktsapparat, VVMB 112.

Bifogade beskrivning ska användas när sådana deflektionsmätdata används för att
klassa bärförmåga, vid utformning av belastningsrestriktioner, för att prognosticera
vägbanans tillståndsutveckling, för planering av strukturella åtgärder och vid efter-
kontroll av utförda strukturella åtgärder. Analyserna är i första hand avsedd för vägar
med bitumenbundna lager och liknar till stora delar de som ligger till grund för kapi-
tel 3 ”Konstruktiv utformning av överbyggnad” i VÄG 94. Beskrivningen stödjer
arbete enligt kapitel 3 ”Dimensionering av bärighetshöjande åtgärder” i Vägunderhåll
2000.

Synpunkter och frågor rörande denna publikation riktas till Vägavdelningen i Bor-
länge. Avdelningen tar även tacksamt emot information om eventuella problem som
uppstår, samt förslag till framtida förbättringar.

Med vänlig hälsning

Rolf Johansson

Chef Enheten för statlig väghållning
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�� 6DPPDQIDWWQLQJ
%HVNULYQLQJHQ�RPIDWWDU�IRUPOHU�I|U�EHUlNQLQJ�DY�µHQNOD�ElULJKHWVPnWWµ��HQ�HQNHO�PHWRG�I|U
ElUI|UPnJHNODVVQLQJ��HQ�PHU�DYDQFHUDG�E\JJQDGVPHNDQLVN�DQDO\VPHWRG�I|U�DWW�RSWLPHUD
DYYlJQLQJHQ�PHOODQ�ULVN��I|U�XQGHUGLPHQVLRQHULQJ��RFK�UHVXUVI|UEUXNQLQJ�YLG�XWIRUPQLQJ
DY�ElULJKHWVK|MDQGH�nWJlUGHU��VDPW�HQ�PHWRG�I|U�HIWHUNRQWUROO�DY�XWI|UGD�ElULJKHWVK|MDQGH
nWJlUGHU��$QDO\VHUQD�lU�L�I|UVWD�KDQG�DYVHGG�I|U�YlJDU�PHG�ELWXPHQEXQGQD�ODJHU�RFK�OLNQDU
WLOO�VWRUD�GHODU�GH�VRP�OLJJHU�WLOO�JUXQG�I|U�NDSLWHO���µ.RQVWUXNWLY�XWIRUPQLQJ�DY�|YHUE\JJ�
QDGµ�L�9b*����>�@��%HVNULYQLQJHQ�VW|GMHU�DUEHWH�HQOLJW�NDSLWHO���µ'LPHQVLRQHULQJ�DY�ElULJ�
KHWVK|MDQGH�nWJlUGHUµ�L�9lJXQGHUKnOO������>�@��,�EHVNULYQLQJHQ�I|UXWVlWWV�WLOOJnQJ�WLOO�GH�
IOHNWLRQVPlWGDWD��LQVDPODGH�YLG�SURYEHODVWQLQJ�PHG�IDOOYLNWVDSSDUDW�HQOLJW�990%�����>�@��,
990%�����IUDPJnU�KXU�SODQHULQJ�DY�PlWQLQJ�VND�XWI|UDV�RFK�JUlQVHU�I|U�QlU�PlWQLQJ�InU
VNH��9DO�DY�YLOND�YlJVWUlFNRU�VRP�VND�PlWDV�UHJOHUDV�HM�KlU��8SSJLIWHU�RP�YlJ\WDQV�RFK�GUl�
QHULQJHQV�WLOOVWnQG��ODJHUWMRFNOHNDU��W\S�DY�PDWHULDO��WHPSHUDWXU��NOLPDWI|UKnOODQGHQ�RFK
I|UHNRPVW�DY�WXQJ�WUDILN�NDQ�Q\WWMDV�WLOO�DWW�I|UElWWUD�DQDO\VNYDOLWHWHQ��(Q�KDQGIXOO�YLNWLJD
EHJUHSS�GHILQLHUDV�L�NDSLWHO����,�NDSLWHO���IUDPJnU�EUXNVYLOONRU�I|U�DQDO\VHQ��YLNWLJD�DWW�NlQQD
WLOO�I|U�YlJKnOODUH�RFK�I|U�DOOD�VRP�HQJDJHUDV�L�YlJXQGHUKnOOVSURMHNW��+XU�VnGDQD�PlWYlUGHQ
VRP�lU�XSSHQEDUW�IHODNWLJD�VND�KDQWHUDV��IUDPJnU�DY�NDSLWHO����1nJUD�ElULJKHWVPnWW��YLOND
LQWH�NUlYHU�RPIDWWDQGH�EHUlNQLQJVDUEHWH�UHGRYLVDV�L�NDSLWHO����,�NDSLWHO���EHVNULYV�EHUlNQLQJ
DY�VW\YKHWHU��(�PRGXOHU��I|U�ROLND�ODJHU�L�YlJHQ��VDPW�SnNlQQLQJDU�L�GHP��(�PRGXOHUQD�NDQ
VHGDQ�DQYlQGDV�I|U�DWW�EHUlNQD�HYHQWXHOOW�I|UVWlUNQLQJVEHKRY��YLONHW�EHVNULYV�L�NDSLWHO����,
NDSLWHO���UHGRYLVDV�HQ�NODVVQLQJ�DY�YlJHQV�ElUI|UPnJD��.RQWUROO�DY�XWI|UGD�HQWUHSUHQDGDU�
EHWHQ�EHVNULYV�L�NDSLWHO����+XU�DQDO\VHQ�VND�UDSSRUWHUDV�UHJOHUDV�L�NDSLWHO�����5HIHUHQVHU�KDU
VDPODWV�L�NDSLWHO����
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�� %HJUHSS

���� (QKHWHU
,�SXEOLNDWLRQHQ�WLOOlPSDV�HQKHWHU�HQOLJW�VYHQVN�VWDQGDUG��66��

OlQJG P

NUDIW 1

SnNlQQLQJ 3D

WXQJKHW N1�P�

GHQVLWHW NJ�P�

WHPSHUDWXU �&�HOOHU�.

���� %HWHFNQLQJDU
'�� �GHIOHNWLRQ�>µP@�L�FHQWUXP�DY�EHODVWQLQJHQ

'U� �GHIOHNWLRQ�>µP@�Sn�DYVWnQGHW�U�IUnQ�EHODVWQLQJVFHQWUXP

U� �DYVWnQG�>PP@�IUnQ�GHIOHNWLRQVVHQVRU�WLOO�EHODVWQLQJVFHQWUXP

� �WYlUNRQWUDNWLRQVWDO�>GLPHQVLRQVO|VW@

�� �NRQWDNWWU\FN�>03D@�XQGHU�EHODVWQLQJVSODWWDQ��0HG�SODWWUDGLHQ�����PP�RFK���

N1�EHODVWQLQJ�lU�NRQWDNWWU\FNHW�����03D

D� �EHODVWQLQJVSODWWDQV�UDGLH�>PP@��2IWDVW�DQYlQGV�SODWWRU�PHG�D� �����PP

���� %HQlPQLQJDU
%UXNVYLOONRU
2PUnGHQ�I|U�PlWVWRUKHW�UHVSHNWLYH�LQIOXHQVVWRUKHWHU�LQRP�YLOND�HWW�PlWGRQV�IHO�RFK�DQGUD
HJHQVNDSHU�VND�XSSI\OOD�VWlOOGD�VSHFLILNDWLRQHU�

%lUI|UPnJD��HOOHU�ElULJKHW�
+|JVWD�ODVW��HQVWDND�HOOHU�DFNXPXOHUDG��VRP�NDQ�DFFHSWHUDV�PHG�KlQV\Q�WLOO�XSSNRPVW�DY
VSULFNRU�HOOHU�GHIRUPDWLRQHU�

'HIOHNWLRQ
9lJ\WDQV�QHGE|MQLQJ�YLG�EHODVWQLQJ�IUnQ�HQ�IDOOYLNWVDSSDUDW�

'HIOHNWLRQVEDVVlQJ
9lJ\WDQV�QHGE|MQLQJ�XSSPlWW�L�EHODVWQLQJVFHQWUXP�RFK�L�DQGUD�SXQNWHU�Sn�ROLND�DYVWnQG
GlULIUnQ�
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'HIRUPDWLRQ
)RUP��HOOHU�YRO\PlQGULQJ�VRP�YDUMH�NURSS�XQGHUJnU�YLG�PHNDQLVN�EHODVWQLQJ��a�NDQ�YDUD
nWHUJnHQGH�YLG�DYODVWQLQJ��HODVWLVN��HOOHU�SHUPDQHQW��SODVWLVN��

'LVNULPLQHULQJ�DY�PlWYlUGHQ
6\VWHPDWLVN�PHWRG�DWW�XWHVOXWD�IHODNWLJD�HOOHU�DY�DQQDW�VNlO�RSDVVDQGH�PlWYlUGHQ�

(ODVWLFLWHWVPRGXO
(Q�NRQVWDQW�VRP�NDUDNWlULVHUDU�VW\YKHWHQ��VDPEDQGHW�PHOODQ�VSlQQLQJ�RFK�W|MQLQJ��KRV�HWW
HODVWLVNW�PDWHULDO�

)DOOYLNWVDSSDUDW� (QJ��)DOOLQJ�:HLJKW�'HIOHFWRPHWHU��):'
$SSDUDW��YLONHQ�PlWHU�YlJ\WDQV�QHGVMXQNQLQJ���GHIOHNWLRQ��XQGHU�EHODVWQLQJ�PRWVYDUDQGH
HQ�|YHUIDUW�DY�HWW�KMXO�IUnQ�HWW�WXQJW�IRUGRQ�

)|UXWYDUDQGH�WUDILN
'HQ�WXQJD�WUDILN�VRP�EHODVWDW�YlJHQ�XQGHU�WLGHQ�IUnQ�VHQDVWH�VWUXNWXUHOOD�nWJlUG�WLOO�WLG�
SXQNW�I|U�DQDO\V�HOOHU�SODQHUDG�nWJlUG�

+RPRJHQW�PDWHULDO
(WW�PDWHULDO�VRP�lU�DOOWLJHQRP�OLNDUWDW�

,VRWURSW�PDWHULDO
(WW�PDWHULDO�VRP�KDU�VDPPD�HJHQVNDSHU�L�DOOD�ULNWQLQJDU�

.ULWHULXP
(WW�NULWHULXP�lU�HQ�YHUEDO�EHVNULYQLQJ�DY�GHQ�HIIHNW��H[HPSHOYLV�XWPDWWQLQJVVSULFNRU�HOOHU
GHIRUPDWLRQHU��VRP�lU�DY�LQWUHVVH��*UlQVHU��JUlQVYlUGHQ��VlWWV�I|U�DWW�VlNHUVWlOOD�HQ�DFFHS�
WDEHOW�OnJ�VDQQROLNKHW�I|U�GHQ�HIIHNW�VRP�NULWHULHW�GHILQLHUDU��.ULWHULHU�I|UNODUDU�DOOWVn�RUVD�
NHUQD�WLOO�GH�ROLND�JUlQVYlUGHQD�

,�GHWWD�VDPPDQKDQJ�EHUlNQDV�JUlQVYlUGHQ�IUnQ�NlQGD�VDPEDQG�PHOODQ�W|MQLQJVQLYn�RFK
WLOOnWHW�DQWDO�ODVWYl[OLQJDU�

/DJHUPRGHOO
$YELOGQLQJ�DY�YlJNRQVWUXNWLRQHQ��GlU�GHQ�GHODWV�LQ�L�NRQVWUXNWLYD�ODJHU��9LG�WLOOlPSDG�DQD�
O\V�DQJHV�GHVVXWRP�ODJUHQV�WMRFNOHNDU�

/LQMlUHODVWLVNW�V\VWHP
%HUlNQLQJVPRGHOO�GlU�VDPEDQGHW�PHOODQ�W|MQLQJ�RFK�VSlQQLQJ�lU�OLQMlUW��VnYlO�KRULVRQWHOOW
VRP�YHUWLNDOW�

0lWQLQJ
6HULH�nWJlUGHU�I|U�EHVWlPQLQJ�DY�VWRUKHWVYlUGH�

0lWUHVXOWDW
3URGXNWHQ�DY�PlWHWDO�RFK�PnWWHQKHW��0lWYlUGH�NDQ�GlUYLG�KD�NRUULJHUDWV�JHQRP�NDOLEUHULQJ
I|U�DWW�WD�NlQGD�V\VWHPDWLVND�IHO�L�EHDNWDQGH�
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0lWVWRUKHW
(JHQVNDS�VRP�lU�I|UHPnO�I|U�PlWQLQJ�

0lWYlUGH
6WRUKHWVYlUGH�MlPI|UW�PHG�PnWWHQKHW��.DQ�YDUD�LGHQWLVNW�PHG�PlWUHVXOWDW�

2MlPQKHWVSURILO
'H�YHUWLNDOD�DYYLNHOVHUQD�KRV�YlJ\WDQ��MlPI|UW�PHG�HQ�HWDEOHUDG�UHIHUHQV�SDUDOOHOO�PHG�IlUG�
ULNWQLQJHQ�

3DVVQLQJVUlNQLQJ��HOOHU�EDNnWUlNQLQJ�
0HWRG�GlU�VW\YKHWVWDO�I|U�NRQVWUXNWLYD�ODJHU�RFK�XQGHUJUXQG�DQVlWWV�RFK�\WDQV�QHGVMXQN�
QLQJ�YLG�EHODVWQLQJ�EHUlNQDV��YDUHIWHU�HQ�MlPI|UHOVH�J|UV�PHG�GH�XSSPlWWD�QHGVMXQNQLQJ�
DUQD��'lUHIWHU�lQGUDV�PRGXOHUQD�L�HWW�LWHUDWLYW�I|UIDUDQGH�LQWLOO�GHVV�EHUlNQDGH�RFK�XSS�
PlWWD�QHGVMXQNQLQJDU�|YHUHQVVWlPPHU��'HQ�VLVWD�PRGXOXSSVlWWQLQJHQ�JHU�Vn�GH�SnNlQ�
QLQJDU�PDQ�lU�LQWUHVVHUDG�DY���W|MQLQJDU�RFK�VSlQQLQJDU�

3HUFHQWLOYlUGH
'�SHUFHQWLOHQ�DYVHU�GHW�YlUGH�VRP�XQGHUVNULGV�DY�G��L�I|UGHOQLQJHQ�KRV�HQ�YlUGHPlQJG�

5HIHUHQVWHPSHUDWXU
9LG�DQDO\V�DY�ODJHU�PHG�WHPSHUDWXUEHURHQGH�HJHQVNDSHU��H[�YLV��ELWXPHQEXQGQD�ODJHU�
PnVWH�GHQ�VW\YKHW�VRP�EHUlNQDWV�YLG�GHQ�WHPSHUDWXU�ODJUHW�KDGH�YLG�SURYQLQJVWLOOIlOOHW�RP�
UlNQDV�WLOO�PRWVYDUDQGH�VW\YKHW�YLG�UHIHUHQVWHPSHUDWXUHQ��'HWWD�lU�Q|GYlQGLJW�I|U�DWW�NXQ�
QD�J|UD�MlPI|UHOVHU�RFK�GLPHQVLRQHULQJVEHUlNQLQJDU�

506��5RRW�0HDQ�6TXDUH
+lU�DYVHV�HIIHNWLYYlUGHW��506��DY�SDVVQLQJVIHOHW��506�YlUGHW�Q\WWMDV�I|U�DWW�EHG|PD�JUD�
GHQ�DY�SDVVQLQJ�
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Q� �DQWDO�VHQVRUHU�VRP�DQYlQWV�YLG�SDVVQLQJVUlNQLQJHQ

)RUPHO�� (IIHNWLYYlUGH��506��DY�SDVVQLQJVIHO

6SUXFNHW�DVIDOWODJHU
(WW�ODJHU�PHG�DVIDOWPDVVD�VRP�lU�Vn�VYnUW�XSSVSUXFNHW�DWW�GHW�LQWH�OlQJUH�NDQ�DQVHV�YDUD
EXQGHW�JHQRP�NRKHVLRQ�DY�ELWXPHQ��6nGDQD�ODJHU�DQVHV�L�NRQVWUXNWLY�PHQLQJ�QlUPDVW�IXQ�
JHUD�VRP�HWW�IULNWLRQVPDWHULDO��PHQ�PHG�VNLOOQDGHQ�DWW�U|UHOVHU�NRQQFHQWUHUDV�WLOO�VSULFNSOD�
QHQ�

6WDQGDUGD[HO
6H�9b*����>�@��NDSLWHO����
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7YlUNRQWUDNWLRQ
)RUPlQGULQJ�KRV�NRQVWUXNWLRQVPDWHULDO��7YlUNRQWUDNWLRQHQ�DQJHU�I|UKnOODQGHW�PHOODQ�W|M�
QLQJ�WYlUV�NUDIWULNWQLQJHQ�RFK�OlQJV�GHQVDPPD��'HQ�EHVNULYV�PHG�HWW�GLPHQVLRQVO|VW�WDO�
EHQlPQW�µ3RLVVRQV�WDOµ�

7|MQLQJ
'LPHQVLRQVO|V�VWRUKHW�VRP�DQJHU�UHODWLY�GHIRUPDWLRQ�DY�IDVWD�HOOHU�IO\WDQGH�PHGLHU��7|M�
QLQJ�L�YlJPDWHULDO�EUXNDU�DQJHV�L�PLOMRQGHODU�� �VWUDLQ���0DQ�VNLOMHU�PHOODQ�QRUPDOW|MQLQJ
�OlQJGlQGULQJ�KRV�OLQMHHOHPHQW��RFK�VNMXYW|MQLQJ��YLQNHOlQGULQJ�PHOODQ�XUVSUXQJOLJHQ�YLQ�
NHOUlWD�OLQMHHOHPHQW���6XPPDQ�DY�QRUPDOW|MQLQJDUQD�L�HWW�HOHPHQW�lU�ULNWQLQJVREHURHQGH
RFK�XWJ|U�GHQ�UHODWLYD�YRO\PlQGULQJHQ��GLODWDWLRQHQ��6NMXYQLQJ�VNHU�XQGHU�NRQVWDQW�YRO\P
RFK�PRWVYDUDV�HQEDUW�DY�IRUPlQGULQJ��GHYLDWLRQ��9LG�VWRU�UHODWLY�GHIRUPDWLRQ��W|MQLQJ��EOLU
DQDO\VHQ�LFNH�OLQMlU��RFK�HQ�XSSGHOQLQJ�PnVWH�QRUPDOW�VNH�L�UHQ�GHIRUPDWLRQ�RFK�VWHO�
NURSSVURWDWLRQ�

8QGHUJUXQGVPRGXO
'HQ�JHQRPVQLWWOLJD�(�PRGXOHQ�I|U�ODJUHW�PHOODQ�|YHUE\JJQDGHQV�XQGHUNDQW�RFK�HWW�RlQG�
OLJW�WMRFNW�ILNWLYW�VW\YW�ODJHU�L�XQGHUJUXQGHQ��YLONHW�E|UMDU�Sn�GHQ�QLYn�VRP�LQWH�SnYHUNDV�DY
ODVWLPSXOVHQ�IUnQ�IDOOYLNWVDSSDUDWHQ�

8QGHUKnOOVEHOlJJQLQJ
8QGHUKnOOVnWJlUG�DYVHHQGH�HQEDUW�EXQGQD�ODJHU��a�NDQ�XWJ|UDV�DY�HQEDUW�SnE\JJQDG�PHG
VOLWODJHU��DOWHUQDWLYW�PHG�EXQGHW�ElU��RFK�ELQGODJHU�SOXV�VOLWODJHU��a�NRPELQHUDV�RIWD�PHG
JHRPHWULMXVWHULQJDU��I\OOQLQJ�L�VYDFNRU�VDPW�IUlVQLQJ�DY�WRSSDU��*HRPHWULQ�NDQ�RSWLPHUDV
PHG�GDWRUVW|G��8WI|UDQGH�PDVNLQHU�NDQ�OLNDOHGHV�VW\UDV�PHG�GDWRUVW|G��6H�YLGDUH�L�>�@�
)OlFNYLVD�UHSDUDWLRQHU�LQJnU�HM�L�EHJUHSSHW�a�

9lJEDQD
.|UEDQD�MlPWH�YlJUHQDU�

9lJRMlPQKHW
%HWHFNQLQJ�I|U�DYYLNHOVHU�IUnQ�HWW�YHUNOLJW�SODQ�PHG�NDUDNWlULVWLVND�GLPHQVLRQHU��YLOND�Sn�
YHUNDU�IRUGRQVU|UHOVHU��IlUGXSSOHYHOVH��G\QDPLVND�ODVWHU��DYYDWWQLQJ�RFK�YLQWHUYlJKnOOQLQJ�

<WPRGXO
'HQ�ILNWLYD�PRGXO�VRP�NDQ�EHUlNQDV�I|U�HQ�\WD�RP�XQGHUODJHW�DQWDV�EHVWn�DY�HQGDVW�HWW
KRPRJHQW��LVRWURSW�RFK�OLQMlUHODVWLVNW�ODJHU�
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�� %UXNVYLOONRU
• %HVNULYQLQJHQ�lU�DYVHGG�DWW�WLOOlPSDV�Sn�VnGDQD�NRQVWUXNWLRQHU��YDUV�UHVSRQV�YLG�EH�

ODVWQLQJ�PRWVYDUDQGH�|YHUIDUW�DY�WXQJD�IRUGRQ�NDQ�EHVNULYDV�DY�HQ�OLQMlUHODVWLVN�PRGHOO�
• 'HIOHNWLRQVPlWQLQJ�VND�YDUD�XWI|UG�HQOLJW�990%�����>�@
• *UlQVYlUGHQ�HQOLJW�)RUPHO�����V����I|U�GUDJW|MQLQJ�L�XQGHUNDQW�DY�ELWXPHQEXQGQD

ODJHU�HQOLJW�VSULFNNULWHULHW�JlOOHU�I|U�EHOlJJQLQJDU�WLOOYHUNDGH�PHG�ELQGHPHGHO�W\S�%����
• *UlQVYlUGHQ��HQOLJW�VSULFNNULWHULHW��I|U�SnNlQQLQJDU�L�PHPEUDQOLNQDQGH�EHOlJJQLQJDU�

GYV�EHOlJJQLQJDU�WXQQDUH�lQ�FD����PP��VDNQDV�I|U�QlUYDUDQGH�
• *UlQVYlUGHQ�I|U�SnNlQQLQJDU��HQOLJW�GHIRUPDWLRQVNULWHULHW��LQQH�L�|YHUE\JJQDGHQ�VDN�

QDV�I|U�QlUYDUDQGH��3n�YlJDYVQLWW�GlU�GHQ�EHILQWOLJD�|YHUE\JJQDGHQ�KDU�NRPPLW�DWW�LQ�
QHKnOOD�XSSHQEDUW�ROlPSOLJW�YlJPDWHULDO���NDQ�GHWWD�PHGI|UD�K|J�ULVN�I|U�GHIRUPDWLRQV�
VNDGRU�RDYVHWW�RP�JUlQVYlUGHW�I|U�YHUWLNDO�WU\FNW|MQLQJ�Sn�WHUUDVV�XQGHUVNULGV�HOOHU�HM�

• 'LPHQVLRQHULQJHQ�DYVHU�YlJ�PHG�QRUPDOW�VLGRPRWKnOO��VW|GUHPVD�ILQQV��LQQHUVOlQWHQ�lU
LQWH�EUDQWDUH�lQ�������2P�VLGRPRWKnOOHW�EOLU�GnOLJW��NUlYV�VlUVNLOGD�nWJlUGHU�XW|YHU�YDG
VRP�IUDPJnU�DY�GLPHQVLRQHULQJVUHVXOWDWHW�I|U�DWW�VlNHUVWlOOD�DFFHSWDEHO�NDQWVWDELOLWHW�

• 'HW�ILQQV�HQ�UDG�IDNWRUHU�VRP�LQWH�WlFNV�LQ�DY�DQDO\V�HQOLJW�NDSLWHO����5HVXOWDWHQ�NDQ
GlUI|U�EHK|YD�NRPSOHWWHUDV�PHG�SUDNWLVN�KlQV\Q�WLOO�GHVVD��(WW�H[HPSHO�Sn�VnGDQ�IDNWRU
lU�EULVWDQGH�VWDELOLWHW��WURWV�JRG�VW\YKHW��L�GH�DNWXHOOD�YlJPDWHULDOHQ�

• 9LG�DQDO\V�DY�YlJNRQVWUXNWLRQ�JUXQGODJG�Sn�P\FNHW�O|V�MRUG��VND�NRQVXOWDWLRQ�PHG
JHRWHNQLVN�H[SHUWLV�VNH�

• %lUI|UPnJHNODVVQLQJ�HQOLJW�NDSLWHO���DYVHU�L�I|UVWD�KDQG��µVWUXNWXUHOOµ�VW\UND��HJHQWOLJHQ
PRWVWnQG�PRW�XWPDWWQLQJ�L�YHUNOLJ�HOOHU�ILNWLY�EHOlJJQLQJ���'HQQD�NODVVQLQJ�NDQ�WLOOlP�
SDV�Sn�DOOD�YDQOLJD�YlJNRQVWUXNWLRQHU��RDYVHWW�W\S�DY�VOLWODJHU�

• 0lWQLQJDUQD�lU�DWW�EHWUDNWD�VRP�IlUVNYDUD�PHG�EHJUlQVDG�EHVWlQGLJKHW��%HUlNQLQJDU
IUnQ�PlWQLQJDU�lOGUH�lQ�FD���nU�E|U�EHWUDNWDV�VRP�P\FNHW�RWLOOI|UOLWOLJD��DQQDW�lQ�L
WUHQGDQDO\VHU�PHG�PlWQLQJDU�IUnQ�IOHUD�ROLND�nU�

)UnQ�EUXNVYLOONRUHQ�NDQ��XW|YHU�YLOONRU�I|U�PHWRGHQV�YDOLGLWHW��lYHQ�EHKRY�DY�IUDPWLGD
)R8�DUEHWH�XWOlVDV�

������������������������������������������������
��'HWWD�NDQ�H[�YLV�VNH�JHQRP�PDWHULDORPODJULQJ�RUVDNDG�DY�WMlOU|UHOVHU�RFK�GnOLJ�ElULJKHW�
*HQRP�XQGHUV|NQLQJ�PHG�JHRUDGDU�NDQ�YlJDYVQLWW�PHG�WMlOXWPDWWQLQJV]RQHU��µIURVW�IDWL�
JXH�]RQHVµ��LGHQWLILHUDV�>�@�



%HDUEHWQLQJ�DY�GHIOHNWLRQVPlWGDWD
99�3XEO��QU��������

������

�� 'LVNULPLQHULQJ�DY�PlWYlUGHQ
'HIOHNWLRQVPlWGDWD�NDQ�EHK|YD�XWHVOXWDV�XU�DQDO\VHQ�DY�WYn�VNlO�

�� GH�lU�XSSHQEDUW�IHODNWLJD

�� GH�SDVVDU�LQWH�DQDO\VPRGHOOHQ��VH�YLGDUH�QHGDQ

(WW�HQNHOW�VlWW�DWW�JUDQVND�GDWD�lU�DWW�ULWD�XSS�RFK�RNXOlUW�VWXGHUD�GHIOHNWLRQVEDVVlQJHUQD�

'LVNULPLQHULQJ�DY�PlWGDWD�VND�XWI|UDV�RP�GHIOHNWLRQVEDVVlQJHQ�YLVDU�HQ�RUHDOLVWLVNW�DY�
ELOGQLQJ�DY�UHVSRQVHQ��(WW�H[HPSHO�Sn�GHWWD�lU�DWW�HQ�SXQNW�Sn�EDVVlQJHQ�DYYLNHU�PDUNDQW
IUnQ�QlUOLJJDQGH�SXQNWHU�

(Q�GHIOHNWLRQVEDVVlQJ�VRP�LQWH�PLQVNDU�VXFFHVVLYW�L�ULNWQLQJ�IUnQ�ODVWFHQWUXP�lU�VDQQROLNW
IHODNWLJ��bYHQ�L�IDOO�GlU�VnGDQ�EDVVlQJ�LQWH�lU�IHODNWLJ�E|U�GHQ�GRFN�XWHVOXWDV�XU�DQDO\VHQ�

,QJHQ�GHIOHNWLRQ�InU�YLG�DQDO\VHQ�YDUD����QROO��

2P�NRQVWUXNWLRQHQ�KDU�YlVHQWOLJW�VNLIWDQGH�HJHQVNDSHU�L�OlQJGOHG�HOOHU�L�WYlUOHG�MXVW�YLG
PlWSODWVHQ��NDQ�GHWWD�JH�XSSKRY�WLOO�HQ�GHIOHNWLRQVEDVVlQJ�PHG�RQRUPDOW�XWVHHQGH�

0lWGDWD��lYHQ�PlWSXQNWHU��NDQ�EHK|YD�GLVNULPLQHUDV�RFNVn�L�HWW�P\FNHW�VHQW�VNHGH�DY�DQD�
O\VHQ��(WW�H[HPSHO�lU�DWW�LQJHQ�ULPOLJ�O|VQLQJ�HUKnOOV�IUnQ�EHUlNQLQJHQ�DY�(�PRGXOHU��5LPOL�
JD�(�PRGXOHU�I|U�ROLND�PDWHULDOJUXSSHU�IUDPJnU�L�7DEHOO���RFK�7DEHOO����V����

2P�PlWGDWD�LQWH�SDVVDU�DQDO\VPRGHOOHQ��VND�PRGHOOHQ�RPSU|YDV�LQQDQ�PlWGDWD�InU�XWHVOX�
WDV�
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�� (QNOD�ElULJKHWVPnWW
)|U�HQ�|YHUVLNWOLJ�RFK�VQDEE�XSSVNDWWQLQJ�DY�GHW�VWUXNWXUHOOD�WLOOVWnQGHW�NDQ�YLVVD�UHSUH�
VHQWDWLYD�SDUDPHWUDU�DQYlQGDV��'HW�JHPHQVDPPD�I|U�GHVVD�lU�DWW�GH�lU�HQNOD�DWW�EHUlNQD
PHG�KMlOS�DY�PlWWD�GHIOHNWLRQHU�

,QQDQ�PnWWHQ�EHUlNQDV��VNDOO�GHIOHNWLRQHUQD�QRUPHUDV�OLQMlUW�WLOOV�GH�PRWVYDUDU�GHQ�QRPL�
QHOOD�ODVWHQ��RP�LQWH�DQQDW�DQJHWWV�lU�GHQ������N1��2P�NUDIWHQ�XSSPlWWV�WLOO������N1�LQQH�
ElU�GHWWD�DWW�DOOD�GHIOHNWLRQHU�PXOWLSOLFHUDV�PHG����������� ��������9LG�VW|UUH�DYYLNHOVH�lQ��
��IUnQ�QRPLQHOO�ODVW�lU�GRFN�PlWQLQJHQ�XQGHUNlQG��VH�DYVQLWW�������L�990%�����>�@�

1HGDQ�DQJHV�QnJUD�PnWW�VRP�EHVNULYHU�ROLND�GHODU�DY�YlJNRQVWUXNWLRQHQ��0HG�KMlOS�DY�GHV�
VD�NDQ�DOOWVn�ElULJKHWHQV�YDULDWLRQ�OlQJV�YlJHQ�VWXGHUDV��lYHQ�'��NDQ�DQYlQGDV�I|U�HQ�UHODWLY
MlPI|UHOVH���0HG�EHDNWDQGH�DY�WUDILNODVWHQ�NDQ�lYHQ�HQ�NYDOLWDWLY�EHG|PQLQJ�J|UDV��EUD
HOOHU�GnOLJ�ElULJKHW��9LG�DQYlQGQLQJ�DY�PnWWHQ��XQGDQWDJHW�µ8QGHUJUXQGVPRGXOµ��PnVWH
lYHQ�EHOlJJQLQJVWHPSHUDWXUHQ�EHDNWDV�

���� <WPRGXO�RFK�PHGHOPRGXOHU
<WPRGXOHQ�RFK�PHGHOPRGXOHU�NDQ�EHUlNQDV�RP�XQGHUODJHW�DQWDV�EHVWn�DY�HQGDVW�HWW�KR�
PRJHQW��LVRWURSW�RFK�OLQMlUHODVWLVNW�ODJHU��<WPRGXOHQ�RFK�PHGHOPRGXOHU�NDQ�EHUlNQDV�PHG
KMlOS�DY�GHIOHNWLRQHQ�PlWW�Sn�ROLND�DYVWnQG�IUnQ�EHODVWQLQJVFHQWUXP��VH�)RUPHO���RFK
)RUPHO���>��@�
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���� 8SSVNDWWDG�XQGHUJUXQGVPRGXO
8QGHUJUXQGHQV�VW\YKHW�NDQ�I|U�µE\JJGDµ�YlJDU�XSSVNDWWDV�PHG�)RUPHO���>�@�
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���� 8SSVNDWWDG�DVIDOWW|MQLQJ

+RULVRQWHOO�GUDJW|MQLQJ�L�XQGHUNDQW�DY�EHOlJJQLQJHQ�lU�HWW�PnWW�Sn�ULVNHQ�I|U�XWPDWWQLQJV�
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�� $QDO\V�DY�VWUXNWXUHOOW�WLOOVWnQG�KRV�EHILQWOLJ�NRQVWUXNWLRQ
6W\YKHWHUQD�KRV�YlJNRQVWUXNWLRQHQV�ROLND�ODJHU�NDQ�YDULHUD�P\FNHW�UHGDQ�YLG�Q\SURGXNWLRQ�
lYHQ�YLG�JRGNlQW�XWI|UDQGH�HQOLJW�VSHFLILNDWLRQ�>��@��'H�SnYHUNDV�VHGDQ�DY�WUDILNODVW��NOLPDW
RFK�R[LGDWLRQ��µnOGULQJµ���0HG�NlQGD�ODJHUWMRFNOHNDU��NlQG�ODVW�RFK�HQ�UHVSRQVPRGHOO�NDQ
VNDWWQLQJDU�DY�GH�YHUNOLJD�VW\YKHWVPRGXOHUQD��µ(�PRGXOHUµ��EHUlNQDV�I|U�ROLND�ODJHU�L�Yl�
JHQ��(WW�VWRUW�DQWDO�EHUlNQLQJVSURJUDP�ILQQV�I|U�GHWWD��([HPSHO�Sn�SURJUDP�lU�9lJYHUNHWV
&/(9(5&$/&��VDPW�(/02'��02'8/86�RFK�02'&203�

0HG�EHUlNQDGH�(�PRGXOHU�NDQ�EHOlJJQLQJHQV�µNYDUYDUDQGH�OLYVOlQJGµ�EHUlNQDV�RFK�GL�
PHQVLRQHULQJ�DY�I|UVWlUNQLQJ�XWI|UDV��VH�NDSLWHO���

���� 5HVSRQVPRGHOO
9LG�EHUlNQLQJ�DY�(�PRGXOHU�DQYlQGV�HQ�OLQMlUHODVWLVN�UHVSRQVPRGHOO��6DPPD�PRGHOO�DQ�
YlQGV�YLG�GLPHQVLRQHULQJ�DY�I|UVWlUNQLQJ��0DWHULDOHQ�DQWDV�KRPRJHQD�RFK�LVRWURSD��9DUMH
ODJHU�DQWDV�KD�RlQGOLJ�XWVWUlFNQLQJ�L�KRULVRQWDOSODQHW�RFK�EHJUlQVDG�WMRFNOHN�L�YHUWLNDOSOD�
QHW��PHG�XQGDQWDJ�I|U�GHW�XQGHUVWD�ODJUHW�VRP�DQWDV�KD�RlQGOLJ�WMRFNOHN��/DVWHQ�DQWDV�VWD�
WLVN�

���� %HUlNQLQJ�DY�(�PRGXOHU��VSlQQLQJDU�RFK�W|MQLQJDU
9LG�EHUlNQLQJHQ�DQWDV�(�PRGXOHU�I|U�ROLND�ODJHU��0HG�KMlOS�DY�W�H[��&OHYHUFDOF�SURJUDPPHW
EHUlNQDV�\WGHIOHNWLRQHU�I|U�GHWWD�V\VWHP��'H�EHUlNQDGH�GHIOHNWLRQHUQD�MlPI|UV�VHGDQ�PHG
GH�XSSPlWWD��,�HWW�LWHUDWLYW�I|UIDUDQGH�lQGUDV�(�PRGXOHUQD�WLOOV�GH�PlWWD�RFK�EHUlNQDGH
GHIOHNWLRQHUQD�XSSI\OOHU�HWW�YLVVW�NUDY�Sn�|YHUHQVVWlPPHOVH�

%HUlNQDG�(�PRGXO�I|U�HWW�ODJHU�SnYHUNDU�|YULJD�ODJHUV�(�PRGXOHU��IUlPVW�GHW�RYDQOLJJDQGH
ODJUHWV�PRGXO��

������ 'DWD�IUnQ�SURYEHODVWQLQJ
)|U�DQDO\VHQ�EHK|YV�XSSJLIWHU�HQOLJW�990%����>�@�RP�EHODVWQLQJ��NUDIW�RFK�EHODVWQLQJV�
SODWWDQV�UDGLH��VDPW�RP�GHIOHNWLRQHU�RFK�GHIOHNWLRQVVHQVRUHUQDV�SODFHULQJ�

������ /DJHUWMRFNOHNDU
.lQQHGRP�RP�ODJHUWMRFNOHNDU�EHK|YV��,QIRUPDWLRQ�NDQ�KlPWDV�IUnQ�ROLND�NlOORU��W�H[�
SURYKnO��JHRUDGDUXQGHUV|NQLQJ��UHYLVLRQVULWQLQJDU�RFK�9lJYHUNHWV�306�GDWDEDV�

'H�PHVW�WLOOI|UOLWOLJD�XSSJLIWHUQD�RP�ODJHUWMRFNOHNDUQDV�YDULDWLRQ�OlQJV�REMHNWHW�VND�DQYlQ�
GDV�

������ /DJHUPRGHOO
$QWDO�ODJHU�VNDOO�YDUD�K|JVW�I\UD��RUlNQDW�HWW�VW\YW�VNLNW�L�XQGHUJUXQGHQ�

�������� %HOlJJQLQJ
)|U�EHUlNQLQJ�DY�EHOlJJQLQJHQV�(�PRGXO�UHNRPPHQGHUDV�DWW�ODJUHW�KDU�HQ�PLQVWD�WMRFNOHN
PRWVYDUDQGH�KDOYD�UDGLHQ�DY�EHODVWQLQJVSODWWDQ�>��@��YLONHW�QRUPDOW�EHW\GHU�PLQVW����PP
WMRFNOHN��9LG�WXQQDUH�EHOlJJQLQJ�DQWDV�HQ�UHDOLVWLVN�PRGXO�PHG�KlQV\Q�WLOO�WHPSHUDWXU�RFK
HYHQWXHOO�I|UHNRPVW�DY�VSULFNRU��VH�9lJXQGHUKnOO������>�@�VDPW�7DEHOO���L�DYVQLWW�������
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�������� 2EXQGQD�ODJHU�L�|YHUE\JJQDG
'HQ�REXQGQD�GHOHQ�DY�|YHUE\JJQDGHQ�NDQ�EHUlNQLQJVPlVVLJW�KDQWHUDV�LQGHODW�L�ElU��RFK
I|UVWlUNQLQJVODJHU���VN\GGVODJHU��HOOHU�EHKDQGODV�VRP�HWW�HQGD�REXQGHW�ODJHU��(WW�REXQGHW
ODJHU�VRP�lU�WXQQDUH�lQ����FP�E|U�VOnV�LKRS�PHG�DQJUlQVDQGH�REXQGQD�ODJHU�

�������� 8QGHUJUXQG
8QGHUJUXQGHQ�EHKDQGODV�QRUPDOW�VRP�HWW�KRPRJHQW�ODJHU�YLODQGH�Sn�HWW�VW\YW�VNLNW��IDVW
ERWWHQ��Sn���P�GMXS�XQGHU�YlJ\WDQ��'HW�VW\YD�VNLNWHW�YlOMV�I|U�DWW�GHW�QRUPDOW�JHU�PHU�UHD�
OLVWLVND�(�PRGXOHU��VDPW�HQ�ElWWUH�|YHUHQVVWlPPHOVH�PHOODQ�PlWW�RFK�EHUlNQDG�GHIOHNWLRQ�
(�PRGXOHQ�I|U�GHW�VW\YD�VNLNWHW�EHUlNQDV�LQWH��XWDQ�OnVHV�WLOO�YlUGHW���*3D�

,�PnQJD�IDOO�ILQQV�IDVWD�ODJHU�RYDQ���P�GMXS��'MXSHW�NDQ�|YHUVLNWOLJW�XSSVNDWWDV�PHG�KMlOS
DY�IXQNWLRQHQ�G[ I���U���/LQMHQ�VRP�JnU�PHOODQ�SXQNWHUQD�I|U�GH�\WWHUVWD�JLYDUQD�H[WUDSR�
OHUDV�WLOOV�GHQ�VNlU�[�D[HOQ��9lUGHW�Sn�[�D[HOQV�VNlUQLQJVSXQNW�LQYHUWHUDV�RFK�UHSUHVHQWHUDU
GlUHIWHU�GMXSHW�WLOO�GHW�IDVWD�ODJUHW�IUnQ�\WDQ�>��@��)|U�PlWSXQNWHQ�YDUV�GHIOHNWLRQHU�SORWWDWV�L
)LJXU���NDQ�GMXSHW�WLOO�IDVW�ODJHU�EHVWlPPDV�WLOO����������������� ������PP��GYV��FD�����P�

'HW�E|U�REVHUYHUDV�DWW�RP�XQGHUJUXQGHQV�(�PRGXO�VWLJHU�PRW�GMXSHW�JHU�GHWWD�XQJHIlU
VDPPD�HIIHNW�Sn�GHIOHNWLRQHUQD�KRV�GH�\WWUH�JLYDUQD�

)LJXU�� ([HPSHO�Sn�EHUlNQLQJ�DY�GMXS�WLOO�IDVW�ERWWHQ�

(IWHUVRP�YDOW�GMXS�WLOO�IDVW�ERWWHQ�L�K|J�JUDG�SnYHUNDU�EHUlNQDGH�(�PRGXOHU�UHNRPPHQGH�
UDV�DWW�GMXSHW���P��HOOHU�EHUlNQDW�GMXS�����P��DQYlQGV�

�������� ([HPSHO�Sn�ODJHUPRGHOO
9LG�EHUlNQLQJ�DY�(�PRGXOHU�NDQ�XSSUHSDGH�EHUlNQLQJDU�EHK|YD�J|UDV�PHG�DOWHUQDWLYD
ODJHUPRGHOOHU�I|U�GHQ�PlWWD�NRQVWUXNWLRQHQ��'HWWD�I|U�DWW�HUKnOOD�ULPOLJD�(�PRGXOHU�OLNVRP
HQ�JRG�|YHUHQVVWlPPHOVH�PHOODQ�PlWW�RFK�EHUlNQDG�GHIOHNWLRQVEDVVlQJ�>�@�

y = 81503x - 22.64
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Fast lager på djupet  3,6 m
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,�YLVVD�IDOO�HUKnOOV�ElVW�O|VQLQJ�XWDQ�HWW�VW\YW�VNLNW�XQGHUVW�

5HNRPPHQGDWLRQHU�I|U�YDO�DY�ODJHUPRGHOO�IUDPJnU�DY�7DEHOO���RFK�L�)LJXU���

7DEHOO�� ([HPSHO�Sn�ROLND�ODJHUPRGHOOHUV�DQYlQGQLQJ

/DJHU ��ODJHU�PRGHOO ��ODJHU�PRGHOO
� %HOlJJQLQJ %HOlJJQLQJ %HOlJJQLQJ�2EXQGHW�|E

PWUO
� 2EXQGHW�|E�PWUO 2EXQGHW�|E�PWUO

�8QGHUJUXQG
8QGHUJUXQG

� 8QGHUJUXQG � �
� 6W\YW�VNLNW����P�HOOHU�EHUlNQDW�XQGHU�YlJ\WDQ�

µ1RUPDOIDOOµ��'n�EHOlJJ�
QLQJVWMRFNOHNHQ�lU�PLQGUH
lQ�FD����PP�DQWDV�(�
PRGXOHQ�I|U�ODJUHW�

7MRFN�EHOlJJQLQJ�RFK�WXQQD
REXQGQD�|E�PWUO�

7XQQ�EHOlJJQLQJ��H[�\WEH�
KDQGOLQJ��RFK�Gn�EHOlJJQLQJ�
HQ�lU�V|QGHUEUXWHQ�

����$ ���������% � �& ��������'

)LJXU��� ([HPSHO�Sn�ODJHUPRGHOOHU

Beläggning

Bärlager

Förstärknings-
lager

Undergrund /
underbyggnad

Beläggningslager, E-modul beräknas

Beläggningslager, E-modul antas

Obundet överbyggnadslager

Undergrund
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������ 0DWHULDOSDUDPHWUDU

�������� 7YlUNRQWUDNWLRQVWDO
3RLVVRQV�WDO�YDULHUDU�I|U�ROLND�PDWHULDO�QRUPDOW�PHOODQ�������H[��EHWRQJ��RFK������H[��PMXN
OHUD���2P�LQWH�DQQDW�|YHUHQVNRPPLWV�PHG�GHQ�I|U�XSSGUDJHW�WHNQLNDQVYDULJH�YLG�9lJYHU�
NHW��DQYlQGV�YlUGHW������I|U�3RLVVRQV�WDO�I|U�VDPWOLJD�PDWHULDO��8QGDQWDJ�lU�EHWRQJ�RFK�GHW
VW\YD�VNLNWHW�L�ERWWHQ��I|U�YLOND�YlUGHW�VlWWV�WLOO�������'HWWD�PRWLYHUDV�PHG�DWW�LQYHUNDQ�Sn
EHUlNQDGH�(�PRGXOHU�lU�PnWWOLJ��PDWHULDOW\S�LQWH�DOOWLG�lU�NlQG�RFK�PDQ�LEODQG�VOnU�LKRS
ROLND�PDWHULDO�WLOO�HWW�ODJHU�

�������� 6WDUWPRGXOHU�RFK�OnVWD�(�PRGXOHU
9LG�LWHUDWLY�EHUlNQLQJ�DY�(�PRGXOHU�I|U�GH�YDOGD�PDWHULDOODJUHQ��PnVWH�VWDUWYlUGHQ�DQWDV�
(IWHUVRP�EHUlNQLQJVUHVXOWDWHW�GHOYLV�lU�EHURHQGH�Sn�YLOND�VWDUWPRGXOHU�VRP�YlOMV��VND�YlU�
GHQD�VlWWDV�XWLIUnQ�HQ�QRJJUDQQ�EHG|PQLQJ��,�7DEHOO�����7DEHOO���DQJHV�W\SLVND�(�
PRGXOLQWHUYDOO�I|U�ROLND�W\SHU�DY�PDWHULDO��7DEHOOHUQD�NDQ�lYHQ�DQYlQGDV�I|U�DWW�EHG|PD
ULPOLJKHWHQ�DY�EHUlNQDGH�(�PRGXOHU�

)|U�ELWXPLQ|VD�PDWHULDO�lU�(�PRGXOHQ�EHURHQGH�DY�WHPSHUDWXU�RFK�EHODVWQLQJVWLG��7HPSH�
UDWXUNRUULJHULQJ�XWI|UV�HQOLJW�DYVQLWW������.RUULJHULQJ�I|U�EHODVWQLQJVWLG�EHK|YHU�QRUPDOW
LQWH�J|UDV�

*HQRP�µnOGULQJµ��IUlPVW�R[LGHULQJ��DY�ELQGHPHGOHW�NDQ�EHOlJJQLQJHQ�EOL�VW\YDUH�PHG�WL�
GHQ��8SSNRPVW�DY�VSULFNRU�PHGI|U�DWW�VW\YKHWHQ�PLQVNDU��(WW�DQQDW�SUREOHP�VRP�NUlYHU
VSHFLHOO�XSSPlUNVDPKHW�lU�GHODPLQHULQJ�DY�GnOLJW�VDPPDQNOLVWUDGH�EXQGQD�ODJHU��YLONHW
RFNVn�OHGHU�WLOO�PLQVNDG�VW\YKHW�

7\SLVND�(�PRGXO�LQWHUYDOO�I|U�RVNDGDG�EHOlJJQLQJ�IUDPJnU�L�7DEHOO���

7DEHOO�� 7\SLVND�(�PRGXOHU��RFK�I|UVODJ�WLOO�(�PRGXO��I|U�GH�IDOO��Gn�GHQ�LQWH�VND
EHUlNQDV���I|U�LQWDNWD�ELWXPLQ|VD�PDWHULDO�YLG�����Ü&�

0DWHULDOW\S (�PRGXO�LQWHUYDOO�>03D@ )|UVODJ�WLOO�(�PRGXO�>03D@
6OLW��ElUODJHUPWUO ������������ ����
9DUP�nWHUYLQQLQJ ������������ ����
.DOO�nWHUYLQQLQJ ����������� ����

)|U�REXQGQD�PDWHULDO�lU�(�PRGXOHQ�EHURHQGH�DY�YDWWHQLQQHKnOO��RFK�ROLND�PDWHULDO�lU�ROLND
YDWWHQNlQVOLJD��9lUGHQ�L�WDEHOOHU�DYVHU�RWMlODGH�I|UKnOODQGHQ�XQGHU�VRPPDU�RFK�K|VW��(�
PRGXOHUQD�lU�RFNVn�EHURHQGH�DY�GHQ�VSlQQLQJVQLYn�PDWHULDOHW�XWVlWWV�I|U��'H�WDEHOOHUDGH
YlUGHQD�E\JJHU�Sn�VYHQVND�HUIDUHQKHWHU�DY�IDOOYLNWVPlWQLQJDU�Sn�YlJ\WDQ�DY�EHILQWOLJD�YlJDU�
PHG�EHUlNQLQJDU�XWI|UGD�HIWHU�DQWDJDQGH�RP�HWW�VW\YW�VNLNW���P�XQGHU�YlJ\WDQ�

������������������������������������������������
��9LG�EHOlJJQLQJVWMRFNOHN������PP��VH�lYHQ�DYVQLWW��������
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7\SLVND�(�PRGXOLQWHUYDOO�I|U�YDQOLJD�|YHUE\JJQDGVPDWHULDO��H[NO��EHOlJJQLQJ��IUDPJnU�DY
7DEHOO���

7DEHOO�� 7\SLVND�(�PRGXOHU�I|U�|YHUE\JJQDGVPDWHULDO�

0DWHULDOW\S (�PRGXO�LQWHUYDOO�>03D@
%lUODJHUPWUO
HQO��9b*����V�VLNWNXUYRU
HQO��%<$����V�VLNWNXUYRU
&*
|YULJD

�������
�������
��������
�������

)|UVWlUNQLQJVPWUO
RNURVVDW�HQO��9b*����V�VLNWNXUYRU
NURVVDW�HQO��9b*����V�VLNWNXUYRU
HQO��%<$����V�NUDY
|YULJD

�������
�������
�������
�������

6N\GGVODJHU�HQO��9b*����V�VLNWNXUYRU �������

7\SLVND�(�PRGXOLQWHUYDOO�I|U�XQGHUJUXQGVPDWHULDO�IUDPJnU�DY�7DEHOO���

7DEHOO�� 7\SLVND�(�PRGXOHU�I|U�XQGHUJUXQGVPDWHULDO���XQGHUE\JJQDG

0DWHULDOW\S (�PRGXO�LQWHUYDOO�>03D@
2UJDQLVND�MRUGDU �����
/HU
/|V�OHUD
/HUD
7RUUVNRUSHOHUD

�����
�����
�����

6LOW �����
6DQG ������
*UXV ������
0RUlQ
)LQNRUQLJ�PRUlQ
*URYNRUQLJ�PRUlQ

������
�������

%HUJ
%HUJEDQN ��������
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������ .RQWUROO�DY�O|VQLQJ
5HVXOWDWHW�DY�EHUlNQDGH�(�PRGXOHU�VND�JUDQVNDV�HQOLJW�QHGDQVWnHQGH�SUD[LV��'HW�lU�OlPSOLJW
DWW�J|UD�GHOV�HQ�|YHUVLNWOLJ�JUDQVNQLQJ�PHG�GDWRUVW|G��RFK�GHOV�HQ�GHWDOMHUDG�PDQXHOO
JUDQVNQLQJ�

7XQQD�VW\YD�ODJHU�ELGUDU�OLWHW�WLOO�\WGHIOHNWLRQHQ��YLONHW�PHGI|U�DWW�EHUlNQDG�PRGXO�I|U�HWW
VnGDQW�ODJHU�lU�RVlNHU��9LGDUH�KDU�GLIIHUHQVHU�PHOODQ�DQWDJQD�RFK�YHUNOLJD�ODJHUWMRFNOHNDU
LQYHUNDQ��,QYHUNDQ�DY���FP�IHODNWLJ�WMRFNOHNVXSSJLIW�lU�VW|UUH�RP�ODJUHW�EDUD�lU���²���GP
WMRFNW��MlPI|UW�PHG�RP�GHW�lU���²���GP�WMRFNW�

9LVVD�EHUlNQLQJDU�NDQ�UHVXOWHUD�L�
• 2UHDOLVWLVND�(�PRGXOHU��MlPI|UW�PHG�PRGXOHU�DQJLYQD�L�7DEHOO�����7DEHOO���
• 5HDOLVWLVND�(�PRGXOHU��PHQ�GnOLJ�|YHUHQVVWlPPHOVH�PHOODQ�PlWW�RFK�EHUlNQDG�GHIOHN�

WLRQVEDVVlQJ�

7LGSXQNWHQ�I|U�IDOOYLNWVPlWQLQJHQ�RFK�YDWWHQ�IXNWI|UKnOODQGHW�L�|YHUE\JJQDG�RFK�XQGHU�
JUXQG�lU�YLNWLJ�LQIRUPDWLRQ�I|U�DWW�NXQQD�IDVWVWlOOD�RP�GH�EHUlNQDGH�(�PRGXOHUQD�lU�UHDOLV�
WLVND�

%HUlNQDGH�(�PRGXOHU�MlPI|UV�PHG�GH�VRP�nWHUILQQV�L�7DEHOO�����7DEHOO���I|U�DWW�EHG|PD
RP�O|VQLQJHQ�lU�UHDOLVWLVN��(QVWDND�PLQGUH�DYYLNHOVHU�PHGI|U�L�QRUPDOIDOOHW�OLWHQ�EHW\GHOVH
HIWHU�GHQ�VWDWLVWLVND�EHKDQGOLQJHQ�HQOLJW�DYVQLWW�����

)|U�DWW�EHG|PD�|YHUHQVVWlPPHOVHQ�PHOODQ�PlWW�RFK�EHUlNQDG�GHIOHNWLRQVEDVVlQJ�VWXGHUDV
L�I|UVWD�KDQG�GHW�EHUlNQDGH�506�YlUGHW��5HVXOWDW�IUnQ�O|VQLQJ�PHG�VlPUH��K|JUH��506�
YlUGH�lQ�����InU�LQWH�SUHVHQWHUDV�XWDQ�DWW�KD�VlUVNLOW�PDUNHUDWV�VRP�RVlNHUW��H[HPSHOYLV
JHQRP�DYYLNDQGH�IRUPDWHULQJ��U|G�IlUJ�²�IHW�VWLO��HWF���

2P�RUHDOLVWLVND�(�PRGXOHU�RFK�HOOHU�GnOLJ�|YHUHQVVWlPPHOVH�PHOODQ�PlWW�RFK�EHUlNQDG
GHIOHNWLRQVEDVVlQJ�HUKnOOV��VND�EHUlNQLQJ�PHG�DOWHUQDWLY�ODJHUPRGHOO�SU|YDV��<WWHUOLJDUH�HWW
ODJHU�JHU�QRUPDOW�HQ�ElWWUH�|YHUHQVVWlPPHOVH�PHOODQ�PlWW�RFK�EHUlNQDG�GHIOHNWLRQ��PHQ�lU
LQJHQ�JDUDQWL�I|U�DWW�PHU�UHDOLVWLVND�(�PRGXOHU�HUKnOOHV�

2P�(�PRGXOHQ�I|U�HWW�ODJHU�EOLU�µI|U�OnJµ�HOOHU�µI|U�K|Jµ��SnYHUNDU�GHW�PHG�DXWRPDWLN�(�
PRGXOHQ�I|U�DQJUlQVDQGH�ODJHU�L�RPYlQG�ULNWQLQJ��1RUPDOW�PLQVNDU�ODJHUPRGXOHQ�PHG
GMXSHW��ERUWVHWW�IUnQ�GHW�VW\YD�VNLNWHW�L�ERWWHQ�

6SHFLHOOW�I|U�WXQQD�ODJHU�NDQ�EHUlNQDG�(�PRGXO�DYYLND�IUnQ�GH�VRP�DQJHWWV�VRP�W\SLVND�
'HWWD�NDQ�EHUR�Sn�DYYLNHOVH�PHOODQ�YHUNOLJ�RFK�DQWDJHQ�ODJHUWMRFNOHN��PHQ�RFNVn�Sn�EH�
JUlQVQLQJDU�L�GHQ�DQYlQGD�UHVSRQVPRGHOOHQ�RFK�HOOHU�EULVWHU�L�EHUlNQLQJVDQWDJDQGHQ�
'HWWD�\WWUDU�VLJ�RIWD�L�K|JW�506�YlUGH��GYV��GnOLJ�|YHUHQVVWlPPHOVH�PHOODQ�PlWW�RFK�EH�
UlNQDG�GHIOHNWLRQVEDVVlQJ�



%HDUEHWQLQJ�DY�GHIOHNWLRQVPlWGDWD
99�3XEO��QU��������

�������

�� 'LPHQVLRQHULQJ�PHG�KlQV\Q�WLOO�WUDILNODVW
0HG�GLPHQVLRQHULQJ�DYVHV�L�GHW�I|OMDQGH�HQGDVW�EHVWlPPDQGH�DY�PLQVWD�HUIRUGHUOLJ�WMRFN�
OHN�KRV�HQ�SnE\JJQDG��9LG�VDPPDQYlJQLQJ�WLOO�nWJlUGVEHVOXW�LQYHUNDU�lYHQ�DQGUD�IDNWRUHU�
W�H[��NUDY�Sn�|YHUGLPHQVLRQHULQJ�PHG�KlQV\Q�WLOO�ULVN�I|U�YLEUDWLRQHU�L�YlJQlUD�EHE\JJHOVH�
NUDY�Sn�YlJEDQDQV�RMlPQKHWVSURILO�L�V\IWH�DWW�I|UHE\JJD�nNVMXND�>��@>�@��nWJlUGHU�PRW
EULVWDQGH�NDQWVWDELOLWHW�HWF��6H�YLGDUH�L�EHJUHSSVELOGHQ�L�)LJXU���

(Q�VlUVNLOG�GLPHQVLRQHULQJ�PnVWH�J|UDV�I|U�DWW�KDQWHUD�HYHQWXHOOD�WMlOSUREOHP�

)LJXU�� %HJUHSSVPRGHOO�I|U�GLPHQVLRQHULQJ�DY�YlJUHSDUDWLRQ�>��@�

'LPHQVLRQHULQJHQ�J|UV�I|U�WUDILNODVWHQ�L�HWW�N|UIlOW��2P�DQGUD�nWJlUGHU�lQ�SnE\JJQDG�HOOHU
UHNRQVWUXNWLRQ�lU�DNWXHOOD��H[HPSHOYLV�GLNQLQJ�HOOHU�\WEHKDQGOLQJ��NDQ�lQGn�UHVXOWDWHW�YDUD
WLOO�JRWW�VW|G�YLG�PRWLYHULQJ�DY�YDOG�nWJlUG�

$Y�PLOM|VNlO�RFK�UHVXUVVNlO�nWHUYLQQV�PDWHULDO�IUnQ�VSUXFNQD�DVIDOWODJHU�HIWHU�ULYQLQJ�HOOHU
IUlVQLQJ��'HVVD�DYWDJQD�ODJHU�LQJnU�LQWH�PHG�VLQD�EHUlNQDGH�VW\YKHWHU�YLG�GLPHQVLRQHULQJ
DY�SnE\JJQDGVNRQVWUXNWLRQHQ�

'LPHQVLRQHULQJHQ�VND�J|UDV�I|U�YDUMH�IDOOYLNWVSXQNW��6HGDQ�SnE\JJQDGVEHUlNQLQJHQ�JMRUWV
I|U�DOOD�SXQNWHU��VND�HQ�VWUlFNLQGHOQLQJ�J|UDV�EDVHUDG�Sn�VWDWLVWLVND�|YHUYlJDQGHQ��VH�DYVQLWW
�����

'LPHQVLRQHULQJHQ�LQQHElU�DWW�PDQ�NRQWUROOHUDU�GH�Q\D�W|MQLQJDUQD�Gn�HQ�SnE\JJQDG�SUR�
YDV��0HG�HWW�GDWRUSURJUDP���VRP�E\JJHU�Sn�OLQMlUHODVWLVND�SULQFLSHU���EHUlNQDV�VSlQQLQJDU
RFK�W|MQLQJDU�I|U�QXYDUDQGH�NRQVWUXNWLRQ�SOXV�SnE\JJQDG��'HWWD�J|UV�I|U�WYn�ROLND�WMRFND
SnE\JJQDGHU�

TILLSTÅND

ARKIV,
ERFARENHETER

SKADE-
INVENTERING 

(TJÄLE MM) 

SAMMANVÄGNINGDIM.

DRÄNERINGS-
INVENTERING

FWD-
MÄTNING

MATERIAL-
PROVNING

TRAFIKDATA /
-PROGNOS

GEOMETRI
MATERIAL,

TEKNIK

ÅTGÄRDS-
PLAN
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'lUHIWHU�NRQWUROOHUDV�W|MQLQJDUQD�PRW�WYn�NULWHULHU�

�� 6SULFNELOGQLQJ�

�� 3HUPDQHQW�GHIRUPDWLRQ��RMlPQKHWHU�RFK�µElULJKHWVVSnUµ�

'HW�I|UVWD�NULWHULHW�PHGI|U�DWW�JUlQVYlUGHQ�VlWWV�I|U�GUDJW|MQLQJ�L�XQGHUNDQW�DY�EHOlJJ�
QLQJVODJHU�>��@��'HW�DQGUD�NULWHULHW�PHGI|U�Sn�PRWVYDUDQGH�VlWW�HQ�JUlQV�I|U�YHUWLNDO�WU\FN�
W|MQLQJ�Sn�WHUUDVV\WDQ��7HUUDVVW|MQLQJVJUlQVHQ�LQQHElU�LQWH�DWW�DOOD�GHIRUPDWLRQHU�VNHU�XQGHU
WHUUDVVQLYn��'HQ�PRWLYHUDV�KHOW�HQNHOW�PHG�DWW�VWRUOHNHQ�Sn�WU\FNW|MQLQJHQ�Sn�WHUUDVVHQ
DQVHV�|YHUHQVVWlPPD�EUD�PHG�UHJLVWUHUDGH�GHIRUPDWLRQVVNDGRU��6WRUOHNHQ�Sn�GHQQD�W|MQLQJ
EHURU�DY�|YHUE\JJQDGHQV�ElUI|UPnJD�>��@�

7|MQLQJDUQD�EHUlNQDV�I|U�YnU��VRPPDU�RFK�K|VW��'lUHIWHU�WLOOlPSDV�0LQHUV�GHOVNDGHK\SR�
WHV�I|U�DWW�VDPPDQYlJD�HIIHNWHUQD�VlVRQJYLV��(IWHUVRP�HIIHNWHQ�EHUlNQDV�I|U�WYn�ROLND
WMRFND�SnE\JJQDGHU��NDQ�HQ�LQWHUSROHULQJ�J|UDV�WLOO�UlWW�SnE\JJQDGVWMRFNOHN�

,�YDUMH�PlWSXQNW�VND�EHUlNQLQJVUHVXOWDWHW�XWJ|UDV�DY�GHQ�VW|UVWD�SnE\JJQDG�VRP�NUlYV�I|U
DWW�NODUD�GH�ROLND�JUlQVYlUGHQD��DYVHHQGH�GUDJW|MQLQJ�L�EHOlJJQLQJ�UHVSHNWLYH�WU\FNW|MQLQJ
Sn�|YHUNDQW�WHUUDVV��'HWWD�UHVXOWDW�EHKDQGODV�VHGDQ�VWDWLVWLVNW�HQOLJW�DYVQLWW������RFK�VDP�
PDQYlJV�VOXWOLJHQ�PHG�DQGUD�IDNWRUHU�HQOLJW�)LJXU���WLOO�VOXWOLJ�nWJlUG�

'H�UHVXOWHUDQGH�SnE\JJQDGVEHKRYHQ�VND�MlPI|UDV�PHG�HQNOD�ElULJKHWVSDUDPHWUDU�RFK
JUDQVNDV�VXEMHNWLYW�I|U�DWW�ILQQD�RUHDOLVWLVND�O|VQLQJDU��'HWWD�NDQ�YDUD�IDOOHW�RP�W�H[��Sn�
E\JJQDGVEHUlNQLQJ�J|UV�GlU�XQGHUJUXQGHQ�EHVWnU�DY�RUJDQLVND�MRUGDUWHU�PHG�P\FNHW�OnJ�(�
PRGXO��G�Y�V��HWW�JHRWHNQLVNW�SUREOHP�I|UHOLJJHU�

���� .OLPDW
.OLPDW]RQ�VNDOO�EHVWlPPDV�HQOLJW�NDS�������L�9b*����>�@��'HQ�DYJ|U�YLOND�UHIHUHQVWHPSH�
UDWXUHU�VRP�VNDOO�DQYlQGDV�I|U�Q\D�DVIDOWEXQGQD�ODJHU�RFK�YLONHQ�SHULRGOlQJG�VRP�VNDOO
WLOOlPSDV�YLG�GLPHQVLRQHULQJHQ��'HQ�RWMlODGH�GHOHQ�DY�nUHW�GHODV�L�WUH�SHULRGHU��YnU��WMlOORVV�
QLQJ���VRPPDU�RFK�K|VW��8QGHU�GHQ�WMlODGH�SHULRGHQ�DY�nUHW��YLQWHU��DQWDV�GHW�LQWH�VNH�Qn�
JRQ�QHGEU\WQLQJ�DY�YlJNRQVWUXNWLRQHQ�PHG�DYVHHQGH�Sn�WUDILNEHODVWQLQJ��5HIHUHQVWHPSH�
UDWXUHUQD�YlOMV�HQOLJW�7DEHOO���>��@��3HULRGOlQJGHQ�YlOMV�HQOLJW�7DEHOO���>��@�

7DEHOO�� %HOlJJQLQJHQV�UHIHUHQVWHPSHUDWXU�>R&@

./,0$7=21cUVWLG
� � � � � �

9nU��WMlOORVVQLQJ� � � � � � �
6RPPDU �� �� �� �� �� ��
+|VW � � � � � �

������������������������������������������������
��+lU�DYVHV�HM�WHPSHUDWXUVSULFNRU��IRJVSULFNRU�RFK�OLNQDQGH�IHO��XWDQ�HQEDUW�WUDILNODVWEHURHQGH�VSULFNRU
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7DEHOO�� 3HULRGOlQJG�>DQWDO�G\JQ@

./,0$7=21cUVWLG
� � � � � �

9nU
�WMlOORVV�
QLQJ�

�� �� �� �� �� ��

6RPPDU ��� ��� ��� ��� �� ��
+|VW ��� �� �� �� �� ��

���� 3nE\JJQDGVPDWHULDO
$QGUD�YDO�DY�VW\YKHWVPRGXOHU�lQ�QHGDQVWnHQGH�InU�J|UDV�I|UVW�HIWHU�JRGNlQQDQGH�DY�9lJ�
YHUNHW�

������ $VIDOWEXQGQD�SnE\JJQDGVPDWHULDO��Q\WLOOYHUNDGH
9LG�SnE\JJQDG�PHG�Q\D�DVIDOWEXQGQD�PDWHULDO�VND�)RUPHO���>��@�Q\WWMDV�VRP�VDPEDQG
PHOODQ�(�PRGXO�RFK�WHPSHUDWXU�

(�7� �����
�����
�H������
7�

GlU (�7�� �EHOlJJQLQJHQV�HODVWLFLWHWVPRGXO�>03D@�YLG�WHPSHUDWXUHQ�7
7� �EHOlJJQLQJHQV�UHIHUHQVWHPSHUDWXU�>R&@�HQOLJW�7DEHOO��
H� �EDV�I|U�QDWXUOLJD�ORJDULWPHQ��a��������

)RUPHO�� (�PRGXO�VRP�IXQNWLRQ�DY�WHPSHUDWXU��Q\D�DVIDOWEXQGQD�PDWHULDO

������ 3nE\JJQDGVPDWHULDO�DY�nWHUYXQQHQ�DVIDOWEHOlJJQLQJ
$VIDOWPDVVD�WLOOYHUNDG�JHQRP�YDUP�nWHUYLQQLQJ�EHKDQGODV�VRP�Q\WLOOYHUNDG�PDVVD�HQO�������
>��@��$VIDOWPDVVD�WLOOYHUNDG�JHQRP�NDOO�nWHUYLQQLQJ�JHV�PRGXOHU�HQOLJW�7DEHOO���

7DEHOO�� (�PRGXOHU�>03D@�I|U�NDOOW�nWHUYXQQD�ELWXPLQ|VD�PDWHULDO

0DWHULDO (�PRGXO��XWWU\FNW�VRP�DQGHO�DY�(�PRGXO�I|U�Q\WLOOYHUNDG�PDVVD�>�@
0$%�c$ ��
$*�c$ ��

������ 2EXQGQD�SnE\JJQDGVPDWHULDO
2EXQGQD�SnE\JJQDGVPDWHULDO�VNDOO�JHV�(�PRGXOHU�HQOLJW�7DEHOO���

7DEHOO�� (�PRGXOHU�>03D@�I|U�REXQGQD�SnE\JJQDGVPDWHULDO

)|UVWlUNQLQJVODJHU%lUODJHU
.URVVDW 2NURVVDW

��� ��� ���
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���� (ODVWLFLWHWVPRGXOHU�KRV�EHILQWOLJD�DVIDOWEXQGQD�PDWHULDO
,�SnE\JJQDGVEHUlNQLQJHQ�VNDOO�(�PRGXOHQ�YDULHUDV�L�GH�EHILQWOLJD�DVIDOWEXQGQD�ODJUHQ�SHUL�
RGYLV�

9LG�SDVVQLQJVUlNQLQJHQ�EHVWlPV�ODJUHWV�(�PRGXO�I|U�PlWWLOOIlOOHW�RFK�Gn�UnGDQGH�PHGHO�
WHPSHUDWXU�KRV�EHOlJJQLQJHQ�

)|UKnOODQGHW�PHOODQ�WHPSHUDWXU�RFK�(�PRGXO�I|U�GHW�EHILQWOLJD�EHOlJJQLQJVODJUHW�EHVWlPV
JHQRP�DWW�PDUNHUD�WHPSHUDWXU�RFK�EHUlNQDG�(�PRGXO�I|U�PlWSXQNWHQ�HQOLJW�)LJXU���RFK
ULWD�HQ�NXUYD�OLNIRUPLJ�PHG�XUVSUXQJVNXUYDQ�DQJLYHQ�L�������

)LJXU�� 6DPEDQG�(�PRGXO�RFK�WHPSHUDWXU�I|U�DVIDOWEHOlJJQLQJ��VH�lYHQ������

6SUXFNQD�DVIDOWEXQGQD�ODJHU�VRP�VNDOO�LQJn�L�GHQ�Q\D�NRQVWUXNWLRQHQ�VND�EHKDQGODV�VRP
REXQGHW�ElUODJHU�

���� cUVWLGVMXVWHULQJ�DY�(�PRGXOHU�KRV�EHILQWOLJD�REXQGQD�PDWHULDO
.OLPDW��PDWHULDO�RFK�GUlQHULQJVI|UKnOODQGHQ�SnYHUNDU�REXQGQD�ODJHUV�VW\YKHW�L�HQ�nUVF\NHO�
)DOOYLNWVPlWQLQJHQ�J|UV�RIWD�HQGDVW�HQ�JnQJ��'HWWD�LQQHElU�DWW�(�PRGXOHUQD�I|U�DQGUD�Vl�
VRQJHU�lQ�GHQ�PlWWD�Gn�PnVWH�XSSVNDWWDV�

(Q�XSSVNDWWQLQJ�DY�(�PRGXOHU�XQGHU�DQGUD�VlVRQJHU�lQ�GHQ�PlWWD��NDQ�J|UDV�HQOLJW�NRU�
UHNWLRQVWDO�L�7DEHOO���>��@��7DEHOOYlUGHQD�lU�ULNWYlUGHQ��VDPPDQVWlOOGD�IUnQ�VWXGLHU�VRP
YLVDW�Sn�UHODWLYW�VWRU�YDULDQV��6W|G�YLG�EHG|PQLQJ�DY�GHOVWUlFNRU�GlU�NRPSOHWWHUDQGH�GH�
IOHNWLRQVPlWQLQJDU�lU�VlUVNLOW�PRWLYHUDGH��KlPWDV�PHG�I|UGHO�JHQRP�RNXOlU�VNDGHLQYHQWHU�
LQJ��VH�)LJXU����

6DPEDQG�PHOODQ�(�PRGXO�RFK�WHPSHUDWXU
Tillämpas för nytillverkade asfaltbeläggningar,

 samt vid temperaturkorrigering av beräknad modul för gamla lager
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Nya asfaltlager

Gamla asf.lager

Genom känd punkt 
dras kurvan likformigt 
med kurvan för nya 
lager, vilken beskrivs 
med ekvationen 

E(T)= 1,79*104*e-0,071*T
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7DEHOO�� .RUUHNWLRQVWDO�I|U�(�PRGXOHU��PDWHULDO�XQGHU�EHOlJJQLQJ

6lVRQJ2EXQGQD�|YHU�
E\JJQDGVPDWHULDO 9nU�7MlOORVVQ 6RPPDU +|VW
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6lVRQJ8QGHUJUXQGV�
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���� 'UlQHULQJVVLWXDWLRQ
,�YlJXQGHUKnOOVSURMHNW�VlNHUVWlOOV�UHJHOPlVVLJW�HUIRUGHUOLJ�GUlQHULQJ�JHQRP�UHQVQLQJ�DY
EHILQWOLJD�GUlQHULQJVV\VWHP�RFK�YLG�EHKRY�JHQRP�DQOlJJQLQJ�DY�Q\D�GUlQHULQJVV\VWHP��'HQ
I|UElWWUDGH�GUlQHULQJVVLWXDWLRQHQ�PHGI|U�DWW�VW\YKHWVHJHQVNDSHUQD�L�YlJNRQVWUXNWLRQHQ
I|UElWWUDV��MlPI|UW�PHG�GH�VW\YKHWHU�VRP�HUKnOOLWV�YLG�DQDO\V�DY�WLGLJDUH�XSSPlWWD�GHIOHN�
WLRQVPlWGDWD��'HWWD�JlOOHU�IUDPI|UDOOW�WHUUDVVPDWHULDO�RFK�REXQGQD�ODJHU�PHG�K|J�DQGHO
ILQNRUQLJW�PDWHULDO��6W\YKHWVI|UElWWULQJDUQD�PHGI|U�DWW�EHKRYHQ�DY�I|UVWlUNQLQJVnWJlUGHU
PLQVNDU��2P�LQWH�I|UElWWULQJVHIIHNWHQ�PlWV��InU�VW\YKHWHU�NRUULJHUDV�PHG�HQ�I|UElWWULQJ�Sn
PD[LPDOW�����03D��6W\YKHWHU�I|U�PDWHULDO�VRP�KDU�(�PRGXO�!����03D�I|UH�GUlQHULQJV�
I|UElWWULQJ�InU�NRUULJHUDV�I|UVW�VHGDQ�NRPSOHWWHUDQGH�PlWQLQJ�XWI|UWV�

���� 7UDILNODVW
'LPHQVLRQHULQJHQ�VNDOO�J|UDV�I|U�ODVWHUQD�IUnQ�GHQ�WXQJD�WUDILNHQ��2P�WUDILNI|UKnOODQGHQ
HOOHU�EHILQWOLJ�NRQVWUXNWLRQ�VNLOMHU�PHOODQ�N|UIlOWHQ��VND�N|UIlOWHQ�GLPHQVLRQHUDV�YDU�I|U�VLJ�
'HWWD�PHGI|U�Gn�DWW�NRQVWUXNW|UHQ�PnVWH�PRGLILHUD�)RUPHO���QnJRW�

2P�QXYDUDQGH�DVIDOWEXQGQD�ODJHU�VNDOO�EHKnOODV�REHDUEHWDGH�RFK�VSULFNIUHNYHQVHQ�lU�OnJ�
PnVWH�lYHQ�I|UXWYDUDQGH�WUDILN�EHVWlPPDV�RFK�VXEWUDKHUDV��2P�DVIDOWODJUHQ�lU�P\FNHW
VSUXFNQD�KDQWHUDV�GH�EHUlNQLQJVPlVVLJW�VRP�REXQGHW�PDWHULDO���YDULJHQRP�I|UXWYDUDQGH
WUDILN�LQWH�EHK|YHU�EHDNWDV�

7UDILNODVWHQ�VNDOO�DQJHV�L�DQWDO�VWDQGDUGD[ODU�HQOLJW�)RUPHO����6lUVNLOG�RPVRUJ�VND�OlJJDV�YLG
EHVWlPQLQJ�DY�IDNWRUHUQD�$�RFK�&�

������������������������������������������������
��6SULFNDUPHULQJ�E|U�Gn�|YHUYlJDV��I|U�DWW�I|UKLQGUD�EURWWDQYLVQLQJ�XSS�L�GHW�SnI|UGD�ODJUHW�
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GlU c'7W� �7RWDOW�WUDILNIO|GH�L�YlJHQV�EnGD�ULNWQLQJDU�XQGHU�HWW�G\JQ�>DQWDO�IRU�
GRQ@��nUVPHGHOYlUGH��0lWYlUGH��RPUlNQDW�WLOO�SODQHUDW�XWI|UDQGHnU
$� �$QGHO�WXQJD�IRUGRQ�>�@��0lWQLQJ�UHNRPPHQGHUDV��PHQ�VFKDEORQYlUGH
NDQ�KlPWDV�L�7DEHOO����>�@
&� �$QWDO�D[ODU�SHU�JHQRPVQLWWOLJW�WXQJW�IRUGRQ��0lWQLQJ�UHNRPPHQGHUDV�
PHQ�VFKDEORQYlUGH�NDQ�KlPWDV�L�7DEHOO����>��@
'� �������)DNWRUQ�EHVNULYHU�JHQRPVQLWWOLJW�DQWDO�VWDQGDUGD[ODU�SHU�WXQJ�D[HO
>��@
(� �-XVWHULQJVIDNWRU�PHG�KlQV\Q�WLOO�DQWDO�N|UIlOW�RFK�N|UIlOWVEUHGG�HQOLJW
7DEHOO����>��@
Q� �GLPHQVLRQHULQJVSHULRGHQV�OlQJG
M� �������«�Q
O� �SURJQRVWLFHUDG�nUOLJ�I|UlQGULQJ�>�@�DY�WXQJ�WUDILN�XQGHU�GLPHQVLRQHULQJV�
SHULRGHQ��2EVHUYHUD�DWW�GHQQD�NDQ�VNLOMD�VLJ�IUnQ�XWYHFNOLQJVSURJQRVHQ�I|U�GHQ
WRWDOD�WUDILNHQ

)RUPHO�� %HUlNQLQJ�DY�DQWDO�VWDQGDUGD[ODU

7DEHOO��� $QGHO�WXQJ�WUDILN�UHVS��DQWDO�D[ODU�SHU�WXQJW�IRUGRQ��VFKDEORQYlUGHQ

9lJW\S $QGHO�WXQJD
IRUGRQ�>�@

$QWDO�D[ODU�SHU
WXQJW�IRUGRQ�>VW@

1DWLRQHOO �� �
5HJLRQDO � ���
/RNDO � ���

7DEHOO��� .RUUHNWLRQVWDO�I|U�WUDILNEHODVWQLQJHQ�PHG�KlQV\Q�WLOO�WUDILNHQV�WYlUI|U�
GHOQLQJ

7\SVHNWLRQ
>P@

7YlUI|UGHOQLQJVIDNWRU

��� �
��²�� �
� ���
PRWRUYlJ ���
���� ���
�� ����
����YlJUHQ ���
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���� %HVWlPQLQJ�DY�JUlQVYlUGHQ
$QGUD�VDPEDQG�PHOODQ�ODVW�RFK�JUlQVYlUGHQ�lQ�QHGDQVWnHQGH�InU�LQWH�DQYlQGDV�XWDQ�VlU�
VNLOG�PRWLYHULQJ��RFK�HIWHU�JRGNlQQDQGH�DY��9lJYHUNHW�

*UlQVYlUGH��HQOLJW�VSULFNNULWHULHW��I|U�GUDJW|MQLQJ�L�XQGHUNDQW�DY�ELWXPHQEXQGQD�ODJHU�PHG
WMRFNOHN�VW|UUH�lQ����PP�EHVWlPV�HQOLJW�)RUPHO�����MlPI|U�PHG�NDSLWHO���������L�9b*���
>�@���)RUPHOQ�JlOOHU�I|U�EHOlJJQLQJDU�WLOOYHUNDGH�PHG�ELQGHPHGHO�W\S�%�����2P�PDWHULDO
PHG�DYVHYlUW�DQQRUOXQGD�HJHQVNDSHU�VNDOO�DQYlQGDV��NUlYV�DWW�PRWVYDUDQGH�VDPEDQG�XSS�
UlWWDV�I|U�GHVVD��8QGHUODJ�I|U�VnGDQW�VDPEDQG�VNDOO�UHGRYLVDV�I|U�9lJYHUNHW��YDUHIWHU�WLOO�
OlPSQLQJ�InU�VNH�HIWHU�YHUNHWV�JRGNlQQDQGH�

2P�ODJUHWV�WMRFNOHN�XQGHUVWLJHU����PP�EHWUDNWDV�GHW�VRP�HWW�PHPEUDQ��)|U�QlUYDUDQGH
VDNQDV�VDPEDQG�PHOODQ�ODVW�RFK�JUlQVYlUGH�I|U�PHPEUDQEHOlJJQLQJDU�

'HQ�I|UXWYDUDQGH�WUDILNHQ�VNDOO�LQUlNQDV�L�1WLOO�EE�RP�GHW�JDPOD�DVIDOWEXQGQD�ODJUHW�lU
RVSUXFNHW�
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GlU� 1WLOO�EE� �WLOOnWHW�DQWDO�VWDQGDUGD[ODU�XQGHU�GHQ�WRWDOD�GLPHQVLRQHULQJVSHULRGHQ
�H[�����nU��I|U�GHW�ELWXPHQEXQGQD�ODJUHW
1EE�L� �WLOOnWHW�DQWDO�VWDQGDUGD[ODU�I|U�ELWXPHQEXQGHW�ODJHU�XQGHU�NOLPDWSHULRG
QU�µLµ
P� �DQWDO�SHULRGHU
7� �PHGHOWHPSHUDWXU�>°&@�KRV�EHOlJJQLQJVODJUHW�XQGHU�SHULRG�L
L� �SHULRG�QXPPHU
εL� �GUDJW|MQLQJ�L�DVIDOWEXQGHW�ODJHUV�XQGHUNDQW�XQGHU�SHULRG�L
QL� �DQWDO�GDJDU�XQGHU�SHULRG�L

)RUPHO��� 7LOOnWHQ�GUDJW|MQLQJ�L�ELWXPHQEXQGHQ�EHOlJJQLQJ

*UlQVYlUGHQ�I|U�SnNlQQLQJDU��HQOLJW�GHIRUPDWLRQVNULWHULHW��L�REXQGQD�|YHUE\JJQDGVODJHU
VDNQDV�I|U�QlUYDUDQGH��'HWWD�NDQ�L�YLVVD�IDOO�PHGI|UD�K|J�ULVN�I|U�GHIRUPDWLRQVVNDGRU�RDY�
VHWW�RP�JUlQVYlUGHW�I|U�YHUWLNDO�WU\FNW|MQLQJ�Sn�WHUUDVV�XQGHUVNULGV�HOOHU�HM��5LVNHQ�lU�VWRU
Sn�VnGDQD�YlJDYVQLWW�GlU�GHQ�EHILQWOLJD�|YHUE\JJQDGHQ�KDU�NRPPLW�DWW�LQQHKnOOD�XSSHQEDUW
ROlPSOLJW�YlJPDWHULDO�

*UlQVYlUGH��HQOLJW�GHIRUPDWLRQVNULWHULHW��I|U�YHUWLNDO�WU\FNW|MQLQJ�Sn�|YHUNDQW�WHUUDVV�EH�
VWlPV�HQOLJW�)RUPHO����
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GlU 1WLOO�WH� �WLOOnWHW�DQWDO�VWDQGDUGD[ODU�XQGHU�XQGHU�GHQ�WRWDOD�GLPHQVLRQHULQJVSH�
ULRGHQ��H[�����nU��I|U�|YHUE\JJQDGHQ�
P� �DQWDO�SHULRGHU
L� �SHULRG�QXPPHU
εWH�L� �YHUWLNDO�WU\FNW|MQLQJ�Sn�WHUUDVV\WDQ�XQGHU�SHULRG�L
QL� �DQWDO�GDJDU�XQGHU�SHULRG�L

)RUPHO���� 7LOOnWHQ�WU\FNW|MQLQJ�Sn�WHUUDVV\WDQ

���� (QVWDND�ODVW
9lJ\WDQ�VNDOO�GLPHQVLRQHUDV�I|U�DWW�NODUD�HQVWDND�����N1�ODVW��(QVWDND�WU\FNW|MQLQJ�Sn�WHU�
UDVV�InU�Gn�LQWH�XQGHU�QnJRQ�nUVWLG�|YHUVNULGD�YlUGHQD�L�7DEHOO�����/DVWHQ�VNDOO�EHUlNQDV
HQOLJW�NDS����������L�9b*���>�@�

7DEHOO��� 7LOOnWHQ�HQVWDND�WU\FNW|MQLQJ�> �VWUDLQ@�Sn�WHUUDVV

.OLPDW]RQ � � � � � �
9lJ�PHG�|YHUE\JJQDG
DY�W\S�*%g�HOOHU�%%g

���� ���� ���� ���� ���� ����

9lJ�PHG�JUXVVOLWODJHU ���� ���� ���� ���� ���� ����

���� 2VlNHUKHW�RFK�VSULGQLQJ��VDPW�JUDQVNQLQJ�DY�UHVXOWDW
,�GH�EHUlNQDGH�SnE\JJQDGHUQD�ILQQV�HWW�YLVVW�IHO��6WRUOHNHQ�Sn�GHWWD�IHO�EHURU�EODQG�DQQDW�Sn
VOXPSPlVVLJD�YDULDWLRQHU�KRV�PlWGDWD��PHQ�RFNVn�Sn�RVlNHUKHW�L�DQWDJDQGHQ�RP�NRPPDQ�
GH�XWI|UDQGH��W�H[�UHVXOWHUDQGH�(�PRGXO�KRV�EHOlJJQLQJVPDVVD�HOOHU�REXQGQD�ODJHU��

,QRP�HQ�VWUlFND�VRP�DQVHV�YDUD�KRPRJHQ��ILQQV�HQ�VSULGQLQJ�KRV�EHUlNQDGH�SnE\JJQDGV�
YlUGHQ��'HQ�RUVDNDV�L�VLQ�WXU�DY�VSULGQLQJ�KRV�LQJnHQGH�SDUDPHWHUYlUGHQ��W�H[�KRV�XQGHU�
JUXQGVPRGXOHQ�RFK�KRV�GHW�DVIDOWEXQGQD�ODJUHW�P�P�

8WLIUnQ�SnE\JJQDGVEHKRYHW�L�UHVSHNWLYH�PlWSXQNW��DQJHU�7DEHOO����GHW�SHUFHQWLOYlUGH�I|U
SnE\JJQDGVWMRFNOHNHQ�VRP�VNDOO�WLOOlPSDV�OlQJV�VWUlFNRU�GlU�SnE\JJQDGHQ�VNDOO�YDUD�NRQ�
VWDQW�
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7DEHOO��� (UIRUGHUOLJW�SHUFHQWLOYlUGH�I|U�SnE\JJQDG

7UDILNODVW 3HUFHQWLO
>VWDQGDUGD[ODU
���@ >�@
����� ��
��������� ��
!���� ��

'H�EHUlNQDGH�SnE\JJQDGVEHKRYHQ�VND�JUDQVNDV�I|U�DWW�ILQQD�RUHDOLVWLVND�UHVXOWDW��'HWWD�NDQ
J|UDV�JHQRP�DWW�MlPI|UD�PHG�YlJVWUlFNDQV�KLVWRULVND�WLOOVWnQGVXWYHFNOLQJ�RFK�PHG�XSSULWD�
GH�µHQNOD�ElULJKHWVPnWWµ��NDSLWHO�����2UHDOLVWLVND�UHVXOWDW�NDQ�HUKnOODV�RP�W�H[��SnE\JJQDGV�
EHUlNQLQJ�J|UV�GlU�XQGHUJUXQGHQ�EHVWnU�DY�RUJDQLVND�MRUGDUWHU�PHG�P\FNHW�OnJ�(�PRGXO�
G�Y�V��HWW�JHRWHNQLVNW�SUREOHP�I|UHOLJJHU�

�����%HUlNQLQJVSURJUDP
%HUlNQLQJ�NDQ�VNH�PHG�ROLND�GDWRUSURJUDP��W�H[��(YHU�VHULHQ�>��@��'H�EHVOlNWDGH�SUR�
JUDPPHQ�L�&OHYHU�VHULHQ��VH�QHGDQ��NDQ�HUKnOODV�IUnQ�9lJYHUNHWV�KXYXGNRQWRU��%HUlNQLQJV�
DUEHWHW�E|U�XWI|UDV�DY�SHUVRQHU�PHG�SUDNWLVN�YlJWHNQLVN�HUIDUHQKHW��E\JJQDGVPHNDQLVND
NXQVNDSHU�RFK�VRP�KDU�JHQRPJnWW�XWELOGQLQJ�L�SURJUDPKDQGKDYDQGHW�

������� &OHYHUFDOF�SURJUDPPHW
3URJUDPPHW�EHUlNQDU�GHW�EHILQWOLJD�VWUXNWXUHOOD�WLOOVWnQGHW�L�IRUP�DY�(�PRGXOHU�RFK�W|M�
QLQJDU�OlQJV�YlJVWUlFNDQ�

1|GYlQGLJD�LQGDWD�lU�ODJHUPRGHOO�RFK�GHIOHNWLRQVPlWGDWD�HQOLJW�990%�����>�@�IUnQ�PlW�
SXQNWHU�OlQJV�YlJHQ�

������� &OHYHUJROG�SURJUDPPHW
3URJUDPPHW�EHUlNQDU�HUIRUGHUOLJ�ElUODJHUSnE\JJQDG�YLG�HQ�UHNRQVWUXNWLRQ��VHGDQ�EHOlJJ�
QLQJHQ�ULYLWV�HOOHU�IUlVWV�ERUW�

1|GYlQGLJD�LQGDWD�lU�ODJHUPRGHOO�RFK�(�PRGXOHU�IUnQ�&/(9(5&$/&�SURJUDPPHW��(�
PRGXO�I|U�WLOOI|UW�ElUODJHUPDWHULDO��VDPW�(�PRGXO�RFK�WMRFNOHN�I|U�GHW�Q\D�VOLWODJUHW�

������� &OHYHUOD\�SURJUDPPHW
3URJUDPPHW�EHUlNQDU�WMRFNOHNHQ�KRV�HQ�SnE\JJQDG�DY�W�H[��DVIDOWEHWRQJ�

1|GYlQGLJD�LQGDWD�lU�ODJHUPRGHOO�RFK�(�PRGXOHU�IUnQ�&/(9(5&$/&�SURJUDPPHW��VDPW
(�PRGXO�I|U�SnE\JJQDGVPDWHULDOHW�
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�� .ODVVQLQJ�DY�ElUI|UPnJD
9LG�IOHUD�DNWLYLWHWHU�LQRP�YlJI|UYDOWQLQJVDUEHWHW���RFK�YLG�GLDORJHU�PHG�LQWUHVVHQWHU�NULQJ
YlJDUQDV�ElULJKHW���lU�GHW�YlUGHIXOOW�DWW�|YHUVLNWOLJW�NXQQD�EHVNULYD�YlJHQV�ElUI|UPnJD�Sn
HWW�REMHNWLYW�VlWW��,�)LJXU���EHVNULYV�HQ�PHWRG�I|U�DWW�EHUlNQD�HWW�VnGDQW�PnWW��EDVHUDW�Sn�HWW
LQGH[�EHUlNQDW�HQOLJW�)RUPHO����

D

%,
ε

1000= �

GlU %,� �ElUI|UPnJHLQGH[�>GLPHQVLRQVO|VW@
D� �XSSVNDWWDG��LEODQG�ILNWLY��DVIDOWW|MQLQJ�>��VWUDLQ@�HQOLJW�DYVQLWW������HOOHU
DVIDOWW|MQLQJ�EHVWlPG�JHQRP�SDVVQLQJVUlNQLQJ�HQOLJW�DYVQLWW����

)RUPHO��� %HUlNQLQJ�DY�ElUI|UPnJHLQGH[�>��@

,�)LJXU���YLVDV�KXU�NODVVQLQJ�DY�ElUI|UPnJD�XWI|UV��%lUI|UPnJDQ�V\IWDU�KlU�L�I|UVWD�KDQG�Sn
µVWUXNWXUHOOµ�VW\UND��HJHQWOLJHQ�PRWVWnQG�PRW�XWPDWWQLQJ�L�YHUNOLJ�HOOHU�ILNWLY�EHOlJJQLQJ�
RFK�NDQ�WLOOlPSDV�Sn�DOOD�YlJDU��RDYVHWW�W\S�DY�VOLWODJHU�

)LJXU�� %HVWlPQLQJ�DY�ElUI|UPnJHNODVV��PHG�KlQV\Q�WLOO�DQWDO�VWDQGDUGD[ODU
VRP�EHODVWDU�YlJHQ�XQGHU�DNWXHOO�GLPHQVLRQHULQJVSHULRG�RFK�UHSUHVHQ�
WDWLYW�YlUGH�Sn�ElUI|UPnJHLQGH[��%,��
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.ODVVQLQJHQ�lU�YDOLGHUDG�PRW�I\UD�ROLND�GDWDVHW�HQOLJW�I|OMDQGH�
�� PlWQLQJDU�Sn�OnJWUDILNHUDGH�µRE\JJGDµ�YlJDU�L�<�OlQ
�� PlWQLQJDU�Sn�QRUPHQOLJW�E\JJGD�YlJDU��97,�REVHUYDWLRQVVWUlFNRU��I|UH�I|UVWlUNQLQJ
�� PlWQLQJDU�Sn�QRUPHQOLJW�E\JJGD�YlJDU��97,�REVHUYDWLRQVVWUlFNRU��HIWHU�I|UVWlUNQLQJ
�� PlWQLQJDU�Sn�VDPWOLJD�DY�97,�V�REVHUYDWLRQVVWUlFNRU

.ODVVJUlQVHQ�I|U�%lUI|UPnJD���lU�MlPI|UEDU�PHG�ElUI|UPnJD�KRV�*%g�%%g�
NRQVWUXNWLRQHU�PHG�$*�ODJHU�VRP�GLPHQVLRQHUDWV�HQOLJW�VSULFNNULWHULHW�L�9b*����>�@��,
NODVV�%lUI|UPnJD���KDPQDU�EDUD�P\FNHW�VYnUW�VNDGDGH�YlJDU�

%lULJKHWVLQGH[�VND�LQWH�I|UYlQWDV�lQGUDV�P\FNHW�XQGHU�GH�nU�YlJHQ�lU�RVNDGDG��1lU�EHOlJJ�
QLQJHQ�VSULFNHU�PLQVNDU�LQGH[��RFK�YlJHQ�NDQ�NRPPD�DWW�NODVVDV�RP��9lJDU�PHG�VSULFNRU
WURWV�JRG�NODVVQLQJ�EHK|YHU�VDQQROLNW�LQWH�VlUVNLOW�NUDIWLJ�I|UVWlUNQLQJ�YLG�nWJlUG�

)|U�MlPI|UHOVH�DY�ElUI|UPnJHLQGH[�PHOODQ�ROLND�YlJDU�E|U�IDOOYLNWVPlWQLQJDUQD�YDUD�XWI|U�
GD�XQGHU�VDPPD�SHULRG�Sn�nUHW��OlPSOLJHQ�VRPPDU�WLOO�K|VW��'HW�HQOLJW�)RUPHO���EHUlNQDGH
YlUGHW�εD�NRUULJHUDV�YLG�EHKRY�PHG�KlQV\Q�WLOO�WHPSHUDWXU�HQOLJW�)RUPHO����>��@�

( )10

0
2

1
8 **10*08,3

,
10,

7 'K

7D

D −=
ε

ε �

GlU εD���� �GUDJW|MQLQJ�>µ�VWUDLQ@�YLG�WHPSHUDWXUHQ����°&
εD�7� �GUDJW|MQLQJ�>µ�VWUDLQ@�YLG�PlWWHPSHUDWXUHQ�7
7� �PlWWHPSHUDWXU�>°&@
K�� �EHOlJJQLQJVWMRFNOHN�>PP@

)RUPHO��� 7HPSHUDWXUNRUULJHULQJ�DY�DVIDOWW|MQLQJ

)|U�EHVWlPQLQJ�DY�ElUI|UPnJDQ�EHK|YV�lYHQ�XSSJLIW�RP�DQWDO�VWDQGDUGD[ODU�VRP�EHUlNQDV
EHODVWD�YlJHQ�XQGHU�DNWXHOO�GLPHQVLRQHULQJVSHULRG��H[�����nU��
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�� .RQWUROO�DY�XWI|UG�nWJlUG

���� (QWUHSUHQDG�PHG�IXQNWLRQVDQVYDU
1lU�GLPHQVLRQHULQJ�VNHWW�HQOLJW�GHQQD�PHWRGEHVNULYQLQJ�VND�HUKnOOHQ�ElUI|UPnJD�NRQWUROO�
HUDV�JHQRP�GHIOHNWLRQVPlWQLQJ�RFK�DQDO\V��'HWWD�P|MOLJJ|U�lYHQ�HQ�nWHUNRSSOLQJ�PHOODQ
nWJlUG�RFK�GLPHQVLRQHULQJ�

(Q�NRQWUROO�DY�GHQ�EHUlNQDGH�ElUI|UPnJDQ�I|U�EHOlJJQLQJ�RFK�WHUUDVV�J|UV�L�SULQFLS�HQOLJW
NDSLWHO���RFK����9LG�NRQWUROOHQ�VNDOO�XSSJLIWHU�LQKlPWDV�RP�ODJHUWMRFNOHNDU�KRV�GHQ�XWI|UGD
NRQVWUXNWLRQHQ�IUnQ�VlNUDVW�P|MOLJD�NlOOD��JHRUDGDU��ERUUKnO��UHODWLRQVKDQGOLQJDU�HWF���

0lWQLQJHQ�VNDOO�QRUPDOW�VNH�HIWHU�HWW�nUV�WUDILNHULQJ�DY�YlJ\WDQ�RFK�KHOVW�YLG�VDPPD�WLG�Sn
nUHW�VRP�GHQ�PlWQLQJ�VRP�XWJMRUGH�XQGHUODJ�I|U�GLPHQVLRQHULQJ��'HQ�VNDOO�VNH�L�GHW�\WWUH
KMXOVSnUHW�RFK�XWI|UDV�L�PLQVW���SXQNWHU�SHU�NP�I|U�YDUMH�nWJlUGDW�N|UIlOW��GRFN�PLQVW���
SXQNWHU�SHU�N|UIlOW��5lWWHQ�DWW�VW\UD�YDOHW�DY�OlJH�I|U�SURYSXQNWHUQD�I|UEHKnOOHV�EHVWlOODUHQ�
2P�LQWH�GHQQH�XWQ\WWMDU�UlWWHQ�DWW�VW\UD�YDOHW��VND�OlJHW�L�OlQJGOHG�YlOMDV�JHQRP�VOXPSQLQJ
HQOLJW�990%�����µ6WDWLVWLVN�DFFHSWDQVNRQWUROOµ�LQRP�YDUMH�NP�DY�N|UIlOWHW�

9LG�EHUlNQLQJ�DY�GHQ�OHYHUHUDGH�ElUI|UPnJDQ�VND�KlQV\Q�WDV�WLOO�GHW�WUDILNDUEHWH�VRP�VNHWW
PHOODQ�WUDILNSnVOlSS�RFK�GHIOHNWLRQVPlWQLQJ��HIWHUNRQWUROOHQ����QRUPDOW�FD�HWW�nUV�WUDILNDU�
EHWH���LQQDQ�GHQ�MlPI|UV�PHG�GHQ�ElUI|UPnJD�VRP�EHVWlOOG�NRQVWUXNWLRQ��HQOLJW�EHUlNQLQJ
KDU�

���� (QWUHSUHQDG�XWDQ�IXQNWLRQVDQVYDU��XWI|UDQGHHQWUHSUHQDG�
bYHQ�YLG�XWI|UDQGHHQWUHSUHQDG�VRP�GLPHQVLRQHUDWV�HQOLJW�GHQQD�PHWRGEHVNULYQLQJ�VND
NRQWUROO�HQOLJW�DYVQLWW�����J|UDV��PHQ�QX�HQEDUW�PHG�V\IWHW�DWW�VNDSD�nWHUNRSSOLQJ�PHOODQ
nWJlUG�RFK�GLPHQVLRQHULQJ��,�HQWUHSUHQDGMXULGLVN�PHQLQJ�NRQWUROOHUDV�Gn�ElULJKHW�HQEDUW
HQOLJW�NDSLWHO���RFK���L�9lJXQGHUKnOO������>�@�

������������������������������������������������
��9LG�EUHGGQLQJ�VND�VNLOOQDGHU�PHOODQ�EUHGGQLQJVGHO�RFK�SnE\JJQDGVGHO�EHDNWDV
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��� 5DSSRUW
(IWHU�GLPHQVLRQHULQJ�UHVS��HIWHUNRQWUROO�EDVHUDG�Sn�PlWQLQJ�Sn�VWDWOLJ�YlJ�VNDOO�HQ�UDSSRUW
VlQGDV�WLOO�9lJYHUNHWV�+XYXGNRQWRU��I|U�DWW�ELOGD�XQGHUODJ�I|U�FHQWUDO�VWDWLVWLN��.UDYHW�JlOOHU
RDYVHWW�YHP�VRP�lU�EHVWlOODUH�DY�XSSGUDJHW�

5DSSRUW�VNDOO�OlPQDV�L�GLJLWDO�IRUP�

����� 5DSSRUWHQV�RPIDWWQLQJ
5DSSRUWHULQJ�VNDOO�L�WLOOlPSOLJ�PnQ�LQQHKnOOD�XSSJLIWHU�RP�

D� 1DPQ�Sn�YHP�YLOND�VRP�XWI|UW�DQDO\VHQ
E� ,QW\JDQGH�DY�DWW�DQDO\VHQ�VNHWW�HQOLJW�GHQQD�PHWRGEHVNULYQLQJ��VDPW�UHGRJ|UHOVH�I|U�HY�

DYYLNHOVHU�RFK�NRSLD�Sn�JRGNlQQDQGHEHVOXW�I|U�HY��DYVWHJ�IUnQ�NUDY�L�GHQQD�EHVNULYQLQJ
F� .RSLD�Sn�GHIOHNWLRQVPlWILO�HQOLJW�990%�����>�@
G� $QDO\VSURJUDP�I|U�EHUlNQLQJ�DY�ODJHUPRGXOHU
H� $QDO\VSURJUDP�I|U�EHUlNQLQJ�DY�VSlQQLQJDU�RFK�W|MQLQJDU
I� 7LOOlPSDGH�JUlQVYlUGHQ��DYVQLWW������I|U�WLOOnWHW�DQWDO�ODVWHU�PHG�KlQV\Q�WLOO�W|MQLQJDU
J� 9DOG�GLPHQVLRQHULQJVSHULRG
K� 7UDILNSURJQRV�I|U�GLPHQVLRQHULQJVSHULRGHQ��9LG�DVIDOWSnE\JJQDG�lYHQ�WUDILNKLVWRULN

VHGDQ�VHQDVWH�nWJlUG�
L� )|UHVODJHQ�nWJlUGVW\S��SnE\JJQDG��XWVNLIWQLQJ�HOOHU�nWHUDQYlQGQLQJ�HIWHU�I|UlGOLQJ��UH�

PL[LQJ��VWDELOLVHULQJ�HWF�
M� 3ODQHUDW�SnE\JJQDGVPDWHULDO
N� %HUlNQLQJVUHVXOWDW�I|U�nWJlUGVGLPHQVLRQHU�RFK�GHUDV�YDULDWLRQ�L�OlQJGOHG
O� 7LOOnWHW�DQWDO�VWDQGDUGD[ODU�SHU�N|UIlOW�
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��� 5HIHUHQVHU
>�@�9lJXQGHUKnOO���������������9lJYHUNHW��$OOPlQ�WHNQLVN�EHVNULYQLQJ��UHPLVVXWJnYD�
KWWS���ZZZ�YY�VH�SXEOBEODQN�ERNK\OOD�$7%�UHPLVV�LQWUR�KWP

>�@�'HIOHNWLRQVPlWQLQJ�YLG�SURYEHODVWQLQJ�PHG�IDOOYLNWVDSSDUDW����������9lJYHUNHW��0HWRGEHVNULY�
QLQJ������SXEO�����������9lJYHUNHWV�LQWUDQlW��KWWS���LQWUD�YY�VH�NX�YlJ�SXK�PE����PE����SGI

>�@�9b*�����9lJYHUNHW��$OOPlQ�WHNQLVN�EHVNULYQLQJ�
http://www.vv.se/publ_blank/bokhylla/ATB/vag94/lista.htm

>�@�6DDUHQNHWR��7����������5RDG�DQDO\VLV�DQG�DGYDQFHG�LQWHJUDWHG�VXUYH\�PHWKRG�IRU�URDG�FRQGLWLRQ
HYDOXDWLRQ��,QW��ZRUNVKRS�RQ�PRGHOOLQJ�DQG�DGYDQFHG�WHVWLQJ�IRU�XQERXQG�JUDQXODU�PDWHUL�
DOV��/LVERQ��3URFHHGLQJV�KWWS���DOID�LVW�XWO�SW�aFJHR�JHR�EDONHPD�KWPO

>�@�9lJEDQHPRGHOO�I|U�GDWRUVW|GG�XWIRUPQLQJ�DY�XQGHUKnOOVEHOlJJQLQJDU����������9lJYHUNHW��SXEO�
���������KWWS���ZZZ�YY�VH�SXEOBEODQN�ERNK\OOD�YDJDU�����B����LQWUR�KWP

>�@�-DQVVRQ��+����������5HJUHVVLRQVVDPEDQG�I|U�EHUlNQLQJ�DY�SnNlQQLQJ�L�DVIDOWEHOlJJQLQJ�XU�GHIOHN�
WLRQHU�PlWWD�PHG�IDOOYLNW��97,�QRWDW�QU�9��������

>�@�'MlUI��/����������-RUGDUWHUV�(�PRGXO�XWYlUGHUDGH�XU�QHGVMXQNQLQJVPlWQLQJDU�PHG�IDOOYLNWVGHIOHNWR�
PHWHU��):'���97,�QRWDW��������

>�@�'MlUI��/����������0RGHOOXWYHFNOLQJ��GHOSURMHNW�LQRP�KXYXGSURMHNWHW�'LPHQVLRQHULQJ�YLG�I|UElWWULQJ
RFK�XQGHUKnOO��97,�QRWDW�9��������

>�@�*UDQOXQG��-����������/DJHUPRGHOOHQV�EHW\GHOVH�YLG�DQDO\WLVN�GLPHQVLRQHULQJ�DY�YlJI|UVWlUNQLQJ�
)DOOVWXGLH�DY�YlJ�$&������GHOHQ�%M|UNVHOH���9LQGHOJUDQVHOH��/XQGV�7HNQLVND�+|JVNROD��UDSSRUW�
VDPOLQJ�QU���IUnQ�IRUVNDUNXUVHQ�µ9DOLGHULQJ�DY�DQDO\WLVND�PRGHOOHU�I|U�YlJNRQVWUXNWLRQHUµ

>��@�)|UElWWULQJ�ElULJKHW�EHOlJJQLQJ��3URMHNWHULQJ�DY�HQVNLOW�REMHNW����������9lJYHUNHW��SXEO�
��������

>��@�'MlUI��/���HW�DO����������(IIHNW�DY�ROLND�I|UVWlUNQLQJVnWJlUGHU�Sn�DVIDOWEHODJGD�YlJDU�
GHOUDSSRUW����97,�QRWDW��������

>��@�&DUOVVRQ��+��	�-DQVVRQ��+����������cUVWLGVYDULDWLRQ�L�PDWHULDOVW\YKHWHU�KRV�LFNH�QRUPHQOLJW
E\JJGD�YlJDU��97,�QRWDW�������

>��@�8OOLGW]��3����������3DYHPHQW�$QDO\VLV��7HFKQLFDO�8QLYHUVLW\�RI�'HQPDUN��(OVHYLHU�6FLHQFH
3XEOLVKHUV

>��@�&DUOVVRQ��+���HW�DO����������'LPHQVLRQHULQJ�YLG�Q\E\JJQDG��97,�PHGGHODQGH�QU���������

>��@�)DOOLQJ�:HLJKW�'HIOHFWRPHWHU��)LQDO�5HSRUW�RI�&267�����$FWLRQ��)LQDO�GUDIW�����PD\�������
(XURSHDQ�&RPPLVVLRQ��'LUHFWRUDWH�*HQHUDO�7UDQVSRUW��KWWS���ZZZ�FRUGLV�OX�FRVW�
WUDQVSRUW�VUF�FRVW�����KWP�KWWS���ZZZ�FURZ�QO�FRVW�����KWP�WRS



%HDUEHWQLQJ�DY�GHIOHNWLRQVPlWGDWD
99�3XEO��QU��������

�������

>��@�6FULYQHU��)�+���HW�DO����������'HWHFWLQJ�6HDVRQDO�&KDQJHV�LQ�/RDG�FDUU\LQJ�&DSDFLW\�RI�)OH[LEOH
3DYHPHQWV��+LJKZD\�5HVHDUFK�%RDUG��1&+53�5HSRUW�1R����

>��@�8OOLGW]��3����������0RGHOOLQJ�)OH[LEOH�3DYHPHQW�5HVSRQVH�DQG�3HUIRUPDQFH��3RO\WHNQLVN�)RUODJ�
,6%1���������������KWWS���ZZZ�SRO\WHNQLVN�GN�GN�)RUODJ�XGJLYHOVHU�KWP

>��@�-DQVVRQ��+����������$�VLPSOH�VWUXFWXUDO�LQGH[�EDVHG�RQ�):'�PHDVXUHPHQW��%&5$����SURFH�
HGLQJV

>��@�3DYHPHQW�*XLGH�'RZQORDG��(YHUVHUV�3URJUDP���������:DVKLQJWRQ�6WDWH�'HSDUWHPHQW�RI
7UDQVSRUWDWLRQ��KWWS���ZZZ�ZVGRW�ZD�JRY�IRVVF�PDWV�HSJBGRZQORDG�KWP

>��@�+DQGERN�I|U�nWHUYLQQLQJ�DY�UHWXUDVIDOW����������9lJYHUNHW�P�IO�

>��@�6DLG��6�)��	�:DKOVWU|P��-����������6W\YKHWV��RFK�XWPDWWQLQJVHJHQVNDSHU�KRV�$*�EHOlJJQLQJDU�
97,�PHGGHODQGH���������

>��@�'RUPRQ��*�0��	�.HUNKRYHQ��5�(����������6RPH�FRQVLGHUDWLRQV�RQ�WKH�&DOLIRUQLD�%HDULQJ
5DWLR�0HWKRG�IRU�'HVLJQ�RI�)OH[LEOH�3DYHPHQW��6KHOO�%LWXPHQ�0RQRJUDSK�1R���

>��@�3HOO��3�6��	�6DDO��5�1�-����������.ROORLG�=HLWVFKULIW�0,��+HIW����SS�������

>��@�+HONURSSVYLEUDWLRQHU�YLG�IlUG�Sn�RMlPQD�YlJDU����������9lJYHUNHW��SXEO���������
KWWS���ZZZ�YY�VH�

5HNRPPHQGHUDG�UHIHUHQVOLWWHUDWXU

2GHPDUN��1����������8QGHUV|NQLQJ�DY�HODVWLFLWHWVHJHQVNDSHUQD�KRV�ROLND�MRUGDUWHU�VDPW�WHRUL�I|U�EH�
UlNQLQJ�DY�EHOlJJQLQJDU�HQOLJW�HODVWLFLWHWVWHRULQ��6WDWHQV�9lJLQVWLWXW��PHGGHODQGH���

/HQQJUHQ��&�$����������5HODWLQJ�EHDULQJ�FDSDFLW\�WR�SDYHPHQW�FRQGLWLRQ��.7+�

*XUS��&�Y����������)XOO�VWUXFWXUH�GLDJQRVLV�RI�ORZ�YROXPH�URDGV��%&5$����SURFHHGLQJV
KWWS���ZZZ�WDSLU�QWQX�QR�EFUD���SKS�





��������%RUOlQJH��7HOHIRQ��������������7HOHID[��������������7H[WWHOHIRQ������������
H�SRVW��YDJYHUNHW#YY�VH���,QWHUQHW��ZZZ�YY�VH


