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)LJXUH������0HWDO�VLJQDO�SODWH�SULRU�WR�SDWFKLQJ ���������������������������������������������������������������������������������������������������������� �� 
)LJXUH������435�����PHWDO�VLJQDO�SODWH�SDWFK������������������������������������������������������������������������������������������������������������ �� 
)LJXUH������$OEDQ\�PL[�SDUWLDO�IDLOXUH������������������������������������������������������������������������������������������������������������������������� �� 
)LJXUH�������$OEDQ\�0L[�FRPSOHWH�IDLOXUH������������������������������������������������������������������������������������������������������������������ �� 
)LJXUH�������,QVWDQW�5RDG�5HSDLU�IDLOXUH�DIWHU�RQH�ZHHN��������������������������������������������������������������������������������������������� �� 
)LJXUH������:RUNDELOLW\�ER[�DQG�SHQHWURPHWHU�ZLWK�DGDSWHU �������������������������������������������������������������������������������������� �� 
)LJXUH������5ROOLQJ�VLHYH�DQG�0DUVKDOO�+DPPHU �������������������������������������������������������������������������������������������������������� �� 
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1.0 INTRODUCTION 

0DQ\�SURSULHWDU\�SURGXFWV�DUH�RQ�WKH�PDUNHW�WKDW�FODLP�WR�EH�WKH�³SHUIHFW´�IL[�WR�UHSDLU�DVSKDOW 
FRQFUHWH�SDYHPHQW�SRWKROHV���7KHVH�SURGXFWV�DUH�GLIILFXOW�WR�HYDOXDWH���:LWKRXW�DFWXDOO\�SODFLQJ 
WKH�SURGXFWV�LQ�D�WHVW�GHFN��LW�LV�GLIILFXOW�WR�GHWHUPLQH�WKH�TXDOLW\�RI�D�SURGXFW�E\�ORRNLQJ�DW�WKH 
SURGXFW�OLWHUDWXUH���,Q�DGGLWLRQ��VRPH�RI�WKH�SURGXFWV�PD\�FDXVH�SUREOHPV�LQ�WKH�IXWXUH�ZKHQ�WKH 
SDYHPHQW�LV�RYHUODLG�EHFDXVH�RI�LQFRPSDWLELOLW\�ZLWK�WKH�QHZ�DVSKDOW��)LQDOO\��IHZ�WHVW 
SURFHGXUHV�H[LVW�WR�IDLUO\�FRPSDUH�SHUIRUPDQFH�DQG�RU�OLDELOLW\�RI�SRWKROH�SDWFKLQJ�PDWHULDOV 
�330V����7KH�WHVWV�DUH�JHQHUDOO\�RQO\�XVHIXO�LQ�LGHQWLI\LQJ�330V�WKDW�DUH�EODWDQW�IDLOXUHV� 

,Q�RUGHU�WR�GHWHUPLQH�WKH�EHVW�SDWFKLQJ�PDWHULDOV�IRU�2'27�PDLQWHQDQFH��D�VWXG\�ZDV�VHW�XS�WR 
REMHFWLYHO\�HYDOXDWH�D�UDQJH�RI�PDWHULDOV��,VVXHV�VXFK�DV�XQLIRUPLW\��DYDLODELOLW\��KDQGOLQJ� 
VWRFNSLOLQJ��HQYLURQPHQWDO�LPSDFWV��FRPSDWLELOLW\�ZLWK�FRPPRQ�URDGZD\�PDWHULDOV��DQG�ILHOG 
SHUIRUPDQFH�ZHUH�LQYHVWLJDWHG� 

%RWK�D�ODERUDWRU\�DQG�ILHOG�YHULILFDWLRQ�FRPSRQHQW�ZHUH�LQFOXGHG���7KH�ODERUDWRU\�FRPSRQHQW 
LQFOXGHG�WHVWV�EDVHG�RQ�$$6+72�3URYLVLRQDO�7HVW�3URFHGXUHV���7KH�ILHOG�SRUWLRQ�RI�WKH�VWXG\ 
LQFOXGHG�FRQVWUXFWLQJ�DQG�SDWFKLQJ�WHVW�SRWKROHV�DV�ZHOO�DV�ILOOLQJ�QDWXUDO�SRWKROHV��$OO�ILHOGZRUN 
ZDV�GRQH�ZLWK�URXWLQH�PDLQWHQDQFH�SURFHGXUHV� 

1.1 ODOT STUDY MATERIALS 

7KH�2'27�1HZ�3URGXFWV�&RRUGLQDWRU�VXSSOLHG�D�OLVW�RI�FROG�PL[�SDWFKLQJ�PDWHULDO�YHQGRUV� 
(DFK�YHQGRU�RQ�WKH�OLVW�ZDV�DVNHG�WR�SDUWLFLSDWH�LQ�WKH�2'27�VWXG\�E\�VXSSO\LQJ�ILYH���JDOORQ 
������OLWHU��EXFNHWV�RI�WKHLU�PDWHULDOV���7KH�ILYH�EXFNHWV�RI�HDFK�PDWHULDO�ZHUH�WR�EH�DSSOLHG�DV 
VKRZQ�LQ�7DEOH����� 

Table 1.1: Material application 
Number of Buckets Application 

� /DERUDWRU\�WHVWLQJ� 
� 0DQXIDFWXUHG�SRWKROH�LQ�RSHQ�JUDGHG�PL[� 
� 0DQXIDFWXUHG�SRWKROH�LQ�GHQVH�JUDGHG�PL[� 
� 1DWXUDO�SRWKROH�LQ�RSHQ�JUDGHG�PL[� 
� 1DWXUDO�SRWKROH�LQ�GHQVH�JUDGHG�PL[� 

1LQH�SURSULHWDU\�PDWHULDOV�ZHUH�GRQDWHG�DQG�DUH�OLVWHG�LQ�7DEOH�������2QH�PDWHULDO�±�3RO\SDWFK 
+)06��63�+)(����6�±�ZDV�REWDLQHG�IURP�WKH�$OEDQ\�2'27�0DLQWHQDQFH�<DUG�VWRFNSLOH�DQG 
ZDV�XVHG�IRU�FRQWURO�SDWFKHV�DW�WKH�WHVW�VLWHV� 
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Table 1.2: Materials evaluated 
Product Name Manufacturer Binder Type 
%RQG�; 6HDERDUG�$VSKDOW�3URGXFWV &XWEDFN 
(ODVWL�3DWFK .RFK�0DWHULDOV &XWEDFN 
+)06��63�+)(����6��FRQWURO�� $OELQD�$VSKDOW (PXOVLRQ 
,QVWDQW�5RDG�5HSDLU 6DIHW\�/LJKWV�&RPSDQ\ 1�$ 
.LQJ�3DWFK 3DFLILF�$VSKDOW�0DUNHWLQJ 1DWXUDO�7DU�6DQGV 
2SWLPL[�&ROG�3DWFK 2SWLPL[ &XWEDFN 
3HUPD�3DWFK 1DWLRQDO�3DYLQJ�	�&RQWUDFWLQJ &XWEDFN 
435������ 4XDOLW\�3DYHPHQW�5HSDLU &XWEDFN 
7DJ����� ,QIUDWHFK�3RO\PHU (PXOVLRQ 
830�+LJK�3HUIRUPDQFH� 8QLWHG�3DYLQJ�0DWHULDOV &XWEDFN 

�3RO\SDWFK�LV�WKH�OLWWOH�XVHG�EUDQG�E\�$OELQD�IRU�WKLV�SURGXFW� 
�&XUUHQWO\�EHLQJ�XVHG�E\�%HQG�DQG�/DNHYLHZ�2'27�PDLQWHQDQFH�FUHZV� 
�&XUUHQWO\�EHLQJ�XVHG�E\�6DOHP�DQG�3RUWODQG�2'27�PDLQWHQDQFH�FUHZV� 
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2.0 LITERATURE REVIEW 

$�OLWHUDWXUH�UHYLHZ�ZDV�SHUIRUPHG�WR�LGHQWLI\�VWXGLHV�RQ�FROG�PL[�SRWKROH�SDWFKLQJ�PDWHULDOV� 
,QYHVWLJDWLRQV�KDYH�EHHQ�FRQGXFWHG�RQ�SDWFKLQJ�PDWHULDO�HYDOXDWLRQ�FULWHULD��ODERUDWRU\�WHVWLQJ� 
PDWHULDO�SURSHUWLHV��FRVW�HIIHFWLYHQHVV��DSSOLFDWLRQ�WHFKQLTXHV��ILHOG�SHUIRUPDQFH�DQG�FOLPDWLF 
IDFWRUV���$�VXPPDU\�RI�WKH�UHVXOWV��ILQGLQJV��DQG�REVHUYDWLRQV�IRXQG�LQ�WKHVH�VWXGLHV�LV�HODERUDWHG 
EHORZ� 

2.1 POTHOLE ORIGIN 

3RWKROHV�DUH�FDXVHG�ZKHQ�WKH�SDYHPHQW�RU�WKH�EDVH�FDQ¶W�VXSSRUW�WKH�WUDIILF�ORDGV���7ZR�IDFWRUV 
DUH�DOPRVW�DOZD\V�SUHVHQW�LQ�SRWKROH�IDLOXUHV��ZDWHU�DQG�WUDIILF���+HDY\�WUDIILF�RU�RWKHU�IDFWRUV 
PD\�FUHDWH�FUDFNV��ZKLFK�DOORZ�ZDWHU�WR�VHHS�LQWR�WKH�SDYHPHQW�EDVH�DQG�VRIWHQ�LW���7KH 
SRXQGLQJ�RI�WUDIILF�FDXVHV�WKH�ZHDN�EDVH�WR�PLJUDWH��OHDYLQJ�QRWKLQJ�WR�VXSSRUW�WKH�SDYHPHQW 
DERYH�LW���)XUWKHU�WUDIILF�LPSDFW�HYHQWXDOO\�FDXVHV�WKH�XQVXSSRUWHG�SDYHPHQW�WR�EUHDN�XS� 

7UDIILF�WKDW�LV�WRR�KHDY\�IRU�WKH�SDYHPHQW�GHVLJQ�FDQ�DOVR�FDXVH�IDWLJXH�IDLOXUHV���$V�WKH�ZHDN 
SDYHPHQW�EUHDNV�DSDUW��SRWKROHV�IRUP� 

3RWKROHV�PD\�DOVR�EH�FUHDWHG�LQ�IUHH]H�WKDZ�VLWXDWLRQV���:KHQ�ZDWHU�LQ�WKH�SDYHPHQW�RU�EDVH 
IUHH]HV��LW�H[SDQGV�DQG�SXVKHV�WKH�SDYHPHQW�DERYH�LW�XS���7KH�VZHOOLQJ�H[SDQVLRQ�IRUFHV�FDQ 
FDXVH�D�SDYHPHQW�WR�ZHDNHQ��UHVXOWLQJ�LQ�SRWKROHV��APWA 1983�� 

2.2 POTHOLE REPAIR CONSIDERATIONS 

$�KLJKZD\�DJHQF\�PXVW�FRQVLGHU�ULGH�DELOLW\�DQG�VDIHW\�SUREOHPV�WKDW�FRXOG�UHVXOW�IURP 
XQUHSDLUHG�SRWKROHV���7KH�DJHQF\�PXVW�UHSDLU�KD]DUGRXV�SRWKROHV�DV�VRRQ�DV�LW�EHFRPHV�DZDUH�RI 
WKHP���0DQ\�SRWKROH�UHSDLUV�FDQQRW�ZDLW�IRU�RSWLPXP�SDWFKLQJ�FRQGLWLRQV��7ZR�PDLQ�HOHPHQWV 
RI�TXDOLW\�SRWKROH�SDWFKLQJ�DUH�PDWHULDO�VHOHFWLRQ�DQG�UHSDLU�SURFHGXUHV���3DUDPHWHUV�WKDW�DIIHFW 
FRVW�HIIHFWLYHQHVV�RI�SDWFKLQJ�RSHUDWLRQV�DUH�PDWHULDOV��ODERU��DQG�HTXLSPHQW��FHWA 1999�� 

7KH�³WKURZ�DQG�UROO´�FROG�PL[�SDWFKLQJ�WHFKQLTXH�LV�D�VWDQGDUG�PDLQWHQDQFH�SURFHVV�SUHIHUUHG 
GXULQJ�WKH�ZLQWHU�SRWKROH�VHDVRQ��Wilson 1993; Prowell and Franklin 1996����7KH�WKURZ�DQG�UROO 
SURFHGXUH�FRQVLVWV�RI�SODFLQJ�SDWFKLQJ�PDWHULDO�LQWR�D�YLUWXDOO\�XQSUHSDUHG�SRWKROH��VRPHWLPHV 
ILOOHG�ZLWK�ZDWHU���DQG�EDFNLQJ�WKH�WLUHV�RI�WKH�PDLQWHQDQFH�WUXFN�RYHU�WKH�SDWFK�EHWZHHQ�IRXU 
DQG�HLJKW�ZKHHO�SDVVHV���,W�LV�JHQHUDOO\�UHFRPPHQGHG�WR�VOLJKWO\�RYHUILOO�WKH�SRWKROH�ZLWK�330�WR 
DOORZ�IRU�PDWHULDO�FRPSDFWLRQ�WKDW�ZLOO�LQHYLWDEO\�UHVXOW��,I�D�GHSUHVVLRQ�LV�SUHVHQW�DIWHU�UROOLQJ� 
DGGLWLRQDO�PDWHULDO�VKRXOG�EH�DGGHG�DQG�UROOHG�WR�EULQJ�WKH�SDWFK�VXUIDFH�DERYH�VXUURXQGLQJ 
SDYHPHQW�OHYHO��7KURZ�DQG�UROO�LV�WKH�FRPPRQ�FROG�PL[�SDWFKLQJ�SURFHGXUH�IRU�KLJKZD\ 
PDLQWHQDQFH�FUHZV�LQ�2UHJRQ��FHWA 1998�� 
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,QVWDOODWLRQ�WHFKQLTXHV�DUH�YDULHG�EHWZHHQ�PDLQWHQDQFH�FUHZV��$FWLYLWLHV�VXFK�DV�FOHDQLQJ�WKH 
SRWKROH�SULRU�WR�SDWFKLQJ�DQG�WKH�UHPRYDO�RI�VRIW�GHJUDGHG�SDYHPHQW�VXUURXQGLQJ�WKH�SRWKROH�FDQ 
JUHDWO\�LPSURYH�SDWFKLQJ�VXFFHVV��Thomas 1981 and 1986�� 

+RW�PL[�DVSKDOW�SDWFKLQJ�LV�SUHIHUUHG�RYHU�FROG�PL[�SDWFKLQJ��Randolph and Anderson 1986�� 
+RW�PL[��KRZHYHU��UHTXLUHV�IDLU�ZHDWKHU�DQG�ODERU�LQWHQVLYH�DSSOLFDWLRQ� 

3DWFK�ORQJHYLW\�LV�D�YDULDEOH�WKDW�LV�FUXFLDO�WR�GHWHUPLQLQJ�WKH�FRVW�EHQHILW�RI�D�FHUWDLQ�SDWFKLQJ 
RSHUDWLRQ��0RVW�SRWKROH�UHSDLUV�PDGH�GXULQJ�WKH�ZLQWHU�PRQWKV�DUH�VKRUW�OLYHG���,W�KDV�EHHQ 
UHSRUWHG�WKDW�WKH�VDPH�SRWKROHV�KDYH�EHHQ�UHSDLUHG�E\�DQ�DJHQF\�DV�PDQ\�DV����WLPHV�LQ�D�\HDU� 
,I�WKH�VDPH�SRWKROH�QHHGV�IUHTXHQW�UHSDLU��WKH�FRVW�WR�NHHS�WKH�SRWKROH�LQ�D�SDWFKHG�FRQGLWLRQ 
JRHV�XS��Public Technology, Inc. 1976�� 

%\�XVLQJ�PRUH�H[SHQVLYH�SURSULHWDU\�FROG�PL[HV��D�FRVW�EHQHILW�FDQ�EH�UHDOL]HG�GXH�WR�LQFUHDVHG 
ORQJHYLW\�RI�SRWKROH�SDWFKHV��Better Roads 1999; Anderson, et al. 1988���7KH�LQFUHDVH�LQ 
SHUIRUPDQFH�PRUH�WKDQ�RIIVHWV�WKH�DGGLWLRQDO�FRVW�RI�SURSULHWDU\�PL[HV��Outcalt 1993�� 

2.3 COLD MIX PATCHING MATERIAL GROUPS 

&ROG�PL[�SDWFKLQJ�PDWHULDOV�DUH�W\SLFDOO\�FODVVLILHG�LQ�WKUHH�JURXSV��³HYHU\GD\´�FROG�PL[��VWDWH 
VSHFLILHG��DQG�SURSULHWDU\��Wilson 1993; HITEC 1995; FHWA 1999����(YHU\GD\�RU�ORFDOO\ 
SURGXFHG�PL[HV�PD\�LQFOXGH�PDWHULDOV�WKDW�DUH�SUHSDUHG�ZLWK�QR�VSHFLILFDWLRQV�RU�TXDOLW\�FRQWURO� 
6WDWH�VSHFLILHG�PL[HV�DUH�JHQHUDOO\�ZHOO�GHVLJQHG�DQG�WHVWHG�WR�DVVXUH�DGKHUHQFH�WR�VWDWH 
VSHFLILFDWLRQV���3URSULHWDU\�SRWKROH�SDWFK�PDWHULDOV�W\SLFDOO\�XVH�D�EUDQG�QDPH�DQG�DUH�SURGXFHG 
E\�WKH�PDQXIDFWXUHU�WR�DGKHUH�WR�SURSULHWDU\�VSHFLILFDWLRQV���3URSULHWDU\�PDWHULDOV�DUH�RIWHQ 
UHIHUUHG�WR�DV�KLJK�SHUIRUPDQFH�FROG�PL[��Better Roads 1996�� 

2.4 COLD MIX PATCHING MATERIALS SELECTION 

0DWHULDO�FRVWV�DUH�D�VPDOO�SHUFHQWDJH�RI�WKH�WRWDO�FRVW�IRU�SRWKROH�SDWFKLQJ��Randolph and 
Anderson 1986����&HUWDLQ�PDWHULDOV�ZRUN�EHWWHU�WKDQ�RWKHUV�XQGHU�GLIIHUHQW�FRQGLWLRQV��Wilson 
1993�� 

$OO�ZHDWKHU�ZRUNDELOLW\�LV�RI�SULPH�FRQFHUQ�LQ�PDLQWHQDQFH�RSHUDWLRQV���3DWFKLQJ�PDWHULDO 
VKRXOG�EH�VRIW�DQG�SOLDEOH�IRU�HDV\�KDQGOLQJ���3DWFK�PDWHULDO�VWRFNSLOHV�VKRXOG�EH�ZRUNDEOH�DIWHU 
VHYHUDO�PRQWKV�RI�VWRUDJH��Sequeira, et al. 1991; Texas DOT 1999���,Q�DGGLWLRQ��VLQFH�ZLQWHU 
SRWKROH�UHSDLU�FDQ�RFFXU�DW�IUHH]LQJ�WHPSHUDWXUHV��WKH�PL[�QHHGV�WR�EH�ZRUNDEOH�DW�WKH 
WHPSHUDWXUHV�DW�ZKLFK�LW�LV�KDQGOHG�DQG�DSSOLHG���$�PL[�WKDW�LV�VXLWDEOH�DW�IUHH]LQJ�WHPSHUDWXUHV 
PD\�QRW�EH�VXLWDEOH�DW�ZDUP�VSULQJ�WHPSHUDWXUHV�ZKHQ�SDYHPHQWV�WKDZ��Estakhri and Button 
1997�� 

'UDLQGRZQ�SRWHQWLDO�VKRXOG�DOVR�EH�FRQVLGHUHG���'UDLQGRZQ�RFFXUV�ZKHQ�WKH�DVSKDOW�FHPHQW 
GUDLQV�IURP�WKH�FRDWHG�DJJUHJDWH�DQG�EHFRPHV�FRQFHQWUDWHG�LQ�WKH�ERWWRP�RI�WKH�VWRFNSLOH� 
'UDLQGRZQ�LV�FDXVHG�E\�ZDUP�VWRUDJH�WHPSHUDWXUHV��Kandhal and Mellot 1981����'UDLQGRZQ 
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LQGLFDWHV�ORVV�RI�FRDWLQJ�DQG�FUHDWHV�VWRUDJH�SUREOHPV�IRU�PDWHULDO�DW�WKH�ERWWRP�RI�D�VWRFNSLOH 
�FHWA 1999�� 

0DQ\�FROG�PL[�PDWHULDOV�DUH�VXLWDEOH�IRU�SODFHPHQW�XQGHU�ZHW�FRQGLWLRQV��0DWHULDOV�XVHG�LQ�ZHW 
ZHDWKHU�FRQGLWLRQV�QHHG�WR�KDYH�H[FHSWLRQDO�DQWL�VWULSSLQJ�SURSHUWLHV�±�UHVLVWDQFH�WR�ZDWHU 
LQGXFHG�GHJUDGDWLRQ��Sequeira, et al. 1991; Texas DOT 1999�� 

2.5 POTHOLE PATCHING MATERIAL PRINCIPLES 

$�GLIILFXOW\�LQ�GHVLJQLQJ�D�VWRFNSLOH�SDWFKLQJ�PL[WXUH�LV�WKDW�PDWHULDO�SURSHUWLHV�UHTXLUHG�LQ 
VWRFNSLOLQJ�DQG�GXUDELOLW\�DUH�FRQWUDGLFWRU\���)RU�H[DPSOH��SDWFKLQJ�PDWHULDO�QHHGV�WR�EH�DEOH�WR 
EH�UHPRYHG�HDVLO\�IURP�D�VWRFNSLOH�DQG�ORDGHG�RQ�WR�D�PDLQWHQDQFH�WUXFN���2QFH�RXW�LQ�WKH�ILHOG� 
PDWHULDO�QHHGV�WR�EH�DEOH�WR�EH�VKRYHOHG��SODFHG��DQG�VSUHDG�LQWR�D�SRWKROH�ZLWK�HDVH��0DWHULDOV 
PHHWLQJ�WKHVH�UHTXLUHPHQWV��KRZHYHU��DUH�JHQHUDOO\�OHVV�GXUDEOH�XQGHU�WUDIILF��$�VXPPDU\�RI 
WKHVH�FRQWUDGLFWLRQV�LV�SUHVHQWHG�LQ�7DEOH����� 

Table 2.1: Pavement patching material characteristics (Kandhal and Mellot 1981) 
Property Parameter Workability Durability 
*UDGDWLRQ 2SHQ�*UDGDWLRQ *RRG 3RRU 

'HQVH�*UDGDWLRQ 3RRU *RRG 
$JJUHJDWH�6KDSH $QJXODU 3RRU�:RUNDELOLW\ *RRG�'XUDELOLW\ 

5RXQG *RRG�:RUNDELOLW\ 3RRU�'XUDELOLW\ 
%LQGHU�9LVFRVLW\ /RZ�9LVFRVLW\ *RRG 

�*RRG�VWRUDJHDELOLW\� 
3RRU 

+LJK�9LVFRVLW\ 3RRU *RRG 
$JJUHJDWH�6L]H /DUJHU�*UDGDWLRQ 

)LQHU�0L[�3�� 
	�UHWDLQHG�RQ���� 

*RRG *RRG�LI�GHSWK 
�����PP���´� 

3RRU *RRG�ZLWK�LGHDO�FRQGLWLRQV 

*UDGDWLRQ 2QH�6L]H *RRG 
�(IIHFWLYH�&XUH� 

$QWLVWULS *RRG�LI�FRPSDWLEOH 

,Q�YLHZ�RI�WKH�FKDOOHQJHV�RI�SRWKROH�SDWFK�PL[�GHVLJQ��WKH�FKDUDFWHULVWLFV�GLVFXVVHG�EHORZ�DUH 
GHVLUHG�IRU�D�VDWLVIDFWRU\�PL[��Kandhal and Mellot 1981�� 

Finer and predominately one sized gradation.�7\SLFDOO\��D�ILQHU�JUDGDWLRQ�ZLOO�QRW�KDYH�JRRG 
ZRUNDELOLW\���+RZHYHU��LI�D�ILQH�PL[�LV�PDGH�SUHGRPLQDWHO\�RI�RQH�VL]HG�DJJUHJDWH�PRVWO\ 
UHWDLQHG�RQ�WKH������PP��QR������VLHYH��WKH�ZRUNDELOLW\�DQG�FXULQJ�RI�WKH�PL[�LPSURYHV� 
$�JUDGDWLRQ�FRQVLVWLQJ�RI������SDVVLQJ�WKH�����PP��Ǫ�´��RU������PP��QR�����VLHYH�KDV�WKH 
IROORZLQJ�DGYDQWDJHV� 

�� 7KH�PL[�LV�SOLDEOH�DQG�ZRUNDEOH� 
�� 'XH�WR�LQFUHDVHG�VXUIDFH�DUHD��PRUH�ELQGHU�FDQ�EH�LQFRUSRUDWHG�LQWR�WKH�PL[�WR�LPSURYH 

WKH�GXUDELOLW\� 
�� 7KH�PL[�UHPDLQV�SOLDEOH�IRU�D�SURORQJHG�SHULRG�RI�WLPH�DQG�LQFUHDVHV�LQ�GHQVLW\�XQGHU 

WUDIILF�DQG�FRQWLQXHV�WR�DGDSW�WR�SDYHPHQW�H[SDQVLRQ�DQG�FRQWUDFWLRQ� 
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Clean Aggregate: ,Q�RUGHU�WR�SUHVHUYH�WDFNLQHVV�RI�WKH�PL[��LW�LV�LPSRUWDQW�WR�NHHS�GXVW�RU 
PDWHULDO�SDVVLQJ�WKH�������µP��������VLHYH�WR�D�PLQLPXP� 

Low Absorption Aggregate:�+LJKO\�DEVRUEHQW�DJJUHJDWHV�VKRXOG�EH�DYRLGHG���7KH�DJJUHJDWH 
ZDWHU�DEVRUSWLRQ�VKRXOG�EH�OLPLWHG�WR�DSSUR[LPDWHO\�RQH�SHUFHQW� 

Angular Shape:��$QJXODU�DJJUHJDWH�VKDSH�LV�GHVLUHG�IRU�EHWWHU�VWDELOLW\� 

Adequate Binder Content:��330V�QHHG�WR�KDYH�WKLFN�ELQGHU�ILOPV�RQ�WKH�DJJUHJDWH�IRU 
VWLFNLQHVV�DQG�GXUDELOLW\���7RR�PXFK�ELQGHU�FDQ�OHDG�WR�GUDLQGRZQ�SUREOHPV�ZKLOH�VWRFNSLOLQJ� 
7KH�ELQGHU�QHHGV�WR�FRPSOHWHO\�FRYHU�PRUH�WKDQ�����RI�DJJUHJDWH�SDUWLFOHV� 

Anti-stripping Agents:��$QWL�VWULSSLQJ�DJHQWV�DQG�DGGLWLYHV�DUH�SODFHG�LQ�ELQGHU�IRUPXODV�WR 
NHHS�WKH�DJJUHJDWH�FRDWHG�GXULQJ�VWRFNSLOLQJ�DQG�DIWHU�FRPSDFWLRQ�LQ�WKH�SRWKROH� 

2.6 EVALUATION OF COLD MIX PATCHING MATERIALS 

$�VWURQJ�QHHG�H[LVWV�IRU�SHUIRUPDQFH�EDVHG�WHVWV�WKDW�HQVXUH�FROG�PL[�SDWFKLQJ�PDWHULDO�TXDOLW\� 
0DQ\�VSHFLILFDWLRQV�OLVW�$670�WHVWV�UHJDUGLQJ�DVSKDOW�YLVFRVLW\��ELQGHU�GLVWLOODWLRQ��DJJUHJDWH 
JUDGDWLRQ�DQG�RWKHU�SK\VLFDO�PHDVXUHPHQWV�WKDW�PDQ\�LQIHULRU�SDWFKLQJ�SURGXFWV�FDQ�PHHW� 
&XUUHQW�ELG�VSHFLILFDWLRQV�GR�QRW�JXDUDQWHH�JRRG�SDWFKLQJ�SHUIRUPDQFH�DQG�FDQ�DOORZ 
XQVDWLVIDFWRU\�PDWHULDOV��Roads and Bridges 1997�� 

7KH�PDMRU�PHFKDQLVPV�UHVSRQVLEOH�IRU�HDUO\�FROG�PL[�IDLOXUH�DUH��GUDLQDJH�RI�ELQGHU�IURP 
DJJUHJDWH��SRRU�ZRUNDELOLW\��VWULSSLQJ��LQDGHTXDWH�VWDELOLW\�XQGHU�WUDIILF��DQG�LQDELOLW\�RI�WKH�PL[ 
WR�DGKHUH�WR�WKH�SRWKROH��Anderson, et al. 1988�� 

/DERUDWRU\�HYDOXDWLRQV�DUH�LPSRUWDQW�LQ�WKH�GHYHORSPHQW�DQG�TXDOLW\�FRQWURO�RI�SDWFK�PDWHULDOV� 
7HVWV�RU�SHUIRUPDQFH�UHTXLUHPHQWV�VKRXOG�UHIOHFW�WKH�XQGHUO\LQJ�IDLOXUH�PHFKDQLVPV��Anderson, 
et al. 1988����$Q�DJHQF\�LQYROYHG�LQ�SRWKROH�SDWFKLQJ�FDQ�XVXDOO\�SHUIRUP�WHVWLQJ�WKDW�IDOOV�LQWR 
RQH�RI�WZR�FDWHJRULHV��FRPSDWLELOLW\�RU�DFFHSWDQFH���&RPSDWLELOLW\�WHVWLQJ�LQFOXGHV�FKHFNLQJ�QHZ 
FRPELQDWLRQV�RI�DVSKDOW�DQG�DJJUHJDWH�WR�EH�XVHG�LQ�SURGXFWLRQ�RI�FROG�PL[�PDWHULDOV��7KH 
LQIRUPDWLRQ�FDQ�EH�XVHG�WR�GHYHORS�D�PL[�GHVLJQ���$FFHSWDQFH�WHVWLQJ�LV�IRU�QHZ�FROG�PL[ 
PDWHULDOV�SURGXFHG�E\�SURSULHWDU\�VRXUFHV�WR�VSRW�EODWDQW�IDLOXUHV��FHWA 1999�� 

2.7 PERFORMANCE AND TESTING REQUIREMENTS 

$�6WUDWHJLF�+LJKZD\�5HVHDUFK�3URJUDP��6+53��VWXG\�SHUIRUPHG�VHYHUDO�FROG�PL[�WHVWV�WKDW 
ZHUH�VLPLODU�WR�WKRVH�GHVLJQHG�IRU�KRW�PL[�DVSKDOW�FRQFUHWH�PDWHULDOV���7R�FRPSHQVDWH�IRU�WKH 
GLIIHUHQW�SURSHUWLHV�RI�FROG�PL[HV��VDPSOHV�ZHUH�DJHG�LQ�DQ�RYHQ�WR�VWDELOL]H�WKHP�IRU�WHVWLQJ� 
7KH�IROORZLQJ�WHVWV�ZHUH�SHUIRUPHG�RQ�WKH�VDPSOHV� 

• 5HVLOLHQW�0RGXOXV 
• 0DUVKDOO�6WDELOLW\�DQG�)ORZ 

�




• 0D[LPXP�DQG�%XON�6SHFLILF�*UDYLW\ 
• ([WUDFWLRQ�DQG�%LQGHU�&RQWHQW 
• 9LVFRVLW\��UHFRYHUHG�ELQGHU� 
• 'XFWLOLW\��UHFRYHUHG�ELQGHU� 
• 6RIWHQLQJ�3RLQW��UHFRYHUHG�ELQGHU� 

1R�FRUUHODWLRQ�EHWZHHQ�WKH�KRW�PL[�ODERUDWRU\�WHVW�UHVXOWV�DQG�FROG�PL[�ILHOG�SHUIRUPDQFH�ZDV 
IRXQG��FHWA 1998; SHRP 1993�� 

6XLWDEOH�FROG�PL[�SDWFKLQJ�HYDOXDWLRQV�LQFOXGH�WHVWV�IRU�GUDLQGRZQ��ZRUNDELOLW\��FRKHVLRQ�DQG 
VWULSSLQJ�SRWHQWLDO��'UDLQGRZQ�UHVLVWDQFH�LV�QHFHVVDU\�IRU�VWRFNSLOH�VWRUDJH�GXULQJ�KRW�VXPPHU 
GD\V���7KLV�UHTXLUHPHQW�FDQ�EH�WHVWHG�E\�SODFLQJ�WKH�PL[�RQ�D�SODWH�DQG�REVHUYLQJ�WKH�DPRXQW�RI 
ELQGHU�WKDW�GUDLQV�WR�WKH�SODWH�VXUIDFH�DW�D�VSHFLILHG�WLPH�DQG�WHPSHUDWXUH��Anderson, et al. 1988; 
FHWA 1999�� 

:RUNDELOLW\�LV�UHTXLUHG�GXULQJ�KDQGOLQJ�DQG�UHSDLU�RSHUDWLRQV���7KH�PL[�PXVW�EH�ZRUNDEOH�RYHU 
WKH�VSHFLILHG�FOLPDWLF�WHPSHUDWXUH�UDQJH���:RUNDELOLW\�FDQ�EH�VLPXODWHG�E\�FRROLQJ�D�VDPSOH�WR�D 
ZLQWHU�WHPSHUDWXUH�DQG�ZRUNLQJ�D�VPDOO�TXDQWLW\�E\�KDQG�ZLWK�D�VSDWXOD���4XDQWLI\LQJ 
ZRUNDELOLW\�FDQ�EH�DFKLHYHG�E\�PHDVXULQJ�SHQHWUDWLRQ�UHVLVWDQFH�RI�D�VSHFLILHG�SUREH���Anderson, 
et al. 1988; FHWA 1999�� 

&RKHVLRQ�LV�WKH�DELOLW\�RI�WKH�FRDWHG�DJJUHJDWH�WR�KROG�WRJHWKHU�DIWHU�FRPSDFWLRQ���&RKHVLRQ�FDQ 
EH�GHPRQVWUDWHG�E\�SUHSDULQJ�D�FRPSDFWHG�PROGHG�F\OLQGHU�RI�FROG�PL[�DW�QHDU�IUHH]LQJ 
WHPSHUDWXUHV�DQG�UROOLQJ�WKH�FROG�PL[�F\OLQGHU�LQ�D����PP����LQ��VLHYH�XQGHU�VSHFLILHG 
FRQGLWLRQV���7KH�SHUFHQWDJH�RI�FRPSDFWHG�FROG�PL[�UHWDLQHG�RQ�WKH�VFUHHQ�LV�D�PHDVXUH�RI 
FRKHVLYHQHVV��FHWA 1999�� 

6WULSSLQJ�LV�WKH�SKHQRPHQRQ�RI�WKH�FRDWLQJ�EHLQJ�ZDVKHG�DZD\�IURP�WKH�DJJUHJDWH�GXH�WR 
H[SRVXUH�WR�ZDWHU���6WULSSLQJ�FDQ�EH�LQGLFDWLYH�RI�DVSKDOW�DJJUHJDWH�LQFRPSDWLELOLW\���6WULSSLQJ 
FDQ�EH�REVHUYHG�LQ�WKH�ODERUDWRU\�E\�FRRNLQJ�D�VDPSOH�RYHUQLJKW�LQ�ZDWHU�DQG�MXGJLQJ�WKH 
DFFHSWDELOLW\�RI�WKH�FRDWLQJ���7KH�FRDWLQJ�QHHGV�WR�FRYHU�!����RI�WKH�DJJUHJDWH�EHIRUH�DQG�DIWHU 
WKH�ZDWHU�H[SRVXUH��FHWA 1999�� 

7KH�PRVW�LQ�GHSWK�GHVFULSWLRQV�RI�WKHVH�PHWKRGV�FDQ�EH�IRXQG�LQ�WKH�-XQH������(GLWLRQ�RI�WKH 
$$6+72�3URYLVLRQDO�6WDQGDUGV���6HH�DOVR�Section 5.0: Laboratory Testing�IRU�WHVW�PHWKRG 
QXPEHUV�DQG�WLWOHV�� 

�






3.0 FIELD PERFORMANCE EVALUATIONS BY OTHERS 

6HYHUDO�SDWFKLQJ�PDWHULDO�VWXGLHV�ZHUH�LGHQWLILHG�LQ�WKH�OLWHUDWXUH�UHYLHZ����3HUWLQHQW�IHDWXUHV�RI 
WKH�VWXGLHV�ZHUH�LQFRUSRUDWHG�LQWR�WKH�2'27�VWXG\���7KH�WZR�PRVW�H[WHQVLYH�VWXGLHV�LGHQWLILHG 
DUH�GHVFULEHG�EHORZ� 

3.1	 STRATEGIC HIGHWAY RESEARCH PROGRAM (SHRP) H-106 
POTHOLE REPAIR EXPERIMENT 

7KH�+�����H[SHULPHQW�ZDV�SDUW�RI�WKH�PRVW�H[WHQVLYH�ILHOG�H[SHULPHQW�RI�LWV�NLQG�HYHU 
XQGHUWDNHQ���'DWD�ZHUH�FROOHFWHG�RQ�WKH�SHUIRUPDQFH�DQG�FRVW�HIIHFWLYHQHVV�RI�YDULRXV�FROG�PL[ 
PDWHULDOV�DQG�SURFHGXUHV�IRU�UHSDLULQJ�SRWKROHV�LQ�DVSKDOW�FRQFUHWH��$&��VXUIDFHG�SDYHPHQWV 
�Wilson 1998�� 

7KH�REMHFWLYH�RI�+�����ZDV�WR�GHWHUPLQH�ZKLFK�FRPELQDWLRQV�RI�PDWHULDO�DQG�SDWFKLQJ 
SURFHGXUHV�SURYLGHG�WKH�PRVW�FRVW�HIIHFWLYH�UHSDLU�RI�SRWKROHV�LQ�$&���&RVW�HIIHFWLYHQHVV�ZDV�D 
IXQFWLRQ�RI�PDQ\�YDULDEOHV��LQFOXGLQJ�PDWHULDO�FRVW��ODERU�FRVW��HTXLSPHQW�FRVW��SURGXFWLYLW\� 
WUDIILF�GHOD\V��VDIHW\��DQG�UHSDLU�SHUIRUPDQFH� 

%HJLQQLQJ�LQ�0DUFK������DQG�HQGLQJ�)HEUXDU\������������SRWKROH�SDWFKHV�ZHUH�SODFHG�DW�HLJKW 
WHVW�VLWHV�ORFDWHG�WKURXJKRXW�WKH�8QLWHG�6WDWHV�DQG�&DQDGD����1DWXUDOO\�RFFXUULQJ�SRWKROHV�ZHUH 
SUHSDUHG�E\�UHPRYLQJ�LQ�SODFH�SDWFKLQJ�PDWHULDOV�WR�DOORZ�SODFHPHQW�RI�H[SHULPHQWDO�PDWHULDOV� 
([SHULPHQWDO�PDWHULDOV�LQFOXGHG�830��3HQQ'27�����3HQQ'27�����3HUPD�3DWFK��435����� 
+)06���ZLWK�6W\UHOI��DQG�YDULRXV�ORFDOO\�REWDLQHG�PDWHULDOV��$GYHUVH�PRLVWXUH�FRQGLWLRQV�ZHUH 
FUHDWHG�E\�ILOOLQJ�WKH�KROHV�ZLWK�ZDWHU� 

7KH�DQDO\VLV�ZDV�FRQFHQWUDWHG�RQ�GLIIHUHQFHV�ZLWKLQ�WKH�HLJKW�WHVW�VLWHV�EHFDXVH�RI�YDULDELOLW\�LQ 
SHUIRUPDQFH�REVHUYHG�IURP�RQH�VHW�RI�FRQWURO�SDWFKHV�WR�WKH�RWKHU���7KH�SHUFHQWDJH�VXUYLYLQJ 
DIWHU�����ZHHNV�YDULHG�IURP����WR�����HYHQ�WKRXJK�WKH�PDWHULDOV��SODFHPHQW�SURFHGXUH�DQG 
FRPSDFWLRQ�ZHUH�WKH�VDPH� 

7DEOH�����UDQNV�PDWHULDOV�EDVHG�RQ�ODVW�REVHUYDWLRQV�DW�HDFK�RI�WKH�HLJKW�VLWHV���7KH�UDQNLQJ�XVHG 
UDZ�GDWD�WKDW�GLG�QRW�WDNH�LQWR�DFFRXQW�IDFWRUV�VXFK�DV�WUDIILF��SDYHPHQW�VWUXFWXUH��DQG�FOLPDWH� 
$OO�SURSULHWDU\�SRWKROH�SDWFKLQJ�PDWHULDOV�SHUIRUPHG�EHWWHU�WKDQ�WKH�ORFDOO\�SURGXFHG 
QRQSURSULHWDU\�PDWHULDOV� 

�




Table 3.1: Percent patch failure 
Rank Material Type % Failed 
� 6SUD\�,QMHFWLRQ �� 
� 3HQQ�'27���� �� 
� 3HUPD�3DWFK �� 
� 435���� �� 
� 30 �� 
� 3HQQ'27��� �� 
� )06�� �� 
� /RFDO �� 
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3.1.1 SHRP H-106 Findings and Recommendations 

7KH�ILQDO�UHSRUW��Long-Term Monitoring of Pavement Maintenance Materials Test Sites �)+:$� 
5'��������PDNHV�VHYHUDO�REVHUYDWLRQV�DQG�UHFRPPHQGDWLRQV��Wilson 1998�� 

• 6XUYLYDO�UDWHV�IRU�GU\�IUHH]H�VLWHV�DUH�VLJQLILFDQWO\�KLJKHU�WKDQ�IRU�ZHW�IUHH]H�VLWHV� 

•	 7KH�WKURZ�DQG�UROO�WHFKQLTXH�LV�PRUH�FRVW�HIIHFWLYH�WKDQ�WKH�VHPL�SHUPDQHQW�SURFHGXUH�LQ 
PRVW�VLWXDWLRQV��LI�TXDOLW\�PDWHULDOV�DUH�XVHG� 

•	 &ROG�PL[�PDWHULDOV�DQG�WKURZ�DQG�UROO�SURFHGXUHV�FDQ�SURYLGH�ORQJ�WHUP�UHSDLUV�WKDW�ODVW 
PRUH�WKDQ�IRXU�\HDUV��KDOI�RI�WKH�WLPH� 

•	 &RUUHODWLRQV�EHWZHHQ�ODERUDWRU\�FKDUDFWHULVWLFV�DQG�ILHOG�SHUIRUPDQFH�KDYH�EHHQ�GLIILFXOW�WR 
LGHQWLI\� 

•	 'LIIHUHQFHV�LQ�SHUIRUPDQFH�EHWZHHQ�PDWHULDOV�DUH�PRVW�DSSDUHQW�EHIRUH�WKH�SDWFKHV�KDG 
FXUHG� 

•	 7KH�FRVW�RI�SURSULHWDU\�PDWHULDOV�LV�DV�PXFK�DV�IRXU�WLPHV�WKDW�RI�WKH�OHVV�H[SHQVLYH�SDWFKLQJ 
PDWHULDO��\HW�WKH�RYHUDOO�FRVW�RI�WKH�SDWFKLQJ�RSHUDWLRQ�SHU�FXELF�IRRW�LV�DOPRVW�ILYH�WLPHV�OHVV 
IRU�WKH�EHWWHU�TXDOLW\�PDWHULDO�DV�D�UHVXOW�RI�WKH�ORQJHU�VHUYLFH�OLIH�RI�WKH�SDWFKHV� 

7KH�IROORZLQJ�UHFRPPHQGDWLRQV�ZHUH�PDGH�DV�D�UHVXOW�RI�WKH�VWXG\� 

• 8VH�KLJK�SURGXFWLYLW\��³WKURZ�DQG�UROO´�RSHUDWLRQV�LQ�DGYHUVH�ZHDWKHU� 

• 8VH�WKH�EHVW�PDWHULDOV�DYDLODEOH�IRU�UHSDWFKLQJ� 

• &RQVLGHU�VDIHW\�DQG�XVHU�GHOD\�FRVWV� 

•	 7HVWLQJ�VKRXOG�EH�SHUIRUPHG�WR�HQVXUH�FRPSDWLELOLW\�RI�DJJUHJDWH�DQG�ELQGHU�ZKHQ�SURGXFLQJ 
D�FROG�PL[�SRWKROH�SDWFKLQJ�PDWHULDO� 

��




3.2	 VIRGINIA DEPARTMENT OF TRANSPORTATION’S WINTER 
POTHOLE REPAIR EVALUATION 

1HZ�SDWFKLQJ�PDWHULDOV�DUH�FRQVWDQWO\�EHLQJ�VXSSOLHG�WR�WKH�9LUJLQLD�'27��9'27��0DWHULDOV 
'LYLVLRQ�IRU�DSSURYDO��Prowell and Franklin 1996����)LHOG�WHVW�VHFWLRQV�DUH�FRVWO\�WR�VHW�XS�DQG 
WLPH�FRQVXPLQJ�WR�PRQLWRU���/DERUDWRU\�WHVWV�DORQH�ZHUH�FRQVLGHUHG�LQVXIILFLHQW�IRU�VFUHHQLQJ 
SRWHQWLDO�FROG�PL[HV�EXW�ZHUH�FRQVLGHUHG�YDOXDEOH�IRU�GHVLJQ�DQG�FRQWURO���,Q�RUGHU�WR�HYDOXDWH 
PL[HV�IRU�LQFOXVLRQ�DV�D�TXDOLILHG�SURGXFW��9'27�LQLWLDWHG�D�UHVHDUFK�VWXG\�WR�GHWHUPLQH�ZKLFK 
RI�WKH�VXEPLWWHG�PDWHULDOV�ZHUH�RI�WKH�VDPH�FDOLEHU�DV�SUHYLRXVO\�DSSURYHG�PDWHULDOV� 

7KH�9'27�HYDOXDWHG����SURSULHWDU\�FROG�PL[�SRWKROH�SDWFKLQJ�PDWHULDOV��IRXU�RI�ZKLFK�DUH 
FXUUHQWO\�DSSURYHG�XQGHU�9'27¶V�6SHFLDO�3URYLVLRQ�IRU�+LJK�4XDOLW\�&ROG�3DWFKLQJ�0DWHULDOV� 
7KUHH�KLJKZD\�WHVW�VHFWLRQV�ZHUH�SODFHG�WR�HYDOXDWH�WKH�PDWHULDOV¶�SHUIRUPDQFH���6WDQGDUGL]HG 
HYDOXDWLRQ�IRUPV�DQG�SHUIRUPDQFH�PRGHOV�ZHUH�GHYHORSHG�WR�UDQN�PDWHULDOV���7KH�ILHOG 
SHUIRUPDQFH�UHVXOWV�ZHUH�FRPSDUHG�ZLWK�ODERUDWRU\�WHVW�UHVXOWV��LQ�DQ�HIIRUW�WR�GHYHORS 
ODERUDWRU\�VFUHHQLQJ�WHVWV���'HVLJQ�DQG�TXDOLW\�FRQWURO�SURFHGXUHV�ZHUH�LGHQWLILHG���7KHVH 
SURFHGXUHV�ZHUH�XVHG�WR�GHVLJQ�D�SDWFKLQJ�PDWHULDO�PL[�XVLQJ�%RQG�;�ELQGHU� 

3.2.1  Field Evaluations 

3RWKROHV�ZHUH�HYDOXDWHG�IRU�EOHHGLQJ��GLVKLQJ��GHERQGLQJ��UDYHOLQJ��DQG�VKRYLQJ���7KUHH�WHVW�VLWHV 
ZHUH�XVHG�LQFOXGLQJ�PDQXIDFWXUHG�KROHV����PP����LQ��GHHS�E\�����PP�����LQ��LQ�GLDPHWHU�ZLWK 
IODW�ERWWRPV��PDQXIDFWXUHG�KROHV����PP����LQ��GHHS�E\�����PP�����LQ��LQ�GLDPHWHU�ZLWK�WKH 
DGGLWLRQ�RI�D�OLWHU�RI�ZDWHU��DQG�QDWXUDO�SRWKROHV� 

$OO�SURSULHWDU\�WHVW�SDWFKHV�VXUYLYHG����PRQWKV��XQWLO�WKH�ODVW�HYDOXDWLRQ�SHULRG���6KRYLQJ�ZDV 
GLIILFXOW�WR�GLIIHUHQWLDWH�IURP�GLVKLQJ�LQ�����PP�GLDPHWHU�KROHV���7KH�YHUWLFDO�VLGHV�RI�WKH 
PDQXIDFWXUHG�KROHV�SUREDEO\�VORZHG�HGJH�GLVLQWHJUDWLRQ���7KH�SULPDU\�IRUPV�RI�GLVWUHVV�ZHUH 
GLVKLQJ��UDYHOLQJ��DQG�EOHHGLQJ��1RQH�RI�WKH�KROHV�LQ�ZKLFK�ZDWHU�ZDV�LQWURGXFHG�GHERQGHG� 

7KH����PP����LQ��GHHS�PDQXIDFWXUHG�WHVW�SDWFKHV�KDG�PRUH�GLVKLQJ�WKDQ�WKH����PP����LQ��WHVW 
VHFWLRQV���7KH�VWXG\�UHFRPPHQGHG�WKDW�ILOOLQJ�RI�SRWKROHV�ZLWK�GHSWKV�JUHDWHU�WKDQ����PP����LQ� 
LQ�WZR�OLIWV�VKRXOG�EH�FRQVLGHUHG�WR�DOOHYLDWH�GLVKLQJ�LQ�GHHS�KROHV����1RWH��.DQGKDO�DQG�0HOORW 
DOVR�UHFRPPHQG�SDWFKLQJ�LQ�OD\HUV�IRU�SRWKROHV�JUHDWHU�WKDQ����PP����LQ��GHHS��Kandhal and 
Mellot 1981��� 

$�VWDWLVWLFDO�SHUIRUPDQFH�PRGHO�ZDV�GHYHORSHG�WKDW�FRPELQHG�UDWLQJV�GDWD�IRU�EOHHGLQJ��GLVKLQJ� 
HGJH�GLVLQWHJUDWLRQ��SXVKLQJ��VKRYLQJ��UDYHOLQJ��DQG�ZRUNDELOLW\���(DFK�RI�WKHVH�GLVWUHVV�W\SHV 
ZDV�DVVLJQHG�IDFWRUV�EDVHG�RQ�D�VXUYH\�RI����9LUJLQLD�'27�HQJLQHHUV���)URP�WKLV�PRGHO�WKH 
UHVHDUFKHUV�GHYHORSHG�UDQNLQJV�IRU�HDFK�SDWFKLQJ�PDWHULDO����7KH�IDFWRUV�DVVLJQHG�WR�HDFK�GLVWUHVV 
W\SH�FDQ�GHWHUPLQH�ZKLFK�SDWFKLQJ�SURGXFWV�DUH�DSSURYHG�RU�QRW�UHFRPPHQGHG����7DEOH���� 
VKRZV�WKH�9'27�SURGXFWV�HYDOXDWHG�DQG�WKH�SURGXFWV¶�DSSURYDO�VWDWXV��7KH�DSSURYHG�SURGXFWV 
ZHUH�UHFRPPHQGHG�IRU�DGGLWLRQ�WR�9'27¶V�6SHFLDO�3URYLVLRQ�IRU�+LJK�4XDOLW\�&ROG�3DWFKLQJ 
0DWHULDOV� 

��




Table 3.2: Proprietary Cold Mixes Evaluated For Virginia DOT Approval (Prowell and Franklin 1996) 
Product Name Company Approved for Use? 

6DNUHWH $PHULFDQ�6WRQH�0L[ <HV 
0DF3DWFK�&0���� 6XLW�.RWH�6�(���,QF� <HV 
2SWLPL[ 2SWLPL[�&ROG�3DWFK 1R 
7RXJK�3DWFK 7RXJK�3DWFK�86$ 
6\OFUHWH�(9 6\OFUHWH�&RUS���)OLQQ�3DYLQJ� <HV 
+(,�:$< +HLOPDQ�3DYHPHQW�6SHFLDOWLHV <HV 
%RQG�; 6HDERDUG�$VSKDOW�3URGXFWV <HV 
3HUPD�3DWFK 1DWLRQDO�3DYLQJ�DQG�&RQ� <HV 
830 8QLTXH�3DYLQJ�0DWHULDOV <HV 
435����� 86�3UR�7HF <HV 

��




4.0 FIELD EVALUATION 

7KH�ILHOG�HYDOXDWLRQ�SRUWLRQ�RI�WKH�UHVHDUFK�VWXG\�FRPSDUHG�WKH�SHUIRUPDQFH�RI�SRWKROH�SDWFKLQJ 
PDWHULDOV�LQ�WZR�W\SHV�RI�DVSKDOW�SDYHPHQW�URDGZD\V��GHQVH�DQG�RSHQ�JUDGHG��0DQXIDFWXUHG 
KROHV�ZHUH�FRQVWUXFWHG�DW�&HQWXU\�'ULYH�LQ�$OEDQ\��2UHJRQ��D�GHQVH�JUDGHG�SDYHPHQW��DQG�DW 
:DOODFH�5RDG�QHDU�6DOHP��2UHJRQ��DQ�RSHQ�JUDGHG�SDYHPHQW���,Q�DGGLWLRQ��VHYHUDO�natural 
SRWKROHV�ZHUH�ILOOHG�ZLWK�330V� 

4.1 MANUFACTURED POTHOLES 

6RPH�RI�WKH�GLIILFXOWLHV�RI�VWXG\LQJ�SRWKROH�SDWFKLQJ�LQFOXGH�ILQGLQJ�VHFWLRQV�RI�URDGZD\�ZLWK 
VXIILFLHQW�FRQFHQWUDWLRQV�RI�SRWKROHV�WR�PDNH�UHDVRQDEOH�SHUIRUPDQFH�FRPSDULVRQV�EHWZHHQ 
330V��7KHUH�DUH�PDQ\�W\SHV�RI�SRWKROHV��DQG�330�SHUIRUPDQFH�FRPSDULVRQV�FDQ�EH�GLIILFXOW�WR 
PDNH�ZKHQ�FRPSDULQJ�SDWFKHV�RI�GLIIHUHQW�VL]H��W\SH��DQG�WUDIILF�FRQGLWLRQV� 

7R�HOLPLQDWH�VRPH�RI�WKH�YDULDEOHV��DOO�SRWKROHV�ZHUH�PDQXIDFWXUHG�ZLWK�D�MDFNKDPPHU���6SDFLQJ 
DQG�PDWHULDO�SODFHPHQW�ORFDWLRQV�ZHUH�VHOHFWHG�XVLQJ�D�UDQGRP�QXPEHU�WDEOH���$OO�KROH�ORFDWLRQV 
ZHUH�PDUNHG�RQ�WKH�SDYHPHQW�ZLWKLQ�����P����IW��RI�WKH�VNLS�VWULSH��DSSUR[LPDWHO\�WKH�RXWVLGH 
ZKHHO�WUDFN���7KH�GLDPHWHU�RI�WKH�KROHV�ZDV������P�����LQ�� 

7KH�WHVW�SRWKROHV�ZHUH�SDWFKHG�XVLQJ�FRPPRQ�WKURZ�DQG�UROO�SURFHGXUHV���330�ZDV�SRXUHG 
IURP�D�EXFNHW�RU�VKRYHOHG�LQWR�D�SRWKROH���7KH�PDWHULDO�ZDV�WDPSHG�ZLWK�WKH�EDFN�RI�D�VKRYHO�DQG 
WKH�DPRXQW�RI�330�DGMXVWHG�WR�DOORZ�D�VOLJKW�FURZQ�DIWHU�FRPSDFWLRQ�E\�D�IHZ�SDVVHV�RI�D 
PDLQWHQDQFH�YHKLFOH� 

&RQVWUXFWLRQ�QRWHV�DQG�GHWDLOHG�PRQLWRULQJ�GDWD�IRU�WKH�PDQXIDFWXUHG�SRWKROHV�DUH�LQFOXGHG�LQ 
$SSHQGL[�$� 

4.1.1 Century Drive Manufactured Potholes 

&HQWXU\�'ULYH�LV�D�IURQWDJH�URDG�ORFDWHG�LQ�$OEDQ\�WKDW�SDUDOOHOV�,QWHUVWDWH�����$OO�WKH�KROHV�ZHUH 
PDQXIDFWXUHG�LQ�WKH�VRXWKERXQG�ODQH��0HDQ�WHPSHUDWXUHV�LQ�WKH�DUHD�UDQJH�IURP�D�PD[LPXP 
���°&������°)��LQ�WKH�VXPPHU�WR�D�PLQLPXP���°&�����°)��LQ�WKH�ZLQWHU�ZLWK�DQQXDO�UDLQIDOO�OHYHOV 
RI������P�������LQ���268�&OLPDWH�6HUYLFH����7KH�$'7�IRU�WKH�VHFWLRQ�LV�OHVV�WKDQ�����YHKLFOHV� 

)LJXUHV�����DQG�����VKRZ�WKH�MDFNKDPPHULQJ�DQG�WKH�UHVXOWLQJ�KROH��7KH�PDWHULDOV�WHVWHG� 
LQVWDOODWLRQ�RUGHU��VSDFLQJ��GHSWK�DQG�ILQDO�VKDSH�DUH�VKRZQ�LQ�7DEOH������7KH�FROG�PL[�XVHG�IRU 
WKH�FRQWURO��REWDLQHG�IURP�WKH�2'27¶V�$OEDQ\�0DLQWHQDQFH�RIILFH��ZDV�3RO\SDWFK��+)06� 
�63�+)(����6��IURP�$OELQD�$VSKDOW�&RPSDQ\� 

��




)LJXUH������0DQXIDFWXULQJ�D�SRWKROH�DW�&HQWXU\�'ULYH )LJXUH������0DQXIDFWXUHG�SRWKROH�DW�&HQWXU\�'ULYH 

Table 4.1: Century Drive manufactured pothole data 

Number Material Name 
Distance to 
next hole, 

ft (m) 

Depth, 
in (mm) 

Installed Shape, 
in (mm) 

� &RQWURO ��� ������ �� ���� )OXVK 
� %RQG�; ��� ����� ���� ���� ������ ������ 
� (ODVWL�3DWFK ��� ������ ���� ���� ������ ������ 
� (ODVWL�3DWFK ��� ������ �� ���� ������ ������ 
� &ROG�0L[ ��� ������ �� ���� ������� ������ 
� 830 ��� ������ ���� ���� �� 
� 830 ��� ����� ���� ���� ��������������6� 

��������������1 
� 7DJ���� ��� ����� ���� ���� ������ ������ 
� ,QVWDQW�5RDG�5HSDLU ��� ����� �� ���� ��������������6(� 

��������������1: 
�� &RQWURO ��� ����� ����� ���� � 
�� %RQG�; �� ����� ���� ���� �������� ������ 
�� 7DJ���� ��� ������ �� ���� ������� ������ 
�� &ROG�0L[ ��� ������ �� ���� � 
�� ,QVWDQW�5RDG�5HSDLU ��� ����� ���� ���� ������� ������ 
�� 435���� ��� ������ ���� ���� ������� ������ 
�� 435���� ���� ���� ������� ������ 

4.1.2 Wallace Road Manufactured Potholes 

7KH�VHFWLRQ�RI�:DOODFH�5RDG�XVHG�IRU�WHVW�SRWKROHV�ZDV�ORFDWHG�QRUWK�RI�6DOHP�RQ�2UHJRQ�5RXWH 
�����6WDWH�+Z\�������QHDU�PLOHSRVW������$OO�KROHV�ZHUH�PDQXIDFWXUHG�LQ�WKH�VRXWKERXQG�ODQH� 
0HDQ�WHPSHUDWXUHV�LQ�WKLV�DUHD�UDQJH�IURP�D�PD[LPXP����°&�����°)��LQ�WKH�VXPPHU�WR�PLQLPXP 
RI���°&�����°)��LQ�WKH�ZLQWHU�ZLWK�DQQXDO�UDLQIDOO�OHYHOV�RI�������P�������LQ��SHU�\HDU���7KH�$'7 
IRU�WKH�VHFWLRQ�LV�DERXW�������YHKLFOHV� 

��




)LJXUH�����VKRZV�PDWHULDO�SODFHPHQW�ZLWK�WKH�JHQHUDO�SDYHPHQW�FRQGLWLRQ��)LJXUH�����VKRZV�WKH 
FRPSOHWHG�KROHV�ORRNLQJ�VRXWK��7KH�PDWHULDOV�WHVWHG��LQVWDOODWLRQ�RUGHU��GHSWK�DQG�ILQDO�VKDSH�DUH 
VKRZQ�LQ�7DEOH�������7KH�FROG�PL[�XVHG�DV�WKH�FRQWURO�PL[��REWDLQHG�IURP�WKH�2'27¶V�6DOHP 
0DLQWHQDQFH�RIILFH��ZDV�830�SXUFKDVHG�IURP�3RUWHU�<HWW�&R���3RUWODQG��25� 

)LJXUH������:DOODFH�5RDG�SRWKROH�PDQXIDFWXULQJ 

)LJXUH������:DOODFH�5RDG�PDQXIDFWXUHG�SRWKROHV��ORRNLQJ�VRXWK 

��




Table 4.2: Wallace Road manufactured pothole data 

Number Material Name 
Distance to 
next hole, 

ft (m) 

Depth, 
in (mm) Installed Shape 

� 3HUPD�3DWFK ��� ����� ��ò� ���� ó´����PP��FURZQ 
� %RQG�; ��� ������ � ���� ó´����PP��FURZQ 
� &RQWURO ��� ����� � ���� )OXVK 
� &RQWURO ��� ������ � ���� 6OLJKW�GLVKLQJ�RQ�HGJHV 
� 3HUPD�3DWFK ��� ����� ��Ǭ� ���� 6OLJKW�FURZQ 
� ,QVWDQW�5RDG�5HSDLU ��� ����� ��ǩ� ���� )OXVK 
� (ODVWL�3DWFK ��� ������ ��ó� ���� ó´����PP��FURZQ 
� 435����� ��� ������ ��Ǫ� ���� Ǫ´�����PP��FURZQ 
� ,QVWDQW�5RDG�5HSDLU ��� ������ � ���� 6OLJKW�FURZQ 
�� 830 ��� ������ ��ǩ� ���� )OXVK 
�� 435����� ��� ������ � ���� Ǫ´�����PP��FURZQ 
�� 7$*����� ��� ������ ��ò� ���� 6OLJKW�FURZQ 
�� 830 ��� ������ ��ó� ���� )OXVK 
�� 7$*����� ��� ������ ��ǩ� ���� ó´����PP��FURZQ 
�� &RQWURO ��� ����� ��ó� ���� 6OLJKW�FURZQ 
�� %RQG�; ��� ������ � ���� )OXVK 
�� &RQWURO ��� ������ � ���� )OXVK 
�� (ODVWL�3DWFK ��ǩ� ���� 6OLJKW�&URZQ 

4.2 NATURAL POTHOLES 

1DWXUDOO\�IRUPHG�SRWKROHV�ZHUH�SDWFKHG�LQ�VHYHUDO�ORFDWLRQV���7DEOH�����OLVWV�WKH�PDWHULDOV�SODFHG 
LQ�WKHVH�ORFDWLRQV���7KH�PDMRULW\�RI�WKH�SRWKROHV�ILOOHG�RQ�&HQWXU\�'ULYH�RQ�)HEUXDU\��������� 
ZHUH�QRUWK�RI�WKH�PDQXIDFWXUHG�KROHV��1DWXUDO�SRWKROHV�ZHUH�ILOOHG�RQ�2UHJRQ�5RXWH������6WDWH 
+Z\�������EHWZHHQ�/\RQV�DQG�6FLR�RQ�0D\�����������DQG�DW�2QD�%HDFK�3DUN�RQ�8�6��5RXWH���� 
�6WDWH�+Z\�����WHQ�PLOHV�VRXWK�RI�1HZSRUW���%RWK�&HQWXU\�'ULYH�DQG�2UHJRQ�5RXWH�����DUH 
GHQVH�JUDGHG�SDYHPHQWV��DQG�8�6��5RXWH�����DW�2QD�%HDFK�LV�DQ�RSHQ�JUDGHG�SDYHPHQW� 

Table 4.3: Materials used 
Product No. of atches at 

Century Drive 
No. of atches at 

OR Route 226 
No. of atches at 

Ona Beach (US 101) 
No. of atches at 
Corvallis Bypass 
(OR Route 34) 

%RQG�; � � 
(ODVWL�3DWFK � � 
+)06��63 � � � 
,QVWDQW�5RDG�5HSDLU � � � 
.LQJ�3DWFK � 
2SWLPL[ � � � 
3HUPD�3DWFK � � 
435����� � � � � 
7DJ����� � � 
830 � � ���6DOHP�6WRFNSLOH� � 

P P P P

��




3RWKROHV�ZHUH�SDWFKHG�XVLQJ�FRPPRQ�WKURZ�DQG�UROO�SURFHGXUHV���/LNH�WKH�PDQXIDFWXUHG 
SRWKROHV��330�ZDV�SRXUHG�IURP�D�EXFNHW�RU�VKRYHOHG�LQWR�D�SRWKROH��)LJXUH��������330�ZDV 
WDPSHG�ZLWK�WKH�EDFN�RI�D�VKRYHO��DQG�WKH�DPRXQW�RI�330�ZDV�DGMXVWHG�WR�SURYLGH�IRU�D�VOLJKW 
FURZQ�DIWHU�FRPSDFWLRQ�E\�D�IHZ�SDVVHV�RI�D�PDLQWHQDQFH�YHKLFOH��)LJXUH�������7ZR�PHWDO�VLJQDO 
SODWHV�ZHUH�SDWFKHG�RQ�WKH�&RUYDOOLV�%\SDVV�DW�2UHJRQ�5RXWH�����)LJXUHV�����DQG������ 
&RQVWUXFWLRQ�QRWHV�DQG�GHWDLOHG�PRQLWRULQJ�GDWD�IRU�WKH�QDWXUDO�SRWKROHV�DUH�LQFOXGHG�LQ 
$SSHQGL[�%� 

)LJXUH������,QVWDOOLQJ�7$*������LQWR�D�SRWKROH�ZLWK )LJXUH������8VLQJ�D�WUXFN�IRU�FRPSDFWLRQ 
VWDQGLQJ�ZDWHU�DW�&HQWXU\�'ULYH 

)LJXUH������0HWDO�VLJQDO�SODWH�SULRU�WR�SDWFKLQJ )LJXUH������435�����PHWDO�VLJQDO�SODWH�SDWFK 

��




4.3 MONITORING 

%RWK�PDQXIDFWXUHG�DQG�QDWXUDOO\�ORFDWHG�SRWKROH�SDWFKHV�ZHUH�FKHFNHG�VHYHUDO�WLPHV�IRU�D�SHULRG 
RI�VL[�PRQWKV��0RVW�RI�WKH�QDWXUDO�SRWKROH�WHVW�SDWFKHV�ZHUH�VXFFHVVIXO���6RPH�IDLOXUHV�ZHUH 
REVHUYHG�LQ�ZKLFK�WKH�SDWFK�PDWHULDO�ZDV�SDUWO\�RU�FRPSOHWHO\�UHPRYHG�IURP�WKH�SRWKROH� 

2I�WKH�WHQ�QDWXUDO�SRWKROHV�SDWFKHG�RQ�&HQWXU\�'ULYH�LQ�ZHW�ZHDWKHU��IRXU�KDG�IDLOHG�ZKHQ 
LQVSHFWHG�D�ZHHN�ODWHU�±�WZR�$OEDQ\�0DLQWHQDQFH�<DUG�VWRFNSLOH�PDWHULDO�SDWFKHV��DQ�,QVWDQW 
5RDG�5HSDLU�SDWFK��DQG�WKH�.LQJ�3DWFK� 

•	 2QH�RI�WKH�$OEDQ\�PL[�SRWKROHV�ZDV�D�SDUWLDO�IDLOXUH��)LJXUH�������ZKLFK�FRXOG�KDYH�EHHQ 
FDXVHG�E\�QRW�UROOLQJ�RYHU�WKH�ZKROH�����PP�����LQ��ZLGH�SDWFK��7KLV�SDUWLDO�IDLOXUH�FKDQJHG 
OLWWOH�RYHU�ILYH�PRQWKV�RI�PRQLWRULQJ���7KH�RWKHU�$OEDQ\�PL[�SDWFK�ZDV�D�FRPSOHWH�IDLOXUH 
�)LJXUH������� 

•	 7KH�,QVWDQW�5RDG�5HSDLU�SDWFK�IDLOXUH�UHVXOWHG�IURP�WKH�FHQWHU�SRUWLRQ�ZHDULQJ�DZD\��)LJXUH 
������ 

• 7KH�.LQJ�3DWFK�SURGXFW�ZDV�D�FRPSOHWH�IDLOXUH�LQ�OHVV�WKDQ�D�ZHHN� 

)LJXUH������$OEDQ\�PL[�SDUWLDO�IDLOXUH )LJXUH�������$OEDQ\�0L[�FRPSOHWH�IDLOXUH 

��




)LJXUH�������,QVWDQW�5RDG�5HSDLU�IDLOXUH�DIWHU�RQH�ZHHN 

(DFK�WLPH�WKH�SRWKROHV�ZHUH�FKHFNHG�WKH�UHODWLYH�KHLJKW�RI�WKH�SDWFK�WR�WKH�VXUURXQGLQJ 
SDYHPHQW�ZDV�QRWHG�VLQFH�GLVKLQJ�DQG�FURZQLQJ�FDQ�DIIHFW�SDYHPHQW�ULGH�DQG�EH�DQ�LQGLFDWRU�RI 
SDWFK�SHUIRUPDQFH���,QVWDQW�5RDG�5HSDLU�DQG�830�SURGXFWV�VHHPHG�WR�FRPSDFW�PRUH�WKDQ�WKH 
RWKHU�SURGXFWV� 

,Q�RUGHU�WR�HYDOXDWH�330V��LW�LV�QHFHVVDU\�WR�PRQLWRU�WHVW�SDWFKHV�IRU�DQ�H[WHQGHG�SHULRG�RI�WLPH� 
LQFOXGLQJ�ERWK�WKH�ZHW�ZLQWHU�PRQWKV�DQG�WKH�KRW�VXPPHU�PRQWKV���0RQLWRULQJ�ZLOO�FRQWLQXH�LQ 
RUGHU�WR�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�RQ�KRZ�ZHOO�WKH�330�SURGXFWV�SHUIRUP� 

��






5.0 LABORATORY TESTING 

/DERUDWRU\�WHVWLQJ�ZDV�FRQGXFWHG�WR�FRUUHODWH�ILHOG�SHUIRUPDQFH�ZLWK�WHVW�UHVXOWV���6LQFH�ILHOG 
WULDOV�DUH�H[SHQVLYH�DQG�WLPH�FRQVXPLQJ��WKH�JRDO�LV�IRU�ODERUDWRU\�WHVWLQJ�WR�SURYLGH�D�UHOLDEOH 
HYDOXDWLRQ�RI�QHZ�SURGXFWV��,Q�WKLV�VWXG\�JUDGDWLRQ��ZRUNDELOLW\��PL[�FRKHVLRQ��DQG�ELQGHU 
FRDWLQJ�ZHUH�LQYHVWLJDWHG���7KH�ODERUDWRU\�WHVWLQJ�IROORZHG�SURFHGXUHV�IURP�Materials and 
Procedures for Repair of Potholes in Asphalt-Surfaced Pavements – Manual of Practice��5HSRUW 
1R��)+:$�5'��������DQG�WKH�$PHULFDQ�$VVRFLDWLRQ�RI�6WDWH�+LJKZD\�DQG�7UDQVSRUWDWLRQ 
2IILFLDOV��$$6+72��3URYLVLRQDO�6WDQGDUGV�±�-XQH������(GLWLRQ� 

5.1 GRADATION 

*UDGDWLRQV�ZHUH�GHWHUPLQHG�IRU�HDFK�RI�WKH�PL[HV�IRU�FRPSDULVRQ��&ROG�PL[�VDPSOHV�ZHUH 
LJQLWHG�XVLQJ�$$6+72�PHWKRG�73������DQG�D�7UR[OHU�LJQLWLRQ�RYHQ���7KH�DJJUHJDWH�REWDLQHG 
E\�73������ZDV�XVHG�IRU�JUDGDWLRQ�DQDO\VLV�DFFRUGLQJ�WR�$$6+72�7�����7KH�)+:$ 
UHFRPPHQGDWLRQ�LV�WKDW�WKH�3�����ILQHV�EH�OHVV�WKDQ�ILYH�SHUFHQW���7DEOH�����VXPPDUL]HV�WKH 
JUDGDWLRQV�RI�WKH�SRWKROH�SDWFKLQJ�PDWHULDOV��330V��HYDOXDWHG� 

Table 5.1: Patching material gradations (percent passing) 

Screen 
Size 

Albany 
Control 

mix 

Bond 
X 

Elasti-
Patch 

Instant 
RR 

King 
Patch 

Opti­
mix 

Perma 
Patch 

Qpr 
2000 

Tag 
8000 

UPM 

ô�LQ ���� ��� ��� ��� ��� ��� ��� ���� ���� ��� 
ò´ ���� ��� ��� ��� ��� ��� ��� ���� ���� ���� 
Ǫ´ ���� ��� ���� ���� ��� ��� ��� ���� ���� ���� 
ó´ ���� ��� ���� ���� ���� ���� ���� ���� ���� ���� 
�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 
�� ��� ���� ���� ���� ���� ��� ���� ���� ��� ���� 
��� ��� ��� ���� ���� ���� ��� ��� ��� ��� ��� 
��� ��� ��� ��� ���� ���� ��� ��� ��� ��� ��� 
���� ��� ��� ��� ��� ���� ��� ��� ��� ��� ��� 
3��� ��� ��� ��� ��� ���� ��� ��� ��� ��� ��� 

1RWH��6KDGHG�FHOOV�LQGLFDWH�SUHGRPLQDQW�DJJUHJDWH�VL]H�IRU�WKH�PL[� 

7KH�FRDUVHVW�PDWHULDO�WHVWHG�ZDV�435������ZLWK�PRUH�WKDQ�����RI�WKH�PDWHULDO�JUHDWHU�WKDQ�� 
PP��ó�LQ���DQG�WKH�ILQHVW�PDWHULDO�WHVWHG�ZDV�.LQJ�3DWFK�ZLWK�PRUH�WKDW�����RI�WKH�PDWHULDO 
SDVVLQJ�WKH������PP�������VFUHHQ���7KH�.LQJ�3DWFK�3����FRQWHQW�H[FHHGHG�WKH�UHFRPPHQGHG��� 
PD[LPXP�ZLWK�D�SHUFHQW�SDVVLQJ�RI����� 

)LQH�PL[HV�DUH�VXLWDEOH�IRU�VKDOORZ�KROHV��VLQFH�WKH\�FDQ�EH�ODLG�WKLQ�WR�KHOS�SUHYHQW�UDYHOLQJ 
DURXQG�D�SRWKROH¶V�HGJHV���$�FRDUVH�PL[�FDQ�SURYLGH�H[WUD�GXUDELOLW\�IRU�GHHS�SDWFKHV��0DQ\ 
SDWFKLQJ�PDWHULDO�YHQGRUV�DUH�ZLOOLQJ�WR�FRQVLGHU�GHVLJQLQJ�D�PL[�ZLWK�WKH�SUHIHUUHG�JUDGDWLRQ�RI 
D�VWDWH�DJHQF\� 

��




5.2 WORKABILITY 

6WDQGDUG�WHVW�PHWKRG�$$6+72�73������ZDV�XVHG�WR�GHWHUPLQH�UHODWLYH�SHQHWURPHWHU�YDOXHV�RI 
YDULRXV�330V���7KH�WHVW�XVHV�D�VRLO�SHQHWURPHWHU�ZLWK�D�VSHFLDOO\�PDQXIDFWXUHG�DGDSWHU�WKDW 
PHDVXUHV�WKH�UHODWLYH�ZRUNDELOLW\�RI�WKH�PL[��0DWHULDO�LV�SODFHG�LQ�D�PHWDO�ER[�DW���°&�������°)�� 
7KH�SUREH�LV�WKHQ�LQVHUWHG�WKURXJK�D�KROH�LQ�WKH�VLGH�RI�WKH�ER[�DQG�WKH�UHODWLYH�UHVLVWDQFH 
PHDVXUHG��)LJXUH�����VKRZV�WKH�ER[��SUREH�DQG�DGDSWHU� 

)LJXUH������:RUNDELOLW\�ER[�DQG�SHQHWURPHWHU�ZLWK�DGDSWHU 

$YHUDJHG�ZRUNDELOLW\�UHDGLQJV�EHWZHHQ�WKUHH�DQG�IRXU�ZRXOG�EH�FRQVLGHUHG�PDUJLQDO��DQG�D 
YDOXH�JUHDWHU�WKDQ�IRXU�VKRXOG�EH�UHMHFWHG���9DOXHV�RI�WKUHH�RU�OHVV�DUH�DFFHSWDEOH�DQG�WKH 
PDWHULDOV�VKRXOG�EH�ZRUNDEOH�LQ�WKH�ILHOG���7DEOH�����VXPPDUL]HV�WKH�ZRUNDELOLW\�YDOXHV�IRU�WKH 
VXEPLWWHG�330V� 

Table 5.2: Workability data 

Product Workability # 

$OEDQ\��0L[��&RQWURO� ��� 
%RQG�; ��� 
(ODVWL�3DWFK ���� 
,QVWDQW�5RDG�5HSDLU � ��� 
.LQJ�3DWFK !��� 
2SWLPL[ ��� 
3HUPD�3DWFK ���� 
435���� ��� 
7$*���� ��� 
830 ��� 

��




5.3 COHESION 

7KH�FRKHVLRQ�WHVW�LQFOXGHV�FRPSDFWLQJ�D�FRROHG�VDPSOH�LQ�D�������PP����LQ��F\OLQGHU��H[WUXGLQJ 
LW�DQG�UROOLQJ�LW�LQ�D�VLHYH�ZLWK������PP����LQ��RSHQLQJV���7KH�SXUSRVH�RI�WKH�WHVW�LV�WR�GHWHUPLQH 
KRZ�ZHOO�WKH�VDPSOH�VWLFNV�WRJHWKHU���7KH�DPRXQW�RI�PDWHULDO�WKDW�IDOOV�WKURXJK�WKH�VLHYH 
RSHQLQJV�DIWHU�UROOLQJ�LV�PHDVXUHG�DQG�XVHG�DV�DQ�LQGLFDWLRQ�RI�FRKHVLYHQHVV� 

7KH�WHVW�PHWKRG��)+:$�5'���������7HVW�$�����DQG�$$6+72�73�������VSHFLILHV�XVLQJ������J 
������OE��VDPSOHV���&RPSDFWLQJ�D������J�FROG�PL[�VDPSOH�LQ�D�VWDQGDUG�0DUVKDOO�PROG�ZRXOG 
UHVXOW�LQ�D�VDPSOH�F\OLQGHU�DERXW�����PP����LQ��KLJK���7KH�0DUVKDOO�PROG�WKDW�2'27�XVHV�KDV�D 
KHLJKW�RI����PP����LQ����7KH�����PP�����LQ��VLHYH�ZLWK������PP����LQ��RSHQLQJV�DFFRPPRGDWHV 
DQ�H[WUXGHG�VDPSOH�ZLWK�D����PP����LQ��KHLJKW���)RU�WKLV�UHDVRQ��WKH�WHVW�ZDV�GRQH�XVLQJ��a����J 
�����OE��VDPSOHV�WKDW�FRPSDFW�WR�D�KHLJKW�RI����PP����LQ�� 

7R�PDLQWDLQ�WKH�VDPSOH�DW���°&��������°)���WKH�PROG�ZDV�FRROHG�LQ�D�IUHH]HU�SULRU�WR�VDPSOH 
FRPSDFWLRQ���7KH�FRROHU�ZDV�XVHG�WR�PDLQWDLQ�VHYHUDO�VDPSOHV�DW���°&� 

7KH�WHVW�PHWKRG�VSHFLILHV�OD\LQJ�WKH�VLHYH�DJDLQVW�WKH�HGJH�RI�D�WDEOH�IRU�WHQ�VHFRQGV���7KLV�ZDV 
LQWHUSUHWHG�WR�PHDQ�WKDW�WKH�VLHYH�LV�WR�EH�ODLG�IODW�RQ�D�WDEOH�WRS�DIWHU�UROOLQJ���7KH�WHQ�VHFRQG 
³UHVW�SHULRG´�IROORZLQJ�VDPSOH�UROOLQJ�LV�FULWLFDO�WR�WKH�SUHFLVLRQ�RI�WKLV�WHVW���,I�WRR�KLJK�RU�WKLFN 
RI�D�PROGHG�VDPSOH�LV�XVHG��SDVVLQJ�PDWHULDO�LQ�WKH�SDQ�FDQ�DFFXPXODWH�DQG�VXSSRUW�ORRVHO\ 
UHWDLQHG�PDWHULDO� 

7DEOH�����VXPPDUL]HV�WKH�FRKHVLRQ�WHVW�GDWD���7KH�)+:$�UHFRPPHQGV�WKDW�DYHUDJHG�FRKHVLRQ 
YDOXHV�IRU�330V�EH�JUHDWHU�WKDQ�RU�HTXDO�WR�������)LJXUH�����VKRZV�WKH�WHVW�HTXLSPHQW� 

Table 5.3: Cohesion test data 

Product % Retention 
on 1” screen 

Average 

&RQWURO�0L[
 ���� 
&RQWURO�0L[
 ���� 

���� 

%RQG�; ���� 
%RQG�; ���� 

���� 

(ODVWL�3DWFK ���� ���� 
,QVWDQW�5RDG 
5HSDLU 

���� ���� 

.LQJ�3DWFK ��� ���� 

.LQJ�3DWFK ���� 
2SWLPL[ ���� ���� 
3HUPD�3DWFK ���� 
3HUPD�3DWFK ���� 

���� 

435���� ����� ����� 
7DJ����� ���� ���� 
830 ����� 
830 ���� 

���� 


$OEDQ\�FROG�PL[�ZDV�VRDNHG�LQ�ZDWHU�DQG�GUDLQHG�SULRU�WR�FRPSDFWLRQ 

�� 



)LJXUH������5ROOLQJ�VLHYH�DQG�0DUVKDOO�+DPPHU 

7KH�3HUPD�3DWFK�DQG�830�VDOHV�OLWHUDWXUH�VD\V�WKDW�WKH�VXUIDFH�PDWHULDO�JHWV�KDUG�ZKLOH�PDWHULDO 
XQGHUQHDWK�UHPDLQV�VHPL�IOXLG��DFWLQJ�DV�DQ�H[SDQVLRQ�MRLQW���7KH�PDQQHU�LQ�ZKLFK�D�330�FXUHV 
FRXOG�DIIHFW�ODERUDWRU\�UHVXOWV�VXFK�DV�WKH�$$6+72�73������FRKHVLRQ�WHVW���0L[HV�WKDW�DUH�QRW 
GHVLJQHG�WR�KDYH�D�SHUIHFWO\�VROLG�FXUH�PD\�KDYH�ORZHU�FRKHVLRQ�YDOXHV�WKDQ�PL[HV�ZLWK�RWKHU 
FXUH�PHFKDQLVPV� 

5.4 COATING 

7KH�DPRXQW�RI�ELQGHU�PDWHULDO�FRDWLQJ�WKH�URFN��RU�SHUFHQW�FRDWLQJ��ZDV�REVHUYHG�XVLQJ�WHVW 
PHWKRG�$$6+72�73������RQ�UHFHLYHG�PDWHULDOV��7KH�WHVW�PHWKRG�LV�EDVHG�RQ�D�YLVXDO 
LQVSHFWLRQ���7KH�)+:$�3RWKROH�0DQXDO�UHFRPPHQGV�D�����PLQLPXP�FRDWLQJ�VSHFLILFDWLRQ� 
7DEOH�����VKRZV�WKH�SHUFHQW�FRDWLQJ�REVHUYHG� 

��




Table 5.4: Percent coating data 

Material Percent Coating 

$OEDQ\�&RQWURO �� 
%RQG�; �� 
(ODVWL�3DWFK �� 
,QVWDQW�5RDG�5HSDLU �� 
.LQJ�3DWFK �� 
2SWLPL[ ��� 
3HUPD�3DWFK �� 
435���� �� 
7DJ���� ��� 
830 �� 

5.5 DISCUSSION 

$OO�RI�WKH�PDWHULDOV�WHVWHG�H[FHSW�.LQJ�3DWFK�SDVVHG�WKH�FULWHULD�IRU�ZRUNDELOLW\��FRKHVLRQ��DQG 
FRDWLQJ���.LQJ�3DWFK�LV�D�QDWXUDOO\�RFFXUULQJ�WDU�VDQG��XQOLNH�WKH�RWKHU�SDWFKLQJ�PDWHULDOV��ZKLFK 
DUH�GHVLJQHG�PL[WXUHV���.LQJ�3DWFK�KDG�D�ZRUNDELOLW\�QXPEHU�RI������ZKLFK�H[FHHGHG�WKH�)+:$ 
UHFRPPHQGHG�VSHFLILFDWLRQ�RI�������.LQJ�3DWFK¶V�DYHUDJH�FRKHVLRQ�YDOXH�ZDV��������ZHOO�EHORZ 
WKH�)+:$�UHFRPPHQGHG�PLQLPXP�VSHFLILFDWLRQ�RI������7KH�ODERUDWRU\�GDWD�FROOHFWHG�ZLOO�EH 
XVHG�IRU�ILHOG�SHUIRUPDQFH�FRPSDULVRQV� 

��






6.0 MATERIAL COSTS 

7KHUH�DUH�WKUHH�ZD\V�WR�SXUFKDVH�SRWKROH�SDWFKLQJ�PDWHULDO� 

�� SXUFKDVLQJ�IURP�DQ�DVSKDOW�FRQFUHWH�VXSSOLHU� 
�� FRQWUDFWLQJ�ZLWK�DQ�DVSKDOW�FRQFUHWH�PDQXIDFWXUHU�WR�PL[�WKH�SURGXFW��DQG 
�� PDQXIDFWXULQJ�WKH�SURGXFW�LQ�KRXVH� 

0DQXIDFWXULQJ�330�LQ�KRXVH�LV�WKH�OHDVW�FRVWO\��&RQWUDFWLQJ�ZLWK�DQ�DVSKDOW�FRQFUHWH�VXSSOLHU 
FDQ�EH�FKHDSHU�WKDQ�SXUFKDVLQJ�E\�WKH�GXPS�WUXFN�ORDG� 

0DQ\�SURSULHWDU\�330V�FDQ�EH�SURGXFHG�XVLQJ�PRVWO\�ORFDOO\�DYDLODEOH�PDWHULDOV���,Q�WKH�FDVH�RI 
2SWLPL[��RQO\�a���RI�WKH�ELQGHU�FRQWDLQLQJ�WKH�DGKHVLYH�DQG�DQWL�VWULS�DGGLWLYHV�KDYH�WR�EH 
REWDLQHG�IURP�2SWLPL[���2SWLPL[�UHFRPPHQGV�PL[LQJ�D�PLQLPXP�RI�����0J������W��RI�PL[�DW�D 
WLPH���6RPH�RI�WKH�RWKHU�VXSSOLHUV��OLNH�435��FDQ�VKLS�WDQNHUV�RI�OLTXLG�ELQGHU� 

0DQ\�KLJKZD\�PDLQWHQDQFH�\DUGV�SURGXFH�WKHLU�RZQ�330V�LQ�WKHLU�\DUG���$�SXJ�PLOO�LV�WKH�RQO\ 
PDQGDWRU\�SLHFH�RI�HTXLSPHQW�UHTXLUHG�IRU�SURGXFWLRQ���6RPH�RSHUDWLRQV�PD\�UHTXLUH�DFFHVV�WR�D 
ODERUDWRU\�WR�DVVXUH�TXDOLW\�DQG�DFFHVV�WR�D�PL[LQJ�WDQN�IRU�VWLUULQJ�ELQGHU��7KH�%HQG�DQG 
/DNHYLHZ�2'27�0DLQWHQDQFH�\DUGV�KDYH�SURGXFHG�WKHLU�RZQ�435�����SDWFK�PDWHULDO 
VWRFNSLOHV�DQG�ZLOO�DJDLQ�EH�XVLQJ�435�����IRU�WKH�XSFRPLQJ�����������ZLQWHU�VHDVRQ� 

7DEOH�����VXPPDUL]HV�FRVWV�RI�SRWKROH�SDWFKLQJ�PDWHULDOV�VWXGLHG�IRU�WKLV�UHVHDUFK�SURMHFW���0DQ\ 
RI�WKH�PDWHULDOV�KDYH�QRW�EHHQ�XVHG�LQ�2UHJRQ�RQ�D�PDLQWHQDQFH�VWRFNSLOH�VFDOH�EHIRUH��%RQG�;� 
(ODVWL�3DWFK��2SWLPL[��3HUPD�3DWFK��DQG�7DJ���������6LQFH�����WR�����0J������WR�����W� 
VWRFNSLOHV�RI�SDWFKLQJ�PL[�DUH�PDGH�IURP�D����0J��a���W��ORDG�RI�SURSULHWDU\�OLTXLG�ELQGHU��LW�LV 
GLIILFXOW�WR�JHW�H[DFW�FRVWV�XQWLO�DOO�GHOLYHUDEOHV�KDYH�EHHQ�SULFHG� 

Table 6.1: Pothole patching material costs 

Material Mix, Cost/ton Binder, Cost/ton 

3HUPD�3DWFK ���" 
,QVWDQW�5RDG�5HSDLU ������LQ�EXFNHWV� 
7DJ����� ��������� 
(ODVWL�3DWFK ���� 
%RQG�; ��� ���� 
435���� �����PL[HG�DW 

PDLQWHQDQFH�\DUG� 
830 ������� 
2SWLPL[ ��� 
+)06��63 �������� ���� 
+)06��6 ���� 
+RW�0L[ ��� 

��




2'27�FXUUHQWO\�KDV�FRQWUDFWV�WKDW�LQFOXGH�SULFH�DJUHHPHQWV�IRU�830��+)06��6��0&�����DQG 
+)06��63���7KH�$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV��$670��XVHV�WKH�GHVLJQDWLRQ 
+)06��6�IRU�HPXOVLILHG�DVSKDOWV�WKDW�DUH�XVHG�LQ�VWRFNSLOHG�PDLQWHQDQFH�PL[HV��ASTM D3628­
1997����7KH�GHVLJQDWLRQ�+)06��63�GHQRWHV�WKDW�WKH�HPXOVLRQ�LV�SRO\PHU�PRGLILHG���2OG 
GHVLJQDWLRQV�+)(�����DQG�+)(����6�FRUUHVSRQG�ZLWK�+)06��6�DQG�+)06��63�UHVSHFWLYHO\� 
7KH�ROG�GHVLJQDWLRQV�FDQ�EH�IRXQG�LQ�FXUUHQW�2'27�FRQWUDFWV���&XUUHQW�2'27�FRQWUDFWV�FDQ�EH 
IRXQG�RQ�WKH�2UHJRQ�'HSDUWPHQW�RI�$GPLQLVWUDWLYH�6HUYLFHV¶��'$6��ZHEVLWH�DW� 
KWWS���SXE�GDV�VWDWH�RU�XV�SXUFKDVLQJ����&RQWDFWV�IRU�WKH�DERYH�PDWHULDOV�FDQ�EH�IRXQG�LQ 
$SSHQGL[�&� 

��




7.0 SUMMARY, DISCUSSION AND RECOMMENDATIONS 

7.1 SUMMARY 

7DEOH�����SUHVHQWV�WKH�UHVXOWV�RI�WKH�ODERUDWRU\�WHVWLQJ�DQG�ILHOG�HYDOXDWLRQ�E\�PL[�W\SH���7KH 
PDMRULW\�RI�PL[HV�SHUIRUPHG�ZHOO�ZLWK�WKH�H[FHSWLRQ�RI�.LQJ�3DWFK��ZKLFK�IDLOHG�WKH�ZRUNDELOLW\ 
DQG�FRKHVLRQ�WHVW�DQG�GLG�QRW�VWD\�LQ�WKH�QDWXUDO�SRWKROH�DW�&HQWXU\�'ULYH���,QVWDQW�5RDG�5HSDLU 
ZDV�DOVR�QRWHG�WR�GLVK�LQ�WKH�SRWKROHV�DW�&HQWXU\�'ULYH�DQG�25�5RXWH����� 

7.2 DISCUSSION 

&ROG�PL[�SRWKROH�SDWFKLQJ�PDWHULDOV�DUH�XVHIXO�IRU�SDWFKLQJ�URDG�SDYHPHQW�LQ�DQ\�W\SH�RI 
ZHDWKHU��ZKHUHDV�KRW�PL[�LV�JHQHUDOO\�DSSOLHG�GXULQJ�IDLU�ZHDWKHU���&ROG�PL[�SDWFKLQJ�KDV 
DGYDQWDJHV�RYHU�RWKHU�SDWFKLQJ�PDWHULDOV��VXFK�DV�KRW�PL[��&ROG�PL[�FDQ�EH�VWRFNSLOHG�LQ�D 
KLJKZD\�PDLQWHQDQFH�\DUG�IRU�VHYHUDO�PRQWKV�DW�D�WLPH��PDNLQJ�LW�FRQYHQLHQW�DQG�DFFHVVLEOH�WR 
SDWFKLQJ�FUHZV���&UHZV�FDQ�ORDG�QHHGHG�DPRXQWV�RI�PDWHULDO�DQG�UHWXUQ�XQXVHG�SRUWLRQV�WR�D 
VWRFNSLOH��$OWKRXJK�KRW�PL[�PDWHULDO�FRVWV�FDQ�EH�D�IRXUWK�RI�WKH�FRVW�RI�D�FROG�PL[��KRW�PL[ 
SDWFKLQJ�KDV�JUHDWHU�HTXLSPHQW�DQG�ODERU�FRVWV� 

(DUOLHU�UHVHDUFK�KDV�VKRZQ�WKDW�FROG�PL[�SRWKROH�SDWFKHV�FDQ�SURYLGH�SHUPDQHQW�WKURZ�DQG�UROO 
UHSDLUV�WKDW�ODVW�ORQJHU�WKDQ�IRXU�\HDUV��JUHDWHU�WKDQ�����RI�WKH�WLPH��FHWA 1998����,Q�WKH 
FXUUHQW�VWXG\�DGGLWLRQDO�PRQLWRULQJ�LV�QHHGHG�WR�GHILQLWLYHO\�SURYH�WKH�SHUIRUPDQFH�RI�RQH 
SURSULHWDU\�330�RYHU�DQRWKHU���5HVXOWV�WR�GDWH�VKRZ�WKDW�DOO�RI�WKH�PDQXIDFWXUHG�SRWKROHV�DQG 
PRVW�RI�WKH�QDWXUDO�SRWKROH�WHVW�DUHDV�KDYH�SHUIRUPHG�VDWLVIDFWRULO\���7KH�QDWXUDO�SRWKROH�SDWFK 
WHVW�DUHDV�RQ�2UHJRQ�5RXWH�����DQG�&HQWXU\�'ULYH�H[SHULHQFHG�VRPH�SURSULHWDU\�SRWKROH 
SDWFKLQJ�PDWHULDO�IDLOXUHV�RYHU�WKH�SDVW�IHZ�PRQWKV��2Q�&HQWXU\�'ULYH��WKH�WZR�$OEDQ\ 
0DLQWHQDQFH�<DUG�VWRFNSLOH�PDWHULDO�SDWFKHV��FRQWURO�PL[HV��IDLOHG�DIWHU�RQH�ZHHN��ZKLOH�VHYHUDO 
RI�WKH�SURSULHWDU\�SDWFK�PDWHULDOV�KDYH�ODVWHG�PRUH�WKDQ�ILYH�PRQWKV��/DERUDWRU\�WHVWV�KDYH�EHHQ 
XQDEOH�WR�GLIIHUHQWLDWH�WKH�SHUIRUPDQFH�RI�YDULRXV�330�SURGXFWV� 

2QH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�VHH�LI�VRPH�SURSULHWDU\�PL[HV�SHUIRUP�EHWWHU�RQ�GHQVH�DQG 
RSHQ�JUDGHG�DVSKDOW�FRQFUHWH�SDYHPHQWV��1DWXUDO�DQG�PDQXIDFWXUHG�SRWKROHV�ZHUH�FRQVWUXFWHG�LQ 
ERWK�RSHQ�DQG�GHQVH�JUDGHG�SDYHPHQWV���7KH�ORZ�LQFLGHQFH�RI�IDLOXUHV�DIWHU�VL[�PRQWKV�RI 
PRQLWRULQJ��PDNHV�LW�GLIILFXOW�WR�LGHQWLI\�WUHQGV�RU�GUDZ�FRQFOXVLRQV�DERXW�SDWFKLQJ�PDWHULDOV 
EHWZHHQ�WKH�WZR�W\SHV�RI�DVSKDOW�FRQFUHWH�URDGZD\V� 

7KH�QDWXUDO�DQG�PDQXIDFWXUHG�SRWKROHV�ZLOO�EH�PRQLWRUHG�IRU�WKH�QH[W�WZR�\HDUV�WR�HYDOXDWH�ORQJ� 
WHUP�SHUIRUPDQFH���,Q�WKH�LQWHULP��EDVHG�RQ�SXEOLVKHG�OLWHUDWXUH��LW�LV�DSSDUHQW�WKDW�SURSULHWDU\ 
SDWFKLQJ�PDWHULDOV�FDQ�SURYLGH�VXSHULRU�SHUIRUPDQFH��'HWHUPLQLQJ�ZKLFK�LV�PRUH�VXSHULRU�WKDQ 
WKH�QH[W�LQ�2UHJRQ�ZLOO�RQO\�EH�GHWHUPLQHG�WKURXJK�WLPH� 
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7.3 RECOMMENDATIONS 

7KH�IROORZLQJ�UHFRPPHQGDWLRQV�DUH�EDVHG�RQ�WKH�OLWHUDWXUH�UHYLHZ��ODERUDWRU\�LQYHVWLJDWLRQ�DQG 
SUHOLPLQDU\�ILHOG�LQYHVWLJDWLRQ� 

��	 2'27�PDLQWHQDQFH�FUHZV�VKRXOG�SXUVXH�WKH�XVH�RI�SURSULHWDU\�SDWFKLQJ�PDWHULDOV�DW�OHDVW�IRU 
SRWKROHV�WKDW�DUH�GLIILFXOW�WR�NHHS�SDWFKHG� 

�� 3URSULHWDU\�PL[HV�VXEPLWWHG�IRU�XVH�VKRXOG�EH�HYDOXDWHG�DW�D�PLQLPXP�IRU� 

• *UDGDWLRQ�ZLWK�DQ�DOORZDEOH�3�����RI�OHVV�WKDQ���� 
• :RUNDELOLW\�ZLWK�D�ZRUNDELOLW\�QXPEHU�OHVV�WKDQ���DV�GHWHUPLQHG�E\�$$6+72�73������ 
• &RDWLQJ�ZLWK�D�PLQLPXP�FRDWLQJ�RI�����DV�GHWHUPLQHG�E\�$$6+72�73������ 

��
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APPENDIX A:


POTHOLE PATCH CONSTRUCTION DATA


(MANUFACTURED HOLES)






MANUFACTURED POTHOLES 

Century Drive – Dense Graded Pavement 

2Q�0DUFK���������/L]�+XQW��WKH�$OEDQ\�0DLQWHQDQFH�&UHZ��DQG�0DUFXV�%HUOLQ�FUHDWHG��� 
SRWKROHV�ZLWK�D�MDFN�KDPPHU�DQG�ILOOHG�WKHP�ZLWK�D�YDULHW\�RI�SRWKROH�SDWFKLQJ�PDWHULDOV���7KH 
KROHV�ZHUH�FRQFDYH�LQ�VKDSH�ZLWK�WDSHUHG�HGJHV�����PP����LQ��PLQLPXP�GHHS�LQ�WKH�FHQWHU�DQG 
����PP�����LQ��LQ�GLDPHWHU���$�����PP�����LQ��URXQG�WHPSODWH�DQG�VSUD\�SDLQW�ZDV�XVHG�WR�PDUN 
DUHDV�IRU�XQLIRUP�MDFNKDPPHULQJ� 

7KH�PDLQWHQDQFH�FUHZ�FRQVLVWHG�RI�WZR�IODJJHUV�DQG�WKUHH�ODERUHUV���7HPSHUDWXUHV�ZHUH�DURXQG 
���°)�ZLWK�D�SDYHPHQW�WHPSHUDWXUH�RI����°)���7KH�KXPLGLW\�ZDV�������7KH�VN\�ZDV�RYHUFDVW 
ZLWK�VRPH�VXQ� 

7KLV�WHVW�VLWH�LV�MXVW�QRUWK�RI�D�FXUYHG�VHFWLRQ���3DYHPHQW�FRQGLWLRQ�FDQ�EH�GHVFULEHG�DV�SRRU�WR 
IDLU�FRQGLWLRQ�ZLWK�IHZ�SDWFKHV�DQG�VRPH�DOOLJDWRU�FUDFNLQJ� 

7KH�IROORZLQJ�LV�WKH�WDEOH�RI�PDWHULDOV�WR�ILOO�HDFK�SRWKROH���(IIRUWV�ZHUH�XVHG�WR�UDQGRPL]H�WKH 
RUGHU�RI�SODFHPHQW�RI�WKH�VSHFLILF�PDWHULDOV���$OO�KROHV�ZHUH�SODFHG�ZLWKLQ���IW��������P��RI�WKH 
VNLS�VWULSH� 
7KHVH�WHVW�SDWFKHV�ZHUH�RYHUODLG�LQ�6HSWHPEHU��������EXW�ZLOO�EH�PRQLWRUHG�IRU�FRPSDWLELOLW\� 

7DEOH�$���OLVWV�WKH�RUGHU�DQG�VKDSH�RI�SDWFKHV�IRU�WKH�&HQWXU\�'ULYH�PDQXIDFWXUHG�KROHV� 

Table A.1: Century Drive manufactured pothole patches 
Material Name Number Depth, in (mm) Installed Shape 

&ROG�0L[ �06 ��� ���� )OXVK 
%RQG�; �03 ��ò�� ���� �ó�´� ����PP� 
(ODVWL�3DWFK �03 ��ò�� ���� �ó�´� ����PP� 
(ODVWL�3DWFK �03 ��� ���� �ó�´� ����PP� 
&ROG�0L[ �06 ��� ���� ±ǩ�´� ����PP� 
830 �03 ��ô�� ���� ±� 
830 �03 ��ó� ���� �ǩ�´� ����PP��6� 

±ǩ�´� ����PP��1 
7DJ���� �03 ��ó� ���� �ó�´� ����PP� 
,QVWDQW�5RDG�5HSDLU �03 ��� ���� ±ǩ�´� ����PP��6(� 

�ǩ�´� ����PP��1: 
&ROG�0L[ �06 ��ô� ���� � 
%RQG�; �03 ��ò� ���� ������´� ������PP� 
7DJ���� �03 ��� ���� �ǩ�´� ����PP� 
&ROG�0L[ �06 ��� ���� � 
,QVWDQW�5RDG�5HSDLU ��03 ��ò� ���� �ǩ�´� ����PP� 
435���� ��03 ����� ���� �ǩ�´� ����PP� 
435���� ��03 ����� ���� �ǩ�´� ����PP� 

$��




Wallace Road – Open Graded Pavement 

$QGUHZ�*ULIILWK�DQG�/L]�+XQW�FRRUGLQDWHG�WKH�LQVWDOODWLRQ�RI�SDWFKLQJ�PDWHULDOV�RQ�:DOODFH 
5RDG�RQ�0DUFK���������EHWZHHQ������DQG�������DP���7KH�LQVWDOODWLRQ�ZDV�GRQH�E\�WKH�6DOHP 
%ULGJH�&UHZ��VL[�ZRUNHUV��ZKR�SURYLGHG�WUDIILF�FRQWURO��ODERU�IRU�MDFN�KDPPHULQJ�DQG�PDWHULDO 
LQVWDOODWLRQ��7KH�ZHDWKHU�ZDV�GU\�ZLWK�RYHUFDVW�VNLHV���7KH�WHPSHUDWXUH�YDULHG�IURP����°)�DW����� 
$0�WR����°)�DW�������$0���3DYHPHQW�WHPSHUDWXUHV�ZHUH�QHDU����°)��7KH�SDYHPHQW�FRQGLWLRQ�LV 
UDWHG�DV�IDLU� 

$QGUHZ�DQG�/L]�LQLWLDOO\�PDUNHG�RXW�WKH�ORFDWLRQ�IRU����KROHV�LQFOXGLQJ����IRU�VHYHQ�GLIIHUHQW 
SURSULHWDU\�PL[HV��WZR�SRWKROHV�PL[��DQG�IRXU�IRU�6DOHP�0DLQWHQDQFH�FROG�PL[���7KH�KROHV�ZHUH 
ORFDWHG�LQ�WKH�VRXWKERXQG�ODQH�RI�:DOODFH�5RDG�QHDU�03�����LQ�WKH�OHIW�ZKHHO�WUDFN��DERXW�WZR 
IHHW�RII�RI�WKH�VNLS�VWULSH���7KH�RUGHU�RI�WKH�KROHV�DQG�WKH�GLVWDQFHV�EHWZHHQ�WKHP�ZHUH 
GHWHUPLQHG�E\�XVLQJ�D�UDQGRP�QXPEHU�WDEOH���9DULDEOH�GLVWDQFHV�EHWZHHQ�KROHV�ZHUH�HVWDEOLVKHG 
WR�DYRLG�SHULRGLFLW\� 

7KH�FROG�PL[�ZDV�REWDLQHG�IURP�3RUWHU�<HWW���2QH�RI�WKH�ZRUNHUV�UHSRUWHG�WKDW�WKH�FROG�PL[�XVHG 
E\�6DOHP�KDG�EHHQ�ZRUNLQJ�ZHOO�DQG�DSSHDUHG�WR�FRQIRUP�WR�WKH�KROHV�ZHOO�DV�FRPSDUHG�WR 
PDWHULDOV�IURP�SUHYLRXV�\HDUV� 

)ROORZLQJ�WKH�PDUNLQJ�RI�WKH�KROHV��WKH�%ULGJH�&UHZ�VHW�XS�WUDIILF�FRQWURO�DQG�SRWKROHV�ZHUH 
FUHDWHG�XVLQJ�D�MDFNKDPPHU���7KH�KROHV�ZHUH�DERXW�����PP�����LQ��LQ�GLDPHWHU�ZLWK�PHDVXUHG 
GHSWKV�QHDU����PP����LQ����3KRWRJUDSKV�ZHUH�WDNHQ�RI�WKH�HPSW\�KROHV�MXVW�SULRU�WR�ILOOLQJ���$OO 
SKRWRJUDSKV�ZHUH�WDNHQ�IDFLQJ�QRUWK� 

7KH�KROHV�ZHUH�ILOOHG�E\�HLWKHU�SRXULQJ�PDWHULDO�RXW�RI�WKH�EXFNHWV�RU�E\�VKRYHOLQJ�WKH�PDWHULDO 
RXW���0RVW�RI�WKH�PDWHULDOV�ZHUH�SRXUHG�RXW�ZLWK�OLWWOH�GLIILFXOW\���7KH�PDWHULDOV�ZHUH�WKHQ�PRYHG 
DURXQG�ZLWK�D�VKRYHO�DQG�WDPSHG�D�IHZ�WLPHV�IRU�LQLWLDO�FRPSDFWLRQ���)LQDO�FRPSDFWLRQ�ZDV�GRQH 
ZLWK�WKH�6DOHP�0DLQWHQDQFH�WUXFN�ILOOHG�ZLWK�FROG�PL[���$ERXW�VL[�SDVVHV�ZHUH�PDGH�RYHU�HDFK 
SDWFK�WR�LQVXUH�FRPSDFWLRQ� 

$IWHU�ILQDO�FRPSDFWLRQ��ILQDO�PHDVXUHPHQWV�ZHUH�WDNHQ�WR�GHWHUPLQH�LI�WKH�SDWFK�ZDV�ERZO 
VKDSHG��FURZQHG�RU�IOXVK�ZLWK�WKH�H[LVWLQJ�SDYHPHQW���3KRWRJUDSKV�ZHUH�WKHQ�WDNHQ�RI�WKH 
ILQLVKHG�SDWFK�IRU�IXWXUH�UHIHUHQFH� 

7DEOH�$���OLVWV�WKH�RUGHU�DQG�VKDSH�RI�SDWFKHV�IRU�WKH�:DOODFH�5RDG�PDQXIDFWXUHG�KROHV� 

$��




Table A.2: Wallace Road manufactured pothole patches 
Material Name Number Depth, in (mm) Final Shape 
3HUPD�3DWFK �:3 ��ò�� ���� ó´����PP��FURZQ 
%RQG�; �:3 ��� ���� ó´����PP��FURZQ 
&ROG�0L[ �:6 ��� ���� )OXVK 
&ROG�0L[ �:6 ��� ���� 6OLJKW�GLVKLQJ�RQ�HGJHV 
3HUPD�3DWFK �:3 ��Ǭ�� ���� 6OLJKW�FURZQ 
,QVWDQW�5RDG�5HSDLU �:3 ��ǩ�� ���� )OXVK 
(ODVWL�3DWFK �:3 ��ó�� ���� ó´����PP��FURZQ 
435����� �:3 ��Ǫ�� ���� Ǫ´�����PP��FURZQ 
,QVWDQW�5RDG�5HSDLU �:3 ��� ���� 6OLJKW�FURZQ 
830 �:3 ��ǩ�� ���� )OXVK 
435����� �:3 ��� ���� Ǫ´�����PP��FURZQ 
7$*����� ��:3 ��ò�� ���� 6OLJKW�FURZQ 
830 ��:3 ��ó�� ���� )OXVK 
7$*����� ��:3 ��ǩ�� ���� ó´����PP��FURZQ 
&ROG�0L[ �:6 ��ó�� ���� 6OLJKW�FURZQ 
%RQG�; ��:3 ��� ���� )OXVK 
&ROG�0L[ �:6 ��� ���� )OXVK 
(ODVWL�3DWFK ��:3 ��ǩ�� ���� 6OLJKW�&URZQ 

0DWHULDO�KDQGOLQJ�FKDUDFWHULVWLFV��ZRUNDELOLW\��ZHUH�GLVFXVVHG�IRU�HDFK�RI�WKH�PDWHULDOV���7KH 
UHVXOWV�DUH�LQFOXGHG�LQ�7DEOH�$��� 

Table A.3: Material workability 
Material Workability 

�%RQG�; (DVLO\�SRXUHG�RXW�RI�EXFNHW� 
(ODVWL�3DWFK 6WLIIHU�WKDQ�%RQG�;��,QVWDQW�5RDG�5HSDLU�DQG�3HUPD�3DWFK� 

&RDUVHU�PDWHULDO���0RGHUDWH�ZRUNDELOLW\� 
,QVWDQW�5RDG�5HSDLU (DVLO\�VKRYHOHG�RXW�RI�EXFNHW���6OLJKWO\�VWLIIHU�WKDQ�%RQG�; 

DQG�3HUPD�3DWFK���)LQHU�PL[� 
3HUPD�3DWFK (DVLO\�SRXUHG�RXW�RI�EXFNHW� 
435����� 3RXUHG�RXW�RI�EXFNHW���&RDUVHU�DJJUHJDWH�UHTXLUHV�PRUH 

ZRUN���0RGHUDWH�ZRUNDELOLW\� 
7$*����� 3RXUHG�RXW�RI�EXFNHW���&RDUVHU�DJJUHJDWH��6WLII�PRGHUDWH 

ZRUNDELOLW\� 
830 7RXJK�WR�RSHQ�EXFNHW��JHW�PDWHULDO�RXW�RI�EDJ���6WLIIHU��ILQH 

PDWHULDO�ZLWK�VRPH�FOXPSV���0RGHUDWH�ZRUNDELOLW\� 

Century Drive Manufactured Holes Monitoring Data 

3RWKROH�PDWHULDO�KHLJKW�UHODWLYH�WR�WKH�VXUURXQGLQJ�SDYHPHQW�ZDV�PHDVXUHG�VLQFH�ILOOHG�SRWKROH 
VKDSH�FDQ�DIIHFW�SDYHPHQW�ULGH�DQG�RYHUDOO�SDWFK�SHUIRUPDQFH��1HJDWLYH�YDOXHV�LQGLFDWHG�VRPH 
GLVKLQJ�DQG�SRVLWLYH�YDOXHV�LQGLFDWH�D�FURZQ�RU�SRVVLEO\�VRPH�VKRYLQJ��7DEOH�$���VXPPDUL]HV 
SRWKROH�KHLJKW�PRQLWRULQJ�GDWD�IRU�WKH�PDQXIDFWXUHG�SRWKROH�SDWFKHV�RQ�&HQWXU\�'ULYH��$V�QRWHG 
HDUOLHU��WKH�&HQWXU\�'ULYH�PDQXIDFWXUHG�SRWKROHV�ZHUH�RYHUODLG�LQ�6HSWHPEHU������ 

$��




Table A.4: Century Drive manufactured pothole monitoring data 
Material Name Number Shape 

3/3 
Shape 
3/17 

Shape 
5/4 

Shape 
6/15 

Shape 
8/24 

&ROG�0L[ �06 � ����´ �� ���� ����� 

%RQG�; �03 ���� ���� �� ���� ����� 

(ODVWL�3DWFK �03 ���� ���� �� � ���� 

(ODVWL�3DWFK �03 ���� ����´ � � ���� 

&ROG�0L[ �06 ���� ���� ���� ���� ����� 

830 �03 � ���� ���� ���� ����� 

830 �03 �����1���� 
����6 

�� ���� ���� ����� 

7$*����� �03 ���� ���� � � ���� 

,QVWDQW�5RDG�5HSDLU �03 �����1���� 
����6 

���� ����� ���� ���� 

&ROG�0L[ �06 � �� ����� ���� ���� 

%RQG�; �03 ����� �� � � ���� 

7$*����� �03 ���� �� �� � ���� 

&ROG�0L[ �06 � ���� ���� ���� ����� 

,QVWDQW�5RDG�5HSDLU ��03 ���� ����� � � ����� 

435����� ��03 ���� � � � � 

435����� ��03 ���� ����� � � ���� 

$��




Wallace Road Manufactured Holes Monitoring Data 

7DEOH�$���VXPPDUL]HV�SRWKROH�SDWFK�KHLJKW�GDWD�IRU�WKH�:DOODFH�5RDG�WHVW�VLWH� 

Table A.5: Wallace Road manufactured pothole monitoring data 
Material Number Height 3/7 Height 

3/17 
Height 5/5 Height 

6/15 
Height 

8/25 
3HUPD�3DWFK 1WP ����´ �� � ����´ 

%RQG�; �:3 ���� �� �� � ���� 

&ROG�0L[ �:6 � �� �� ����� ���� 

&ROG�0L[ �:6 ��VOLJKW 
GLVKLQJ�RQ 
HGJHV 

�����´ ����´ ���� ���� 

3HUPD�3DWFK �:3 �� �� �� � ���� 

,QVWDQW�5RDG 
5HSDLU 

�:3 � ���� ����� ���� ���� 

(ODVWL�3DWFK �:3 ���� �� �� ���� ����� 

435����� �:3 ���� �� �� ���� ����� 

,QVWDQW�5RDG 
5HSDLU 

�:3 �� ������&/ 
VLGH 
�����FHQWHU 

����� ���� ���� 

830 �:3 � ���� ����� ���� ���� 

435����� �:3 ���� � �� � ���� 

7$*����� ��:3 �� ���� ����� ���� ���������� 

830 ��:3 � ���� ���� ���� ���� 

7$*����� ��:3 ���� �� �� � ����� 

&ROG�0L[ �:6 �� ���� ����� ���� ���� 

%RQG�; ��:3 � ���� ����� ���� ���� 

&ROG�0L[ �:6 � ���� ���� ���� ���������� 

(ODVWL�3DWFK ��:3 �� 6KRYHG�WR 
VKRXOGHU 

� ���� ���� 

� � 

$��






APPENDIX B:


NATURAL POTHOLE PATCH INSTALLATION DATA






Century Drive (Dense Graded Pavement) Natural Pothole Patch Construction 
Notes 

3RWKROHV�ZHUH�ILOOHG�ZLWK�SURSULHWDU\�SDWFKLQJ�PDWHULDOV�DW�&HQWXU\�'ULYH�LQ�$OEDQ\��)HEUXDU\ 
����������EHWZHHQ����$0�DQG����30���&HQWXU\�'ULYH�LV�D�WZR�ODQH�FRXQWU\�URDG�WKDW�SDUDOOHOV 
WKH�,���IUHHZD\�RQ�WKH�HDVW�VLGH�IRU�DERXW�WZR�PLOHV�LQ�WKH�0LOOHUVEXUJ�DUHD�MXVW�1RUWK�RI�$OEDQ\� 
,W¶V�DQ�ROG�URDG�ZLWK�D����PP����LQ��GHQVH�PL[�RYHUOD\�WKDW�KDV�EHHQ�IDLOLQJ�IRU�VRPH�WLPH� 
(YLGHQFH�RI�SUHYLRXV�SDWFKLQJ�RFFXUV�DORQJ�WKH�HQWLUH�URDGZD\��DORQJ�ZLWK�VHYHUH�DOOLJDWRU 
FUDFNLQJ���7UDIILF�LQFOXGHV�KHDY\�GXPS�WUXFNV�IURP�DQ�DJJUHJDWH�\DUG���7UDIILF�YROXPH�LV�ORZ� 

/L]�+XQW��DQG�7HUU\��5RQ��DQG�(DUO�RI�WKH�2'27�$OEDQ\�0DLQWHQDQFH�FUHZ��DQG�0DUFXV�%HUOLQ 
SDWFKHG�QLQH�SRWKROHV�ZLWK�2'27�FROG�PL[�DQG�IRXU�SURSULHWDU\�FROG�PL[�SDWFKLQJ�PDWHULDOV� 

7KH�ZHDWKHU�ZDV�FROG�DQG�ZHW��ZLWK�D����$0�WHPSHUDWXUH�RI����°)�DQG�D����30�WHPSHUDWXUH�RI 
���°)���7KH�UHODWLYH�KXPLGLW\�ZDV�������7KH�UDLQ�GUL]]OHG�RII�DQG�RQ� 

7KH�RSHUDWLRQ�LQFOXGHG�WZR�SLFNXS�WUXFNV���7KH�2'27�$OEDQ\�0DLQWHQDQFH�SLFNXS�ZDV 
HTXLSSHG�ZLWK�VKRYHOV��EURRPV�DQG�2'27�FROG�SDWFKLQJ�PL[���7KH�VHFRQG�SLFNXS�FDUULHG�IRXU 
EXFNHWV�RI�SURSULHWDU\�FROG�SDWFKLQJ�PL[���(DFK�EXFNHW�FRQWDLQHG�D�GLIIHUHQW�SDWFKLQJ�SURGXFW� 

:H�VWDUWHG�ORRNLQJ�IRU�SRWKROHV�WRZDUG�WKH�QRUWK�HQG�RI�&HQWXU\�'ULYH��QHDU�WKH�JUDYHO�\DUG 
WXUQRII���0RVW�RI�WKH�SRWKROHV�DSSHDUHG�WR�EH�WKH�UHVXOW�RI�DOOLJDWRU�FUDFNLQJ�DQG�RYHUOD\ 
GHODPLQDWLRQ���3RWKROHV�LQ�WKH�ZKHHO�SDWK�ZHUH�VHOHFWHG� 

7KH�ORRVH�PDWHULDO�LQ�WKH�SRWKROH�ZDV�SLFNHG�ZLWK�D�VKRYHO���/RRVH�PDWHULDO�DQG�ZDWHU�ZDV�VZHSW 
RXW�RI�WKH�KROHV�DV�PXFK�DV�SRVVLEOH���2IWHQ�WLPHV�VRPH�ZDWHU�UHPDLQHG�LQ�WKH�KROH���3DWFKLQJ 
PDWHULDO�ZDV�SRUHG�IURP�D�EXFNHW�RU�VKRYHOHG�LQWR�WKH�KROH���7KH�EDFN�RI�D�IODWKHDG�VKRYHO�ZDV 
XVHG�IRU�LPPHGLDWH�FRPSDFWLRQ���7KH�PDLQWHQDQFH�WUXFN�ZDV�XVHG�WR�UXQ�RYHU�WKH�ILOOHG�KROHV�DQG 
ZKHHO�SDVVHV�ZHUH�FRXQWHG���2Q�RFFDVLRQ�D�SDVVLQJ�WUXFN�ZRXOG�REOLJH�E\�UXQQLQJ�RYHU�D�QHZO\ 
ILOOHG�KROH� 

3RWKROHV�ZHUH�PDUNHG�DQG�LGHQWLILHG�DV�WKH�2'27�³VWDQGDUG´�FROG�PL[�RU�D�³SURSULHWDU\´�FROG 
PL[���3RWKROHV�ZHUH�QXPEHUHG�LQ�RUGHU�RI�SDWFKLQJ���3RWKROH�³�3´�ZDV�WKH�ILUVW�KROH�WR�EH 
SDWFKHG�ZLWK�D�SURSULHWDU\�PL[�DQG�SRWKROH�³�6´�ZDV�WKH�ILUVW�KROH�WR�EH�SDWFKHG�ZLWK�WKH 
VWDQGDUG�PL[� 

6LOYHU�VSUD\�SDLQW�ZDV�XVHG�WR�PDUN�WKH�FLUFXPIHUHQFH�DQG�WKH�,'�GHVLJQDWLRQ�ZDV�SDLQWHG�RQ�WKH 
RXWHU�HGJH�RI�WKH�IRJ�OLQH���$�³3RWKROH�,QVWDOODWLRQ�)RUP´�ZDV�XVHG�WR�GRFXPHQW�HDFK�KROH� 

6WDQGDUG�FROG�PL[�ZDV�XVHG�WR�ILOO�WZR�KROHV�DQG�WKH�IRXU�GLIIHUHQW�SURSULHWDU\�PL[HV�ZHUH�XVHG 
WR�ILOO�VHYHQ�KROHV��7DEOH�%���LQFOXGHV�GHWDLOV�FROOHFWHG�GXULQJ�SODFHPHQW� 

%��




Table B.1: Summary of natural pothole installations on Century Drive 
ID Product Location: Century Dr., 

Albany 
Pothole 
Condition 

Workability Installation 
Compaction 

�3 7$*���� 1�ERXQG�ODQH 
2II�VNLS�VWULSH 
1HDU�³������-HIIHUVRQ�)LUH 
'LVW�´�VLJQ 

�´�G����´GLD 
GHODPLQDWLRQ 
ROG�PL[ 
UHPRYHG��ZHW 

(DV\ ��ZKHHO�SDVVHV 
��ZRUNHUV 
KROH�VZHSW 

�3 830 6�ERXQG�ODQH 
'ULYHU�ZKHHO�SDWK 
�¶�6�RI�6�ERXQG�VLWH�SRVW 
��¶6�RI�³(PHUJHQF\�3DUNLQJ 
2QO\´�VLJQ 

�´G����´/�[ 
��´:��QH[W�WR 
ROG�SDWFK�RQ�VNLS 
OLQH 

7RXJK�JHWWLQJ 
RXW�RI�EDJ��D 
OLWWOH�KDUGHU�WR 
ZRUN�WKDQ��3 

ò�EDJ 
��ZKHHO�SDVVHV 

�3 ,QVWDQW�5RDG 
5HSDLU 

6�ERXQG�ODQH 
5�ZKHHO�SDWK 
1H[W�WR�³(PHUJHQF\�3DUNLQJ 
2QO\´�VLJQ 

�¶/�[��¶:��´G� 
YHU\�VKDOORZ 
GHODPLQDWLRQ 
ZLWK�XQGHUO\LQJ 
SDYHPHQW 
DOOLJDWRU�FUDFNHG 

+DUGHU�WKDQ 
�3�DQG��3� 
GU\�PL[��QRW 
DV�VWLFN\�DV 
�3�	��3 

8VHG���EXFNHWV��([WUD 
VZHHS�FDUH��WDPSHG 
HGJHV����ZKHHO�SDVVHV� 
��ZRUNHUV��RQO\���� 
FRYHUHG 

�3 .2&+ 6%�ODQH��5�ZKHHO�SDWK��MXVW�6�RI 
FRQFUHWH�ZDOO�DW�SDSHU�PLOO���WK 

IHQFH�SRVW�QRUWK�IURP�HQG 

�´G���¶�[����¶ 
'HODPLQDWLRQ� 
DOOLJDWRU 
FUDFNLQJ 
XQGHUQHDWK 

0RVW 
ZRUNDEOH� 
³WRR�HDV\´ 

(DV\�WR�FRPSDFW��ZLOO�LW 
VHW 
��ZKHHO�SDVVHV 

�3 830 1%�5�ZKHHO�SDWK 
�QG�IHQFH�SRVW�IURP�6�HQG 
MXVW�DFURVV�IURP�HOHFWULFDO�SROH 
DW�SDSHU�PLOO�FRQFUHWH�VWUXFWXUH 

)LOOHG�ZLWK�ZDWHU 
�´G 

³ ��ZKHHO�SDVVHV�ZLWK 
GXPS�WUXFN 

�3 ,QVWDQW�5RDG 
5HSDLU 

6%�GRZQ�KLOO��/�ZKHHO�SDWK� 
HDVW�RI�³9LHZFUHVW�,�´�VLJQ 
-XVW�6�RI�FUHHN�EULGJH 

��´�[���´�[����´ 
URXJK�ERWWRP 
ZLWK�VRPH�ZDWHU 

³ ��ZKHHO�SDVVHV 
+LJK�7UDIILF 

�3 ,QVWDQW�5RDG 
5HSDLU 

1H[W�WR��3��1%�ODQH��/�ZKHHO 
SDWK 

�¶�[���´�[��´ 
XQHYHQ�ERWWRP 

³ 

�6 6WDQGDUG�0L[ 1%��VNLS�VWULSH�WR�ZKHHO�SDWK 
��¶1�RI��VLWH�PDUNHU 

�¶�[���´�[��´G 
GHODP��$OOLJDWRU 
ERWWRP 

6ZHSW�RXW�ZDWHU 
��ZKHHO�SDVVHV 

�6 6WDQGDUG�0L[ 1H[W�WR��3��6%�ODQH��/�ZKHHO 
SDWK 

���¶�[��¶ 
�´�GHHS�6�HQG 
�´�GHHS�1�HQG 
ZDWHU�LQ�KROH 
GHODP 

2Q�0D\��WK�D�QDWXUDO�SRWKROH�DERXW����PP������LQ��GHHS�DW�WKH�VRXWK�HQG�RI�WKH�PDQXIDFWXUHG 
SRWKROH�VHFWLRQ�RI�WKH�&HQWXU\�'ULYH�HYDOXDWLRQ�WHVW�DUHD�ZDV�ILOOHG�ZLWK�.LQJ�3DWFK�SRWKROH 
SDWFK�PDWHULDO��D�QDWXUDOO\�RFFXUULQJ�WDU�VDQG�ZLWK�D�VDQG\�DJJUHJDWH�VL]HG�JUDGDWLRQ���&RQGLWLRQV 
ZHUH�UDLQ\�ZLWK�ZDWHU�LQ�WKH�SRWKROH���7KH�WKURZ�DQG�UROO�WHFKQLTXH�ZDV�XVHG���7KLV�KROH�ZDV 
FKHFNHG�RQ�0D\���WK��QR�HYLGHQFH�WKDW�WKH�KROH�KDG�EHHQ�SDWFKHG�D�ZHHN�HDUOLHU�FRXOG�EH�IRXQG� 
7KH�.LQJ�3DWFK�PDWHULDO�IDLOHG�WR�VWD\�LQ�WKH�SRWKROH�RQH�ZHHN� 

%��




Highway 226 (Dense Graded Pavement) Natural Pothole Patch Construction 
Notes 

2Q�0D\�����������5RQ�*UHVV�DQG�7HUU\�RI�WKH�2'27�0DLQWHQDQFH�FUHZ��DQG�0DUFXV�%HUOLQ 
SDWFKHG����SRWKROHV�RQ�+LJKZD\������EHWZHHQ�6FLR�DQG�/\RQV���:H�VWDUWHG�SDWFKLQJ�KROHV�MXVW 
QRUWK�RI�6FLR�DQG�ZRUNHG�RXU�ZD\�QRUWK�WR�/\RQV���7KH�ZHDWKHU�ZDV�FORXG\�����°)��DQG�GU\� 

3URSULHWDU\�SURGXFWV�ZHUH�UDQGRPO\�VHOHFWHG�DQG�SODFHG�LQ�SRWKROHV���1LQH�RI�WKH�KROHV�ZHUH 
SDWFKHG�ZLWK�ORFDOO\�SURGXFHG�FROG�PL[�WR�VHUYH�DV�D�FRQWURO���3DWFKHV�KDG�VLOYHU�FLUFOHV�VSUD\ 
SDLQWHG�DURXQG�WKHP���3URSULHWDU\�SURGXFWV�ZHUH�QXPEHUHG�IURP���WR����LQ�RUGHU�RI�LQVWDOODWLRQ� 
RQ�WKH�HGJH�RI�WKH�URDG�QHDU�WKH�IRJ�OLQH���7KH�SRWKROHV�SDWFKHG�ZLWK�WKH�VWDQGDUG�PL[�ZHUH 
PDUNHG�ZLWK�DQ�6� 

7KH�WDEOH�EHORZ�GHVFULEHV�ORFDWLRQ�RI�WKH�QDWXUDOO\�RFFXUULQJ�SRWKROHV�WKDW�ZHUH�SDWFKHG���1% 
DQG�6%�GHVLJQDWH�ZKLFK�ODQH�WKH�SRWKROH�FDQ�EH�IRXQG���'ULYHU�DQG�SDVVHQJHU�FROXPQV�GHVLJQDWH 
ZKLFK�ZKHHO�SDWK�WKH�SRWKROH�LV�ORFDWHG���7KH�03�FROXPQ�LV�WKH�ORFDWLRQ�UHODWLYH�WR�PLOH�SRVWV� 

Table B.2: Pothole locations on Highway 226 
ID Product NB SB Driver Pass. MP Notes: 
� ,QVWDQW�5RDG�5HSDLU ; ; ���� 'HODPLQDWLRQ 
�6 6WDQGDUG�0L[ ; ; ���� 'HODPLQDWLRQ 
�6 6WDQGDUG�0L[ ; ; ���� 'HODPLQDWLRQ 
� %RQG�; ; ; ���� 'HODPLQDWLRQ 
� 3HUPD�3DWFK ; ; ����� 
�6 6WDQGDUG�0L[ ; ; ����� 
�6 6WDQGDUG�0L[ ; ; 3RZHU�OLQH 
� 435����� ; ; ���� 'HODPLQDWLRQ 
� 830 ; ; ���� 
� (ODVWL�3DWFK ; ; ���� 
� 3HUPD�3DWFK ; ; ���� 
�D 3HUPD�3DWFK ; ; ���� 6PDOO 
� 7DJ����� ; ; �����%LJ�WKLQ 'HODPLQDWLRQ 
� 435���� ; ; ���� 5HSDWFK 
6 435���� ; ; ���� 5HSDWFK 
�� %RQG�; ; ; ���� 
�� 3HUPD�3DWFK ; ; ���� 'HODPLQDWLRQ 
6 ; ; ���� 
6 ; ; ���� 
�� 435����� ; ; ���� 
6 ; ; ���� 
�� (ODVWL�3DWFK ; ; 7KRPDV�&U� 

5G� 
�� 3HUPD�3DWFK (FKR�KLOO 6PDOO 
�� ,QVWDQW�5RDG�5HSDLU ���� 
�� 830 ; ; ���� 
�� %RQG�; ; ; ���� 
�� 3HUPD�3DWFK ; ; ���� :HW��KLOOWRS 
6 ; ; ���� 

%��




Corvallis Bypass at Highway 34 (Open Graded Pavement) Natural Pothole 
Patch Construction Notes 

2Q�0D\����������0LFKHOOH�%DOGZLQ�DQG�0DUFXV�%HUOLQ�SDWFKHG�WZR�KROHV�RQ�WKH�+LJKZD\��� 
%\SDVV�QHDU�WKH�+Z\����LQWHUVHFWLRQ���7KH�ZHDWKHU�ZDV�VXQQ\��ZDUP�DQG�GU\��7KHVH�KROHV�ZHUH 
FDXVHG�E\�RYHUOD\�IDLOXUH�RYHU�PHWDO�VLJQDO�SODWHV���7KH�URDG�DQG�SRWKROH�HGJHV�ZHUH�RSHQ 
JUDGHG���%RWK�WKHVH�KROHV�ZHUH�LQ�WKH�OHIW�ZKHHO�SDWK�RI�WKH�ULJKW�WXUQ�ODQH�RQWR�ZHVWERXQG 
+LJKZD\���� 

2QH�KROH�ZDV�SDWFKHG�ZLWK�830�DQG�WKH�RWKHU�ZLWK�435��������3DWFKHV�ZHUH�DERXW����PP 
�ô�LQ��WKLFN� 

$V�RI�-XO\�����������ERWK�RI�WKHVH�SDWFKHV�ZHUH�LQ�JRRG�FRQGLWLRQ� 

Route 9 at Ona Beach State Park (Hwy 101) Construction Notes 

2Q�-XO\����������DW����$0��$QGUHZ�%DOGZLQ�RI�WKH�1HZSRUW�2'27�0DLQWHQDQFH�FUHZ��'DYH 
+RUWRQ��0DUFXV�%HUOLQ�DQG�WZR�IODJJHUV�SDWFKHG���SRWKROHV�RQ�D�FXUYH�RQ�+LJKZD\������DFURVV 
IURP�WKH�HQWUDQFH�WR�2QD�%HDFK�6WDWH�3DUN��7KH�ZHDWKHU�ZDV�VXQQ\�����°)��DQG�GU\���3DWFKHV 
ZHUH�SODFHG�XQGHU�GU\�FRQGLWLRQV� 

7KH�RSHQ�JUDGHG�SDYHPHQW�ZDV�LQ�QHDU�QHZ�FRQGLWLRQ���7KH�WHVW�VLWH�ZDV�GDPDJHG�E\�D�ODUJH 
SLHFH�RI�HTXLSPHQW�WKDW�KDG�WLSSHG�RYHU���7KH�GDPDJHG�SRWKROHV�LQFOXGHG�ERWK����PP����LQ� 
GHHS�JRXJHV�DQG����PP����LQ��VFUDWFKHV���7KH�VL[�SDWFKHV�DUH�FRQJUHJDWHG�DURXQG�WKH�OHIW�ZKHHO 
SDWK�RI�WKH�QRUWKERXQG�ODQH���3DWFKHV�RQH�WKURXJK�WKUHH�DUH�LQ�WKH�ZKHHO�SDWK��SDWFKHV�IRXU�DQG 
ILYH�DUH�MXVW�RXWVLGH�RI�WKH�ZKHHO�SDWK�WRZDUGV�WKH�FHQWHU�RI�WKH�QRUWKERXQG�ODQH��3DWFK�VL[�LV�LQ 
WKH�VRXWKERXQG�ODQH�LQ�EHWZHHQ�WKH�FHQWHUOLQH�DQG�WKH�OHIW�ZKHHO�SDWK� 

Table B.3. Summary of patching repair notes for Hwy 101 at Ona Beach. 
Patch 
ID # 

Material Brand Depth Wheel 
Passes 

Description 

� 2SWLPL[ ��Ǫ�´ � a��´�/�
��´Z�VFUDWFK 
� $OELQD��$OEDQ\�0DLQWHQDQFH 

6WRFNSLOH 
�´ � a��´�/�VFUDWFK 

� 830��6DOHP�0DLQWHQDQFH�6WRFNSLOH ��ó´�	��´ � ��
��´RYDO�	��´URXQG����SDWFKHV� 
� ,QVWDQW�5RDG�5HSDLU ��ò´�	�ò´ � �
�¶�/�VKDSHG�VFUDWFK��´�ZLGH 
� 435����� ��ô´�	�ò´ � ��ò¶�
��´Z�VFUDWFK������JRXJHV 
� ,QVWDQW�5RDG�5HSDLU �´ � �¶/�
��´:�VFUDWFK 

7KH�ILJXUHV�EHORZ�VKRZ�WKH�UHSDLU�VLWH�SULRU�WR�SDWFKLQJ�DQG�WKUHH�RI�WKH�SDWFKHV�SULRU�WR 
FRPSDFWLRQ� 

%��




)LJXUH�%����+Z\����DW�2QD�%HDFK�6WDWH�3DUN�SULRU�WR�SDWFKLQJ 

)LJXUH�%����7KUHH�2QD�%HDFK�SDWFKHV�SULRU�WR�FRPSDFWLRQ 

%��




Century Drive Natural Pothole Monitoring 

7KH�WDEOH�EHORZ�VXPPDUL]HV�REVHUYDWLRQV�PDGH�GXULQJ�ILHOG�PRQLWRULQJ���6RPH�RI�WKH�RYHUOD\V 
ZHUH�ODUJH�DQG�PD\�QRW�KDYH�EHHQ�SODFHG�RYHU�WKH�SDWFKLQJ�PDWHULDOV�GXH�WR�SRRU�SURGXFW 
SHUIRUPDQFH� 

Table B.4: Century Drive natural pothole monitoring 
Material 

Name 
ID 3/17 Inspection 5/4 Inspection 6/15 inspection 8/24 inspection 

7$*����� �3 6RPH�UDYHOLQJ 
DURXQG�HGJHV 

����UHSDWFKHG��VRPH 
VSDOOLQJ�DQG�GLVKLQJ 

3DWFKHG�RYHU 
/DUJH�RYHUOD\ 

RYHUODLG 

830 �3 /RVV�RI�PL[�LQ�FHQWHU /RRNV�JRRG��QR 
VSDOOLQJ 

OHYHO IOXVK 

,QVWDQW�5RDG 
5HSDLU 

�3 6RPH�VSDOOLQJ ����ORVV�DW�SDWFK 
FHQWHU 

RYHUODLG 2YHUODLG��ZLOO�EH 
PRQLWRUHG�IRU 
FRPSDWLELOLW\� 

(ODVWL�3DWFK �3 /RRNV�JRRG /RRNV�JRRG OHYHO IOXVK 

830 �3 %UHDNLQJ�DZD\�RQ 
HGJHV 

/RRNV�JRRG �ó�´ ����SDWFKHG��D 
OLWWOH�VSDOOLQJ 

,QVWDQW�5RDG 
5HSDLU 

�3 /RZ�LQ�KROH ô´�GLVKLQJ /HYHO���VRPH 
VSDOOLQJ 

��ǩ�´�GLVK 

,QVWDQW�5RDG 
5HSDLU 

�3 /RZ�LQ�KROH � �Ǫ�´ ����´�GLVK 

6WDQGDUG�0L[ �6 5DYHOHG�RXW ����ORVV /HYHO�����JRQH a����JRQH 

6WDQGDUG�0L[ �6 5HSDWFKHG" IDLOHG UHSDWFKHG UHSDWFKHG 

Highway 226 Natural Pothole Monitoring 

7KH�WDEOH�EHORZ�VXPPDUL]HV�ORFDWLRQ�DQG�FRQGLWLRQ�RI�SRWKROHV�RQ������DQG��������7KH�SDWFKLQJ 
PDWHULDOV�SHUIRUPHG�ZHOO��VWD\LQJ�LQ�WKH�QDWXUDOO\�RFFXUULQJ�SRWKROHV��)LJXUHV�%���WKURXJK�%�� 
VKRZ�WKH�SDWFKHV��7KH�ILJXUHV�VKRZ�KRZ�D�3HUPD�3DWFK�UHSDLU�FRPSDUHV�WR�DQ�$OEDQ\ 
0DLQWHQDQFH�<DUG�VWRFNSLOH�PDWHULDO���7KH�3HUPD�3DWFK�PDWHULDO�KDG�WKH�IHZHVW�IDLOXUHV�RI�DQ\ 
RI�WKH�SURSULHWDU\�PDWHULDOV�WHVWHG�LQ�WKH�ODUJH�6+53�+�����SRWKROH�SDWFKLQJ�PDWHULDO�VWXG\��7KH 
2'27�3HUPD�3DWFK�UHSDLU�ZDV�RQ�FXUYH�LQ�WKH�ZKHHO�SDWK�QH[W�WR�DQ�$OEDQ\�0DLQWHQDQFH 
VWRFNSLOH�SDWFK�WKDW�LV�VWLOO�LQWDFW� 

%��




Table B.5: Pothole monitoring on Highway 226 
ID 
� 

Product 5/19 Inspection 8/24 Inspection 
,QVWDQW�5RDG�5HSDLU ���PP���ó´� ���PP���ó´� 

�6 ,QVWDQW�5RDG�5HSDLU ����PP���ò´� ���PP�������´� 
�6 ,QVWDQW�5RDG�5HSDLU ����PP���Ǫ´� ����PP���ò´� 
� %RQG�; ����PP���Ǫ´� ����PP�������´�� 

���PP���ó´� 
� 3HUPD�3DWFK ����PP�������´� ���PP���ó´� 
�6 6WDQGDUG�0L[ ���PP�����´� ���PP���ǩ´� 
�6 6WDQGDUG�0L[ ����PP���Ǫ´� ���PP���ǩ´� 
� 435����� ���PP���ó´� ���PP���ó´� 
� 830 ����PP���Ǫ´� ���PP�������´� 
� (ODVWL�3DWFK ����PP����´� ����PP����´� 
� 3HUPD�3DWFK ���PP�����´� ������PP���ǩ´� 

VKRYH�IRUZDUG 
�D 3HUPD�3DWFK ���PP�����´� ������PP���ǩ´� 

VKRYH�IRUZDUG 
� 7DJ����� ����PP���Ǫ´� ���PP�������´� 
� 435���� ����PP���ò´� ����PP����´� 
6 &ROG�0L[ ����PP���ô´� ���PP���ó´� 
�� %RQG�; ����PP���ò´� ����PP���ò´�� 

���PP���ó´�� 
���PP���ó´� 

�� 3HUPD�3DWFK ���PP���ó´��IDLOHG�RQ 
VRXWK�HQG 

����VSDOOHG�RXW 

6 ���PP���ó´� ���PP���ǩ´�� 
���PP���ǩ´� 

6 ���PP���ó´� ��PP����´� 
�� 435����� ���PP���ó´� ���PP���ó´�� 

���PP���ǩ´� 
6 &ROG�0L[ ���PP���ó´��PLVVLQJ 

PDWHULDO�RQ�VRXWK�HQG 
���PP�����´� 

�� (ODVWL�3DWFK ����PP����´� ����PP����´� 
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APPENDIX C:


POTHOLE PATCHING MATERIAL MANUFACTURERS






Pothole Patching Material Manufacturers


Bond-X

Seaboard Asphalt Products

Shawn Campbell

3601 Fairfield Rd

Baltimore, MD 21226

800-536-0332 410-355-0330

410-355-0330fax

[sales@seaboardasphalt.com]


Elasti-Patch

Koch Materials

Steve Vandebogart

Spokane, WA

509-487-4560ext11

509-995-1924cell

[VanDeboS@kochind.com]


HFMS-2SP/HFE-300S

Albina Asphalt

John Gunter

3246 NE Broadway

Portland, OR 97232

503-281-1161

503-362-6180fax

503-329-6104cell

800-888-5048

www.albina.com


Instant Road Repair

Safety Lights Co.

Jeff Parson

2324 SE Umatilla

Portland, OR 97202

503-235-8531


Optimix Cold Patch

Jeff Axel

555 Broad Hallow Rd., Ste 216

Melville, NY 11747

516-293-6300

516-293-6317fax

Optimix, Inc. [optmx@erols.com]


Perma Patch

National Paving & Contracting

Robert Storrs

4200 Menlo Dr.

Baltimore, MD 21215

410-764-7117

410-764-7137fax

http://www.permapatch.net/


435����� 
Quality Pavement Repair

Tony Fargnoli  800-388-4338,

716-924-2116,

US Pro-Tec Inc.

23611-101 Chargrin Blvd.

Beachwood, Ohio 44122

1-800-263-7511


TAG 8000

Infratech Polymer

Roger Johnson

#4 - 19747 Telegraph Trail

Langley, BC U3A 4P8

800-567-4888

604-888-8191fax

604-290-4320 mobile


UPM High-Performance

Unique Paving Materials

Jeff Bucell

3993 East 93rd St.

Cleveland, Ohio 44105

800-441-4880

216-441-0148fax


UPM

Porter W Yett Co.

Steve Yett

Portland, OR

503-282-3251
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