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Objective 

The objective of this study was to determine if dowel bar retrofitting would prevent faulting from recurring in jointed concrete pavement. 
Scope 

Test sections were evaluated for a period of six years on an annual basis. Items evaluated were:  Monitoring of distresses around the dowel bars.  Performance and comparison of the two concrete 
mixes used in the test sections, non-destructive deflection testing will be performed annually for load transfer across the doweled joints, and this testing was accomplished with the use of a falling weight 
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Summary 

Project IM-6-029(022)186: 

Sections containing Patchroc 10-60 material 
Every joint in the 1,000' segment that was evaluated is experiencing at least one type of distress in their corresponding dowel bar slots. Distresses related to displaced core boards, durability of the 

mix (raveling and erosion), insufficient vibration (as determined by the cores taken by the Grand Forks District, refer to photo 1 on page 7), or excess sealant caulk is prevalent in the Patchroc 10-60 mix. 
FWD analysis shows approximately 42% load transfer in this segment, which is significantly lower than originally constructed.  Performance of the test section containing the Patchroc 10-60 material is 
poor. The poor performance can be attributed to the mix material and poor construction. 

Sections containing 3U18 patch mix 
Approximately 62% of the joints in the 1,000' segment evaluated is experiencing at least one type of distress in their corresponding dowel bar slots. 
Some of the retrofit sections containing the Minnesota specified mix 3U18 are experiencing similar distresses as those related to the sections containing the Patchroc 10-60 mix.  The retrofit sections 

containing the Minnesota specified mix 3U18 also experienced mix problems in the form of shrinkage cracks along the edge between the mix and the existing PCC.  At this time, this section does not 
appear to show any signs of eroding or raveling of the mix, which may indicate greater performance from a standpoint of durability. 

FWD analysis shows approximately 43.4% load transfer in this segment, which is lower than originally constructed. 
Performance of this test section containing the Minnesota specified mix 3U18 patch mix is fair.  The fair performance is attributed primarily to poor construction. 

Project IM-8-029(003)022: 
Every joint in the 1,000' segment evaluated is experiencing at least one type of distress in their corresponding dowel bar slots. 
Distresses related to core board failures, durability of the mix (raveling and erosion), or excess sealant caulk is prevalent in the Patchroc 10-60 mix. 
The average load transfer across the joints is approximately 95%.  As opposed to the Grand Forks test sections the Fargo test section appears to be sustaining its ability to transfer traffic loads 

across the joints. 
Performance of this test section is good with one exception, durability.  This test section appears to have had better construction as noted with the low number of construction related distresses and 

the load transfer is excellent. 
The problems associated with the raveling of the Patchroc 10-60 material appears to be in the mix itself and not related to construction. 

Recommendation 
It is recommended that dowel bar retrofit projects move forward as a way to restore load transfer in PCC pavements provided close scrutiny and adherence to the specifications are met during 

construction. 
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Disclaimer 

The contents of this report reflect the views of the author or authors who are responsible for the 
facts and the accuracy of the data presented herein. The contents do not reflect the official 
views of the North Dakota Department of Transportation or the Federal Highway 
Administration. This report does not constitute a standard, specification, or regulation. 
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Dowel Bar Retrofit for Load Transfer 

OBJECTIVE 

The objective of this study was to determine if dowel bar retrofitting would prevent 

faulting from recurring in jointed concrete pavement. 

Field studies in the past have demonstrated the ability of retrofit load transfer devices to 

improve load transfer and delay additional faulting near the joint. Dowel bars are the most 

widely used load transfer device in new construction and have been installed in existing 

pavements to restore load transfer. 

Many jointed plain concrete pavements were constructed without dowels at transverse 

joints.  Load transfer across such joints was primarily accomplished through aggregate 

interlock.  However, as the existing pavements became older, the volume of heavy truck traffic 

increased. The load increase coupled with temperature variations caused the joints to open 

wider with time and reduce the effectiveness of aggregate interlock. 

SCOPE 

In 1995, the North Dakota Department of Transportation incorporated test sections 

involving dowel bar retrofitting into projects IM-8-029(003)022 and IM-6-029(022)186. These 

test sections were evaluated for a period of six years. Items to be evaluated are: 

1. Monitoring of distresses around the dowel bars. 

2. Performance and comparison of the two concrete mixes used in the test sections. 

3. Non-destructive deflection testing will be performed annually for load transfer across 

the doweled joints. This testing was accomplished with the use of a falling weight 

deflectometer (FWD). 
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Location 

Project IM-6-029(022)186 was located on I-29 Southbound (SB) from the Drayton 

Interchange north to near the Bathgate Interchange and was 10 miles in length.  

retrofit experimental test section was approximately 3 miles in length and was located between 

station 1406+00 Rt and 1566+00  

Project IM-8-029(003)022 was located on I-29 SB lanes from the Mooreton 

Interchange to the Christine Interchange and was 21.7 miles in length.  

test sections were located in a consecutive five-mile stretch between milepoint 39 and 44. 

The dowel bar 

Rt. 

The dowel bar retrofit 



Project History 

Construction 

Table 1 shows the history of the pavement section prior to project IM-6-029(022)186 

from mile 187 to 190 (SB). 

Year 
Constructed 

Type of 
Construction 

Depth (in.) Rdwy 
Width (ft.) 

1976 Grade 48 

1977 Lime Treated Subgrade 6.0 48 

1977 Plant Mix Bituminous Base 
85-100 

2.0 41 

1977 Non-Reinforced P.C.C. 9.0 24 

1977 16 Foot Joints 

1977 Variable C-C 

1977 Inside Shoulder 3 

1977 Outside Shoulder 10 

1977 P.C.C. Shoulders 9.0 13 

1987 Guardrail 

1995 Grinding 

3 Miles of Dowel Bar Retrofit 

Table 1. 
Table 2 shows the history of the pavement section on project IM-8-029(003)022 from 

mile 39 to 44 (SB) 

Year 
Constructed 

Type of 
Construction 

Depth (in.) Rdwy 
Width  (ft.) 

1974 Grade  48 

1975 Lime Treated Subgrade 6 48 

1975 Plant Mix Bit. Base 
85-100 

2 41 

1975 Plain Jointed P.C.C. 9 27 

1975 16 Foot Joints 

1975 P.C.C. Shoulders 9 10 

1995 Grinding 18 

1995 Concrete Pavement Repair 37 

1995 Dowel Bar Retrofit 
Table 2. 
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Traffic 
Southbound one-way traffic estimates for project IM-6-029(022)186 are shown in 

Table 3. 

Year Pass>Car Trucks Total 30th Hour Rigid ESALs 

1995 1,040 250 1,270 130 355 

1996 825 455 1,280 130 645 

1997 905 465 1,370 135 660 

1998 935 505 1,440 145 725 

2000 1,100 650 1,750 175 845 

Table 3. 

Southbound one-way traffic estimates for project IM-8-029(003)022 are shown in 

Table 4. 

Year Pass>Car Trucks Total 30th Hour Rigid ESALs 

1995 1,970 430 2,400 290 570 

1996 2,255 435 2,690 330 575 

1997 2,360 560 2,920 360 740 

1998 2,310 560 2,870 290 735 

2000 2,225 575 2,800 280 800 

Table 4. 
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Design 

There were two types of mixes designed for use the projects. One was a proprietary mix 

and the other a specified mix. The proprietary mix was manufactured by FOSROC. The mix 

was called Patchroc 10-60. The specified mix was obtained from the Minnesota Department 

of Transportation (MnDOT). MnDOT identifies this mix as 3U18. The mix design for the 3U18 

mix is included below: 

The following mix design is for one cubic yard: 

Cement 850 lbs 

Water 295 lbs 

Sand 1318 lbs 

Course Aggr. 1341 lbs 

The course aggregate gradation consisted of: 

Sieve 

3/8" 

#4 

The following is the sand gradation: 
Sieve 

#4 
#8 

#16 
#30 
#50 

#100 

% Passing 

100 

70-95 

% Passing 
95-100 
80-100 

55-85 
30-60 

5-30 
0-10 

Information regarding dowel bar material, curing compounds, and other materials used 

in the design of the dowel bar retrofit test sections is discussed in the special provisions 

located in Appendix B. 
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Construction 

Project IM-6-029(022)186: 

Construction of the dowel bar retrofits for IM-6-029(022)186 took place during the 

month of August in 1995. The prime contractor was Highway Services Inc. (HSI). The project 

engineer was Tom Lizakowski of the Grand Forks District. Materials and Research visited the 

site several times during and after construction. 

The test sections involved three miles of the project. The work consisted of retrofitting 

epoxy-coated dowel bars into existing concrete pavement. The work conformed to the North 

Dakota Department of Transportation Special Provision "Dowel Bar Retrofit." 

The dowel bars were placed in the driving lane of the southbound roadway. Two sets of 

three evenly spaced dowel bars were placed across each transverse joint in question. One set 

for each wheel path. 

The north half of the test section was placed using the FOSROC product Patchroc 10-

60. The south half of the test section was placed using the Minnesota specified mix 3U18. 

The project engineer commented that the Minnesota specified 3U18 patch mix 

appeared to have a drier consistency compared to the Patchroc 10-60 and was easier to work 

with. 

Mr. Lizakowski also commented that the Patchroc 10-60 material sets up at a very fast 

rate. It was suggested that other types of mixes should be researched for use in place of the 

above mixes. 

Several cores were taken shortly after the test sections were constructed. It was 

determined from the cores taken that insufficient vibrating of the mix had caused voids under 

the dowel bars. 

Photo 1 provides a view of these voids which were evident in the sections where the 

Patchroc 10-60 mix was used. 
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Photo 1. View of several cores taken by the Grand Forks District 

Materials and Research checked the joints with the FWD after the Grand Forks District 

discovered several cores with voids in them. Materials and Research had previously 

conducted an analysis before the installation of the dowel bars. 

Generally, load transfer before the dowel bars were installed was between 20% to 30%. 

After the dowel bars were installed the average load transfer was approximately 76%. This 

percentage was reflected across joints located in the section containing the Patchroc 10-60 

mix and the section containing the Minnesota specified mix 3U18. 

It was determined that the contractor would redo any areas with less than 50% load 

transfer.  The contractor ended up replacing 120 dowels or about 2% of the total dowels. All of 

the replacement dowels were located on stations that used Patchroc 10-60. 

Another problem that was encountered on project IM-6-029(022)186 was the 

inadequate design of the foam core board. The purpose of the core board was to provide a 

way for the existing transverse joint to stay free of patching material during its placement. While 

placing the patch mix, the core board was failing to stay vertically stable. Except for the 

problems mentioned above, the construction of project 
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 IM-6-029(022)186 went well. 

Project IM-8-029(003)022: 
Project IM-8-029(003)022 was constructed about two weeks later than the dowel bar 

retrofit project in the Grand Forks District. This gave project engineer, Troy Gilbertson, time to 

evaluate the performance of the earlier section and to determine if any changes could be made 

to solve any of the problems related to that project. 

One of the changes involved the patch mix. After the problems the Grand Forks District 

was experiencing with the Minnesota specified mix 3U18, the Fargo District decided to use 

Patchroc 10-60 for the entire project. One of the main reasons for the change was the lack of 

non-shrink cement material in the 3U18 patch mix. This may have been part of the reason for 

the shrinkage problems experienced on the Grand Forks project. 

The core board design used in the Grand Forks project did not perform well. While 

placing the patch mix, the core board was failing to stay vertically stable. It was recommended 

that the core board be redesigned to include extensions on the upper portion of the core board. 

The extensions on the upper portion of the core board would extend into and parallel to the 

existing joint. This would insure the core board would run parallel in the joint and would not tilt 

when the sawed slot is filled with Patchroc 10-60 mix. 

Other changes were made regarding the width of the dowel bar retrofit slot. The slot 

would be narrowed to 2 ½" instead of 3". Also, the location of the dowel bars near the 10' 

shoulder has been shifted 6" further away from the longitudinal shoulder joint. 

Another change that was made to the dowel bar retrofit special provision was the type of 

dowel bar bond-breaker coating that was to be applied to the dowels. The type of material 

originally specified was a black asphaltic material manufactured by Valvoline Oil Company. 

This material was difficult to work with in the field. A white water base with a wax curing 

compound was substituted as the bond-breaker material. Several cores were taken on the 

Fargo project. All of them appeared to be in good condition. The bottom of the bar was well 

seated and vibrated sufficiently to allow the mix to flow underneath the dowel bars. The bond 

along the existing concrete edge and 
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the Patchroc 10-60 also looked good. 

Materials and Research conducted an FWD analysis before and after the installation of 

the dowel bars. The results showed that before the dowel bars were installed, load transfer was 

approximately 20% to 30%. After the dowels bars were installed, results indicated an average 

load transfer of approximately 85%. No areas were found to have less than 50% load transfer. 

The Fargo District recommend that the Department of Transportation redesign the 

foam core boards to a T shape for future projects. They recommended a change in the 

thickness of the board to 3/8" thick, run the core board to the top of the slab, and have the 

contractor remove excess sealant where the extensions will set in the joint. Figure 1 shows the 

proposed change. 

Figure 1 

In general, Mr. Gilbertson said there were no problems with the contractor on this 

project. 
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Evaluation 

Project IM-6-029(022)186: 

Materials and Research conducted the final visual observation of project IM-6-

029(022)186 on August 28, 2001. Monitoring of distresses around the dowel bars, and 

comparing the two concrete mixes used in the test sections were of prime importance. 

Pachroc 10-60 

Materials and Research began the evaluation on the north end of the project. As 

previously mentioned the patching material Patchroc 10-60 was used on the north half of the 

project. 

Photo 2 depicts an overall view of the dowel bar retrofit test section. This photo 

indicates a segment of the test section where Patchroc10-60 had been installed as the patch 

mix. 

Photo 2. An overall view of the dowel bar retrofit section. 

As noted in the previous performance reports there were isolated areas within the test 

section that were experiencing several types of distresses. 

One kind of distress that was prevalent is shown in photo 3. There were several dowel 

bar slots experiencing this type of distress. In many cases the mix located between the 

adjacent joint and the transverse crack is loose. It is believed this type of distress is the result of 

poor consolidation of the mix around the dowel bar. 
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Photo 3. Typical distress detected during 2001 evaluation (A portion of 
the test sections containing Patchroc 10-60 patching material) 

This type of distress is sometimes confused with the distresses related to core board failures. 

Distress related to core board failures as shown in photo 4 is also detected on one side 

of the joint and extends outward approximately 1'' to 2''. It is believed that as the patch mix was 

being placed the weight of mix would bend the core board over. The original core board design 

is shown back in Figure 1. Once the core board was forced to yield one way or the other, the 

patch mix would then be free to cover the core board. This condition left the core board sitting 

on a slant or in some cases horizontal with upwards to 2" of mix being placed on top the foam 

core board. When traffic was allowed to pass over the roadway, the corresponding loads may 

have forced the mix to shear at these areas since there was no support underneath the mix. 
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Photo 4. A view of a typical distress caused by a core board failure 

Another type of distress observed in the test section containing the Patchroc 10-60 relate to the 

performance of the mix. Photos 5 and 6 depict views of typical dowel bar slots in the Patchroc 

10-60 section that is experiencing deterioration of the mix. Photo 5 depicts the most common 

failure, deterioration near the panel joint. Photo 6 provides a view of a failure some distance 

from the panel joint. 

Photo5. Patchroc 10-60 mix deterioration near panel joint 
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Photo 6. Patchroc 10-60 section eperiencing mix deterioration 

Photo 7 shows an overview of several sets of dowel bars slots located in the outside 

wheel path of the Patchroc 10-60 section which are affected by deterioration of the mix. Notice 

in photo 7 that the traffic has worn down the material in the slots. They are now recessed relative 

to the surrounding pavement surface. This can also be seen by a slight shadow shown on the 

left edge of each slots in photo 7. Also notice that the inside lane does not appear to be as 

severe. 
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Photo 7. Dowel bars slots located in the outside wheel path of the 
Patchroc 10-60 section 

Photo 8 is a close-up view of some of the dowel bars slots affected by the mix problem 

Photo 8. Close-up view of photo 7 dowel bars slots affected by mix 
problem 

previously described. 

As shown in the last several photographs, problems related to the mix fall into different 

severity levels. The problems occurring in photos 7 and 8 appear to be the 
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result of wear over an extended period of time. Whereas other mix problems tend to show up 

much quicker. 

Another type of distress that is present in the Patchroc 10-60 test section is shown in 

photo 9. Notice the distresses present on near both sides of the joint and also the severe 

raveling of the mix. The distress (Patchroc material missing) located at the joint is believed to 

be a bonding issue. The special provision calls for caulk to be placed in the bottom of the slot 

and the sides along the joint so patch material does not enter the joint. If care is not taken, some 

Photo 9. Note the severe raveling and the 
debonding along the joint. 

of the caulk will end up on the sides of the slots and create a bonding problem. The severe 

raveling of the mix is a durability problem within the mix itself. A similar type of distress has 

been detected in the Fargo District. 

The joints in one random 1000' segment of the test section containing the Patchroc 10-

60 was evaluated for frequency of distresses in general. The segment 
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contained approximately 66 joints. Refer to Table 5 for distresses noted in the test segment. 

Percent of Patchroc 10-60 joints (Evaluated 66) that have experienced Distresses noted below. 

Popouts Raveling Debonding Coreboard 

Failures 

Spalling Shrinkage 

Cracks 

77.3% 100% 21.2% 6.1% 21.2% 0% 

Table 5 

In general, nearly all of the distresses present in the sections containing the Patchroc 

10-60 material appears to be either related to the mix, bonding, core board failures, or 

improper vibration of the mix (as determined by the cores taken by the Grand Forks District, 

refer to photo 1 on page 7). However, virtually all of these distresses could be avoided with 

proper control of construction practices. 
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3U18 Patch Mix 

The south half of the test section contains the Minnesota specified mix 3U18 as the 

dowel bar retrofit patch material. Photo 10 shows a typical retrofitted joint where this mix was 

used. 

Photo 10. Typical retrofitted joint where 3U18 mix 
was used. Note the shrinkage crack in the 3rd 

joint. 

As reported in previous evaluations, the test section containing the 3U18 mix is also 

experiencing several of the distresses present in the portion containing the Patchroc 10-60 

material.  One distress not seen in the Patchroc 10-60 section that is prevalent in the section 

containing the 3U18 mix is shrinkage cracks running transverse and longitudinal to the dowel 

bar slots. These distresses are fairly common within the 
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section. 

Photo 11 shows dowel bar slots affected by several types of distresses including the 

shrinkage cracks. Notice how the transverse cracks do not follow any distinctive pattern as to 

how far away from the joint they exist. Photo 11 also illustrates a view of a large piece of patch 

mix that is missing from the slot. The dowel bar is exposed and has to some extent rusted. At a 

glance it appears that the mix may have been improperly vibrated and the consolidation did not 

occur around the dowel bar causing the concrete to break out. 

Photo 11. Dowel bar slots filled with 3U18 patch mix affected by several 
types of distresses including the shrinkage cracks. 

The joints in one random 1000' segment of the test section containing the Minnesota 

3U18 mix was evaluated for frequency of distresses in general. The segment contained 

approximately 66 joints. Refer to Table 6 for distresses noted in the test segment. 
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Percent of Minnesota 3U18 joints (Evaluated 66) that have experienced Distresses noted below. 

Popouts Raveling Debonding Coreboard 
Failures 

Spalling Shrinkage 
Cracks 

18.2% 0% 21.2% 28.8% 10.6% 62.1% 

Table 6 
In general, nearly all of the distresses present in the section containing the Minnesota 

3U18 material appears to be either related to the mix, bonding, core board failures, or 

improper vibration. However, virtually all of these distresses could be avoided with proper 

control of construction practices. 
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Mix Comparisons 

Mix problems whether construction related or within the mix itself is prevalent in both 

mixes.  However, the 3U18 mix is not experiencing the eroding or raveling of the mix as seen the 

Patchroc 10-60 sections. It appears the 3U18 material is performing better than the Patchroc 

10-60 material from a standpoint of durability. Photo 12 shows a view of the border between 

the two different patch mixes. In the foreground is the slots containing the Patchroc 10-60 

material and the later the 3U18 material. At a glance it would appear, from an aesthetic 

standpoint, that the color of 3U18 material blends into the existing PCC much better than its 

counterpart. 

Photo 12. View of both dowel bar patch materials. Patchroc 10-60 material 
in foreground, followed by the 3U18 material 
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FWD comparison testing 

Materials and Research conducted non-destructive deflection testing for load transfer 

across the doweled joints in the outside wheel path. This testing was accomplished with the 

use of a Falling Weight Deflectometer. Testing was done randomly on joints in both the 

Patchroc 10-60 mix section and the Minnesota specified mix 3U18 section. The sections 

containing the Patchroc 10-60 patch mix showed an average load transfer of approximately 

42% in 2001 as opposed to an average load transfer of approximately 69% in 1996. The 

sections containing the Minnesota specified mix 3U18 showed an average load transfer of 

approximately 43% in 2001 as opposed to an average load transfer of approximately 55% in 

1996. As noted, both sections are registering significantly lower readings as compared to 

earlier readings. A representative segment of roadway indicating the decline in load transfer 

percentages between the years 1996 to 2001 is presented in Table 7 and Table 8. For a 

representative section of roadway, these percentages are relatively low compared to project 

IM-8-029(003)022 as will be seen later in the report. 
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Patchroc 10-60 

TESTLOC 1995(before) 1995(after) 1996 1997 1998 2000 2001 

189+4904 20.08 79.78 81.6 84.6 80.7 70.8 56.6 

189+4888 23.49 86.85 73.8 45.5 43.7 86.7 77.7 

189+4872 22.63 86.29 77.0 82.2 90.4 90.3 93.2 

189+4856 25.62 83.66 81.3 81.4 83.9 51.7 42.4 

189+4841 28.42 77.77 74.9 59.1 37.5 36.5 29.5 

189+4827 25.91 78.82 56.0 57.6 55.0 48.3 40.7 

189+4814 43.13 85.81 71.1 82.5 89.5 86.9 91.5 

189+4798 23.26 83.37 66.7 60.5 55.5 28.5 29.3 

189+4783 23.98 71.58 75.3 80.0 82.9 67.9 47.5 

189+4765 25.44 76.66 68.6 67.3 51.2 28.0 29.5 

189+4750 26.20 75.72 58.9 46.3 38.4 24.2 31.2 

189+4731 26.17 82.51 70.0 67.0 77.8 51.2 38.3 

189+4715 22.38 68.13 72.5 69.4 66.7 46.2 37.3 

189+4699 23.40 72.50 63.1 50.3 47.1 37.8 34.2 

189+4683 25.17 68.64 64.1 56.8 62.3 41.1 33.9 

189+4667 25.11 71.56 66.5 51.6 30.5 27.1 29.42 

189+4650 26.28 64.89 62.9 58.9 39.3 25.4 28.94 

189+4632 23.25 81.95 61.8 53.9 37.4 30.7 29.5 

189+4616 22.59 79.57 77.9 58.4 42.3 27.6 29.8 

189+4602 22.97 87.36 81.5 79.7 60.4 33.1 28.6 

189+4586 23.43 84.91 79.4 75.3 62.5 30.7 34.1 

189+4568 30.81 77.98 77.9 89.6 86.8 73.3 84.6 

189+4554 31.99 53.36 59.5 62.2 38.6 29.6 22.76 

189+4540 26.33 51.63 42.2 33.1 23.9 30.8 28.2 

189+4524 29.95 77.89 56.6 44.2 42.5 35.0 27.48 

189+4509 36.63 79.65 66.8 75.0 61.8 48.7 30.1 

Average 26.33 76.49 68.76 64.31 57.26 45.70 41.78 

Increase(%) 50.16 -7.74 -4.45 -7.05 -11.56 -3.92 

Table 7 
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Minnesota 3U18 Mix 

TESTLOC 1995(before) 1996(after) 1997 1998 2000 2001 

188+4906 21.49 59.9 40.4 73.8 30.00 28.00 

188+4889 22.62 45.8 38.9 30.1 32.90 48.10 

188+4874 23.34 52.1 53.5 46.4 38.90 60.90 

188+4860 23.03 50.8 31.7 31.6 49.90 47.30 

188+4843 23.72 56.8 44.4 36.3 43.30 45.90 

188+4827 22.79 38.1 38.9 26.6 33.50 25.40 

188+4813 21.37 61.3 64.1 51.2 83.50 64.80 

188+4796 21.86 73.7 85.3 42.4 40.60 55.50 

188+4780 19.69 58.3 73.1 46.6 40.20 40.50 

188+4762 20.45 53.4 58.5 50.7 40.50 42.00 

188+4748 24.95 63.7 49.3 36.3 35.10 31.90 

188+4733 25.76 48.9 37.2 28.8 31.50 30.40 

188+4720 21.89 60.5 44.8 32.5 34.20 31.00 

188+4706 23.39 63.1 51.3 37.4 30.60 37.20 

188+4689 22.09 40.7 31.5 31.3 31.90 30.40 

188+4674 20.79 36.3 29.5 29.9 31.60 41.20 

188+4656 21.15 41.5 33.1 31.9 31.80 29.50 

188+4641 21.04 56.7 82.6 35.9 71.00 77.90 

188+4626 22.82 41.8 36.2 31.8 44.90 42.50 

188+4610 19.55 45.8 46.8 34.8 45.90 44.50 

188+4592 20.75 72.8 64.7 35.1 39.00 66.20 

188+4576 21.32 62.2 36.8 31.5 28.90 28.90 

188+4562 21.32 44.1 43.1 33.3 38.60 34.30 

188+4544 24.13 76.4 60.5 37.2 72.00 57.80 

188+4531 20.94 62.2 50.1 36.2 38.70 34.60 

188+4513 22.69 50.2 41.2 31.8 40.20 51.40 

Average 22.11 54.50 48.75 37.35 41.51 43.39 

Increase(%) 32.39 -5.75 -11.40 4.16 1.88 

Table 8 
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Project IM-8-029(003)022: 

Materials and Research conducted the final visual inspection of project IM-8-

029(003)022 on September 12, 2001. Monitoring of distresses around the dowel bars, and 

evaluating the performance of the patching material was of prime importance. The patching 

material Patchroc 10-60 was used exclusively on project IM-8-029(003)022. 

Photo 13 illustrates a typical dowel bar retrofitted joint that appears to be performing 

well. 

Photo 13. Typical dowel bar retrofitted joint that appears to 
be performing well. The longitudinal crack has not caused 
distress to the dowel bar patch mix. 

Photo 14 shows a view of several distresses that are believed to be the result of excess 

silicone caulk on the slot walls prevented bonding between the existing concrete and the 

patching material. 

The bond failure is causing high stresses in a small area near the joint resulting in 

spalling. The types of distresses shown in photo 14 are sometimes confused with distresses 

that are related to core board failures (usually affecting only one side of the joint). 
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Photo 14. View of several distresses that are believed to be the result of 
excess silicone caulk on the slot walls prevented bonding between the 
existing concrete and the patching material. 

Photo 15 shows the core board in an upright manner. 

Many of the other distresses present in the inspection of the dowel bar retrofit sections 

in the Grand Forks District were also present in the Fargo District. 

Photo 15. A close-up view of one of the dowel bar slots in photo 14. 
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Photo 16 indicates an area that is experiencing mix problems in the dowel bar 

slots.  Also in photo 16, traffic has wore down the material in the slots to a point where it is no 

longer the same elevation as the existing concrete. 

Photo 16. An area that is experiencing mix problems in the dowel bar 
slots. 

Photo 17 shows a view of dowel bar slots where an effort has been made to repair the 

mix that has eroded away from the slot. It is not determined at this point if this type of repair will 

be successful in keeping the distresses from worsening. 
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Photo 17. Dowel bar slot that was filled with a sealer in 
an attempt to seal out water and prevent further 
distresses from occurring. 

The joints in one random 1000' segment of the test section containing the Patchroc 10-

60 mix was evaluated for frequency of distresses in general. The segment contained 

approximately 67 joints. Refer to Table 9 for distresses noted in the test segment. 

Percent of Patchroc 10-60 joints (Evaluated 67) that have experienced Distresses noted below. 

Popouts Raveling Debonding Coreboard 
Failures 

Spalling Shrinkage 
Cracks 

100% 100% 0% 5.9% 52.2% 0% 

Table 9 
It is believed that nearly all of the distresses that are prevalent in the Fargo District test 

sections are construction related and could be avoided with proper control of construction 

practices. 

In general, except for the distresses mentioned above, the dowel bar retrofit test 

sections in both wheel tracks appear to be in fair shape. 
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FWD Testing 

In 2001, Materials and Research conducted non-destructive deflection testing for load 

transfer across the doweled joints in the outside wheel path. This testing was accomplished 

with the use of a Falling Weight Deflectometer. The same joints tested in 1995 (after 

construction) were also tested in 2001. The testing completed in 2001 averaged a load 

transfer of approximately 95.2%. Testing completed on these same joints in 1995 averaged a 

load transfer of approximately 86.4%. A representative segment of roadway showing an 

increase in load transfer percentages between the years 1995 to 2001 is presented in Table 

10. 

At this point in the evaluation it is apparent that this dowel bar retrofit test section is 

sustaining its ability to transfer the traffic loads across the joints. 
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Patchroc 10-60 

TESTLOC 1995(before) 1995(after) 1998 1999 2001 

42+5274 24.12 83.29 95.6 93.40 96.50 

42+5257 26.04 81.41 92.5 94.50 93.50 

42+5243 21.48 90.40 93.0 95.10 94.80 

42+5222 20.72 87.78 90.5 91.60 90.80 

42+5202 19.89 81.44 92.2 95.00 94.20 

42+5186 21.98 74.73 87.6 92.90 91.20 

42+5172 21.95 88.81 94.7 95.00 96.10 

42+5156 23.57 88.39 93.7 95.00 97.00 

42+5137 25.95 86.48 95.4 94.20 95.70 

42+5120 110.86 86.27 93.5 93.40 95.60 

42+5106 19.61 84.07 95.4 95.10 96.00 

42+5090 20.27 92.08 94.0 94.70 96.70 

42+5069 25.20 86.72 88.1 94.80 95.10 

42+5053 26.06 90.21 94.1 96.30 96.50 

42+5038 25.32 88.92 95.0 96.10 95.80 

42+5022 21.19 89.50 92.6 96.00 96.70 

42+5004 26.65 83.14 94.7 96.20 97.10 

42+4988 22.57 87.33 92.7 94.50 94.50 

42+4974 28.23 91.27 90.7 95.70 94.10 

42+4957 23.63 88.65 93.1 93.60 94.50 

42+4940 22.75 83.84 89.3 92.70 94.30 

42+4923 19.71 87.87 96.0 94.00 97.90 

42+4908 21.95 81.95 93.8 95.50 96.30 

42+4891 20.14 90.78 92.0 93.00 96.30 

42+4872 23.66 84.00 89.2 94.00 94.10 

Average* 23.03 86.38 92.75 94.54 95.24 

Increase(%) 63.35 6.38 1.78 0.70 

*Data point 42+5120 not included 

Table 10 
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Summary 

Project IM-6-029(022)186: 

Sections containing Patchroc 10-60 material 

Every joint in the 1,000' segment that was evaluated is experiencing at least one type of 

distress in their corresponding dowel bar slots. Distresses related to displaced core boards, 

durability of the mix (raveling and erosion), insufficient vibration (as determined by the cores 

taken by the Grand Forks District, refer to photo 1 on page 7), or excess sealant caulk are 

prevalent in the Patchroc 10-60 mix. FWD analysis shows approximately 42% load transfer in 

this segment which is significantly lower than originally constructed. Performance of the test 

section containing the Patchroc 10-60 material is poor. The poor performance can be 

attributed to the mix material and poor construction. 

Sections containing 3U18 patch mix 

Approximately 62% of the joints in the 1,000' segment evaluated is experiencing at 

least one type of distress in their corresponding dowel bar slots. 

Some of the retrofit sections containing the Minnesota specified mix 3U18 are 

experiencing similar distresses as those related to the sections containing the Patchroc 10-60 

mix.  The retrofit sections containing the Minnesota specified mix 3U18 also experienced mix 

problems in the form of shrinkage cracks along the edge between the mix and the existing 

PCC. At this time, this section does not appear to show any signs of eroding or raveling of the 

mix which may indicate greater performance from a standpoint of durability. 

FWD analysis shows approximately 43.4% load transfer in this segment which is lower 

than originally constructed. 

Performance of this test section containing the Minnesota specified mix 3U18 patch 

mix is fair. The fair performance is attributed primarily to poor construction. 
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Project IM-8-029(003)022: 

Every joint in the 1,000' segment evaluated is experiencing at least one type of distress 

in their corresponding dowel bar slots. 

Distresses related to core board failures, durability of the mix (raveling and erosion), or 

excess sealant caulk are prevalent in the Patchroc 10-60 mix. 

The average load transfer across the joints is approximately 95%. As opposed to the 

Grand Forks test sections the Fargo test section appears to be sustaining its ability to transfer 

traffic loads across the joints. 

Performance of this test section is good with one exception, durability. This test section 

appears to have had better construction as noted with the low number of construction related 

distresses and the load transfer is excellent. 

The problems associated with the raveling of the Patchroc 10-60 material appears to 

be in the mix itself and not related to construction. 
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Recommendation 

Dowel bar retrofit has proven to be an effective way to restore load transfer in PCC 

pavements provided proper methods are used. Poor construction however will lead to 

decreasing load transfer efficiency within the first several years after construction. 

As a result of these projects, the NDDOT has moved forward with dowel bar retrofitting 

on PCC pavements as a way to restore load transfer with the following changes. A copy of the 

most current special provision is provided in the Appendix. 

1. The core board thickness was change from 1/4" to 3/8" to stiffen the material. 

This decreases the chance of the core board falling over when the mix is placed 

in the slot. 

2. The previous specifications called for 6.0 sacks or bags of cement per cubic 

yard and a maximum of 5.1 gallons of water per bag of cement. The patching 

material now shall have a minimum compressive strength of 4,000 psi in six 

hours.  Cylinders are cast to check the compressive strength in six hours. 

3. A mobile mixer was previously allowed, however due to inconsistent mix, a 

mobile mixer is no longer allowed. The patching material is now mixed using a 

batch process that has a water metering device. This has enabled the patching 

material to be more consistent. 

4. A curing compound was previously specified but a time limit was added to the 

specification.  The curing compound shall now be applied within 30 seconds 

after a set of 3 dowel bar patches have been finished. This process reduces the 

chances of the patching material to shrink. 

It is recommended that dowel bar retrofit projects move forward as a way to restore load 

transfer in PCC pavements provided close scrutiny and adherence to the specifications are 

met during construction 
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