APPENDIX A: AASHTO PROVISIONAL STANDARDS FOR CRACK SEALANT
TESTS



TP 85-10, Apparent Viscosity of Hot-Poured Bituminous Crack Sealant Using Brookfield
Rotational Viscometer RV Series Instrument—Apparent viscosity at the recommended
mstallation temperature.

TP 86-10, Accelerated Aging of Bituminous Sealants and Fillers with a Vacuum Oven—
Simulates sealant weathering in the field.

TP 87-10, Measure Low Temperature Flexural Creep Stiffness of Bituminous Sealants
and Fillers by Bending Beam Rheometer (BBR)—Evaluate a sealant’s creep properties at
low temperatures.

TP 88-10, Evaluation of the Low-Temperature Tensile Property of Bituminous Sealants
by Direct Tension Test—Characterize a sealant’s low-temperature extendibility.

TP 90-10, Measuring Interfacial Fracture Energy of Hot-Poured Crack Sealant Using a
Blister Test, and TP 89-10, Measuring Adhesion of Hot-Poured Crack Sealant Using

Direct Adhesion Tester—Evaluate the bonding between sealant and its substrate.
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APPENDIX B: PHYSICAL REQUIREMENTS OF MNDOT SEALANTS (AFTER,
MNDOT, 2016) PHYSICAL REQUIREMENTS OF MNDOT 3719 SEALANT



Provide crack sealer n;ccting the requrements of ASTM D 6690, Type 1 with the following modifications
in Table 3719-1 after one cycle of heating to the manufacturer’s maximum heating temperature, cooling, and
reheating to the manufacturer’s maximum heating temperature.

Table 3719-1
ASTM D 6690, Type 1 Modifications
Test Specification
Recyeled rubber, mass = 18% of asphaltic components
Bond Test, 50% extension at 0° F [-18° C]* No adhesion or cohesion bond failure after
5 cycles
Resilience at 77° F [25° ] = 405
Softening point = |80 °F [82* ]
¥ Use sawed cement mortar blocks or asphalt HMA blocks prepared using the method found in
the MnDOT Laboratory Manual.

Physical requirements of MnDOT 3723 Sealants

Provide sealant meeting the requirements of ASTM D 6690, Type 11 and the tollowing modifications:

Table 3723-1
ASTM D 6690, Tvpe 11 Modifications

Test Regquirement
Cone penetration at 77 °F [25°C], 150 g. 5 s 60 = 90 dmm
Bond at =20 °F [-29 °C], 3 cycles, 100% No adhesion or cohesion
extension bond failure after 3 cycles
Mandrel bend test at —29 *F [-34 °C], | in :

" No cracking

[25 mum] mandrel
Resilience at 77 °F [25 °C] = 40%

Physical requirements of MnDOT 3725 Sealants
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Provide sealant mm:tir;g the requirements of ASTM D 6690 Type IV with the following modifications in
Table 3725-1.

Table 3725-1
ASTM D 6690 Type IV Modifications

Test Requirement
Cone Penetration at 77% F [25% C]. ASTM D 5329 100 = 150 dmm
Cone Penetration at 0° F [-18% C], ASTM D 5329
: =25 dmm
modified
Resilience, ASTM D 5329 30% = 6%

MOTE: Ensure the material meets the requirements of Table 3725-1 after heating for 6 h
with constant mixing in a laboratory melter at the manufacturer’s maximum heating
temperature.
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APPENDIX C: PRELIMINARY SURVEY - GOOGLE FORM



Data Request Form for Crack Sealing Project (MnDOT Contract

1003325, Work Order 24) el ;’;T!“m:m"" IAFLRON. Can S2rd OWrE and (1. Between different crack sealing methods, which one do you use more?

The University of Minnesota Duluth is conduciing a LRRB funded research project to study the effectiveness E
of different crack sealing methods, for example, 'clean-and-seal' and 'rout-and-zeal’ crack zealing methods. —

The successful completion of this project will lzad to the development of a criterion for selecting the most
appropriate crack sealing method based on road type, age, traffic and crack conditions. In order to complete
this project. we need some data on the performance of different crack sealing methods. It would be a great
nelp if you could please go through the following few questions and provide your responses. For any
questions, please call or email the Principal Investigator of this project, Dr. Manik Barman, Assistant
Professor, Department of Civil Engineering, University of Minnesota Duluth; Email: mbarman@d.umn.edu;
Phone (218 726 6437 (O} and 412 370 7019 (Cell). The research team and technical advisory panel of this
project appreciate your cooperation

(2. Do you follow any criteria for deciding on the sealing method? (e.g., crack width, crack depth,
crack density, pavement age, pre-determined schedule, etc. )

L ]

(3. What s the typical life of the sealants when cracks are sealed with clean-and-seal method?

Email

R 1

Phone *

] (4. What s the typical life of the sealants when cracks are sealed with rout-and-seal method?

Agency Information/MnDOT district/ County/ City and address

[ ]

(5. Would you be able provide some additional information related to the performance and cost of the
sealants for some of your previous and or cumrent projects?

P

1 Yes: we will contact you with 3 follow-up survey.
Yo

Proper selection of crack sealing method can save dollars and
increase the life of pavement.



APPENDIX D: SECONDARY SURVEY FORM



LIMIVERSITY OF MINMESOTA DMULUTH

LIhAD University of Minnesota Duluth

Swenson College of Science and Engineering

Bibeas alhasi Department of Civil Engineering

Data Request Form for Crack Sealing Project [MnDOT Contract 1003325, Work Order 24)
Project information

Apency Mame: Contact Person: Contact Phone/Email:

Project Location (Route no., road point, section length, etc.): Crack Sealing Date (month/year)

Pavement layerfoverlay on which sealing was performed.

Thickness [it svmilale): ; Mixture designation =g, sPwEssan): (if mot
known, then grade of the binder used

Pavement layer/overiay age during sealing:

Pavement quality index [PQI) or ride quality index (RQJ) and surface rating (SR) at time of sealing:
POl ROl 5R

Crack Conditions

Avg orack width |ep., % %7, % inch:

Working crack? / if so, average annuzl horizental movement {inch):

Approximate depth of the crack jes., 1/3, %irch, erc ]

Approximate density of cracks |crack lengthflane mile]:

Severity of cracks (=g low/ medium/ high):

Edge deterioration (= presence of seconcany oracks/soalk|.

Major locations of cracks je.s., whesl path, lane joints, transverse cracks, etc.|

Distresses responsible for the crack(s) (=g. bottom up fatigue, top down fatigue, thermal, refisctive, others [specity]):

Sealing Procedure

Cleaning Placement Configuration Routed reservoir dimensions
[=-g-+ 4ir compressor, Sendokster, Hot-air {e.g-. Flush, Capped, Eand-aid, {wicth x depth)
lrnce, Wire Bnush, Ho'-:,-cll:"u:r: Receszed, other]
Filling
Clean-and-
seal

Rout-and-seal




Secondary Survey Form (Cont’d...)

Sealant Materials

Sealant used [e.g. MREOT 3723, 3723, 3713, specify T other |-
If other, please specify any material specifications that are met ez a5t oeszo):

Methods used to prevent pull-out or tracking (blotter, sand, delay traffic, specify if other):

List any other materials used: |

Criteria for sealant material selection:

Temperature policy (2.g., min air temp., max. pavement temp., etc. |:

Sealant Cost

Amouwnt of sealing material used: Unit cost of sealing material:
Cost for labor: Cost per linear foot of repair:
Duration of lane closure: Cost associated with detour:

Mote: we need the above-mentioned information for making a cost-comparison beteesn different crack sealing methods; i amy (or 21}

of these information are not availzsble, please help wus by providing with other relevant information [or any source of information).

Pavement performance information during service life of the sealant.

Age [months/years since the day of s=aling, up o 8 Pl or RQI and 5R Type of seal failures *szz not= pelow®
years), acd row if necessary. Pl R R
Age Adhesive Cohesive Tracking Orverband
WEET, Specify if other

Adhesive Caokiesive Tracking Orverbanad
VRS, Specify if other

Adhesive Cohesive Tracking Orverband
WEET, Specify if other

Adhesive Caokiesive Tracking Orverbanad
VRS, Specify if other

Adhesive Cohiesive Tracking Dreerbanad
WEET, Specify if other

Miobe: Adhesive failune: Between sealant and pavement oack edge; cohesive failure: failure within the sealants its=if; Tracking: loss of material due to
sticking to tires: Oweroand wear: kass of material from snowplows; Others: secondary cracks, pothales, spalls, etc

Please provide the following miscellaneous information, if possible.

Typical future repair/maintenance; rehabilitation works that is performed once the cracks are deteriorate and
zealing is not an opticn any more:

Any recommendation on best sealing material/methed or material-method combination?

Describe any crack sealant installation or performance problems you've experienced, along with identified
causes and proposed or implemented solutions if applicable.

Hawe you tried anything other than your standard crack sealing materials or practices, and what was the result?
Is there anything unigue that you do that you feel improves perfformance, increases efficiency, etc. Pleass
provide as much detail as possible to share your knowledge with the research team.

Your opinion on the pavement life that can be extended by sealing cracks (monthsfyears, none):

Are there any other relevant information you think we have forgotten to request but you want to share?
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APPENDIX E: MNDOT DATABASE - RESOURCES
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Sample Construction log showing work history of a crack sealing project
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MnDOT Database — Resources (Cont’d...)

1

ar

" Kéllin

Sample Traffic data from traffic forecast and analysis website of MnDOT
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MAP LEGEND

AADT Year

2016 2014
2015 2013
2012 and older

Interstate o
US Highway [{16%—
MN Highway |[ss}—>
CSAH (ss—>

MSAS e

County Road

Other Roads

Railroads
Cities

COUNTIES
Lakes

Rivers

Perennial Streams
Ditches

National Forests
National Parks
Tribal Gov'ts
State Foresis
State Parks




MnDOT Database — Resources (Cont’d...)

MnDOT Construction And Maintenance Projects Abstracts Page

AESTAaTS Fr Awarded ods

Froleiting+  Postletting+  Referencess  Qulck Lmks +

search By Letting Date = Search By Contract / 5P Mumber saarch By job Descrigtion

Flease bnter Correct 51 Mumber

A825-336 Gl

ROUT AND SEAL OF BITUMIMNCUS PAVEMENT CRACKS

Abetrat (PR CraliaE BEXS-336 i 03/23/2009

02772002 | AbLre (OS]

Tatsl number of record(s]) feund = 1

Sample awarded abstract search page of bid-letting website
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APPENDIX F: PROJECT INFORMATION - CRACK SEALING METHODS



Control

Nsc'). ID District/County Project Location Sec;ion State Project # Route
1 1AK06 | D1: Aitkin County Jct T.H 169 to S.Jct T.H. 65 106 M01242, 8821-58 Mn-200
2 1AK21 | D1: Aitkin County \ENchftl;eHss ot W corp. Limits of MeGregor 121 M96144 Mn-210
3 1CTOS D1: Carlton County Jct T.H 35 to Jct T.H. 45 in Cloquet 905 8821-31 Mn-33
4 1CT14 D1: Carlton County W. Co. Line - Jct. T.H. 73 in Cromwell 914 M97200 Mn-210
5 1CTOb D1: Carlton County CSAH 4-Carlton/St. Louis Co. Line 980b M94177 1-35
6 1C0O01 D1: Cook County W. County Line - Jct. Cr-35 1601 8821-142 Mn-61
7 1C002 D1: Cook County Jct. Cr-35 - E. Lim. Grand Marais 1602 8821-142 Mn-61
8 1C004 | D1: Cook County NE. End Br-5307 - S. End Br-5923 1604 8821-142, 8825-410 Mn-61
9 1KC06 | D1: Koochiching County E. Jct. US-71 — E. Shore Dove Island 3606 8821-71 Mn-11
10 1KCO08 D1: Koochiching County E. County Line —S. Jct. Mn-11 3608 8821-58 Us-53
11 IKC09 D1: Koochiching County S. County Line — Jct. US-71 3609 8821-58 Mn-65
12 1KC12 D1: Koochiching County Jct. Mn-6 — Jct. Mn-65 3612 M96152 us-71
13 1KC13 | D1: Koochiching County Jct. Mn-65 — W. Jct. Mn-11 3613 M96152 Us-71
14 1LAO1 D1: Lake County W. County Line — Tomahawk Road 3801 8821-58 Mn-1
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15 1LA02 D1: Lake County Jct. Tomahawk Road — Jct. NFD-172 3802 M01242 Mn-1

16 1SLO5S D1: Saint Louis County Jct. 3 Ave. — E. County Line 6905 8821-58 Mn-1

17 1SL06 D1: Saint Louis County W. County Line —N. Jct. Mn-73 6906 8821-58 us-2

18 1SLO7 D1: Saint Louis County N. Jct. Mn-73 —Jct. Mn-33 6907 6907-01242 us-2

19 1SL08 D1: Saint Louis County Jct. Mn-33 — W. Corp. Limits of Duluth 6908 8821-31 us-2

20 1SL21 D1: Saint Louis County E. Jct. Mn-1 — Gheen Corner 6921 MO04566 US-53

21 1SL22 D1: Saint Louis County Gheen Corner — W. County Line 6922 8821-221 Us-53

22 1SL26 D1: Saint Louis County N. Limits Duluth — E. County Line 6926 8821-71 Mn-61

23 1SL27 D1: Saint Louis County S. County Line — E. Jct. US-2 6927 8821-71 Mn-73

24 1SL33 D1: Saint Louis County E. Jct. US-53 —Jct. Mn-23 6933 8821-31 Mn-194

25 2BTO8 | D2: Beltrami County S.Jct. US-71 - S. County Line 408 8822-12 Us-2
Project Information - Crack Sealing Methods (Cont’d...)

Nsc;. ID District/County Project Location Si::i:)r::# State Project # Route

26 2BT10 D2: Beltrami County N. Jct. US-2 - Jct. Mn-72 410 M95278 us-71

27 2BT11 D2: Beltrami County Jct. Mn-72 - N. County Line 411 0411-95278 us-71

28 2CA18 D2: Cass County S. Jct. Mn-87 - S. Jct. Mn-200 1118 8823-100 Mn-371
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29 2CW06 D2: Clearwater County Jct. Mn-200 - Jct. US-2 1506 M98293 Mn-92
30 2CWO06b | D2: Clearwater County Jct. Mn-200 - Jct. US-2 1506 M99049 Mn-92
31 2HBO6 D2: Hubbard County W. Jct. MN-200 - E. Jct. MN-200 2906 M4522 Us-71
32 2HBO6b D2: Hubbard County W. Jct. MN-200 - E. Jct. MN-200 2906 M4522 us-71
33 2HBO8 D2: Hubbard County E. Jct. US-71 - E. County Line 2908 2908-26 Mn-200
34 2HB12 D2: Hubbard County N. County Line - E. County Line 2912 8822-12 us-2
35 21C14 D2: Itasca County W. County Line - N. County Line 3114 M95278 us-71
S. County Line — 0.24 Mi. N of S Limits of
36 2KS08 D2: Kittson County Hallock 3508 M95278 Us-75
37 2KC10 D2: Koochiching County S. County Line —0.06 Mi. S. of N. Jct. Mn-1 3610 M95278 Us-71
38 2KC11 D2: Koochiching County 0.06 Mi. S. of N. Jct. Mn-1 — Jct. Mn-6 3611 M96152 us-71
39 2KC11b D2: Koochiching County 0.06 Mi. S. of N. Jct. Mn-1 — Jct. Mn-6 3611 M95278 us-71
D2: Lake of the Woods
40 2LW01 County W. County Line —E. Jct. Mn-72 3901 M4520 Mn-11
D2: Lake of the Woods
41 2LWO01b | County W. County Line —E. Jct. Mn-72 3901 8822-12 Mn-11
42 2MS08 D2: Marshall County E. County Line — N. County Line 4508 4508-26 Mn-89
43 2MS11 D2: Marshall County S. County Line — E. Jct. Mn-1 4511 M95278 Mn-220
44 2NMO08 D2: Norman County Jct. Mn-200 — N. County Line 5408 5408-93214 Mn-9
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45 2PKO03 D2: Polk County Jct. Mn-9 —Jct. Mn-32 6003 6003-28 us-2
46 2PKO7 D2: Polk County Jct. Mn-102 — N. County Line 6007 6007-11 Mn-32
Project Information - Crack Sealing Methods (Cont’d...)

Nsc;. ID District/County Project Location S(;::i:)r:l# State Project # Route
47 | 2PK12 D2: Polk County S. County Line —Jct. US-2 6012 M4492 us-75
48 | 2PK17 D2: Polk County W. Jct. US-2 — N. County Line 6017 6017-95278 Mn-220
49 | 2PK17b D2: Polk County W. Jct. US-2 — N. County Line 6017 6017-95278 Mn-220
50 | 2RLO1 D2: Red Lake County S. County Line — N. County Line 6301 6301-04521 Mn-32
51 | 3ATO2 D3: Aitkin County N. Jct. US-169 - N. Jct. Mn-47 102 8823-41 Mn-18
W. Jct. 200 - W. Jct. County Line- E. County
52 | 3CA04 D3: Cass County Line 1104 8823-84 Mn-6
53 | 3CA09 D3: Cass County 210 - Jct. Mn-210 - Jct. Mn-87 1109 8823-41 Mn-64
54 | 3CA10 D3: Cass County 371 - Jct. Mn-371 - Jct. Mn-87 1110 8823-41 Mn-84
55 | 3CAl11 D3: Cass County 87 - Jct. Mn-87 - Jct. Mn-200 1111 8823-41 Mn-84
56 | 3CA14 D3: Cass County N.Jct. 371 - N. Jct. Mn-84 1114 8823-53 Mn-87
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57 | 3CA18 D3: Cass County S.Jct. Mn-87 - S. Jct. Mn-200 1118 8823-84 Mn-371
County Line - S. County Line - E. County Line-

58 | 3CR0O4 D3: Crow Wing County E. County Line 1804 8823-53 Us-169
S. County 3: Itasca County: S. County Line - S.

59 | 3I1TO6 D3: Itasca County County Line - E. US-2 3106 8823-84 Mn-6
County L- N. County Line — E. County Line-3:
Kandiyohi County: N. County Line — E. County

60 | 3KA10 D3: Kandiyohi County Line 3410 8823-15 Mn-55
County: N. Jct. 27 - N. Jct. County Line-27 — N.

61 | 3MI14 D3: Mille Lacs County County Line 4814 8823-53 US-169
62 | 3SHO2 D3: Sherburne County W. Jct. - W. Jct. US-169 7102 8823-15 Us-10
Project Information - Crack Sealing Methods (Cont’d...)

S. __ . . Control .

No. ID District/County Project Location Section # State Project # Route
County Li- W. County Line — N. Limits Becker-3:
Sherburne County: W. County Line — N. Limits

63 | 3SHO3 D3: Sherburne County Becker 7103 8823-15 us-10
3: Sherburne County: S. County Li- S. County

64 | 3SHO8 D3: Sherburne County Line —Jct. US-10 7108 8823-15 Mn-24
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W. County 3: Stearns County: W. County Lin-

65 | 3ST12 D3: Stearns County W. County Line — E. US-71 7312 8823-15 Mn-55
E.Jct. 71- E. Jct. County Line-71 —S. County

66 | 3ST13 D3: Stearns County Line 7313 8823-15 Mn-55
County Line- W. County Line —S. County Line-3:

67 | 3ST14 D3: Stearns County Stearns County: W. County Line —S. County Line 7314 8823-15 Mn-55

68 | 7LS04 D7: Le Sueur County W. End of Br-40001 — Jct. Mn-13 4004 8827-21 Mn-19

69 | 7LS12 D7: Le Sueur County S. County Line —S. Jct. US-169 4012 8827-37 Mn-22

70 | 7NC02 D7: Nicollet County W. County Line — Jct. Mn-99 5202 8827-68 Us-14

71 | 7WWO04 | D7: Watonwan County S. Jct. Mn-60 — N. Jct. Mn-60 8304 8827-78 Mn-15
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Project Information - Crack Sealing Methods (Cont’d...)

Nsc;. ID District/County Project Location SZZEE:L State Project # Route
72 | 7FA80a D7: Faribault County W. County Line - Jct. Mn-254 2280a 8827-37 1-90
73 | 7NCO03 D7: Nicollet County Jct. Mn-99 — N. County Line 5203 8827-68 us-14
74 | 7NO05 D7: Nobles County S. State Line — N. Jct. US-59 3305 8827-85 Mn-60
75 | 7WWO03 D7: Watonwan County S. County Line —S. Jct. Mn-60 8303 8827-78 Mn-15
76 | MANO8 Metro : Anoka County Jct. US-10 - N. County Line 208 8825-336 Mn-65
77 | MANO8b Metro : Anoka County Jct. US-10 - N. County Line 208 8825-103 Mn-65
E. Jct. US-169, W. Jct. Mn-47 - E. Jct. Mn-
78 | MAN15 Metro : Anoka County 47 215 8825-103 us-10
79 | MAND 83 | Metro : Anoka County N. Jct. I-35E, I-35W - E. County Line 283 8825-102 1-35
80 | MCV003 Metro : Carver County W. County Line - E. County Line 1003 8825-103 Mn-7
81 | MCH302 Metro : Chisago County S. County Line - Jct. 1-35 1302 8825-336 us-61
82 | MHP733 Metro : Hennepin County | Jct. 1-494 - Jct. CSAH-158 2733 8825-336 Mn-100
83 | 8CA03 D8: Carver County W. County Line - E. County Line 1003 8825-103 Mn-7
84 | 8KAO4 D8: Kandiyohi County Jct. US-71 — E. County Line 3404 3404-54 us-12
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APPENDIX G: CONSTRUCTION HISTORY OF CRACK SEALING METHODS



S. No.

Pavement Surface Layer

Crack Sealing

Follow-up Treatment

Year Description Thickness Year Description Length Year Description
Paved P (Inch) Treated P (miles) Treated P
Bit. Surfacing . .
1 1AKO06 1999 (2350) 1.5 2001 Crack Sealing 16.216 2012 Bit. Overlay
2 1AK21 1993 Bit. Surfacing Var. 1996 Bit. Crack Sealing 12.755 2011 Overlay
3 1CTO5 | 1995 | Bit. Overlay (2347) 1.5-3 2000 Rout and Seal 1.122 2001 Crack Sealin
' Y ' (Spec 2332) ' &
4 ictia | 1991 | Bt O‘gj‘al‘; (Spec 3 1997 Crack Repair 8.95 2001 Overlay
5 1CTOb 1990 Bit. Overlay (2361) 1 1994 Crack Repair 9.538 2002 Overlay
Bit. Overlay (Spec Crack Seal (Type Seal Coat (3723
1 1 2 2 2 19.1 2012
6 COO0 003 2360) 006 3725) 9.183 0 & FA-2)
Bit. Overlay (Spec Crack Seal (Type
7 1C002 2001 2350) Var. 2006 3725) 12.672 2014 Overlay
Bit. Overlay (Spec Crack Seal (Type
8 1CO04 2001 2350) Var. 2006 3725) 16.63 2008 Seal Coat
9 1KCO6 5000 Bit. Overlay (Spec Var. 5007 Crack Seal (Type 5738 2015 Bit. Surfacing

2350)

3725)

(Spec. 2360)
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Bit. Overlay (Spec

10 1KCO08 2000 2350) Var. 2001 Crack Seal 17.996 2015 Overlay
Construction History of Crack Sealing Methods (Cont’d...)
Pavement Surface Layer Crack Sealing Follow-up Treatment
S. D
No. Year . Thickness Year o Length Year o
Paved Description (Inch) Treated Description (miles) Treated Description
11 | ikcos | 2000 | Bt O‘géao‘; (Spec 1.5 2001 Crack Seal 37.188 | 2008 Overlay
12 | 1kc12 | 1990 | Bit O‘gﬁ‘; (Spec 15 1996 Crack Repair 19.129 | 2012 Overlay
13 | 1kc13 | 1990 | Bt O"z‘;rlal‘; (Spec 15 1996 Crack Repair 8.23 2012 Overlay
14 | 1a01 | 1997 | Bt O"zzr;al‘; (Spec 1.5 2001 Crack Seal 3.052 2014 Overlay
15 1LAO02 2000 Bit. Overlay (2350) 2.5 2001 Crack Seal 19.81 2007 Bit. Surfacing
16 1SL05 1970 Bit. Surfacing 1.5 2001 Crack Sealing 7.618 2014 Bit. Overlay
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17 | 1sw06 | 1908 | B 0v2e£|§g)(23 >0, Var. 2001 Crack Sealing 8.869 2014 Milling+Seal Coat
18 1SL07 1995 Bit. Overlay (2347) 35 2001 Crack Sealing 24.08 2009 Overlay
19 1SL08 1997 Bit. Overlay (2350) 3.5 2000 Crack Sealing 11.83 2001 Crack Sealing
Bit. Surfacing . .
20 1SL21 1986 (2341) 1.5 1992 Bit. Crack Sealing 10.477 2001 Overlay
Construction History of Crack Sealing Methods (Cont’d...)
Pavement Surface Layer Crack Sealing Follow-up Treatment
S. D
No. Year Descriotion Thickness Year Descriotion Length Year Description
Paved P (Inch) Treated P (miles) Treated P
21 15122 2001 | Bit. Overlay (2350) 35 2012 Crack Repair 7.717 2015 Bit. Surfacin
' y ' (3723)+Seal Coat ' ' &
22 15L26 2002 Bit. Overlay Var. 2007 | Crack Seal (3725) | 5.481 2010 Agg'(l‘:'f\‘:";)coat
. . Bit. Overlay
23 1SL27 2000 Bit. Reclaim (2350) 4 2007 Crack Seal (3725) 9.314 2013
(Spec. 2360)
24 1SL33 1999 Bit. Overlay (2350) 2 2000 Crack Sealing 1.09 2001 Crack Sealing
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Bit. Overlay

2 2BT 1 Bit. | 2347 1. 2 R | .87 2
5 08 995 it. Overlay (2347) 5 000 out and Sea 0.8 009 (Spec. 2360)
26 2BT10 1992 Bit. Overlay (2341) 1.5 1995 Bit. Crack Repair 3.67 2003 Bit. Overlay
Bit Surfacing . . Bit Overlay (spec
27 2BT11 1989 (2331, 2341) 3.5 1995 Bit. Crack Repair 7.564 2004 2360)
. Rout and Seal Agg. Seal Coat
28 2CA18 2003 Bit. Overlay (2360) 3 2006 (spec. 3725) 7.271 2007 (FA-2)
29 | 2cwos 1995 | Bit. Overlay (2341) 3 1998 Rout and Seal 5.139 2005 Bit. Seal Coat +
Agg. Seal
Bit. I
30 | 2cwoeb | 1996 | Bit. Overlay (2341) 15 1999 Crack Repair 9.889 2005 It Azza SCGZTt *
Construction History of Crack Sealing Methods (Cont’d...
Pavement Surface Layer Crack Sealing Follow-up Treatment
S. D
No. Year L. Thickness Year .. Length Year .
D D D
Paved escription (Inch) Treated escription (miles) Treated escription
Bit. 1
31 | 2HBO6 1986 | Bit. Overlay (2341) 15 1993 | Bit. Crack Repair | 13.736 2002 it. Overlay (1st
Half of Segment)
32 | 2HBO6b | 1986 | Bit. Overlay (2341) 15 1993 | Bit. Crack Repair | 13.736 2008 | Bit: Overlay (2nd

Half of Segment)
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33 | 2HBOS 1990 Bit. é‘;;fi)c'”g 3 1998 Crack Sealing 5.12 2008 Bit. Overlay
Bit. Surfacing Bit. Overlay

34 2HB12 1995 (2331, 2347) 1.5 2000 Rout and Seal 1.25 2009 (Spec. 2360)

35 21C14 1990 Bit. Overlay (2341) 1 1995 Crack Repair 5.129 2004 Bit. Overlay

36 | 2KS08 1993 | Bit-Overlay (2341, 3 1995 Crack Repair 14.373 2004 Bit. Seal Coat

upon Concrete)

37 2KC10 1989 Bit. Overlay (2341) 1.5 1995 Crack Repair 3.79 2006 Bit. Overlay
Bit. Surfacing . .

38 2KC11 1988 (2331) 3.5 1995 Crack Repair 0.536 2005 Bit. Overlay

39 2KC11b 1989 Bit. Overlay (2341) Var. 1995 Crack Repair 0.824 2006 Bit. Overlay

40 2LWo01 1989 Bit. Overlay (2341) 1.5 1992 Crack Repair 9.238 1997 Bit. Overlay

G-5




Construction History of Crack Sealing Methods (Cont’d...)

Pavement Surface Layer

Crack Sealing

Follow-up Treatment

No. " Year Description Thickness Year Description Length Year Description
Paved P (Inch) Treated P (miles) Treated P
41 | 2Lwoib | 1997 Bit. Overlay (Spec. Var. 2000 | RoutandSeal | 10.36 2005 | Bit-Seal Coat
2341) (F2)
. Rout and Seal Bit. Surfacing
42 2MS08 2003 Bit. Overlay (2350 3 2006 16.51 2009
it. Overlay (2350) (Spec. 3725) (Spec. 2360)
43 2MS11 1992 Bit. Overlay (2341) 1.5 1995 Crack Repair 1.516 2010 Bit. Overlay
44 2NMO08 1991 Bit. Overlay (2341) 1.5 1993 Crack Repair 13.95 2002 Bit. Seal Coat
Bit. Overlay
45 2PK03 2001 (2350,2360) 9 2004 Crack Repair 11.9 2010 Bit. Surfacing
Bit. Crack
46 2PK07 1996 Bit. Overlay (2341) 2 2001 Sealing 14.5 2005 Bit. Seal Coat
47 2PK12 1989 Bit. Overlay (2341) 1.5 1991 Surface Repair 15.791 2002 Bit. Seal Coat
Bit. Crack
48 2PK17 1991 Bit. Overlay (2341) 1.5 1995 Repair 3.84 2010 Bit. Overlay
Bit. Crack
49 2PK17b 1992 Bit. Surfacing (2331) 10.5 1995 Repair 11.54 2010 Bit. Overlay
50 2RLO1 1989 Bit. Overlay (2341) 1.5 1992 Crack Repair 7.494 2001 Bit. Seal Coat
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Construction History of Crack Sealing Methods (Cont’d...)

Pavement Surface Layer

Crack Sealing

Follow-up Treatment

S.
ID .
No. Year .. Thickness Year _ Length Year .
Paved Description (Inch) Treated Description (miles) Treated Description
Fog Seal
. . Rout and Seal (2355), Bit.
ATO2 2 Bit. f 2 2 12. 2
3ATO 000 | Bit. Surfacing (2350) 3 003 (3725) 639 005 Seal Coat
51 (2356)
Bit. Overlay, Rout and Seal Agg. Seal (FA-
52 3CA04 1989 2331(2")+2341(1") 3 2006 (3725) 10.795 2007 2)
Fog Seal
(2355), Bit.
Rout and Seal Seal Coat
53 | 3CA09 2000 | Bit Surfacing (2350) 1.5 2003 | (3725) 33.839 2005 | (2356)
Rout and Seal Bit. Seal Coat
54 | 3CA10 1999 | Bit. Overlay (2350) 2.5 2003 | (3725) 11.019 2006 | (2356)
Rout and Seal Bit. Seal Coat
55 | 3CA11 1999 | Bit. Overlay (2350) 2.5 2003 | (3725) 18.744 2006 | (2356)
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Rout and Seal Bit. Seal Coat
56 | 3CAl14 2000 | Bit. Overlay (2350) 3 2004 | (3725) 7.835 2006 | (2356)
Rout and Seal
57 | 3CA18 2003 | Bit. Overlay (2360) 3 2006 | (3725) 7.271 2007 | Agg. Seal
Bit. Seal Coat
Rout and Seal & Fog Seal
58 | 3CR04 2001 | Bit. Overlay (2350) 1.5 2004 | (3725) 5.463 2006 | (2356)
Rout and Seal Agg. Seal (FA-
59 | 3ITO6 2002 | Bit. Overlay (2350) Var. 2006 | (3725) 10.275 2007 | 2)
Construction History of Crack Sealing Methods (Cont’d...)
Pavement Surface Layer Crack Sealing Follow-up Treatment
S.
ID .
No. Year . Thickness Year . Length Year .
D D D
Paved escription (Inch) Treated escription (miles) Treated escription
Rout and Seal Seal Coat (FA-
60 | 3KA10 1997 | Bit. Overlay 3 2000 | (3725) 6.18 2003 | 3)
Rout and Seal Fog Seal/Bit.
61 | 3MI14 2001 | Bit. Overlay (2350) | 1.5 2004 | (3725) 13.6 2006 | Seal Coat
Rout and Seal
62 | 3SHO2 2000 | Bit. Overlay (2350) 2 2000 | (3725) 20.116 2003 | Micro Surfacing
Rout and Seal
63 | 3SHO3 1997 | Bit. Overlay (2347) 4.5 2000 | (3725) 7.609 2002 | Bit Seal Coat
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. Overlay (2347)

Rout and Seal
(3725)

Bit Seal Coat

Rout and Seal
(3725)

Agg. Seal FA-2

Rout and Seal
(3725)

Agg. Seal FA-2

Rout and Seal
(3725)

Bit Seal Coat

. Overlay (2350)

Rout&Seal

Agg. Seal (T F2)

. Overlay (2350)

Rout&Seal

Bit. Seal Coat

Rout&Seal

Fog Seal




Construction History of Crack Sealing Methods (Cont’d...)

Pavement Surface Layer Crack Sealing Follow-up Treatment
S.
No. P Year Description Thickness Year Description Length Year Description
Paved P (Inch) Treated P (miles) Treated P
5004 Rout&Seal Bit. Overlay
71 | 7WW04 Bit. Overlay (2360) 4.5 2006 | (3725) 5.679 2012 | (2360)
1999 | Bit- Overlay 5 2003 | Rout and Seal 3.9 2006 | Bit- Overlay
72 | 7FA80a (Spec. 2360) (Spec. 2360)
2005 | Bit- Overlay 2 2006 | Rout and Seal 1.064 2012 | Bit- Surfacing
73 | 7NCO3 (Spec. 2360) (Spec. 2360)
Bit. Overlay Crack Seal Bit. Surfacing
74 | 7NO0O5 2005 (Spec. 2360) 3 2007 (Spec. 3725) 8.4 2011 (Spec. 2360)
1998 Bit. Overlay Var. 2006 Rout and Seal 1.033 2012 Bit. Overlay
75 | 7WwWo03 (Spec. 2350) (Spec. 3725) (Spec. 2360)
Bit surfacing and Milling and Bit.
76 | MANO8 2006 | overlay (2360) Varies 2009 | Rout and Seal 9.867 2012 | Surfacing
Rout and seal
77 | MANO8b 1999 | Bit. overlay 1.5 2001 | spec 3725 6.797 2007 | Micro surfacing
Rout and seal
78 | MAN15 1997 | Bit. overlay (2347) Varies 2001 | spec 3725 2.9 2009 | Bit. Surfacing
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Construction History of Crack Sealing Methods (Cont’d...)

Pavement Surface Layer Crack Sealing Follow-up Treatment
S. D
No. Year . Thickness Year .. Length Year .
Paved Description (Inch) Treated Description (miles) Treated Description
Bit. Surfacing Rout and seal, Mill and
79 | MAND 83 1997 | (61IWEA75100) 1.5 2001 | 3725 1.417 2009 | overlay
Rout and
80 | MCVO003 1998 | Bit. overlay varies 2001 | seal,3725 5.8 2008 | Bit. Surfacing
Bit. Overlay (spec
81 | MCH302 2004 | 2360) 3 2009 | Rout and Seal 3.25 2012 | Bit. Surfacing
Mill and
Overlay spec
82 | MHP733 2000 | Bit. Overlay (2350) 3 2009 | Rout and Seal 3.776 2015 | 2360
Bit. Overlay Rout and Seal Bit. Overlay
1998 Var. 2001 5.43 2008
83 | 8CAO3 (LV3, LVv4) (Spec. 3725) (Spec. 2360)
Bit. Overlay Rout and Seal Bit. Surfacing
2 2 11.941 201
84 | 8KAO4 005 (Spec. 2360) 007 (Spec. 3725) 94 016 (Spec. 2360)
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APPENDIX H: PROJECT INFORMATION: FINAL ROUT-AND-SEAL PROJECTS



Control

State

No. ID District/County Project Location Section# | Project # Route
1 1CO01 D1: Cook County W. County Line - Jct. Cr-35 1601 8821-142 Mn-61
2 1C002 D1: Cook County Jct. Cr-35 - E. Lim. Grand Marais 1602 8821-142 Mn-61
3 1KCO06 D1: Koochiching County E. Jct. US-71 — E. Shore Dove Island 3606 8821-71 Mn-11
4 1SL26 D1: Saint Louis County N. Limits Duluth — E. County Line 6926 8821-71 Mn-61
5 1SL27 D1: Saint Louis County S. County Line — E. Jct. US-2 6927 8821-71 Mn-73
6 2BTO8 D2: Beltrami County S.Jct. US-71 - S. County Line 408 8822-12 us-2
7 2HB12 D2: Hubbard County N. County Line - E. County Line 2912 8822-12 us-2
8 2LWO01b | D2: Lake of the Woods County W. County Line — E. Jct. Mn-72 3901 8822-12 Mn-11
9 2MS08 D2: Marshall County E. County Line — N. County Line 4508 4508-26 Mn-89
10 7LS04 D7: Le Sueur County W. End of Br-40001 — Jct. Mn-13 4004 8827-21 Mn-19
11 7LS12 D7: Le Sueur County S. County Line —S. Jct. US-169 4012 8827-37 Mn-22
12 7NC02 D7: Nicollet County W. County Line —Jct. Mn-99 5202 8827-68 us-14
13 7WWO04 | D7: Watonwan County S. Jct. Mn-60 — N. Jct. Mn-60 8304 8827-78 Mn-15
14 | MANOS Metro: Anoka County Jct. US-10 - N. County Line 208 8825-336 Mn-65
15 | MANO8b Metro: Anoka County Jct. US-10 - N. County Line 208 8825-103 Mn-65
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16 | MAN15 Metro: Anoka County E. Jct. US-169, W. Jct. Mn-47 - E. Jct. Mn-47 215 8825-103 uUs-10
17 | MAND 83 | Metro: Anoka County N. Jct. I-35E, I-35W - E. County Line 283 8825-102 I-35
18 | MCV003 Metro: Carver County W. County Line - E. County Line 1003 8825-103 Mn-7
Project Information: Final Rout-and-seal Projects (Cont’d...)
S. i . . Control State
No. ID District/County Project Location Section # | Project # Route
19 MCH302 | Metro: Chisago County S. County Line - Jct. I-35 1302 8825-336 us-61
20 MHP733 | Metro: Hennepin County Jct. 1-494 - Jct. CSAH-158 2733 8825-336 | Mn-100
21 MAND 83 | Metro: Anoka County N. Jct. I-35E, I-35W - E. County Line 283 8825-102 I-35
22 MCV003 | Metro: Carver County W. County Line - E. County Line 1003 8825-103 Mn-7
23 MCH302 | Metro: Chisago County S. County Line - Jct. 1-35 1302 8825-336 us-61
24 MHP733 | Metro: Hennepin County Jct. 1-494 - Jct. CSAH-158 2733 8825-336 | Mn-100
25 8CA03 D8: Carver County W. County Line - E. County Line 1003 8825-103 Mn-7
26 8KAO4 D8: Kandiyohi County Jct. US-71 — E. County Line 3404 3404-54 uUs-12
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APPENDIX I: CONSTRUCTION HISTORY OF CRACK SEALING METHODS:
FINAL ROUT-AND-SEAL PROJECTS



Pavement Surface Layer

Crack Sealing

Follow-up Treatment

|\|sc;_ ID Year Description Thickness Year Description Length Year Description
Paved (Inch) Treated (miles) Treated
Lo | momm | e | o e | | e
2 | 1c002 | 2001 (Bsi;'ecc)_";;';g) Var. 2006 (g;;;k;ezasl) 12672 | 2014 (ii;égvgfg)
3 | 1kcos | 2000 | Bt Ovzeg'_rfg) (Spec. Var. 2007 (%?;stieza;) 5.738 2015 '?;;:22‘28;3
4 | 1S26 | 2002 Bit. Overlay Var. 2007 ($$;ZF;:§E) 5.481 2010 Aggkiifgfoat
s | 1si27 | 2000 | Bt Re;'jsig‘) (Spec. 4 2007 (gz‘;k;fzasl) 9.314 2013 (2‘:);32";?3’)
6 | 28108 | 1995 | Bt OV;;?;’)(SPGC' 1.5 2000 Rout and Seal 0.87 2009 (zgég"g:‘g)
7 | 2nB12 | 1995 | Bt S””;ZT;? (2331, 15 2000 Rout and Seal 1.25 2009 ggegg?g)
g | 2twoib | 1997 | Bt Ovze;fly)(spec‘ Var. 2000 Rout and Seal 10.36 2005 Bit. S(izl)coat
o | amsos | 2003 | Bit-Overlay (Spec. 3 2006 Rout and Seal 16.51 2009 Bit. Surfacing

2350)

(Spec. 3725)

(Spec. 2360)




10 7LS04 2000 Bit. Overlay (2350) 3.5 2002 Rout and Seal 13.105 2013 Agg. Seal (T F2)

11 71512 | 2000 | Bit. Overlay (2350) 3 2003 Rout and Seal 3.006 2013 Bit. Seal Coat

12 7NC02 2004 Bit. Overlay 4 2006 Rout and Seal 13.377 2013 Fog Seal

Construction History of Crack Sealing Methods: Final Rout-and-seal Projects (Cont’d...)
Pavement Surface Layer Crack Sealing Follow-up Treatment
S.
ID .
No. Year L. Thickness Year . Length Year .
Paved Description (Inch) Treated Description (miles) | Treated Description
13 2004 Bit. Overlay Rout and Seal
7WW04 (2360) 4.5 2006 (3725) 5.679 2012 Bit. Overlay (2360)
Bit. surfacing
14 and overlay Milling and Bit.
MANOS8 2006 (2360) Varies 2009 Rout and Seal 9.867 2012 Surfacing
15 Rout and seal spec
MANO8b 1999 Bit. overlay 1.5 2001 3725 6.797 2007 Micro surfacing
16 Bit. overlay Rout and seal spec
MAN15 1997 (2347) Varies 2001 3725 2.9 2009 Bit. Surfacing
17 Bit. Surfacing
MAND 83 1997 | (61WEA75100) 1.5 2001 Rout and seal, 3725 1.417 2009 Mill and overlay
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18

MCV003 1998 Bit. overlay varies 2001 Rout and seal, 3725 5.8 2008 Bit. Surfacing
19 Bit. Overlay

MCH302 2004 (spec 2360) 3 2009 Rout and Seal 3.25 2012 Bit. Surfacing
20 Bit. Overlay Mill and Overlay

MHP733 2000 (2350) 3 2009 Rout and Seal 3.776 2015 spec 2360




Construction History of Crack Sealing Methods: Final Rout-and-seal Projects (Cont’d...)

Pavement Surface Layer

Crack Sealing

Follow-up Treatment

S.
ID .
No. Year . Thickness Year e . Length Year .
Paved Description (Inch) Treated Description (miles) Treated Description
51 Bit. Surfacing Rout and seal,
MAND 83 | 1997 (61WEA75100) 1.5 2001 3725 1.417 2009 Mill and overlay
22 Rout and
MCV003 1998 Bit. overlay varies 2001 seal,3725 5.8 2008 Bit. Surfacing
)3 Bit. Overlay
MCH302 2004 (spec 2360) 3 2009 Rout and Seal 3.25 2012 Bit. Surfacing
24 Bit. Overlay Mill and Overlay
MHP733 2000 (2350) 3 2009 Rout and Seal 3.776 2015 spec 2360
Bit. Overlay Rout and Seal Bit. Overlay
25 1998 Var. 2001 5.43 2008
8CA03 (Lv3, Lv4) (Spec. 3725) (Spec. 2360)
Bit. Overlay Rout and Seal Bit. Surfacing
26 8KA04 2005 (Spec. 2360) 3 2007 (Spec. 3725) 11.941 2016 (Spec. 2360)




APPENDIX J: SAMPLE WORK-PLAN SHOWING CLEAN-AND-SEAL PROJECT
SITES
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APPENDIX K: PROJECT INFORMATION: FINAL CLEAN-AND-SEAL
PROJECTS



Control

State

No. ID District/County Project Location Section # Project # Route
1 1SL32 D1: Saint Louis County Jet. T.H. 2 - W. Jct. T.H. 53 6932 8821-221 Mn-194
2 3CWO09 | D3: Crow Wing County S. County Line - Jct. Mn-210 1809 8823-273 Mn-371
3 3CW10 | D3: Crow Wing County W. Jct. Mn-210 - W. County Line 1810 8823-273 Mn-371
4 3MRO1 | D3: Morrison County S. County Line —Jct. Mn-371 4901 8823-273 us-10
5 3MR02 | D3: Morrison County Jct.Mn-371 - Jct. Mn-115 4902 8823-273 us-10
6 3MRO3 | D3: Morrison County Jct. Mn-115 — W. County Line 4903 8823-273 Us-10
7 3TDO1 D3: Todd County W. County Line — Jct. US-10 7701 8823-273 Mn-210
8 3WDO03 | D3: Wadena County S. County Line — Jct. US-10 8003 8823-273 Us-71
9 3WD04 | D3: Wadena County Jet. US-10 — Jct. Mn-227 8004 8823-273 Us-71
10 3WDO05 | D3: Wadena County Jct. Mn-227 — N. County Line 8005 8823-273 us-71
11 6DD01 | D6: Dodge County Steele/Dodge Co. Line - Jct TH 56 in Dodge C. 2001 2001-33 us-14
12 6HSO01 D6: Houston County Fillmore/Houston Co.in - Jct. USTH-61 2801 2801-86 Mn-16
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APPENDIX L: CONSTRUCTION HISTORY OF CRACK SEALING METHODS:
FINAL CLEAN-AND-SEAL PROJECTS



Pavement Surface Layer

Crack Sealing

Follow-up Treatment

s.
No. P P:/ae"d Description Tl'n(ilcnkcl:sss Tr\:ezatg d Description (L:]?it:; Tr:;:; d Description*®
1 | 1s32 | 2007 Bit('zg‘éeor)'ay 4 2012 Cra(cskp'zf’;;rzzgl' L1 601 2018 -

2 | 3cwo9 | 2003 B”kiggg?”g 6.5 2013 ﬂ:ggfgsggfl 9.626 2018 ;

3 | 3cw1o | 2011 B“kiggg?”g 3 2013 ?:;2j2§§§;' 13.8 2018 -

4 | 3MRO1 | 2011 Bit('zg‘éeor)'ay 3 2013 C(Igszcar;;:;l 4313 2018 -

5 | 3MRO2 | 2011 Bit('zg‘gz)r)'ay Var. 2013 C(Igszcagi;:;' 2.531 2018 -

6 | 3MR0O3 | 2004 B“k;;gg?”g 2.1 2013 3:;2j2;;§;| 6.175 2018 -

7 | 3tDO1 | 2009 Bit('zg‘é%r)'ay 2.5 2013 C('ggzcag‘;ggil 15.932 2018 -

8 | 3wD03 | 2006 B“kzggg?”g 1.75 2013 ?:ggjggggil 4.565 2018 -

9 | awpoa | 2006 | Bit-Surfacing 1.75 2013 Cleanand Seal | 4 )g; 2018 -

(2360)

(Spec. 3723)
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Bit. Surfacing

Clean and Seal

1 WD 2007 201 137 201
0 | 3wDO05 00 (2360) 3 013 (Spec. 3723) 9.13 018
Bit. Overlay Crack Treatment
11 6DD01 2006 1.5 2007 6.42 2018
(Spec 2360) (Clean and Seal)
Bit. Overlay Crack Seal
12 6HS01 2003 (2360) 1.5 2008 (Type 3723) 1.31 2018

* No follow-up treatment was recorded in the construction log website of MnDOT, and the Pavement Quality Index (PQl) of these sections
were found to be in good condition according to 2016 Pavement management data of MnDOT
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APPENDIX M: TRAFFIC (AADT) FOR CRACK SEALING PROJECT LOCATIONS



Traffic (AADT)

> Ne- P Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Avg.

1 1AK06 1300 1350 1400 1250 1300 1250 1308

2 1AK21 6200 6200 6300 6700 6400 5400 6200
3 1CT05 6300 6300
4 1CT14 3550 3550

5 1CTOb 17000 17000

6 1C001 3050 3000 3250 3700 3250

7 1C002 4600 4800 4700 4600 4900 4720

8 1C004 -

9 1KC06 5000 4900 4700 4600 4800
10 1KC08 -
11 IKC09 220 240 240 265 241
12 1KC12 -
13 1KC13 -
14 1LAO1 -
15 1LA02 470 450 420 447




16 1SLO5 -
17 1SL06 -
18 1SL07 4000 4300 4650 4650 4400 4400
19 1SL08 -
20 1SL21 -
21 1SL22 1700 1700 1700
22 15L26 10500 10100 10300
23 1SL27 1600 1550 1400 1250 1450
24 1SL33 -
Traffic (AADT) for Crack Sealing Project Locations (Cont’d...)
Traffic (AADT)
S. No. ID

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Avg.
25 2BT08 8400 10300 10300 9900 9550 9550 9000 9000 9500
26 2BT10 6100 6100 6100 6100 6100 6650 7900 7900 6619
27 2BT11 1100 1100 1100 1100 1100 1100 1150 1200 1119
28 2CA18 5200 5200 5200




29 2CW06 840 840 990 1150 1150 770 957
30 2CWO06b 1250 1450 1550 1550 1300 1400 1400 1350 1406
31 2HBO6 1700
32 2HBO6b 2800
33 2HBO8 2250
34 2HB12 6200 6200 4000 7200 7200 7300 7400 6500
35 21C14 1100
36 2KS08 1050
37 2KC10 1000
38 2KC11 800
39 2KC11b 800
40 2LwWo01 2200
41 2LWO01b 2200 1650 1650 1833
42 2MS08 520 560 540
43 2MS11 960
44 2NMO08 1150
45 2PK03 3300 3300 3200 3000 3200
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Traffic (AADT) for Crack Sealing Project Locations (Cont’d...)

Traffic (AADT)
S. No. ID

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Avg.
46 2PKO7 900 770 820 820 828
47 2PK12 1200
48 2PK17 3300
49 2PK17b 1900
50 2RLO1 1450

District 3 Traffic was not extracted as all of the projects were seal coated within 1-2 years

68 7LS04 3050 3050 2900 3000 3000 3500 3500 | 3200 3150
69 7LS12 8100 10200 8100 8100 8600 8300 | 8700 8586
70 7NCO02 6700 6700 7100 6800 | 6800 6820
71 7WWO04 6900 7200 8600 | 9000 7925
72 7FA80a 7,700 8,200 8,200 8,033
73 7NCO03 18,100 18,100 15,300 12,800 13,200 13,700 13,700 14,986




74 7NOO05 4,650 4,300 4,000 4,200 4,300 4,290
75 7WWO03 8,400 8,400 8,500 8,600 8,700 8,400 8,200 8,457
76 MANO8 30,700 30,900 30,900 30,000 30,625
77 MANO8b 47,000 47,000 49,000 49,000 49,000 49,000 48,333
78 MAN15 90,000 90,000 93,000 93,000 93,000 93,000 86,000 86,000 90,500
Traffic (AADT) for Crack Sealing Project Locations (Cont’d...)
Traffic (AADT)
S. No. ID

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Avg.
79 MANS83 75,000 75,000 83,000 83,000 86,000 86,000 79,000 79,000 80,750
80 MCV03 9,000 9,000 9,500 9,500 10,600 10,600 10,100 9,757




81 MCHO02 8,300 10,700 10,700 10,700 10,100
82 MHP33 85,200 85,200 85,200 83,400 81,800 91,000 79,750 84,507
83 8CA03 9,000 9,000 9,000 9,500 9,500 10,500 10,500 10,100 9,638
84 8KAO4 6,200 6,200 6,100 5,900 5,900 6,000 6,000 5,900 6,043




APPENDIX N: TRAFFIC (AADT) FOR FINAL ROUT-AND-SEAL SECTIONS



Traffic (AADT)

> Ne- P Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Avg.

1 1C001 3,050 3,000 3,250 3,700 3,250
2 1C002 4,600 4,800 4,700 4,600 4,900 4,720
3 1KC06 5,000 4,900 4,700 4,600 4,800
4 15SL26 10,500 10,100 10,300
5 1SL27 1,600 1,550 1,400 1,250 1,450
6 2BT08 8,400 10,300 10,300 9,900 9,550 9,550 9,000 9,000 9,500
7 2HB12 6,200 6,200 4,000 7,200 7,200 7,300 7,400 6,500
8 2LWO01b 2,200 1,650 1,650 1,833
9 2MS08 520 560 540
10 7LS04 3,050 3,050 2,900 3,000 3,000 3,500 3,500 3,200 3,150
11 71512 8,100 10,200 8,100 8,100 8,600 8,300 8,700 8,586
12 7NC02 6,700 6,700 7,100 6,800 6,800 6,820
13 7WW04 6,900 7,200 8,600 9,000 7,925
14 MANO8 30,700 30,900 30,900 30,000 30,625
15 MANO8b 47,000 47,000 49,000 49,000 49,000 49,000 48,333
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16 MAN15 90,000 90,000 93,000 93,000 93,000 93,000 86,000 86,000 90,500
17 MANS83 75,000 75,000 83,000 83,000 86,000 86,000 79,000 79,000 80,750
18 MCVO03 9,000 9,000 9,500 9,500 10,600 10,600 10,100 9,757
19 MCHO02 8,300 10,700 10,700 10,700 10,100
20 MHP33 85,200 85,200 85,200 83,400 81,800 91,000 79,750 84,507
Traffic (AADT) for Final Rout-and-seal Sections (Cont’d...)
Traffic (AADT)
S. No. ID
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Avg.
21 MANS83 75,000 75,000 83,000 83,000 86,000 86,000 79,000 79,000 80,750
22 MCVO03 9,000 9,000 9,500 9,500 10,600 10,600 10,100 9,757
23 MCHO02 8,300 10,700 10,700 10,700 10,100
24 MHP33 85,200 85,200 85,200 83,400 81,800 91,000 79,750 84,507
25 8CA03 9,000 9,000 9,000 9,500 9,500 10,500 10,500 10,100 9,638
26 8KA04 6,200 6,200 6,100 5,900 5,900 6,000 6,000 5,900 6,043
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APPENDIX O: TRAFFIC (AADT) FOR FINAL CLEAN-AND-SEAL SECTIONS



Traffic (AADT)

> Ne- " Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Avg.
1 1SL32 24,770 22,300 23,535
2 3CW09 11,600 12,300 11,950
3 3CwW10 12,200 12,700 12,450
4 3MRO1 21,200 22,100 21,650
5 3MRO02 8,900 8,600 8,750
6 3MRO3 6,400 6,900 6,650
7 3TD01 820 830 825
8 3wDO03 5,000 5,300 5,150
9 3wWD04 3,200 3,400 3,300
10 3wWDO05 4,100 4,300 4,200
11 6DD01 7,900 7,500 7,800 7,800 7,750
12 6HS01 7,600 7,900 7,900 8,000 8,100 7,900
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APPENDIX P: SUMMARY OF DATA FOR PERFORMANCE EFFECTIVENESS
ANALYSIS: ROUT-AND-SEAL SECTIONS



Pavement Surface Layer Follow-up Treatment Service | Pavement
S. ID Rout g eaL t:lfe T: L::ge ? Traffic
No. o Year Description Thickness o Year Description raf: raf: (AADT)
Paved p (Inch) Sealed Treated Y Sealing Sealing
(Years) (Years)

Bit. Overlay Seal Coat

1 1C0o01 Mn-61 | 2003 (Spec. 2360) 2 2006 2012 (3723&FA-2) 6 3 3,250
Bit. Overlay Bit. Overlay

2 1 2 Mn-61 2001 Var. 2 2014 4,72

€00 n-6 001 | (spec. 2350) ar 006 0 (Spec. 2360) 8 > 720

Bit. Overlay Bit. Surfacing

3 1KC06 Mn-11 | 2000 (Spec. 2350) Var. 2007 2015 (Spec. 2360) 8 7 4,800

Agg. Seal
4 1SL26 Mn-61 | 2002 Bit. Overlay Var. 2007 2010 Coat 3 5 10,300
(FA-2)

Bit. Reclaim Bit. Overlay

5 1SL27 Mn-73 | 2000 (Spec. 2350) 4 2007 2013 (Spec. 2360) 6 7 1,450
Bit. Overlay Bit. Overlay

2B -2 1 1. 2 2

6 T08 us 995 (Spec. 2347) 5 000 009 (Spec. 2360) 9 5 9,500

Bit. Surfacing Bit. Overlay
2HB12 -2 1 1. 2 2

7 H us 995 (2331, 2347) 5 000 009 (Spec. 2360) 9 5 6,500
Bit. Overlay Bit. Seal Coat

8 2LWO01b | Mn-11 | 1997 (Spec. 2341) Var. 2000 2005 (F2) 5 3 1,833
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Summary of Data for Performance Effectiveness Analysis: Rout-and-seal Sections (Cont’d...)

Pavement Surface Layer Follow-up Treatment Service | Pavement
S. ID Rout g eaL sze T: tge ? Traffic
No. o Year Description Thickness ra|c¢;| Year Description ré:f: ra:f: (AADT)
Paved P (Inch) Seale Treated P Sealing Sealing
(Years) (Years)
Bit. Overlay Bit. Surfacing
2M Mn- 2 2 2 4
9 S08 n-89 003 (2350) 3 006 009 (Spec. 2360) 3 3 540
Bit. Overlay Agg. Seal (T
11 2 1
10 7LS04 Mn-19 | 2000 (2350) 3.5 2002 2013 F2) 3,150
Bit. Overlay
11 71512 Mn-22 | 2000 (2350) 3 2003 2013 Bit. Seal Coat 10 3 8,586
12 7NC02 us-14 2004 Bit. Overlay 4 2006 2013 Fog Seal 7 2 6,820
Bit. Overlay Bit. Overlay
Mn-1 2004 2 7,92
13 7WW04 n-15 00 (2360) 4.5 2006 2012 (2360) 6 925
Bit surfacing and Milling and 3 3 30,625
14 MANO8 Mn-65 | 2006 overlay (2360) Varies 2009 2012 Bit. Surfacing
Micro
2
15 | MANO8b | Mn-65 | 1999 Bit. overlay 1.5 2001 2007 surfacing 6 48,333
Bit. overlay
16 MAN15 Us-10 1997 (2347) Varies 2001 2009 Bit. Surfacing 8 4 90,500
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Summary of Data for Performance Effectiveness Analysis: Rout-and-seal Sections (Cont’d...)

Pavement Surface Layer Follow-up Treatment
Service | Pavement
S. ID Rout cY eaL Iéfe c:(f tge Cf Traffic
No. e vear Description Thickness ra|c d Year Description ra|F ra|f: (AADT)
Paved P (Inch) Seale Treated P Sealing Sealing
(Years) (Years)
Bit. Surfacing Mill and 8 4 80,750
17 | MAND 83 1-35 1997 | (61IWEA75100) 1.5 2001 2009 | overlay
18 | MCV003 Mn-7 1998 | Bit. overlay varies 2001 2008 | Bit. Surfacing 7 3 9,757
Bit. Overlay
3 5 10,100
19 | MCH302 us-61 2004 | (spec 2360) 3 2009 2012 | Bit. Surfacing
Mill and
Mn- Bit. Overlay Overlay spec 6 9 84,507
20 | MHP733 100 2000 | (2350) 3 2009 2015 | 2360
Bit. Surfacing Mill and 8 4 80,750
21 | MAND 83 I-35 1997 | (61WEA75100) 1.5 2001 2009 | overlay
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Summary of Data for Performance Effectiveness Analysis: Rout-and-seal Sections (Cont’d...)

Pavement Surface Layer Follow-up Treatment
Service | Pavement
No. P Year Description Thickness ra|c¢| Year Description ra:f: rarc (AADT)
Paved P (Inch) Seale Treated P Sealing Sealing
(Years) (Years)
22 | MCVO003 Mn-7 1998 | Bit. overlay varies 2001 2008 | Bit. Surfacing 22 MCVO003 Mn-7
Bit. Overlay
23 | MCH302 uUs-61 2004 | (spec 2360) 3 2009 2012 | Bit. Surfacing 23 MCH302 us-61
Mill and
Mn- Bit. Overlay Overlay spec
24 | MHP733 100 2000 | (2350) 3 2009 2015 | 2360 24 MHP733 Mn-100
Bit. Overlay Bit. Overlay
Mn-7 1998 Var. 2001 2008 Mn-7
25 | 8CAO3 " (LV3, LV4) ar (Spec. 2360) | 25 8CA03 "
Bit. Overlay Bit. Surfacing
uUs-12 2005 (Spec. 2360) 3 2007 2016 (Spec. 2360) Us-12
26 | 8KA04 26 8KA04
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APPENDIX Q: SUMMARY OF DATA FOR PERFORMANCE EFFECTIVENESS
ANALYSIS: CLEAN-AND-SEAL SECTIONS



; . Service | Pavement
Pavement Surface Layer Year Follow-up Treatment Life of Age @ ‘
S. Traffic
ID Route Crack Crack Crack
No. . . (AADT)
Year | L Thickness | Sealed | yeqr Descrinti Sealing Sealing
Paved escription (Inch) Treated escription (Years) (Years)
Mn- Bit. Overlay
1 1SL32 194 2007 (2360) 4 2012 2018 - 6 5 23,535
Mn- Bit. Surfacing
) 3CW09 371 2003 (2360) 6.5 2013 2018 - 5 10 11,950
Mn- Bit. Surfacing
3 3CW10 371 2011 (2360) 3 2013 2018 - 5 2 12,450
Bit. Overlay
4 3MRO01 US-10 2011 (2360) 3 2013 2018 - 5 2 21,650
Bit. Overlay
5 3MRO02 US-10 2011 (2360) Var. 2013 2018 - 5 2 8,750
Bit. Surfacing
6 3MRO03 US-10 2004 (2360) 2.1 2013 2018 - 5 9 6,650
Mn- Bit. Overlay
7 3TD01 210 2009 (2360) 2.5 2013 2018 - 5 4 875
Bit. Surfacing
8 3WDO03 US-71 2006 (2360) 1.75 2013 2018 - 5 7 5,150
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Summary of Data for Performance Effectiveness Analysis: Clean-and-seal Sections (Cont’d...)

Pavement Surface Layer Follow-up Treatment Service | Pavement
S, Year Life of Age @ Traffic
ID Route Crack Crack Crack
No. ) ) (AADT)
. Sealed Sealing Sealing
Year Description Thickness Year Description (Years) (Years)
Paved P (Inch) Treated P
Bit. Surfacing
9 3WDO04 US-71 2006 (2360) 1.75 2013 2018 - 5 7 3,300
Bit. Surfacing
10 | 3wDO05 | US-71 2007 (2360) 3 2013 2018 > 6 4,200
Bit. Overlay
1. 2007 201 11 1
11 | 6DD0O1 | US-14 2006 | (Spec 2360) > 00 018 - 7,750
Bit. Overlay
12 6HS01 | Mn-16 2003 (2360) 15 2008 2018 - 10 > 7,900
Average 6.0 5.0 9509
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APPENDIX R: DATA COLLECTION FORM FOR SEAL PERFORMANCE



Site

Location

Site 1D

Roaduay

GPS
Coordinates

Address or
mile #

Lane

Crack Length

Time

Date

_J_Jj2ms8

) j2ms | _f Jjams

_/_J2m8

_J jams8

Time

Weather

Termperature

Rain or Damp
Pavernent

Yes

Mo

Yes Yes
MNo MNo

Yes
Mo

Yes
Mo___

Seal Performance

Querband Wear
(length)

Wheelpath
fluzshing

[yes/no)

Pullout Fallure
(length)

Full-Depth
Adhesion Failure

(length)

Partial-Depth
Adhesion Failure

(length)

Cohesion Loss

(length)

Spalling
(length)

Heaving

(i




APPENDIX S: DATA COLLECTION FORM FOR SEAL INSTALLATION



Site ID _ -1 _ -2 _ -3 _ -4 __ -5
c Roadway
-% GPS
g Coordinates
-
RP
Lane NBE SB NBE  SB NE  SB NE  SB NB  SB
g Date _,"_)"2017 _f_,"2017 _f_,"2017 _f_,"2017 _f_f201?
F Time
& Temperature
ﬁ Rain or Damp Yes_ Yes__ Yes__ Yes__ Yes__
= Pavement Mo__ Mo__ Mo__ Mo__ No__
Distress [thermal,
fatigue,
reflective...}
Location (lane
(oint, wheglpath )
Direction Transwerse____ | Transverse____ Transverse____ Transverse____ Transverse____
Longitudinal___ | Longitudinal___ Lengitudinal Lengitudinal___ Longitudinal__
i} Diagonal Diagonal Diagonal Diagonal Diagonal
E Crack Severity L, M, H LM, H LM, H LM, H L, M, H
E Edge
E Deterioration LMH LM,H LM,H LM,H LM,H
-::J Crack Length
- Crack Width i 2 (i 2z (1 2z |1 2 i
g (rim) 34 L L |3 4
Avg. Avg. Avg. Avg. Avg.
Crack Depth i 2 (i 2z (1 2z |1 2 i
(mm) 4 S S |34
Avg. Avg. Avg. Avg. Avg.
Workingecrack |¥ N | Y N | Y N |¥Y N | Y N
Pavement Temp.
Repair Type Seal__ Fill__ Seal__ Fill__ Seal__ Fill__ Seal__ Fill__ Seal__ Fill__
Crack Prep. Clean___ Clean___ Clean___ Clean___ Clean___
AirLlance__ | AirLlance_ | Airlance_ | AirLlance__ | AirlLance__
Other Other Other Other Other
=l Routed ¥ N ¥ N ¥ N ¥ N ¥ N
f:? Reservair Dims. x x x x x
= | BackerRods | Y__ N Y_ N Y_ N Y_ N YN
.= | Blotter Material N N N , N M
2| sealant Type MNDOT3725__ | MNDOT2725__ | MNDOT3725__ | WMDOT2725__ | MNDOT3725__
& MNDOT 3723 MMDOT 3723 MNDOT 3723 MNDOT 3723 MMNDOT 3723
MNDOT3719___ MNDOT 3719___ MNDOT 3719___ MNDOT 3719___ MNDOT 3719___
Other, Other, Other, Other, Other,
Placement Flush__ Flush__ Flush__ Flush__ Flush__
Configuration Capped___ Capped___ Capped___ Capped___ Capped___
Band-aid___ Band-aid__ Band-aid__ Band-aid__ Band-aid___
Other Other Other Other Other
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APPENDIX T: PERFORMANCE EVALUATION OF NEWLY-INSTALLED CRACK
SEALING PROJECTS (PHASE 3)



All Sites Rout-and-Seal Performance (first and second winter
w/predictions)

120
100
80

60

Second Winter

PI

First Winter
40

Threshold PI
20

0 1 2 3 4 5
Age (years)

Site D

Site D is located on TH 53 between miles 22 and 24. This site was sealed on July 17*" of 2017. The
weather was 75°F and sunny. A rout-and-seal method was used on transverse thermal cracks. Clean-and-
seal was used on longitudinal cracks. Three trucks were used during this operation. One truck would drive
10-15 minutes ahead of the other two, filling the routed reservoirs half-full with sealant. The second truck
would fill the reservoir and apply a band-aid and blotter after allowing the sealant from the first pass to
settle into the crack. The third truck performed sealing on longitudinal cracks in a single pass. The most
recent construction data of this site includes an 8-inch concrete resurfacing in 2008 and a bituminous
surfacing in 2012.

The site contains eight documented cracks. Six of the cracks are transverse and sealed with the
rout-and-seal method. Two longitudinal cracks were sealed with the clean-and-seal method. The severity
of the cracks was mostly medium. The tables and figures below within this subsection, Site D, provide
details of the seal performance for the eight cracks considered in Site D.
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Site D Cracks Documented

Site D
ID# Crack Location Cack Type AVG Wiilth (mm) Severity AADT Repair Type Sealant Material
D1 TH 53 RP 23.9 15.5 mediom 7800 Rout-and-Seal MNDOT 3725
D2 TH 53 RP 23.9 115 mediom 7800 Rout-and-Seal MNDOT 3725
D3 TH 53 RP 23.9 475 low 7800 Rout-and-Seal MNDOT 3723
D4 TH 53RP 23.7 Lane Joint 7 low 7800 MNDOT 3725
D5 TH 53RP 23.7 10.5 mediom 7800 Rout-and-Seal MNDOT 3725
D6 22 and 24 13.25 mediom 7800 Rout-and-Seal MNDOT 3725
D-7 TH 53 RP 22.01 Lane Joint 6 low 7800 MNDOT 3723
D-8 TH 53 RP 22.01 Fatigue 7.25 low 7800 MNDOT 3725
Site D seal Performance after Second Winter
Site D Performance (end of 2nd Winter)
Crack ID crack length | Length PDA | Length FDA Length Spalling Unfailed length Performance Index
D-1 13 12 0 0 1 53.8

D-2 13

69.2




‘l

m Length PDA = Length FDA

m Length PDA = Length FDA

= Length Spalling = Unfailed length = Length Spalling = Unfailed length

Seal Performance at Site D after First Winter (i) and Second Winter (ii)

Site D Performance (second winter)
—
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Performance at Site D after Second Winter

D-6

T-4




Figi

Photographic documentation of seal performance at Site D. D-1-i Shows Crack D-1 prior to being sealed. D-1-ii
shows Crack D-1 immediately after being sealed. D-1-iii shows Crack D-1 at the end of its first winter after being
sealed, and D-1-iv shows Crack D-1 fter its second winter of service. This same sequence of photos follows for
cracks D-2, D-4, D-5, and D-8. The images presneted for Cracks D-4 and D-7 show the cracks prior to being
sealed, immeditaeyl after being sealed, and during the frist winter since being sealed. D-6-iii shows the
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reservoir deeply recessed during the first winter inspection due to crack expansion, indicating a tough adhesion
capability of the sealant.

Site E

Site E is located on TH 200 between miles 176 and 180. The site contains ten documented cracks.
Nine of the cracks were sealed with the rout-and-seal method. These cracks ran in the transverse direction
and were of low severity. A rout-and-seal method was used on transverse thermal cracks. Clean-and-seal
was used on longitudinal cracks. Three trucks were used during this operation. One truck would drive 10-
15 minutes ahead of the other two, filling the routed reservoirs half full of sealant. The second truck would
fill the reservoir and apply toilet paper. The third truck performed sealing on longitudinal cracks in a single
pass.

The most recent construction data for this site includes a bituminous surfacing in 1999 followed
by crack sealing in 2001. The next rehabilitation performed on this section of road was a 1.5-inch mill and
3.5-inch bituminous overlay in 2012. The site contains ten documented cracks. Nine of these cracks were
transverse, with one being on a lane joint. Site visits following installation have shown that a noticeable
amount of adhesion and spalling failures have occurred in this test section in the first winter. The tables
and figures below within this subsection, Site E, provide details of the seal performance for the ten cracks
considered in Site E.

Site E Cracks Documented

Ste E
Iy CrackLocation  CackType AVG Width Severi AADT Eepair Type Sealast Material
E1l TH 20RP 176.95 || Themmal 325 w 1200 Routand Seal MNDOT 3725
E2 TH 20RP 176.95 |  Themmal 375 ow 1200 Rout-and-Seal MNDOT 3725
E3 TH 20RP 17701 |  Themmal 75 ow 1200 Rout-and-Seal MNDOT 3725
E4 TH 20RP 177.05 | Themmal 7 ow 1200 Rout-and-Seal MNDOT 3725
ES TH X0RP 17710 Lane Joint 65 ow 1200 [ TS
ES6 TH 20RP 17995 | Themal 425 ow 1200 Rout-and-Seal MNDOT 3725
E7 TH 20RP 17995 | Themmal 6 ow 1200 Rout-and-Seal MNDOT 3725
ES TH 200EP 180 Themat 55 ow 1200 Rout-and-Seal MNDOT 3725
E9 TH 200EP 180 Themat 5 ow 1200 Rout-and-Seal MNDOT 3725
E-10 TH 200EP 180 Themal 5 orw 1200 Rout-and-Seal MNDOT 3725
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Performance of Site E after First Winter

= Length PDA
Length Spalling = Unfailed length

= Length FDA

= Length PDA
Length Spalling

= Length FDA
Unfailed Length

Site E Performance (end of 2nd Winter
Crack ID |crack length|] Length PDA  Length FDA  Length Spalling Unfailed length Performance Index
E-1 12 1.5 3 1.5 6 56
E-2 12 1.5 3 0 7.5 69
E-3 12 2 3 2 5 50
E-4 12 0 1 0 11 92
E-6 12 1 3 15 7 63
E-7 12 1 3 1 7 63
E-8 12 3 0 0.5 8.5 83
E-9 12 0.5 0 2 9.5 81
E-10 12 3 0.5 0.5 8 79
sum 108 13.5 16.5 8.5 69.5 71
69.5
88.5




Seal Performance at Site E after First Winter (i) and Second Winter (ii)

Site E Performance (second winter)
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Site E Performance Index of Site E after First Winter
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E-6
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Photographic Performance Documentation of Site E. E-1-i Shows Crack E-1 upon being sealed. E-1-ii and E-1-iii
shows Crack E-1 at the end of its first winter and during the second winter after being sealed. This same
sequence of photos follows for cracks E-2, E-3, E-4, E-5, E-6, E-7, E-8, E-9, and E-10. E-10-iv shows the seal
performance at the end of the first winter compared to the mid-winter performance presented in E-10-iii.

Site F

Site F is located on TH 169 between miles 316 and 322. A rout-and-seal method was used on
transverse thermal cracks. Clean-and-seal was used on longitudinal cracks. Three trucks were used
during this operation. One truck would drive 10-15 minutes ahead of the other two, filling the routed
reservoirs half full of sealant. The second truck would fill the reservoir and apply a toilet paper blotter.
The third truck performed sealing on longitudinal cracks in a single pass.

The most recent construction data from this site includes 10-inch reclamation and bituminous
surfacing in 2010. The site contains ten documented cracks. Eight of the ten are transverse, while the
other two lies on a lane joint. The severity of the cracks was low. Site visits following installation have
shown that over 25% of the total length of seals has failed in adhesion, while another fraction has suffered
spalling failures in the first winter. The tables and figures below within this subsection, Site F, provide
details of the seal performance for the ten cracks considered in Site F.
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Site F Cracks Documented

Site F
ID# Crack Location Cack Type  AVG Width (mm) Severity AADT Repair Type Sealant Material
F-1 TH 169 RP 321.8 5.25 low 6100 Rout-and-Seal MNDOT 3725
F-2 TH 169 RP 321.8 6.25 low 6100 Rout-and-Seal MNDOT 3725
F-3 TH 169 RP 321.4 5.25 low 6100 Rout-and-Seal MNDOT 3725
F-4 TH 169 RP 321.3 12.25 low 6100 Rout-and-Seal MNDOT 3725
F-5 TH 169 RP320.8 Lane Joint 45 low 6100 MNDOT 3725
F-6 TH 169 RP 319.15 3.25 low 6300 Rout-and-Seal MNDOT 3725
F-7 TH 169 RP 319.1 3.5 low 6300 Rout-and-Seal MNDOT 3725
F-8 TH 169 RP 318.5 Lane Joint 7.5 low 6300 none
F-9 TH 169 RP 318.1 4 low 6300 Rout-and-Seal MNDOT 3725
F-10 TH 169 RP 316.95 3 low 6300 Rout-and-Seal MNDOT 3723
Seal Performance at Site F after Second Winter
Site F Performance (end of 2nd Winter)
Crack ID | cracklength | Length PDA Length FDA Length Spalling | Unfailed length | Performance Index

F-1 15 0.75 5.50 3.00 5.75 41

F-2 14 2 8 0 4 36

F-3 14 1.5 3 0 9.5 73

F-4 25 2 5 0 18 57

F-6 14 0 10 0 4 29

F-7 14 1.5 1.5 0 11 84

F-9 24 4 0 0 20 92

F-10 12 9 0.5 0 2.5 58

sum 132 20.75 33.50 3.00 74.75 59
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Seal: Rout and Seal Sealant Type: MND

Photographic performance documentation of Site F. F-1-i shows Crack F-1 prior to being Sealed. F-1-ii shows
Crack F-1 immediately after being sealed. F-1-iii and F-1-iv show Crack F-1 at the end of its first and second
winter after being sealed. This same sequence of photos follows for Cracks F-2 and F-3. F-4-1 shows Crack F-4
immidiately after being sealed. F-4-ii and F-4-iii show Crack F-4 after the first and second winter since being
sealed. Tis same sequence follows for F-6, F-7, F-9 and F-10. Cracks F-5 and F-9 were not sealed and saw no
noticeable deterioration over the two-year analysis.

Site G

Site G is located on TH 1 just outside of Ely Between miles 284 and 278. A rout-and-seal method
was used on transverse thermal cracks. Clean-and-seal was used on longitudinal cracks. There were two
different rout-and-seal methods used on this project due to one of the heater trucks being down for repair
in the morning. Cracks G-1through G-10 were sealed using only a single pass rout-and-seal, which left
most reservoirs recessed rather than flush with the pavement. Cracks G-11 through G-20 were sealed with
the standard two-pass approach described in previous sites. The most recent construction data of this site
includes a 3-inch mill and overlay and a 3-inch reclamation in 2014.

The site contains 20 documented cracks, all of which are transverse except for one. Cracks G-1

through G-9 were sealed in the morning with a single pass, again due to a heater truck being down. Cracks
G-11through G-20 were sealed with two passes. Site visits following installation have shown almost 50%
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of failure after the first winter since being sealed. A majority of the failure occurred as adhesion, while a
noticeable portion occurred due to spalling. The tables and figures below within this subsection, Site G,

provide details of the seal performance for the 20 cracks considered in Site G.

Site G Cracks Documented

Site G

ID# Crack LocationCack TyptAVG Wilth (mm) Severity AADT Repair Type Scalant Material Special Considerations
G-1 THI1RP 278.7 | Thermal 475 low 2300 Rout-and-Seal MNDOT 3725 Sinple pass only
G2 THI1RP 2708 Thermal 6.75 low 2300 Rout-and-Seal MNDOT 3725 Sinple pass only
G-3 TH1RP 27985 Thermal 4 low 2300 Rout-and-Seal MNDOT 3725 Sinple pass only
G4 THI1RP 2709 Thermal 325 low 2300 Rout-and-Seal MNDOT 3725 Sinple pass only
G-5 TH1RP 28005 Thermal 225 low 2300 Rout-and-Seal MNDOT 3725 Sinple pass only
G6 THI1RP 2839 Thermal 3 low 3000 Rout-and-Seal MNDOT 3725 Sinple pass only
G-7 TH1RP 28395 Thermal 525 low 3000 Rout-and-Seal MNDOT 3725 Sinple pass only
G-8 TH1RP 28395 Thermal 4 low 3000 Rout-and-Seal MNDOT 3725 Sinple pass only
G99 TH1RP 28395 Thermal 35 low 3000 Rout-and-Seal MNDOT 3725 Sinple pass only
G-10 TH1RP 28398 Fatigue 6 low 3900 |[GESEERGSEEl MNDOT 3723 Single pass only
G-11 THI1RP 281.1 Thermal 425 low 2300 Rout-and-Seal MNDOT 3725

G-12 THI1RP 281.1 Thermal 475 low 2300 Rout-and-Seal MNDOT 3725

G-13 THI1RP 281.0 Thermal 25 low 2300 Rout-and-Seal MNDOT 3725

G-14 TH1RP 281.0 Thermal 8 low 2300 Rout-and-Seal MNDOT 3725

G-15 TH 1RP 280.9  Thermal 375 low 2300 Rout-and-Seal MNDOT 3725

G-16 TH 1RP 281.5 Thermal 8 low 2300 Rout-and-Seal MNDOT 3725

G-17 TH1RP 281.5  Thermal 35 low 2300 Rout-and-Seal MNDOT 3725

G-185 TH1RP 281.2  Thermal 375 low 2300 Rout-and-Seal MNDOT 3725

G-19 THI1RP 281.1 Thermal 1.5 low 2300 Rout-and-Seal MNDOT 3725

G-20 TH 1RP 280.0 | Thermal 5 low 2300 Rout-and-Seal MNDOT 3725
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Performance of Site G after Second Winter

Site G Performance (end of 2nd Winter))

Crck ID crack length | Length PDA Length FDA = Length Spalling | Unfailed length | Performance Index
G-1 12 2 3 6 1 17
G-2 12 8 4 0 0 33
G-3 12 3 2 3 4 46
G-4 12 12 0 0 0 50
G-5 12 12 0 0 0 50
G-6 12 9 3 0 0 38
G-7 12 7.5 1 0 3.5 60
G-8 12 0 8 0 4 33
G-9 6 0 0 0 6 100

| o | o | 0 | 23 [ Na |

G-11 12 0 12 0 0 0
G-12 12 0 7 0 5 25
G-13 3 3 0 0 0 50
G-14 12 9 3 0 0 38
G-15 12 0 8 4 0 0
G-16 12 0 6 1 5 42
G-17 12 10 2 0 0 42
G-18 12 12 0 0 0 50
G-19 12 0 0 0 12 NA
G-20 12 0 0 0 12 NA
sum 213 87.5 59 14 I 52.5
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m Length PDA = Length FDA = Length PDA = Length FDA
= Length Spalling = Unfailed length = Length Spalling = Unfailed length

Seal Performance at Site G after First Winter (i) and Second Winter (ii)
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Site G Performance (second winter)
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Photographic perforamnce documentation of Site G. G-1-1 shows crack G-1 immediately after being sealed. G-1-
ii and G-1-iii show Crack G-1 during the first and second winter since seal installation. This same sequence
follows for Cracks G-3, G-4, G-5, G-6, G-7, G-8, G-9, G-10, G-11, G-13, G-14, and G-16. Photos i, ii, and iv of cracks
G-15 and G-15 show the seal immidiately after installation and during the first and second winter since
installation, while photo iii shows a close-up of seal failure in each crack. Crack G-17 shows images before, after
amd during the first and second winter.
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Site H

Site H is located in Eveleth on TH 53 on mile 60. Rout-and-seal method was used on transverse
thermal cracks. Clean-and-seal was used on longitudinal cracks. Three trucks were used during this
operation. One truck would drive 10-15 minutes ahead of the other two, filling the routed reservoirs half
full of sealant. The second truck would fill the reservoir and apply toilet paper blotter material. The third
truck performed sealing on longitudinal cracks in a single pass. The most recent construction data from
this section of road is a 1.5-inch milling in 1999. There appears to be a lack of information at this site, as

the pavement appears to be much newer than this.

The site contains ten documented cracks. Eight of these ten are transverse, while the other two
lies along lane joint and were left unsealed. The severity of the cracks at this site was low. The tables and
figures below within this subsection, Site H, provide details of the seal performance for the ten cracks

considered in Site H.

Site H Cracks Documented

Site H

I Crack Lacalisn Cack Type AVG Width (mm) Severily AADT Repaw Type Sealat Material
H-1 TH53RP 60.6 Thermal 47 low 10600  Rout-and-Seal MNDOT 3725
H-2 TH53RP 60.6 Thermal i low 10600  Rout-and-Seal MNDOT 3725
H3 TH53RP 60.6 Lane Joint 27 low 10600 none

H-4 TH53RP 60.6 Thermal 4 low 10600  Rout-and-Seal MNDOT 3725
H5 TH53RP 60.6 Thermal 325 low 10600  Rout-and-Seal MNDOT 3725
H-6 TH53RP 60.5 Thermal 65 low 10600  Rout-and-Seal MNDOT 3725
H-7 TH53RP 60.5 Thermal 25 low 10600  Rout-and-Seal MNDOT 3725
H-S8 TH53RP 60.5 Lane Joint i low 10600 none

H9 TH53RP 60.5 Thermal 273 low 10600  Rout-and-Seal MNDOT 3725
H-10 TH53RP 60.5 Thermal 3 low 10600  Rout-andSeal MNDOT 3725
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Seal Performance at Site H after Second Winter

Site H Performance (end of 2nd Winter
Crack ID rack length | Length PDA  Length FDA Length Spalling Unfailed length | Performance Index
H-1 B 12 0 R 11 91.67
H-2 12 2 3 6 1 16.67
H-4 12 0 4 0 8 66.67
H-5 12 0 0 0 12 87.50
H-6 12 0 8 4 0 0.00
H-7 12 2 0 0 10 91.67
H-9 8 0 3 0 5 62.50
H-10 12 0 0 1 11 91.67
sum 92 4 19 11 58 63.54
09
58 11
82.5
1 "
i
- Length PDA - Length FDA u Length PDA u Length FDA
Length Spalling Unfailed length Length Spalling Unfailed length
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Site H Performance (second winter)

n\

100
90 §§

80
70
60
50
40
30
20
10

PI

Performance Index of Site H after Second Winter

10

15

Age (months)

T-27

20



H-2

H-6

H-1

H-5

T-28



H-9

H-10

T-29




Photographic documentaion of site H performance. Photos i, ii, iii, and iv show cracks H-1, H-2, and H-6 before,
after, and during the first and second winter. Photos i and ii show cracks H-3 and H-8, left unsealed, during the
first and second winter. Crack H-4 is represented by photos immediately after sealing, a close up during the first
winter, and overviews of the first and second winter. Crack H-5 is represented by four photos taken immeditaly
after being sealed, during the first summer, and the first and second winter. Crack H-7 is represented
immeditaely after being sealed, then during the first and second winter. Cracks H-9 and H-10 are depicted by
photos taken before being sealed, then during the first and second winters.

Site |

Site | occupies the northbound lane of County Road 5 exiting the town of Fillmore, MN. This site
was sealed by the county maintenance crew using a mix of both clean-and-seal and rout-and-seal. Rather
than a toilet paper blotter being used, the maintenance crew sprayed soapy water onto the seals.

The general pavement and crack conditions were poor. The pavement was well aged, and cracks
were severe and tightly spaced. Some of the cracks were wider than the standard %-inch routing bit. The
site consists of 20 documented cracks. Ten of these cracks were sealed with clean-and-seal, while the
other ten were sealed with rout-and-seal. Upon site investigation during the second winter, the only
noticeable difference between rout-and-seal and clean-and-seal was that about a two-foot section of
crack I-18 (rout-and-seal) had experienced a pullout failure of the sealant over the first winter. The tables
and figures below within this subsection, Site |, provide details of the seal performance for the 20 cracks
considered in Site I.
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Site | Cracks Documented

1} Cradk Location
I-1 CR 5 NB Filmore
1-2 CR 5 NB Filmore
I3 CR 5 NB Filmore
14 CR 5 NB Filmore
I-5 CR 5 NB Filmore
1-6 CR 5 NB Filmore
1-7 CR 5 NB Filmore
1-8 CR 5 NB Filmore
19 CR 5 NB Filmore

I-10 CR 5 NB Filmore

I-11 CR 5 NB Filmore

I-12 CR 5 NB Filmore

I-13 CR 5 NB Filmore

I-14 CR 5 NB Filmore

I-15 CR 5 NB Filmore

I-16 CR 5 NB Filmore

117 CR 5 NB Filmore

1-18 CR 5 NB Filmore

I-19 CR 5 NB Filmore

1-20 CR 5 NB Filmore

Cack Type

AVGWidth (mm) Severity AADT  Repair Type

Site T

NoRePouepunearaRs

BB

FEEREEEEEREEERERRELE

Rout-and-Seal
Rout-and-Seal
Rout-and-Seal
Rout-and-Seal
Rout-and-Seal
Rout-and-Seal
Rout-and-Seal
Rout-and-Seal
Rout-and-Seal
Rout-and-Seal

Sealant Material

MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
MnDOT 3725
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Performance of Site | after Second Winter

Site I Performance (2nd Winter) (clean-and-seal)

Crack ID crack length | Length PDA Length FDA Length Spalling Unfailed length | Performance Index
I-1 12 1 0 0 11 96
I-2 12 0.5 0 0 11.5 98
I-3 12 0 0 0 12 100
I-4 12 0 0 0 12 100
I-5 12 0 0 0 12 100
I-6 12 0.5 0 0 11.5 98
I-7 12 0.5 0 0 11.5 98
I-8 12 0.5 0 0 11.5 99
I-9 12 0.25 0 0 11.75 100
1-10 12 0 0 0 12 98
sum 120 3.25 0 0 116.75 99

Site I Performance (2nd Winter) (rout-and-seal
I-11 12 2.5 0 0 9.5 90
I-12 12 1 0 0 11 96
I-13 12 1.5 0 0 10.5 94
I-14 12 0 0 0 12 100
I-15 12 0.5 0 0 11.5 98
I-16 12 0 0 0 12 100
I-17 12 0 0 0 12 100
I-18 12 0 2 0 10 &3
I-19 12 0 0 0 12 100
1-20 12 0 0 0 12 100
sum 120 5.5 2 0 112.5 96
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= Length PDA = Length FDA
= Length Spalling = Unfailed length

= Length PDA = Length FDA
= Length Spalling = Unfailed length

Site | Clean-and-Seal Performance during First Winter (i) and Second Winter (ii)

= Length PDA = Length FDA
= Length Spalling = Unfailed length

= Length PDA = Length FDA
= Length Spalling = Unfailed length

Site | Rout-and-Seal Performance After First Winter (i) and Second Winter (ii)
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Site I Performance (second winter)
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Photographic Performance Documentation of Site I. 1-1-i Shows Crack I-1 prior to being Sealed. I-1-ii Shows

Crack I-1 immediately after being Sealed. I-1-iii Shows Crack I-1 after the First Winter since being Sealed. This
same sequence of photos follows for cracks I-2 through 1-20.
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Site M

Site M lies on a residential cul-de-sac (Locust Hills Pl) in Wayzata, MN. This road was considered
to include a very low traffic residential street. The exact traffic data is not known for this site, but it is
assumed that the only traffic on this road is from the five homes (and theirs guests) that this road serves.
The severity of the cracks at this site was medium. A total of six cracks were documented. Three cracks
were rout-and-sealed and other three were clean-and-sealed. The tables and figures below within this
subsection, Site M, provide details of the seal performance for the six cracks considered in Site M.

Site M Cracks Documented

Site M
ID# Crack Location ~Cack Type AVG Width (mm)  Severity ADT Repair Type Sealant Material
M-1  Locust Hills P1 = Thermal X mediyy X X
M-2  Locust Hills PI Thermal X medium X X
M-3  Locust Hills P1 Thermal X medium X X
M-4  Locust Hills PI Thermal X medium X Rout-and-Seal X
M-5  Locust Hills PI Thermal X medium X Rout-and-Seal X
M-6  Locust Hills PI Thermal X medium X Rout-and-Seal X

Site inspections following installation have shown that this site is experiencing about 25% of the
total length of the seal to be suffering from partial-depth adhesion failure. Three cracks with rout-and-
seal have performed slightly better than the other three with clean-and-seal.




Seal performance at Site M after Second Winter

Site M Performance (end of 2nd Winter)

Crack ID | crack length | Length PDA  Length FDA = Length Spalling | Length Cohesion | Unfailed length | Performance Index
M-1 12 0 12 0 0 0 0.00
M-2 12 0 11 0 0 1 12.00
M-3 12 0 12 0 0 0 5.50
sum 36 0 35 0 g 0 1 5.83

Rout-and-Seal
M-4 12 0 10.75 0 0 1.25 3.00
M-5 12 0 10.75 0 0 1.25 20.50
M-6 12 0 9.5 0 0 2.5 0.00
sum 36 0 31 0 0 5 7.83
20.5
. ii
i
=0
0 = Length PDA = Length FDA
= Length PDA = Length FDA ) )
= Length Spalling Length Cohesion
= Length Spalling Unfailed length

m Unfailed length

Site M Clean-and-Seal Performance after First Winter (i) and Second Winter (ii)
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= Length PDA = Length FDA

= Length PDA = Length FDA = Length Spalling = Length Cohesion

= Length Spalling = Unfailed length = Unfailed length

Site M Rout-and-Seal Performance after First Winter (i) and Second Winter (ii)
Site M Clean-and-Seal Performance (second winter)
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Site M Rout-and-Seal Perforamnce (second winter)
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Photographic performance documentation of Site M. M-1-i Shows Crack M-1 prior to being sealed. M-1-ii
shows Crack M-1 immediately after being sealed. M-1-iii and M-1-iv show Crack M-1 at the end of its first and
second winter after being sealed. M-1-This same sequence of photos follows for cracks M-2, M-3, M-4, M-5, and
M-6.

Site N

Site N lies along Holliday Road near the intersection of Excelsior Blvd in Minnetonka, MN, again a
residential street. Traffic data was unable to be located for this site. The general severity of the cracks at
this site was low. The site contains 11 documented cracks. Ten of these cracks runs in the transverse
direction of the pavement, while the other is a longitudinal crack. Three of the transverse cracks were
sealed with clean-and-seal, while the remaining used rout-and-seal. The pavement structure at this
location currently remains unknown. Site visit at the end of the first winter showed that the seals at this
site are experiencing both adhesion and spalling failures. The tables and figures below within this
subsection, Site N, provide details of the seal performance for the ten cracks considered in Site N.

Site N Cracks Documented

Site N
ID# Crack Location Cack Type AVG Width (mm) Severity AADT Repair Type
N-1 Holliday Road low NA
N-2 Holliday Road low NA
N-3 Holliday Road low NA
N-4 Holliday Road low NA Rout-and-Seal
N-5 Holliday Road low NA
N-6 Holliday Road low NA Rout-and-Seal
N-7 Holliday Road low NA Rout-and-Seal
N-8 Holliday Road low NA Rout-and-Seal
N-9 Holliday Road low NA Rout-and-Seal
N-10 Holliday Road low NA Rout-and-Seal
N-11 Holliday Road low NA Rout-and-Seal
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Seal Performance at Site N after First Winter

Site N Performance (2nd Winter) (Rout-and-Seal)

Crack ID crack length | Length PDA Length FDA Length Spalling | Unfailed length] Performance Index
N-4 12 0 10 0 2 17
N-6 12 3 1.5 2 5.5 58
N-7 12 3 2 3.5 3.5 42
N-8 12 1 0 1 10 88
N-9 12 45 0 0 7.5 63
N-10 12 0 6 4 42
N-11 12 X X X X X
sum 72 13.5 13.5 12.5 32.5 51

Site N Performance (2nd Winter) (Clean-and-Seal)

Crack ID crack length | Length PDA Length FDA Length Spalling | Unfailed length| Performance Index
N-1 12 0 0 6 6 50
N-2 12 9 0 0 3 63
N-3 12 5 7 0 0 21
N-5 20 1 0 0 19 100
sum 36 15 7 6 28 58

32.5
28
! i
= Length PDA = Length FDA = Length PDA = Length FDA
= Length Spalling = Unfailed length = Length Spalling = Unfailed length

Site N Clean-and-Seal Performance After First Winter (i) and Second Winter (ii)
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= Length PDA = Length FDA = Length PDA = Length FDA
= Length Spalling = Unfailed length = Length Spalling = Unfailed length

Site N Rout-and-Seal Performance After First Winter (i) and Second Winter (ii)
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Site N Clean-and-Seal Performance (second winter)
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Photographic performance documentation of Site N. N-4-i shows Crack N-4 immediately after being sealed. N-4-
ii and N-4-iii show crack N-4 after the first and second winter since being sealed. This same sequence follows for
cracks N-5, N-6, N-7, N-8, N-9, and N-10. and N-11. N-1-i and N-2-ii show crack N-1 after being sealed and during
the second winter. N-3-1 shows Crack N-3 before being sealed. N-11 is shows immediately after being sealed
and during the first winter.

Site O

Site O lies on CR 10 in Koochiching County, MN. The site consists of 20 documented cracks. All
cracks run in the transverse direction. Ten of the twenty were sealed with clean-and-seal. The remaining
ten were sealed with rout-and-seal. This is a rural section of road. The AADT is around 100, and no
construction history was found. The pavement surface appears to be quite old though. The tables and
figures below within this subsection, Site O, provide details of the seal performance for the 20 cracks
considered in Site O.
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Site O

s Crack Loation Cack Type  AVGWilkh (mm)  Severity AADT  RepairType Seakuni Maferial
o1 CR10 therrml med 80

02 CR10 thermal med 30

03 CR10 thermal med 80

o4 CR10 thermal med 80

05 CR 10 thermal med 30

06 CR10 thermal med 80

07 CR10 thermal med 80

[0 3] CR10 thermal med 80

09 CR 10 thermal med 80

0-10 CR10 thermal med 80

o-11 CR 10 thermal med 80 Rout-and-Seal
O-12 CR10 thermal med 80 Rout-and-Seal
o-13 CR 10 thermal med 80 Rout-and-Seal
O-14 CR10 thermal med 80 Rout-and-Seal
0-15 CR 10 thermal med 80 Rout-and-Seal
O-16 CR10 thermal med 80 Rout-and-Seal
o-17 CR 10 thermal med 80 Rout-and-Seal
0-18 CR10 thermal med 80 Rout-and-Seal
019 CR 10 therrmal med 80 Rout-and-Seal
O-20 CR 10 thermal med 80 Rout-and-Seal

Site O Performance (end of 2nd Winter) (clean-and-seal)

Crack ID crack length | Length PDA  Length FDA Length Spalling Length Cohesion Unfailed length Performance Index
0O-1 12 0 0 0 0 12 100.0
0-2 12 6 0 0 0 6 75.0
0-3 12 8 0 0 0 4 66.7
0-4 12 2 5.5 0.5 1 3 41.7
0-5 12 3 0 0 1 8 100.0
0-6 12 1 0 0 0 11 95.8
0O-7 12 2 0 0 0 10 91.7
0-8 12 1 0 0 0 11 95.8
0-9 12 1 0 0 0 11 91.7
0-10 12 2.5 0 0 0.5 9 79.2
sum 120 26.5 5.5 0.5 2.5 85 83.8

Site O Performance (end of 2nd Winter) (rout-and-seal

Crack ID crack length =~ Length PDA  Length FDA Length Spalling Length Cohesion Unfailed length Peformance Index
O-11 12 0 0 0 0 12 100.0
0-12 12 0 0 0 0 12 100.0
0-13 12 1 0 0 0 11 95.8
0O-14 12 0 0 0 0 12 100.0
0-15 12 0 0 0 0 12 100.0
0O-16 12 1 0 0 0 11 95.8
0O-17 12 1 0 0 0 11 95.8
O-18 12 1.5 0 0 0 10.5 93.8
0-19 12 0 0 0 0 12 100.0
0-20 12 1 0 0 0 11 99.5
sum 120 5.5 0 0 0 114.5 98.1

T-52




Site O Clean-and-Seal Performance After First Winter (i) and Second Winter (ii)
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= Length PDA = Length FDA = Length PDA = Length FDA
= Length Spalling = Unfailed length = Length Spalling = Unfailed length

Site O Rout-and-Seal Performance After First Winter (i) and Second Winter (ii)

Site O Clean-and-Seal Performance (second winter)
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Performance Index (PI)
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Photographic documentation of seal performance at Site 0. 0-2-i and O-2-ii show Crack O-2 during the first and
second winter after being sealed. This same sequence follows for Cracks O-3, 0O-5, 0-6, P-7, 0-9, 0O-11, 0-12, O-
13, 0-14, 0-15, 0-16, 0-17, 0-19, and 0-20. Cracks O-1, O-8, and O-10 are shown a week after being sealed,
then during the first and second winter. Crack O-4 is shown in this same manner, with the addition of a close-up
of a spalling failure in image O-4-iii.
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APPENDIX U: PERFORMANCE EVALUATION OF OLD CRACK SEALING
PROJECTS (PHASE 4)
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(a) Site F: Northridge Dr., Duluth; Crack Sealing Year - 2014
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(b) Site H: Hickory St., Duluth; Crack Sealing Year — 2014; **Snow cover
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(d) Site I: S Blackman St., Duluth; Crack Sealing Year — 2014; **Snow cover
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(e) Site A: 3rd St:21st AE to 1st AE, Duluth; Crack Sealing Year - 2014

PI-78.41




(b) Site B: 2nd St: 24th AE to Mesab

Duluth; Crack Sealing Year — 2014

Pictures of Performance Evaluation: Old crack sealing sites of year 2014
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PI-87.50

PI-87.50 PI-66.25

(a) Site D: Sundby Rd., Duluth; Crack Sealing Year - 2015




(b) Site E: Swan Lk Rd.: Arrowhead to Basswood., Duluth; Crack Sealing Year — 2015

PI1-80.77

(c) Site C: 1%t St.: 21AE-8th AE, Duluth; Crack Sealing Year - 2015

Pictures of Performance Evaluation: Old crack sealing sites of year 2015
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PI-43.75

(a) Site L: 1%t St.: 24- 26 AE., Duluth; Crack Sealing Year — 2016;**Snow Cover

PI-81.25

PI-81.25

(b) Site K: 2nd St.: 24-26 AE, Duluth; Crack Sealing Year — 2016
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PI-52.50
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(d) Site Q: 43AE Glenwood to Superior St., Duluth; Crack Sealing Year — 2016
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(e) Site P: 45AE Glenwood to Superior St., Duluth; Crack Sealing Year — 2016

P1-95.00

() Site O: 47AE Glenwood to Superior St., Duluth; Crack Sealing Year — 2016
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PI-45.00

(g) Site N: 52AE Oakley to Superior St., Duluth; Crack Sealing Year — 2016
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P1-90.00 PI-90.00
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39 St.: 24-26AE, Duluth; Crack Sealing Year - 2016

P1-90.00

(i) Site Q: 43AE Glenwood to Superior St., Duluth; Crack Sealing Year — 2016

Pictures of Performance Evaluation: Old crack sealing sites of year 2016
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	Performance Index of Site M after Second Winter (Rout-and-Seal) 
	Photographic performance documentation of Site M.  M-1-i Shows Crack M-1 prior to being sealed.  M-1-ii shows Crack M-1 immediately after being sealed.  M-1-iii and M-1-iv show Crack M-1 at the end of its first and second winter after being sealed.  M-1-This same sequence of photos follows for cracks M-2, M-3, M-4, M-5, and M-6.  




