
 
1 INTRODUCTION 

Haul distances to the mill are increasing every year, and several Canadian forest companies 
must maintain more than 300 km of unpaved (unsealed) roads, on which some haul considerably 
more than 1 million metric tonnes of wood per year. The performance of these roads directly af-
fects trucking costs and productivities, but the forest industry has little expertise in selecting an 
appropriate specification for the aggregates used on these roads. Instead, most companies use 
specifications provided by local and provincial agencies that were not necessarily designed for 
use on unpaved roads. The performance of unbound wearing-course materials in forest roads has 
been a growing concern for many Canadian companies. The lack of readily available high-
quality materials, combined with heavy axle loads, high traffic levels, and frequent grading, 
make it challenging and expensive to keep haul roads in good condition. Thus, the industry 
needs more appropriate aggregate specifications. 

The main objective of a study conducted by the Forest Engineering Research Institute of 
Canada (FERIC) was to establish a performance-based specification for the aggregates that 
would be used as a wearing course on forest roads. To achieve this: 
− a literature review to identify existing specifications was conducted, 
− the aggregates and specifications currently being used in eastern Canada were evaluated, 
− a full-scale performance evaluation of two recommended specifications was performed in the 

operations of Bowater Canadian Forest Products Ltd. (Mistassini, QC, Canada), and 
− recommendations for the future production, application and maintenance (grading) of wear-

ing-course aggregates were formulated. 

2 LITERATURE REVIEW 

A literature review of aggregate specifications designed for wearing-course applications (i.e., 
unsealed surfaces) and for base-course applications was conducted. The review showed that few 
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provincial agencies in eastern Canada provide specifications designed for unsealed surfaces 
(e.g., for wearing courses rather than for highway shoulders); most only provide specifications 
suitable for the base- and sub-base layers. Specifications for the latter two layers generally lack 
sufficient fines (materials that can pass through a 0.075-mm sieve), which are needed to provide 
good cohesion (binder) between particles if the aggregate is to be used as a wearing course. 
Since base layers must drain freely, their fines content is generally kept under 5%. 

In a review of wearing-course specifications used around the world, most specifications had 
similar criteria. More fines were required in the surfacing layer, with a desired range of 8 to 15% 
(Tyrrell 2000) or 4 to 15% (Selim 2000). These fines must also contain plastic materials (clays) 
to improve their cohesion (Ferry 1986). The recommended plasticity index (PI) for these clays 
has been reported by various authors: between 4 and 9 (AASHTO 2001, Tyrrell 2000), between 
4 and 12 (Selim 2000) and between 4 and 15 (Giummarra 1993). As well, the liquid limit should 
not exceed 35% (AASHTO 2001, Tyrrell 2000). 

Other important requirements for wearing-course materials have been identified (Netterberg 
and Paige-Green 1988): "the ability to provide an acceptably smooth and safe ride without ex-
cessive maintenance, stability in terms of resistance to deformation under both wet and dry con-
ditions, an ability to shed water without excessive scouring, resistance to the abrasive action of 
traffic and erosion by water and wind, freedom from excessive dust, and freedom from exces-
sive slipperiness in wet weather". The following physical characteristics are also required 
(Paige-Green 1999): 
− a particle-size distribution that permits a good interlock between particles without excessive 

amounts of fine or coarse material, 
− appropriate cohesion so as to resist raveling, 
− adequate material strength so as to resist shear failures, and 
− adequate aggregate hardness so as to retain the structural integrity of the compacted material. 

Figure 1 compares a typical base-course specification (Ontario’s granular “A”; MTO 1993) 
with a typical wearing-course specification (Selim 2000). In this figure, the recommended range 
of compositions for wearing courses has higher overall proportions of fines, sands, and fine 
gravels than the corresponding range for base courses. This figure also highlights various parti-
cle-size distributions that are prone to different kinds of surface-distress problems. 
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Figure 1. Typical specifications for the range of particle-size gradations for a base course and a wearing 
course, and size distributions that typically pose surface-distress problems (Légère and Mercier 2003). 



3 SURVEY AND CHARACTERIZATION OF MATERIALS 

Several eastern Canadian forestry companies were surveyed and samples were collected (fol-
lowing standard BNQ 1982) from their aggregate stockpiles for laboratory characterization. 
Some results were provided by independent labs working for the companies. The results were 
compared to nine provincial base-course specifications and five wearing-course specifications 
from various international sources. The analysis (Légère and Mercier 2003) revealed that: 
− Most of the companies were using specifications designed for base-course applications. 
− Only 31% of the samples met the criteria in one or more of the nine provincial specifications. 
− Only 14% of the samples met the company's own specifications, which suggests that quality 

control during the production of crushed materials is suboptimal. 
− Only 11% of the samples met one or more of the five wearing-course specifications. 
− None of the samples measured contained plastic fines. 
− Few companies were aware of the importance of adding plastic fines to their mixtures. 

4 FIELD PERFORMANCE EVALUATION 

A full-scale evaluation of field performance followed this survey. Two wearing-course specifi-
cations were tested. The project began during the summer of 2003, and focused on a 10.2-km 
section of road with a surface comprising 200 to 250 mm of aggregate. 

4.1 Laboratory Characterization and Quality Control 
Table 1 presents the two selected specifications. The MG20B specification (MTQ 2000) is used 
by several companies in Québec and is designed for unsealed highway shoulders. Although no 
plasticity index is required to meet this specification, we used a range of 4 to 12 based on the re-
sults of the literature review. The South Dakota Gravel Surface (SDGS) specification (Selim 
2000) was also selected since it was designed specifically for wearing-course applications and 
had criteria similar to those of other wearing-course specifications. A total of 18 800 t of mate-
rial (to be applied over 9.5 km of road) were crushed to meet the MG20B specification, versus 
1200 t (to be applied over 0.7 km of road) to meet the SDGS specification. Within the section 
surfaced with MG20B, two sections were treated with dust suppressants (1.5 km with calcium 
chloride and 1 km with Solnat calcium chloride–based brine solution) immediately after regrav-
elling. Aggregate samples were collected during production to permit laboratory characteriza-
tion of the materials. Sieve analyses were performed on all samples (Table 1). Sieve analyses 
were also performed on samples collected during the application of the material to monitor 
whether the material had been stockpiled correctly and whether the material gradation had 
changed as a result of segregation during storage or transportation. 

The sieve analysis showed that the materials generally met the MG20B standard, though 
slightly (1%) more particles than recommended passed through the #40 sieve (0.425 mm). The 
results for the SDGS specification showed that the requirement for a higher fines content than in 
the MG20B specification was met (based on #40 and #200 sieves). Fines were hauled from a 
nearby source and added to the blend during production. However, the requirements for the lar-
ger particle sizes (particles passing 12.7-, 19-, and 25.4-mm sieves) were not met; instead, the 
proportions were similar to those in the MG20B samples, which suggests that the producer 
failed to adjust his equipment to meet the SDGS specification. 

Thompson and Visser (2000) found that the material parameters of plasticity and grading are 
the primary factors that control a haul road's functional performance. Variations in the grading 
coefficient (GC), dust ratio (DR), and PI contributed to the rate of increase or decrease in defect 
scores. Both aggregates in this study met the PI requirements and the GC and DR values recom-
mended by Paige-Green (1999) and Thompson and Visser (2000), respectively. 

The results calculated from samples collected during application of the aggregates suggested 
that the materials had been handled properly so as to minimize segregation, since the values 
were close to those measured during production of the aggregate. Additional laboratory charac-
terizations and field measurements were also conducted, and the results are presented in Table 2. 

 



Table 1. Target specifications for two wearing-course standards and average sieve-analysis results from 
samples taken during production and during on-site application                                       
 Percent passing (%)                                       
 MG20B SDGS                                       
Particle size (mm) Spec During After Spec During After  
 (min. pro- appli- (min. pro- appli- 
 to max.) duction cation to max.) duction cation                                       
31.5 100 100 100 100 100 100 
25.4 96–100 98 96 100 (98) (96) 
19 87–99 91 91 100 (92) (90) 
12.7 64–90 70 75 84–93 (75) (69) 
4.75 (sieve #4) 34–59 48 54 50–78 50 48 
2.00 (sieve #10) 23–45 38 40 35–63 42 39 
0.425 (sieve #40) 11–21 (22) (25) 13–35 26 25 
0.075 (sieve #200) 5–11 9 9 4–15 12 13                                       
Plasticity index (PI) 4–12* 5 n.a. 4–12 5 n.a. 
Grading coefficient (Gc)** 16–34 29 31 16–34 29 28 
Dust ratio (DR)*** 0.4–0.6 0.4 0.4 0.4–0.6 0.5 0.5                                       
* Not required to meet the provincial standard, but recommended by the authors. 
** Gc= [(% passing 26.5 mm - % passing 2.0 mm) × % passing 4.75 mm] / 100 (Paige-Green 1999). 
*** DR = % passing 0.075 mm / % passing 0.425 mm (Thompson and Visser 2000). 

 
 

Table 2. Results of additional laboratory and field measurements for all test sections                                       
Test  Average value                                       
Laboratory  
 Liquid limit 20% 
 Optimum moisture content (modified Proctor) 5% 
 Micro-Deval (large aggregate) 4.3% 
 Los Angeles abrasion 22.0% 
 Mineralogy Limestone 
In situ  
 Moisture content during compaction 4%* 
 % of modified Proctor density 96 
 Clegg Impact Value (CIV) (top 150- to 200-mm lift) 63 
 California Bearing Ratio (CBR) correlated from CIV  
      (top 150- to 200-mm lift) 257 
 Young’s modulus (measured with a GeoGauge, top 230- to 310-mm lift) 96 MPa 
 Road width (including shoulders) 14.2 m 
 Running-surface width 9.3 m 
 Surface crown 4%                                        
* Compacted sections. 

4.2 Traffic 
Approximately 300 vehicles per day use this road, including 75 haul trucks (Table 3). The truck 
traffic is a mixture of heavy (oversized) 7-axle off-highway trucks and 8-axle on-highway trucks 
that conform with regulated legal load and size limits. 

 
Table 3. Annual traffic data                                       
Volume of wood hauled per year (m³) 1.25 million 
Metric tonnes of wood hauled per year 1 million 
Average Annual Daily Traffic (AADT) (75% passenger vehicles and forestry workers) 300 
Off-highway haul trucks (167 t loaded) 5685 trips 
Legal on-highway B-train haul trucks (61 metric tonnes loaded) 9366 trips                                       



4.3 Detailed Performance Evaluation 
Five detailed evaluations of the road were conducted from July 18 to October 29 using the Un-
surfaced Road Condition Index (URCI) method developed by the U.S. Army Corps of Engi-
neers (Eaton et al. 1988). Further evaluations were not possible after October 29 because snow-
fall began in early November. Evaluations will resume in 2004. 

The following seven types of surface distress were measured using the URCI system: changes 
in cross-section, roadside drainage, corrugation, dust, potholes, ruts, and loose aggregate. Both 
the severity level (low, medium, and high) and the frequency (number of occurrences or density 
per unit area) were measured for each type of distress for a specific surface area. Based on these 
inputs, we used the URCI system to rate the road on a scale from 0 to 100 (Figure 2). 

Systematic sampling was conducted throughout each section (Figure 2). No significant differ-
ences were noted between test sections, which all scored around 90 (Excellent) on the URCI 
scale. The two subsections treated with dust suppressant performed similarly. For comparison, 
three sections graveled in 1999, 2000, and 2001 were also evaluated; these scored 46 (Fair), 31 
(Poor), and 61 (Good), respectively. These sections had been surfaced with a crushed aggregate 
that met the MG20B specification, but without the addition of plastic fines. 
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Figure 2. Average Unsurfaced Road Condition Index (URCI) values for four test sections and three older 
(resurfaced) sections. 

 
 
The only surface distresses in the test sections were potholes of low to medium severity. No 

dust was noted in the subsections treated with dust suppressants, and only light dust production 
was noted in the untreated MG20B and SDGS sections; this dust production was not sufficient 
to be counted as a defect according to the URCI method. Surface distresses in the 1999, 2000, 
and 2001 sections were potholes of low to medium severity and dust of low severity. 

Short segments were mechanically compacted within the MG20B and SDGS sections to 
evaluate the cost-effectiveness of surface compaction (not a standard practice for forest roads). 
No differences in performance were measured after a short-term assessment. After only a few 
days of high traffic, the densities of the non-compacted sections were equivalent to those in the 
compacted section. Given that grading is conducted frequently to correct the rapid development 
of roughness, the benefits of surface compaction (increased density) would soon be lost. 

4.4 Development of Road Roughness 
FERIC’s Opti-Grade RFTM grading-management tool (Mercier and Brown 2002) was used to 
monitor the daily development of road roughness, and grading interventions. Figure 3 shows the 
number of days (expressed as a percentage of the total) that grading took place in each test sec-



tion, before and after resurfacing, as well as in three older sections of road resurfaced in 1999, 
2000, and 2001. Using roughness data collected for each section, the demand for grading was 
also analyzed based on a roughness threshold selected by the forest company. Before resurfac-
ing, grading was typically carried out almost daily (>97% of the time) based on a 5-day work 
week, but these analyses found that grading could have been reduced by as much as 27% for 
most sections. Resurfacing reduced the grading demand by as much as 58%. Grading is now 
carried out only 30% of the time in the sections treated with dust suppressants and only 57% of 
the time in the remaining MG20B section. Grading in the SDGS section decreased from 100% 
of the time to 64%, but these data were for a short (700-m) section of road located on a slight 
uphill grade, with vehicles travelling loaded uphill. This could explain why both grading de-
mand and actual grading for the SDGS section were higher than in the other test sections before 
and after resurfacing. Grading demand in the older resurfaced sections was close to 70%. 
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Figure 3. Grading demand estimated using the Opti-Grade RF system and actual grading (% of total 
number of days based on 5 days/week) for the test sections and for three older resurfaced sections. 

 
 
The company performs two levels of grading intervention: “surface grading” and “full-depth 

grading”. Surface grading, which is done several times per week, returns loose aggregate avail-
able on the shoulders of the road to the running surface, thereby superficially patching the occa-
sional potholes and washboards. This is typically a one-pass method, and the authors have found 
that this does not really reduce the average roughness of the road, though it may slow down the 
development of roughness. Full-depth grading is a more aggressive approach in which the 
grader's blade digs deeper into the surface, below the potholes, thereby reclaiming the first 50 to 
100 mm. This technique generally requires several passes, but it restores the road's crown and 
reduces the average roughness. It is best to conduct such work under moist conditions.  

To illustrate the differences between surface and full-depth grading, we extracted the average 
weekly roughness values for the MG20B section (the longest and most representative section of 
our study), presented in Figure 4. For weeks 1 to 3 (before resurfacing), the average weekly 
roughness increased each week even though surface grading occurred almost every day. A full-
depth grading was conducted at week 5, followed by a regravelling treatment in week 6. This 
rehabilitation lowered the average weekly roughness levels to well below the grading threshold. 
From week 7 to week 15, the average weekly roughness steadily increased, and had exceeded 
the grading threshold by week 13. During this period, surface grading was practiced approxi-
mately every 2 days (i.e., 57% of the time). Full-depth grading conducted at week 16 again re-
stored the road's condition and reduced the average roughness to well below the threshold. 
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Figure 4. Average weekly roughness values for the MG20B section measured with Opti-Grade RF for 
17 weeks beginning on June 5, 2003. 

 
 
We recommended reducing surface grading by following the schedules provided by Opti-

Grade RF. Except for sections treated with dust suppressants and the 2001 sections (Figure 3), 
actual grading always exceeded the grading demand after resurfacing. Surface grading didn't 
improve trucking productivity (as measured by travel speed), but full-depth grading did. Surface 
grading may also break down aggregate into finer particles, thereby reducing its life. 

5 CONCLUSIONS AND RECOMMENDATIONS 

Forest companies must maintain a reliable road network to ensure timely delivery of fresh wood 
to their mills. Trucking costs are thus weighed against road maintenance costs so as to find the 
most cost-effective combination. Because the performance of haul roads relates directly to the 
condition (roughness) of the running surface, the use of a proper specification for the wearing-
course materials is a key factor in achieving good results. 

This study demonstrated to the forestry company and to the aggregate provider the impor-
tance of quality control during the production of crushed aggregate and the importance of select-
ing an appropriate specification. Both aggregates contained a higher fines content than in the 
company's traditional aggregates. The fines added were of adequate plasticity (as recommended 
by the authors). The requirements for the MG20B specification were met, with the exception of 
a slightly higher sand content. The specifications for the SDGS mixture were not met, but the 
aggregates produced were similar to those produced in accordance with the MG20B specifica-
tion. However, a higher fines content was achieved (as recommended by the authors). 

Both aggregate materials produced by the company are currently performing exceptionally 
well, and have surpassed expectations. During every detailed performance evaluation, the test 
sections always scored in the Very good to Excellent range based on the URCI. These aggre-
gates all have a higher fines content than those traditionally used by the company. Although the 
addition of plastic fines is highly recommended in the literature, this practice was new to the 
company and is certainly contributing to the improved performance of the materials. 

Even though grading is much less frequent in the freshly graveled sections, the authors be-
lieve that the grading frequency could still be reduced by 8 to 10% on sections without dust 
suppressants. An analysis of roughness data collected with the Opti-Grade RF system showed 



that unlike full-depth grading, surface grading doesn’t reduce the road's overall roughness. The 
practice of near-daily surface grading may actually accelerate the deterioration of the aggregate 
as a result of grinding of the aggregates, and doesn’t improve trucking productivity; thus, this 
form of grading should be decreased. However, pressure from some of the road's users demands 
that a grader be present on the road every day, regardless of the road's condition. Unfortunately, 
we were unable to control this factor. 

The following recommendations are provided for companies seeking to produce optimal ag-
gregate mixtures for use as a wearing course on unsealed roads: 
− Choose an aggregate specification designed for wearing-course applications and adapted for 

regional conditions. 
− Aim for a fines content (the percentage that passes a 0.075-mm sieve) of 4 to 15% by weight. 
− Use plastic fines with a plasticity index of 4 to 9. 
− Control the quality of the aggregates by conducting quality-assurance inspections during the 

production of this material. This is the key to producing a material that performs well. 
− Ensure that the method of stockpiling and handling of the aggregate minimizes segregation 

of the component materials. 
− Light surface grading should be kept to a minimum and should follow grading schedules 

based on road roughness rather than on "politics". 
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