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The chip loss on this project is minimal.  The heavier application rate of oil followed by the fog coat may have minimized the chip loss.  The fog coat may have given the 
seal coat a darker appearance. 

Bleeding was a problem on this project for the first seven to eight miles.  Bleeding is thought to be the result of the poor condition of the existing asphalt mat. Within two 
years of the seal coat application, maintenance was done to correct rutting and shoving in the existing mat. 

Recommendation 
The recommended oil application rate is approximately 0.02-0.04 gal/yd2 heavier than currently being used.  The heavier rate of oil is to allow the Class 45 sand to 

become embedded in the oil and help cement the chips in place.  The addition of the sand will also lighten up the appearance of the surface thus reflecting more light at night 
for safer driving. 
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MODIFIED CHIP SEAL SURFACE TREATMENTS 

VS 

CONVENTIONAL CHIP SEAL SURFACE TREATMENTS 

Objective 

Surface treatments have long been used as standard asphalt pavement 

maintenance and rehabilitation procedures. A chip seal surface treatment provides a 

new aggregate exposed to the traffic, which can furnish better durability and wear 

characteristics, improve surface friction, and reduce the rate of deterioration of the 

original surface. 

The current chip seal surface treatment, which consists of a layer of asphalt 

material followed by a layer of stone chips has been presenting some problems such as 

poor bonding of the aggregate to the asphalt material. This causes some of the 

aggregate to break away as soon as normal traffic commences. With the loss of 

aggregate from the surface, the roadway loses its wear characteristics as well as 

surface friction. 

Scope 

The scope of this study was to evaluate modified types of chip seal surface 

treatments and to compare these modifications to the conventional chip seal surface 

treatments currently used on North Dakota roadways. 

The Materials and Research Division of the North Dakota Department of 

Transportation monitored and evaluated the following items: 

1. Evaluation of different methods of chip seal placement. 

2. Loss of aggregate from the pavement surface. 

3. Evaluate performance of different types of asphalt material. 

Material and Research evaluated this experimental project for a period of five years. 
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Location 

Experimental project 96-03 was incorporated into project SS-3-003(018)224 and 

was located on Highway 3, from Junction ND 66 north to Junction US 281 at Dunseith. 

The project length was approximately 9.2 miles. The entire seal coat project was 

considered an experimental project. 

Also, an additional test section was added to experimental project 96-03.  The 

additional chip seal section was located on Highway 2, from the city of Grand Forks 

west to the Turtle River State Park in the westbound lane. The experimental section 

was constructed under project number SNH-6-002(050)337. 

 

 

Project SS-3-003(018)224 

Project SNH-6-002(050)337 
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Project History 

Construction 

Project SS-3-003(018)224 

Table 1 shows the history of the pavement section between Junction 66 north to 

Junction 281 at Dunseith. 

Year 
Constructed 

Type of Construction Depth (in.) Roadway 
Width (ft.) 

1992 Grade 52 
1992 Aggregate Base 12.0 40 

1993 Recycled Hot Bit. Pavement 4.0 36 

Table 1 

Project SNH-6-002(050)337 

This project was comprised of several sections. Table 2 shows a generalized 

history of the pavement sections between the city of Grand Forks, ND and the Turtle 

River State Park (WB). 

Year 
Constructed 

Type of Construction Depth (in.) Roadway 
Width (ft.) 

1948-60 Grade 40-50 

1948-61 Aggregate Base 3.0 27-38 

1948-61 
Portland Cement Concrete 

Pavement 7-10 24 

1984 PCC Joint Repair 

1989 Crack and Seat 

1989 
Recycled Hot Bit. Pavement 

(120-150) 2.8 24 

1996 Contract Chip Seal (HFRS-2) 24 

Table 2 
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Traffic 

Table 3 tabulates the two-way traffic for Highway 3 between ND 66 to US 

281. 

Year Pass Trucks Total 30th Max Hour Flex ESALs 
1996 610 140 750 80 90 
1998 810 190 1,000 100 165 
2000 815 160 975 100 144 

Table 3 

Table 4 tabulates the one-way traffic for Highway 2 from the Turtle River 

State Park to the Grand Forks Airbase in the westbound lane. 

Year Pass Trucks Total 30th Max Hour Flex ESALs 
1997 2,890 360 3,250 440 280 
1998 2,850 400 3,250 440 320 
2000 2,550 400 2,950 295 332 

Table 4 

Table 5 tabulates the one-way traffic for Highway 2 from the Grand Forks Air 

Force Base to the Grand Forks City limits in the westbound lane. 

Year Pass Trucks Total 30th Max Hour Flex ESALs 
1997 5,550 400 5950 830 320 
1998 6,600 450 5,950 595 355 
2000 5,590 510 6,100 610 425 

Table 5 

shatay1
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Design 

Project SS-3-003(018)224 

This project was composed of ten sections, divided into two categories of five 

sections each. Each category used a different type of asphalt material. Each section 

has a different seal coat application method. 

The initial five sections were designed with the following application methods and 

rates for the given asphalt material, chip seal aggregate, and sand. Actual rates applied 

during construction are included in this section and in appendix C. A brief discussion of 

each application method is included in the following paragraphs. 

Type of asphalt material (sections 1-5): HFRS-2P (High Float Rapid Set Polymer 

Modified Emulsion). 

Section 1 

Type of application method 

Modified single seal consisting of a layer of asphalt material, a layer of stone 

chips that have been through a crushing process, one pass with a steel wheel roller, 

another layer of asphalt material, and a final layer of sand. All followed by a pneumatic 

tired rolling according to Section 420.04 C of the North Dakota Department of 

Transportation Standard Specifications. 

Application rates 

The first application for the modified single seal method was to be 0.20 gal/yd2 of 

asphalt material and 18 lbs/yd2 of chip seal aggregate Class 43. The second 

application was to be 0.17 gal/yd2 of asphalt material and 12 lbs/yd2 of sand Class 45. 

During construction of the test section the rates actually used were slightly 

different from what the plans called for. The first application for the modified single seal 

method was applied at an actual rate of 0.216 gal/yd2 of asphalt material and 20.2 

lbs/yd2 of chip seal aggregate Class 43.  The second application was applied at an 

actual rate of 0.216 gal/yd2 of asphalt material and 11.5 lbs/yd2 of sand Class 45. 
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Section 2 

Type of application method 

This section consisted of a thicker layer of asphalt material, a layer of stone chips 

that have been through a crushing process, one pass with a steel wheel roller, and a 

final layer of sand. All followed by a pneumatic tired rolling according to Section 420.04 

C of the North Dakota Department of Transportation Standard Specifications. 

Application rates 

A rate of 0.31 gal/yd2 of asphalt material was to be placed, followed by a layer of 

chip seal aggregate Class 43 at a rate of 25 lbs/yd2. The final layer of sand Class 45 

was to be placed at 8 lbs/yd2. 

During construction of the test section the rates actually used were slightly 

different from what the plans called for. An actual rate of 0.30 gal/yd2 of asphalt 

material was placed, followed by a layer of chip seal aggregate Class 43 at an actual 

rate of 29 lbs/yd2. The final layer of sand Class 45 was placed at an actual rate 10 

lbs/yd2. 

Section 3 

Type of application method 

This section consisted of a layer of asphalt material, a layer of stone chips that 

have been through a crushing process, and one pass with a steel wheel roller. All 

followed by a pneumatic tired rolling according to Section 420.04 C of the North Dakota 

Department of Transportation Standard Specifications. 

Application rates 

A rate of 0.28 gal/yd2 of asphalt material was to be placed, followed by a layer of 
chip seal aggregate Class 43 at a rate of 25 lbs/yd2. 

During construction of the test section the rates actually used were slightly 
different from what the plans called for. An actual rate of 0.28 gal/yd2 of asphalt 
material was placed, followed by a layer of chip seal aggregate Class 43 at an actual 
rate of 30 lbs/yd2. 
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Section 4 

Type of application method 

This section is a modified version of the conventional seal coat method. This 

application consists of a layer of asphalt material followed by a lighter application of 

stone chips that have been through a crushing process. This modified conventional 

method requires a pneumatic tire roller to be used for the rolling operation according to 

Section 420.04 C of the North Dakota Department of Transportation Standard 

Specifications. 

Application rates 

The application rate for the asphalt material was to be 0.28 gal/yd2. The 

application of chip seal aggregate Class 43 was to be at a rate of 15 lbs/yd2. 

During construction of the test section the rates actually used were slightly 

different from what the plans called for. The actual application rate for the asphalt 

material was 0.30 gal/yd2. The actual application of chip seal aggregate Class 43 was 

at a rate of 19 lbs/yd2. 

Section 5 

Type of application method 

This section consisted of a layer of asphalt material, a layer of stone chips, and a 

pass with a steel wheeled roller. All followed by a pneumatic tired roller according to 

Section 420.04 C of the North Dakota Department of Transportation Standard 

Specifications. The chips were to be a screened material that was not put through a 

crushing process. 

Application rates 

A rate of 0.28 gal/yd2 of asphalt material was to be placed, followed by a layer of 

chip seal aggregate Class 43 at a rate of 25 lbs/yd2. 

During construction of the test section the rates actually used were slightly 

different from what the plans called for. The actual application rate for the asphalt 

material was 0.29 gal/yd2. The actual application of chip seal aggregate Class 43 was 
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at a rate of 24.5 lbs/yd2. 

Type of asphalt material (sections 6-10): HFMS-2 (High Float Medium Set 

Emulsion). 

The final five sections were designed with the following application method and 

rates for the given asphalt material, chip seal aggregate, and sand. A brief discussion 

of each application method is included in the following paragraphs. Actual rates used 

during construction are included in this section and in Appendix C. 

Section 6 

Type of application method 

This section consisted of a layer of asphalt material, a layer of stone chips that 

have not been through a crushing process, and a pass with a steel wheeled roller. All 

followed by a pneumatic tired rolling according to Section 420.04 C of the North Dakota 

Department of Transportation Standard Specifications. The chips were to be a 

screened material that were not put through a crushing process. 

Application rates 

A rate of 0.38 gal/yd2 of asphalt material was to be placed, followed by a layer of 

chip seal aggregate Class 43 at a rate of 25 lbs/yd2. 

During construction of the test section the rates actually used were slightly 

different from what the plans called for. The actual application rate for the asphalt 

material was 0.39 gal/yd2. The actual application of chip seal aggregate Class 43 was 

at a rate of 28 lbs/yd2. 

Section 7 

Type of application method 

Modified single seal consisting of a layer of asphalt material, a layer of stone 

chips that have been through a crushing process, one pass with a steel wheel roller, 

another layer of asphalt material, and a final layer of sand. All followed by a pneumatic 

8 



tired rolling according to Section 420.04 C of the North Dakota Department of 

Transportation Standard Specifications. 

Application rates 

The first application for the modified single seal method was to be 0.23 gal/yd2 of 

asphalt material and 18 lbs/yd2 of chip seal aggregate Class 43. The second 

application was to be 0.20 gal/yd2 of asphalt material and 12 lbs/yd2 of sand Class 45. 

During construction of the test section the rates actually used were slightly 

different from what the plans called for. The first application for the modified single seal 

method was applied at a rate of 0.24 gal/yd2 of asphalt material and 18.3 lbs/yd2 of chip 

seal aggregate Class 43. The second application was applied at an actual rate of 0.196 

gal/yd2 of asphalt material and 11.3 lbs/yd2 of sand Class 45. 

Section 8 

Type of application method 

This section consisted of a thicker layer of asphalt material, a layer of stone chips 

that have been through a crushing process, one pass with a steel wheel roller, and a 

final layer of sand. All followed by a pneumatic tired rolling according to Section 420.04 

C of the North Dakota Department of Transportation Standard Specifications. 

Application rates 

A rate of 0.41 gal/yd2 of asphalt material was to be placed, followed by a layer of 

chip seal aggregate Class 43 at a rate of 25 lbs/yd2. The final layer of sand Class 45 

was to be placed at 8 lbs/yd2. 

During construction of the test section the rates were slightly different from what 

the plans called for. A rate of 0.417 gal/yd2 of asphalt material was placed, followed by 

a layer of chip seal aggregate Class 43 at a rate of 23.4 lbs/yd2. The final layer of sand 

Class 45 was placed at an actual rate 8.3 lbs/yd2. 
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Section 9 

Type of application method 

This section consisted of a layer of asphalt material, a layer of stone chips that 

have been through a crushing process, and a pass with a steel wheeled roller. All 

followed by a pneumatic tired rolling according to Section 420.04 C of the North Dakota 

Department of Transportation Standard specifications. 

Application rates 

A rate of 0.38 gal/yd2 of asphalt material was to be placed, followed by a layer of 

chip seal aggregate Class 43 at a rate of 25 lbs/yd2. During construction of the test 

section the rates used were slightly different from what the plans called for. An actual 

rate of 0.39 gal/yd2 of asphalt material was placed, followed by a layer of chip seal 

aggregate Class 43 at a rate of 25.7 lbs/yd2. 

Section 10 

Type of application method 

This section was a modified version of the conventional seal coat method. This 

application consists of a layer of asphalt material followed by a lighter application of 

stone chips that have been through a crushing process. With this modified conventional 

method a pneumatic tire roller was used for the rolling operation according to Section 

420.04 C of the North Dakota Department of Transportation Standard Specifications. 

Application rates 

The application rate for the asphalt material was to be 0.33 gal/yd2.  The 

application of chip seal aggregate Class 43 was to be at a rate of 15 lbs/yd2. 

During construction of the test section the rates used were slightly different from 

what the plans called for. The actual application rate for the asphalt material was 0.33 

gal/yd2. The application of chip seal aggregate Class 43 was at a rate of 15.3 lbs/yd2. 
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Asphalt Emulsions 

As noted in the previous paragraphs, asphalt emulsions were used exclusively in 

the design. More specifically high float emulsions. High float emulsions have a quality 

that permits a thicker film coating without danger of runoff on the roadway. 

Based on past experience, emulsions have been used successfully on surface 

treatments. Several advantages include: 

T They can be used with cold or hot aggregate. 

T They can be used when the aggregate is damp. 

T They need not be at highly elevated temperatures for proper application. 

T They eliminate the fire hazard that is associated with the use of cutback asphalt. 

T They set up more quickly than cutback asphalt. 

Much of the design procedures for the modified surface treatments were based 

on the Asphalt Institute's MS-19, "A Basic Asphalt Emulsion Manual." The objective of 

a proper design is to produce a pavement surface one stone thick with just enough 

asphalt to hold the aggregate in place, but not so much that it will bleed. 

The modified single seal surface treatment and the thick oil surface treatment 

were chosen to be experimental test sections because it is believed the application of 

blotter material develops a thicker surface, which has less chance of raveling and 

failure. This surface treatment may prove to be more cost-effective over its life cycle 

when compared to conventional surface treatments. 

The Minnesota Department of Transportation (MnDOT) is currently 

experimenting with lighter stone chip applications of 12 to 15 lbs/yd2 on their roadways. 

MnDOT makes certain that the stone chips, when placed, are only a single layer deep. 

The NDDOT decided to add a modified conventional surface treatment, containing a 

lighter application of stone chips to the test sections. 

The Class 43 chips in all of the test sections except sections (5 & 6) were to have 

a minimum of 70% of the material retained on the No. 4 sieve with at least one fractured 

face and meet the following gradation requirements shown in Table 6. 
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Sieve Size Total % Passing 

3/8" 100 

#4 0 - 40 

#8 0 - 10 

#200 0 - 2 

Table 6 

Two test sections were added containing conventional seal coat methods. 

However, the Class 43 chips placed in these have not been through a crushing process. 

The Class 43 chips to be used on sections 5 and 6 and the Class 45 sand seal shall 

meet the gradation requirements specified in the North Dakota Standard Specifications. 

The specifications for Class 43 and Class 45 material are shown in Table 7. 

Sieve Size 
Total % Passing 

Class 43 (Chips) Class 45 (Sand Seal) 

3/8" 100 100 
No. 4 20 - 70 85 - 100 
No. 8 0 - 17 

No. 16 45 - 80 
No. 50 10 - 30 

No. 200 0 - 2 0 - 3 

Shale (Maximum %) 8 3 

L. A. Abrasion (Maximum %) 40 

Table 7 

The plans also specified that prior to placing each section, the contractor shall 

demonstrate to the satisfaction of the engineer that the chip spreader has the proper 

calibration. 

Project SNH-6-002(050)337 

The original design called for the application of 0.38 gal/yd2 of HFMS-2 

emulsified asphalt and 25 lbs/yd2 of Class 42 chips. The North Dakota standard 

specifications for Class 42 material are shown in Table 8. 
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Sieve Size Total % Passing 
Class 42 (Chips) 

3/8" 100 

No. 4 20-70 

No. 8 0-20 

No. 200 0-5 

Shale (Maximum %) 8 

L. A. Abrasion (Maximum %) 40 

Table 8 

Since Highway 2 was a high traffic arterial, the Grand Forks District voiced 

concerns about loose chips. To alleviate this problem it was proposed to apply a light 

fog coat to the finished chip seal. 

The purpose of the fog coat would be to try and hold the chips down on the 

roadway from the top and bottom. The fog coat would consist of a CSS-1H emulsion. 

This oil is recommended by the asphalt supplier for this type of application. 

To aid in coating the chips, the supplier added 50% water by volume at his plant. 

It was then determined that the high float medium set emulsion (HFMS-2) be replaced 

with a high float rapid set emulsion (HFRS-2) to aid in the curing time. The application 

rate of the HFRS-2 will be reduced by .02 gal/yd2 as recommended by the supplier. 

This yields a residual asphalt content nearly the same as with a conventional seal. 

It was determined that the fog coat be applied after the roadway is swept, and 

prior to opening to traffic. 
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Construction 

Project SS-3-003(018)224 

The experimental project was constructed on August 21-22, 1996. Photos 1 & 2 

depict the construction operation in general. 

The contractor was Asphalt Surface Technologies Corporation (ASTECH) based 

in St. Cloud, Minnesota. The project engineer for NDDOT was John Holzer of the 

Bismarck District. 

The project engineer ordered some sanding in section 10, after it was 

constructed, due to excess oil. Sections 1 through 4 and section 6 had more chips 

applied on the mainline than was called for in the plans, however, any approaches that 

were spread were included in the actual rate of application. 

Project plans and specifications are located in Appendix A & Appendix B 

respectively. Aggregate test reports, asphalt reports, cost breakdowns, and actual plan 

rates for each section are located in Appendix C. 

Photo 1 - Typical view of construction process. 

14 



Photo 2 - Typical view of construction operation. 

Project SNH-6-002(050)337 

The project was constructed between the dates of July 25,1996 and August 1, 

1996. The contractor was Asphalt Surface Technologies Corporation (ASTECH) based 

in St. Cloud, Minnesota. The state project was under the supervision of Webster, 

Foster, & Weston (WFW) Consulting Engineers. 

Construction went moderately well. The project was not considered an 

experimental project at the time of construction and was not evaluated for performance 

until the summer of 1997. 

The weather conditions were favorable with temperatures ranging from 55 to 78 

degrees each day. Other than one load, which was supplied by Koch Oil from the 

Pillsbury plant in North Dakota, Koch Oil from St. Paul supplied the oil. The oil was 

applied at a rate of approximately 0.38 gal/yd2 and the chips were applied at a rate of 24 

pounds/yd2. The Class 42 chips were supplied by Bradshaw and were applied with a 

bearcat spreader. The Class 42 chips were a screened material that had not been 

through a crushing process. 

There was some streaking of the seal. It was particularly noted on virtually all the 

oil from the St. Paul plant. Brooming of the loose chips occurred within 6 to 24 hours of 

application. 

After the passing lane was completed, the fog coat was applied. The fog coat 

was applied at 0.1 gal/yd2. The fog coat was left to cure on the first lane over a two-day 

weekend period. Traffic was then routed onto the completed sealed and fogged lane, 

and the driving lane was then sealed and fogged. The fog was applied one day after 
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the seal was finished in the driving lane. 

While the driving lane was being sealed, the passing lane started to bleed in the 

shoulder near the pavement edge and a few areas had some chip loss. As a result 

blotter sand was applied. The consultant commented that the problem may have been 

alleviated if chip application could have been extended into the shoulder 1' or 2'. The 

rest of the project had minor bleeding during the construction period. After the 

construction period was over, several hot weather days caused an increase in the 

bleeding and maintenance crews had to apply blotter material to some areas. 

During application of the passing lane seal, the chip spreader broke down for 

approximately 1.5 hours. As a result, the area located between station 718+50 and 

753+25 was shot with oil but received no chips for approximately 1.5 hours. The area 

was eventually covered using dump trucks to dump directly on the oil. This condition 

was again experienced in the final two miles of the driving lane. The oil was shot but 

the chips were delayed approximately 1.5 hours due to the stockpile of chips becoming 

depleted. Project plans and specifications are located in appendix A and appendix B 

respectively. Aggregate test reports and asphalt reports are located in appendix C. 
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Evaluation 

Project SS-3-003(018)224 

On December 18, 2001, a research team representing North Dakota Department 

of Transportation (NDDOT) conducted the final evaluation of the segment of the 

experimental project located on Highway 3, north of Rugby, ND. 

The team consisted of seven members. Those in attendance were: Jon Mill, 

Burleigh County Engineer; Glenn Salisbury, Devils Lake District; Mike Pike, Devils Lake 

District; Jerry Spaeth, Devils Lake District; Dan Schiele and Bryon Fuchs, Materials and 

Research Division; and Gary Goff, Federal Highway Administration. 

The evaluation began with section 10 and proceeded through section 1. 

However, this report will begin at section 1 and proceed southward. Each section will 

be broken into two parts, previous evaluation and then the final evaluation so changes 

that may have occurred can be identified if there are any. 

Section 1 (oil/chips/oil/sand) 

Evaluation on August 8, 1998 

Photo 3 shows 

an overview of section 

1. One of the items 

that is very contrasting 

about Section 1 is the 

surface appearance 

as opposed to other 

test sections. The 

modified single seal 

coat method exhibits 

the darkest surface of 

all the methods in the 
Photo 3 - Overview of section 1.experimental project. 

There appears to be slight bleeding in this section as indicated by the darkening in the 

wheel tracks. The driving surface has a noticeably smoother texture as compared to 
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the other seal coat methods. The second coat of oil and application of blotter sand has 

filled in most of the voids between the chips. 

One of the main concerns with section 1 was the distresses occurring in the 

roadway as shown in photos 3 & 4. These distresses are notably large spalls that may 

have been caused by snowplow blades. Most of the distresses present in section 1 are 

most always one -lane wide and approximately 3' to 6' long. 

Notice in photo 4 that whatever caused the distress took the entire seal off the 

roadway. The distresses shown in photo 4 are isolated instances however. The 

majority of the distresses seen in this section appear to only affect the top layer leaving 

most of the first layer of oil and chips intact. 

Photo 4 - View of distress located in the vicinity of approach. 

There was much discussion as to what would cause distresses such as these. 

The general consensus of the research team is that the problems may be in the 

construction of the seal coat itself. The Devils Lake District believes the distresses 

happened immediately after the first major snowfall in late October of 1996. One 

possibility is that the contractor accidentally applied multiple layers of chips on the 

roadway. This may have easily happened when the contractor was switching dump 

trucks or beginning or finishing up a section. 

One of the design criteria is that the chips are to be applied approximately one 

stone thick after the initial application of oil. This assures that the second coat of oil and 

18 



application of the blotter sand will encompass as many of the Class 43 chips as 

possible. If the Class 43 chips are applied too thick, causing multiple layers, there will 

be a shear plane between the loose chips on top and the chips adhered to the initial 

coat of oil. It is possible that traffic or snowplowing operations may remove the excess 

chips all at once because of the common adherence to the topcoat of oil and sand. 

Most of the research team agreed with this statement and that the distresses were not 

related to the oil itself. Another possibility discussed was the application o f the sand. If 

the sand was applied too heavily in some areas, the excess sand may have absorbed 

too much of the second coat of oil before it was allowed to flow down around the chips. 

The chips would then have to rely on the initial application of oil, which alone is not 

sufficient to hold down the chips. 

Also in nearly all of the distresses encountered in section 1, the wheel paths 

within these distresses were performing significantly better than the immediate area 

around them. This is probably due to the extra compaction they have received. At this 

point in the evaluation period, it does not appear that these distresses are worsening at 

any significant rate. There is approximately the same number of distresses detected 

during the first annual evaluation as were detected during the second annual evaluation. 

Section 7 is constructed similar to section 1, however the asphalt material is 

different. The same kind of distresses as shown here in section 1 are present also in 

section 7. 

During construction the plan rate for the Class 43 chips was 18 pounds per 

square yard and the actual rate applied was approximately 20 pounds. 

The Devils Lake District believes that if construction errors could be minimized 

the modified single seal coat method may prove durable and give good performance for 

several years. There was some isolated chip loss present in the mainline and on the 

shoulders, but it was minimal. 

The overall consensus is that, except for the isolated distresses mentioned 

above, the section is performing well. 
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Evaluation on December 18, 2001 

Photo 5 shows a current overview of section 1. Note the darker appearance. 

Photo 5 - Overview of section 1. 

Some of the same distresses noted in the last evaluation appeared to have 

remained in the same condition and have not worsened. The general condition of this 

section is good. The surface looks uniform with minimal chip loss. The transverse 

tracks are less noticeable and appear to be tighter than the other cracks in sections 1 

through 5. 

Section 2 (Thick oil/chips/sand) 

Evaluation on August 8, 1998 

Section 2 has a similar texture to section 1, however, the surface color was 

lighter than section 1. The rate of oil shot down and the final layer of sand allowed the 

chips to become embedded deeper into the surface, giving the seal coat a smoother 

appearance. Photo 6 shows an overall view of section 2. Photo 6 also shows a hint of 

bleeding in the wheel paths. 

In general the research team thought the seal coat was performing well. 
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Photo 6 - Overview of section 2. 

Evaluation on December 18, 2001 

Photo 7 shows a current view of section 2. As seen in photo 7, chip loss has 

occurred at centerline and in the wheel paths. Evaluating the surface close-up, it 

appears that the sand did not become embedded in the oil. This may be attributed to 

the light oil application. Had the sand become embedded in the oil, the chip loss may 

have been lessened. This chip seal is performing fair. 

Photo 7 - Overview of section 2. 
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Section 3 (oil/chips) 

Evaluation on August 8, 1998 

Photo 8 depicts an overall view of section 3. This section was constructed using 

NDDOT's standard seal coat method. The surface was much rougher than the previous 

two sections. There was some isolated chip loss in the mainline. The surface was very 

light in color. 

Photo 8 - Overview of section 3. 

The general consensus of the team was that except for some chip loss, the 

section was performing well. 

Evaluation on December 18, 2001 

Photo 9 shows a current view of section 3. As can be seen in photo 9, there is 

chip loss at centerline, along the edge, between the wheel paths, and even along some 

of the transverse cracks. The chip loss is moderate throughout the section but between 

the wheel paths, chip loss is great. The chip density appears light due to the loss of 

chips. The chip loss may be attributed to the light oil application. This section is 

performing fair. 
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Photo 9 - Overview of section 3. 

Section 4  (oil/ light application of chips) 

Evaluation on August 8, 1998 

Photo 10 depicts an overall view of section 4. This section called for only 15 

pounds of chips, however, 19 pounds were actually applied. Photo 10 depicts a track 

that proceeded for nearly the entire length of the section. 

Photo 10 - Overview of section 4. 
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During construction the contractor had problems with his machinery rolling up 

with oil and chips. The general consensus was the track shown in photo 10 was 

construction related and not the result of traffic or snowplow damage. The section was 

gray in color. 

There was some isolated chip loss in the mainline, perhaps more so than in the 

previous sections. There was also evidence of some loose chips lying off the 

shoulders. The overall consensus is that except for some chip loss the section was 

performing moderately well. 

Evaluation on December 18, 2001 

Photo 11 shows a current view of section 4. As seen in photo 11, there is chip 

loss in the wheel paths, centerline, and along the edges. There is also moderate chip 

loss throughout the entire section. The chip loss is mostly thought to be the result of 

light oil application. The coverage of the chips appears to be thin as well. This section 

is performing fair. 

Photo 11 - Overview of section 4. 
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Section 5 (oil/non-crushed chips) 

Evaluation on August 8, 1998 

Photo 12 depicts an overall view of section 5. Like the previous four sections, 

section 5 was constructed with a high float rapid set polymer modified asphalt emulsion. 

There was some concern that the non-crushed chips used in this section were not 

holding as well as the crushed chips used in the earlier sections. Some members 

believed that the surface appeared slightly rougher in texture. They believed that the 

rougher texture may have been caused by the non-crushed chips tending to shift due to 

the roundness of some of the chips. 

Photo 12 - Overview of section 5. 

The general consensus is that the section was not performing quite as well as 

similar sections containing chips that have been through a crushing process. 

Evaluation on December 18, 2001 

Photo 13 shows a current view of section 5. Notice in photo 13 the chip loss 

throughout the entire section. Chip loss is estimated at 40% to 50%. The chip loss is 

attributed to the light oil application and the non-crushed (screened) chips. This 

section’s performance is poor. 
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Photo 13 - Overview of Section 5. 

Section 6 (oil/non-crushed chips) 

Evaluation on August 8, 1998 

Photos 14 and 15 depict an overall view of section 6. Section 6 is constructed 

with a high float medium set asphalt emulsion (HFMS-2). There was some concern in 

this section, as in section 5 , that the non-crushed chips were not holding as well as 

crushed chips. 

Photo 14 - Overview of section 6. 
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Photo 15 - Close up view of section 6. 

Some members believed that the surface appeared slightly rougher in texture. 

They believed that the rougher texture may have been caused by the non-crushed chips 

tending to shift due to the roundness of some of the chips. Photo 15 depicts a close-up 

view of section 6. Notice the chips appear to be bunched together in several places. 

Section 6 appeared slightly darker in color than some of the other sections except 

sections 1 and 7. The general consensus is that the section was not performing quite as 

well as similar sections containing chips that have been through a crushing process. 

Evaluation on December 18, 2001 

Photo 16 shows a current view of section 6. Section 6 has experienced 

moderate chip loss throughout the section. There was also chip loss at centerline that 

is not evident in photo 16. The research team felt that construction related problems 

were the likely cause of chip loss at centerline. Some of the same distresses noted in 

the last evaluation were noted in this evaluation but does not appear to have worsened. 

The overall performance of this section is fair. 
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Photo 16 - Overview of section 6. 

Section 7 (oil/chips/oil/sand) 

Evaluation on August 8, 1998 

Photo 17 depicts an overall view of section 7. Notice in photo 17 that the surface 

appears dark in color as seen in section 1. 

Photo 17 - Overview of section 7. 

As previously mentioned section 7 and section 1 are constructed using the same 
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method. The only difference between the two sections is that section 7 is constructed 

using a HFMS-2 emulsion as opposed to the HFRS-2P emulsion used in section 1. The 

application rate is slightly higher using the HFMS-2 emulsion, however, there appears to 

be less bleeding in the wheel paths than in section 1. 

The driving surface, in section 7, has a noticeably smoother texture compared to 

the other seal coat methods. The second coat of oil and application of blotter sand has 

filled in most of the voids between the chips. 

One of the main concerns with section 7 was the distresses occurring in the 

sealcoat. As in section 1 the sealcoat is suffering from large spalls that have occurred 

possibly from snow plow blades. In most cases the distresses encompass the entire 

width of the lane as shown in photo 18. The length of the distresses are approximately 

3' to 6'. In the previous photos it is important to note that the lighter colored areas show 

the distress. It is within these lighter colored areas that part of the seal coat is missing. 

Photo 18 - Typical distress associated with section 7. 

The Devils Lake District believes these distresses, as in section 1, happened 

immediately after the first major snowfall in late October of 1996. 

There was much discussion as to what would cause distresses such as these. 

The general consensus of the research team is that the problems may be in the 

construction of the seal coat itself. One possibility is that the contractor accidentally 

applied multiple layers of chips on the roadway. This may have easily happened when 
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the contractor was switching dump trucks when beginning or finishing up a section. 

One of the design criteria is, after the initial application of oil, the chips are to be applied 

approximately one stone thick. This assures that the second coat of oil and application 

of the sand will encompass as many of the Class 43 chips as possible. If the Class 43 

chips are applied too thick, having multiple layers, there will be a shear plane between 

the loose chips on top and the chips adhered to the initial coat of oil. It is possible that 

traffic or snowplowing operations may remove the plane of excess chips all at once 

because of the common adherence to the top coat of oil and sand. Most of the 

research team agreed with this statement and that the distresses were not related to the 

oil itself. 

Another possibility discussed was the application of the sand. If the sand was 

applied too heavily in some areas, the excess sand may have absorbed too much of the 

second coat of oil before it was allowed to flow down around the chips. The chips would 

then have to rely on the initial application of oil, which is not sufficient to hold down the 

chips. 

Photos 19 and 20 depict an abnormally large spalled area in section 7 taken 

during the 1997 and the 1998 evaluation respectively. These photos, however, were 

taken at opposite ends of the distress. 

Photo 19 - Large spalled area near the end of section 7 taken 
during the summer of 1997. 
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Photo 20 - View of spalled area shown in photo 19 during the 
summer of 1998. 

It appears from photos 19 and 20 that the contractor may have had problems 

regulating the application of either the Class 43 chips or the sand. It is also possible 

that the contractor may be having problems with his distributor as shown by the 

bleeding in photo 19. Photo 21 depicts a close-up view of a pencil bridged across a 

distressed area (lighter color). Notice also in the background of photo 20 that the seal 

coat has been completely removed from the surface leaving just the initial coat of oil. 

The distress shown in photos 19 and 20 are approximately 70' long. 

Photo 21 - Distress area shown in the two previous photos. 
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It is apparent after closely examining these two photos that no significant amount 

of deterioration has taken place within the distress over the past year. 

Also, in nearly all of the distresses encounte red in section 7, the wheel paths 

within these distresses were performing significantly better than the immediate area 

around them. This is probably due to the extra compaction they have received. 

At this point in the evaluation period it does not appear that the number of 

distresses are increasing. 

The Devils Lake District believes that if construction errors could be minimized 

the modified single seal coat method may prove durable and give good performance for 

several years. The overall consensus is that, except for the isolated distresses 

mentioned above, the section is performing well. 

Evaluation on December 18, 2001 

Photo 22 shows a current view of section 7. Some of the distresses noted in the 

previous evaluation were not as noticeable this evaluation. Traffic and weather has 

probably had an effect on these areas to make them less noticeable over time. 

Photo 22 - Overview of section 7. 

As can be seen in photo 22, chip loss is prevalent at centerline however this may be a 

construction related problem. Overall, this section is performing good. 
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Section 8 (thick oil, chips, sand) 

Evaluation on August 8, 1998 

Section 8 was constructed by the same method as section 2 except that the 

asphalt material used was HFMS-2. Photo 23 depicts an overview of section 8. Once 

again the texture of the roadway is smoother when compared to a conventional seal 

coat. The heavier rate of oil used allowed the chips to become embedded deeper into 

the surface; thereby giving the seal coat a smoother appearance. The surface was very 

light in color. 

In general the research team thought the seal coat was performing well. 

Photo 23 - Overview of section 8. 

Evaluation on December 18, 2001 

Photo 24 shows a current view of section 8. Section 8 had a very tight, 

uniformed appearance to the surface. Chip loss was minimal in this section. 
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Photo 24 - Overview of section 8. The bleeding in section 8 is 
the result of a scotch patch, not the original chip seal. 

Photo 24 also indicates that chip loss at centerline is not seen in this section. 

The transverse cracks appear tighter and not depressed as seen in other sections. One 

item that is not evident in photo 24 is the light color of the surface. This section had the 

lightest color of all sections. The light color of this surface is able to reflect more light for 

nighttime driving increasing the drivers ability to see better for safer night driving. 

Section 8 is performing the best out of all sections and the performance is 

excellent. 

Section 9 (oil/chips) 

Evaluation on August 8, 1998 

Photo 25 depicts an overall view of section 9. This section was constructed very 

close to the NDDOT's standard seal coat method, as was used in section 3, but with a 

High Float Medium Set asphalt (HFMS-2). There was some isolated chip loss in the 

mainline. The general consensus of the team was that except for some chip loss the 

section was performing well. 
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Photo 25 - Overview of section 9. 

Evaluation on December 18, 2001 

Photo 26 shows a current view of section 9. Section 9 has minor chip loss 

throughout the section. Chip loss at centerline is the major distress noted in this 

section. Overall, chip density is good and this section is performing well. 

Photo 26 - Overview of section 9. 
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Section 10 (oil/ light application of chips) 

Evaluation on August 8, 1998 

Photo 27 depicts an overall view of section 10. This section called for only 15 

pounds of chips and slightly less oil as compared to a conventional seal. In a significant 

portion of section 10 the southbound lane is slightly darker than the northbound lane. 

After examination the research team concluded that many more chips were missing in 

this lane. Just after construction of this section the traffic was allowed to travel over the 

southbound lane causing the chips to pick-up on the tires. The project engineer made a 

decision to sand the southbound lane in an effort to resolve the problem. 

Photo 27 - Overview of section 10. 

Section 10 is much darker in color than section 9. Although there was a good 

covering of chips, it appeared there was still room for additional chips. 

There were several areas along the centerline in section 10 where the chips had 

been removed either by snowplows or lack of oil. 

The general consensus of the research team was that considering only 15 

pounds of chips were applied, the seal coat was holding up well. 

Evaluation on December 18, 2001 

Photo 28 shows a current view of section 10. The transverse cracks appear to 
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be more depressed in this section. The appearance in this section is uniform however 

the amount of chips appears to be thin. Chip loss is minor with the majority of chip loss 

Photo 28 - Overview of section 10. 

occurring at centerline. The overall performance of this section is good. 

Team Performance Ratings 

During the final evaluation period, most of the research team rated sections 1 

(oil/chips/oil/sand) and 8 (thick rate oil/chips/sand) as the best performing seal coats. 

The conventional seals containing non-crushed chips were rated the lowest in general 

performance. 

The general consensus of the research team is that the sections containing 

HFMS-2 oil are performing better than the sections containing HFRS-2P oil. However, it 

is unclear whether the performance difference is related to the oil or the different 

application rates. The HFRS-2P sections had lighter oil application rates. 
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Project SNH-6-002(050)337 

Evaluation on August 14, 1998 

An additional test section was added to experimental project 96-03 titled 

"Modified Chip Seal Surface Treatments vs. Conventional Chip Seal Surface 

Treatments." On August 14, 1998, a research team representing North Dakota 

Department of Transportation (NDDOT) conducted a second annual evaluation of this 

additional test section. 

The evaluation began on the east end of the test section and proceeded 

westward. Highway 2 is a high traffic area. It serves as a main arterial for the city of 

Grand Forks and the Grand Forks Air Force Base. The Grand Forks International 

Airport is also located along Highway 2. 

Photo 29 shows an overview of the test section. Notice in photo 29 the surface 

of the test section, barring the wheel tracks, appears moderately light in color. The 

application of the fog coat did not appear to significantly change the surface color of a 

conventional chip seal. After construction of this project, neither Webster, Foster, & 

Weston nor the Grand Forks district received any complaints about flying chips from the 

driving public. Up to this point in the evaluation there still has been no complaints about 

Photo 29 - Overview of Highway 2 test section. 

flying chips. Photo 30 depicts a view of another overall view of the test section. Notice 
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in photo 30 the patching that has occurred in the driving lane. A significant portion of 

the driving lane in the test section has been patched by maintenance forces due to 

rutting. 

The general consensus of the research team is that the seal coat appears to be 

Photo 30 - Overview of Highway 2 where patching has been done. 

performing well, however, it remains undetermined whether the fog coat played a 

decisive role in holding the chips on the roadway. 

Evaluation on December 18, 2001 

Photos 31 and 32 show an overview of the Highway 2 segment in this research 

project. Photo 31 is taken in the segment from the city of Grand Forks to the Grand 

Forks Air Force Base. Photo 32 is taken from the Grand Forks Air Force Base to Turtle 

River State Park. 
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Photo 31 - Bleeding on Highway 2. City of Grand Forks to the 
Grand Forks Air Force Base. 

The photos indicate bleeding in one segment that is not present in the other 

segment.  The segment in photo 31 has a traffic flow of 3,000 more vehicles on a daily 

basis. However, the bleeding may be a result of the asphalt surface below (as noted 

above, rutting is occurring in this segment and has had maintenance done to correct 

this problem). 

Photo 32 - Highway 2, Grand Forks Air Force Base to Turtle 
River State Park. 
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The appearance is darker than any other segment we have evaluated. Chip loss 

is minimal throughout this project. The lack of chip loss is thought to be the result of the 

fog coat or the heavier oil application or perhaps both. The oil was used o n Highway 2 

was a HFRS-2 with an application rate of 0.38 gal/yd2. 

Overall, this segment is performing well with the exception of the bleeding. 
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Summary 

Project SS-3-003(018)224 

Several distresses were common in each section at different severity levels. The 

common distresses were as follows; chiploss, centerline stripping, and stripping at the 

shoulders. However, section 8 is the only section where stripping was not observed at 

centerline or the shoulders and had only minimal chiploss. 

Sections 1 through 5 appear to have more distresses than sections 6 through 10. 

The conclusion of the research team was the difference in the oil application rate is the 

likely cause of the increased distresses. 

Refer to Table 9 for the application rates, materials used, cost and the ranking of 

each project. Section 6 shows typical application rates (aggregate is approximately 3 

lb/yd2 heavier than normal) and used are current specification for aggregates). Note 

there is approximately a $0.13 difference between what is currently used (section 6 -

ranked last using HFMS-2 oil) versus the best performing section (8). 

Section 

1 

2 

*Aggregate 

Cl. 43-Cr 

Cl. 43-Cr 

HFRS -2P 
(gal/yd2) 

0.216 

0.30 

1st Agg 
App. 

(lb/yd2) 

20.2 

29.0 

HFRS -2P 
(gal/yd2) 

0.216 

N/A 

Cl. 45 
Sand 

(lb/yd2) 

11.5 

10.0 

Rank in 
Section 

1 

2 

1996 Cost 
per yd2 

$0.76 

$0.62 

**2000 Cost 
per yd2 

$0.77 

$0.69 

3 

4 

5 

Cl. 43-Cr 

Cl. 43-Cr 

Cl. 43-Sc 

0.28 

0.30 

0.29 

HFMS-2 

30.0 

19.0 

24.5 

1st Agg 

N/A 

N/A 

N/A 

HFMS-2 

N/A 

N/A 

N/A 

Cl. 45 

4 

3 

5 

Rank in 

$0.55 

$0.51 

$0.53 

1996 Cost 

$0.51 

$0.44 

$0.47 

**2000 Cost
Section 

6 

7 

*Aggregate 

Cl. 43-Sc 

Cl. 43-Cr 

(gal/yd2) 

0.39 

0.24 

App 
(lb/yd2) 

28.0 

18.3 

(gal/yd2) 

N/A 

0.196 

Sand 
(lb/yd2) 

N/A 

11.3 

Section 

5 

4 

per yd2 

$0.48 

$0.51 

per yd2 

$0.54 

$0.69 

8 

9 

10 

Cl. 43-Cr 

Cl. 43-Cr 

Cl. 43-Cr 

0.417 

0.39 

0.33 

23.4 

25.7 

15.3 

1st Agg 

N/A 

N/A 

N/A 

8.3 

N/A 

N/A 

Cl. 45 

1 

2 

3 

$0.51 

$0.46 

$0.35 

$0.67 

$0.52 

$0.39 

Section 

HWY 2 

*Aggregate 

Cl. 42-Sc 

HFRS -2 
(gal/yd2) 

0.38 

App 
(lb/yd2) 

24.0 

CSS-1h 
(gal/yd2) 

0.1 

Sand 
(lb/yd2) 

N/A 

Rank in 
Section 

N/A 

1996 Cost 
per yd2 

$0.53 

**2000 Cost 
per yd2 

$0.76 

*Cr=Crushed, Sc=Screened 
**Prices based on 2000 average annual bid prices. 

Table 9 
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Referring to Table 9, you will notice that each section that utilized screened chips 

instead of crushed chips were rank lasted, regardless of the oil type used. 

The basic theory in designing surface treatments is that the aggregate used 

should be primarily one size. When the aggregate is placed on top of the asphalt film, 

the particles are un-arranged. Rolling arranges the aggregate to a dense pattern and 

traffic helps orientate the aggregate to their densest positions, lying on their flattest or 

largest side. If the aggregate does not have a flat (fractured) or a wider side, the 

aggregate will have a tendency to roll out of the asphalt film. 

Table 10 contains the sample results of the Class 42 and Class 43 material used 

on this project. 

Cl. 43 - Modified 
(Crushed) 

Cl. 43 - Screened 
(Standard Specification) 

Cl. 42 - Standard 
SpecificationSieve Size 

% Passing % Passing % Passing 

3/8" 100 100 100 

No. 4 28 42 45 

No. 8 1.0 5.0 7.0 

No. 200 0.1 0.5 0.6 

Fractured Faces (one side) 76.4 N/A N/A 

Table 10 

The Class 43 - modified had 72% of the material retained on the No. 4 sieve 

while the other aggregates retained only 55% to 58%. Approximately 55% of the Class 

43 - modified material had at least one fractured surface, which helps keep the 

aggregate from popping out under the traffic conditions. 

Two different oil types were used in this research project at different application 

rates. It is difficult to determine the performance of these oils based on the varying 

application rates. However, oils used on this project have performed satisfactory on 

other projects. 

Project SNH-6-002(050)337 

The chip loss on this project is minimal. The heavier application rate of oil 

followed by the fog coat may have minimized the chip loss. The fog coat may have 

given the seal coat a darker appearance. 

Bleeding was a problem on this project for the first seven to eight miles. 
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Bleeding is thought to be the result of the poor condition of the existing asphalt mat. 

Within two years of the seal coat application, maintenance was done to correct rutting 

and shoving in the existing mat. 

Recommendation 

Based on the information contained in this report, it is recommended that an oil 

application rate of 0.40-0.42 gal/yd2, followed by an application of chips (crushed - 20% 

to 40% passing the No. 4 sieve) at 22-25 lbs/yd2, followed by an application of Class 45 

sand at a rate of 7-10 lbs/yd2 be used for future surface treatments. The material 

retained on the No. 40 sieve and above should a minimum of 50% fractured faces on 

one side. The recommended percent passing on the No. 40 sieve allows more of the 

larger aggregate to be used. 

The recommended oil application rate is approximately 0.02-0.04 gal/yd2 heavier 

than currently being used. The heavier rate of oil is to allow the Class 45 sand to 

become embedded in the oil and help cement the chips in place. The addition of the 

sand will also lighten up the appearance of the surface thus reflecting more light at night 

for safer driving. 

The oil type used should be selected by the engineer based on location, the 

amount of traffic, and existing mat conditions. 
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