
128 TRANSPORTATION RESEARCH RECORD 1096 

Ruad Rel1abilitatiu11 i11 !"~ova Scotia 

F. A. GERVAIS, P. J. ARSENAULT, AND G. J. LEE 

Various rehabilitation methods have been experimented with 
in Nova Scotia over the years to adapt maintenance processes 
to climatic conditions. Three specific maintenance methods 
will be discussed: sand sealing, crack sealing, and seal coating. 
For each method, material acceptance, placement, and evalua
tion of the end result will be examined. Special emphasis will 
be placed on Nova Scotia's experience and modifications that 
have made an efficient rehabilitation program. 

Nova Scotia is fortunate to have an abundance of good sources 
of aggregate as a result of tectonic activities and glaciation. It is 
a logical consequence that the Nova Scotia Department of 
Transportation (DOT) would take advantage of these natural 
resources and establish a large portion of their maintenance and 
rehabilitation around, and specific to, these resources. 

The majority of the DOT's maintenance work is performed 
through its Maintenance Division, although some of the main
tenance work is contracted to private companies. The Mainte
nance Division has established the following task-orientated 
outfits: sand sealing, crack sealing, seal coating, seeding, 
bridge repairing, centerline painting, and hot mix paving. The 
work of the first three of these outfits will be discussed in this 
paper. 

Product and materials acceptance and pavement evaluation 
are performed entirely in-house through the Materials Labora
tory. DOT has divided the province into a series of regions, 
which are further subdivided into divisions, each division being 
controlled by a division engineer who submits requests for 
maintenance funding. The final allotment is allocated through a 
zero-base budgeting system of DOT. 

SAND SEALING 

Program 

A sand sealing program was implemented in 1967 as a means to 
rehabilitate and upgrade low-volume roadways. The treatment 
not only acts as an immediate dust palliative, but, through 
successive treatments, gradually provides an adequate riding 
surface. Only low-volume roads can be treated because pot
holes can develop relatively quickly as traffic volume 
increases. 

Over the past 18 years, this activity has proven to be success
ful, and approximately 100 km of roadway are treated annually. 
Table 1 gives data on the past 5 years of the program. DOT also 
contracted out a.ri additional 100 km of sand sealing. Each year, 
the superintendent in charge of sand sealing conducts a survey 
with each division engineer. 

Nova Scoria Depanmem of Transponaiion, Windsor Juncrion, Nova 
Scotia BON ZVO, Canada. 

TABLE 1 SAND SEAL PROGRAM BY 
DEPARTMENT FORCES 

Year Length - km Cost 
($ Canadian) 

1984 100 329,064 

1983 92 323 ,173 

1982 90 243,879 

1981 125 309,454-

1980 104 222,758 

Materials 

The superintendent must select and test the aggregate pits in 
each division. The approval for each pit is made after the 
recommendation from the Materials Laboratory. The aggregate 
from each pit is tested for its silt and clay content, moisture 
content, and gradation. An outline of the sieve analysis specifi
cation is given in the following table. 

Sieve 
Designation 
(µm) 

20 000 
5 000 

315 
80 

Cumulative 
Percent Passing 

100 
65-95 
20-70 

2-12 

The purpose of the specification is to provide a relatively clean 
sand that limits the amount of material passing the No. 80 
sieve. The sand is processed at each pit by using a power 
screen. 

Figure 1 shows the power screen with a special feature added 
by DOT. This screen is equipped with a hydraulically operated 

FIGURE 1 Power screen with scalper screen. 
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TABLE2 CUTBACK ASPHALT, PRIMER 

Requirements Minimum Maximum ASTM 

Kinematic Viscosity 20 35 D2170 

@ 60°c, mm 2 /sec 

Distillate (% of total distillate t o 360°cJ D402 

to 190°c 20 

to 225°c 40 

·to 260°c 70 

to 315°c 85 

Residue to 360°c 

( % ' total volume) 50 

Residue 

Penetration @ 25°c 80 

Ductility @ 25°c 100 

Solubility(%) 99.5 

scalping device, or Grizzley, which allows the removal of 
oversize aggregate and deleterious material by the truck driver 
or front-end loader operator, thus eliminating the necessity of a 
person to operate the Grizzley. 

An RC 70 cutback asphalt, colloquially called the primer, is 
used as the binding agent. The primer is manufactured by Esso 
Petroleum Canada from its Eastern Passage oil refinery. The 
cost of primer is 2.1 cents/L and adheres to the specification 
given in Table 2. (Dollar amounts given in this paper are in 
Canadian dollars.) 

The annual usage of materials over the past 5 years is 
presented in Table 3. 

Construction 

Sixteen pieces of equipment and a 16-person crew are utilized 
by the Sand Seal Outfit of the DOT. Before the actual sand 
sealing, two steps are taken: 

1. All potholes or significant surface distortions are repaired 

TABLE3 SAND SEAL QUANTITIES 

Year Sand-t(Mg) Primer-kL 

1984 11 194 747 

1983 11 602 668 

1982 9 251 594 

1981 9 781 891 

1980 13 319 891 

Note: t = tonne, Mg = megagram, and 
KL = kiloliter. 

80 

200 D5 

Dl13 

D2042 

by using the DOT's standard Gravel Class A (12 mm maximum 
size). Some roadways may not have to be graded. 

2. Excess dust is removed with a power broom. The primer 
is applied with a standard pressure distributor at a rate of 1.6 to 
2.3 L/m2, depending on the condition of the roadway. Water 
may be added to the surface to slow the evaporation rate and 
allow greater penetration. 

Sand is applied with a gravel spreader at a rate of 18 kg/m2• 

Figure 2 shows the construction train in operation. Usually, the 
surface is swept with a power broom and a second apf lication 
is applied. The primer is spread at a rate of 1.35 L/m and the 
sand at a rate of 18 kg/m2

• 

A third application may be applied the next year. Any pot
holes that appear between treatments are repaired with asphalt 
concrete. The division engineer will evaluate the pavement 
surface condition after the third application, and further treat
ment may be necessary if major hairline cracks appear. 

FIGURE 2 Construction train of the sand sealing outftt. 



130 

Evaluation 

Sa.ml st:aling has bt:t:n ust:<l fur 18 yt:ars a.ml sumt: roadways 
may have received as many as 15 single applications. The 
average cost for the 1984 season was approximately 55 cents/ 
m2• The abundance of aggregate sources and rigid control of 
materials, in combination with a well-equipped crew, has made 
sand sealing cost-effective. Normal maintenance operations 
would include grading the road four times during the year with 
three applications of calcium chloride to control dust. Such a 
program costs approximately 75 cents/m2

, which is 20 cents/ 
m2 more than the sand seal operation. 

CRACK SEALING 

Program 

The successful use of crack sealing by other agencies in Can
ada prompted DOT to implement a crack sealing program. A 
crack sealing crew was formed having a modified router, a 
supply truck, a trailer mounted boilef> unit, an air blower, 
pouring cones, and other necessary equipment. 

A portion of the crack sealing program is also contracted to 
private companies. It is contracted on a bid price per meter 
length of crack. Crack sealing is almost exclusively done on 
roadways that are to be seal coated 

Sealant 

An important factor in crack sealing is the quality of the 
sealant. The sealant now being used is a rubberized hot poured 
joint sealant. A tender is called by DOT at the beginning of the 
construction season for the sealant. The successful bidder must 
submit representative samples to the Materials Laboratory for 
product acceptance. The sample is tested according to the latest 
edition of ASTM D3407. The award of the tender is condi
tional on the sample's passing specifications. 

The sealant is supplied in 200-L containers, which hold six 
30-kg cakes per container. Random samples are taken from the 
shipment of the tendered sealant to ensure conformity to speci
fications. 

Construction 

Crack sealing involves routing out a crack, blowing any debris 
from the crack, filling the routed crack with sealant, and dust
ing the surface with lime as a bond breaker. Figures 3 and 4 
show the various pieces of equipment at work. 

Each crack is routed to a width of 13 mm and a depth of 20 
mm. The router has six carbide tipped cutting wheels, which 
must be replaced each day at an approximate total cost of 
$300.00. 

The routed cracks are cleaned with a jet of air from a John 
Deere backpack blower, which delivers an air velocity of 320 
km/hr. DOT has found that this aspect requires the most care 
because the success of the crack seaiing, in iarge pan, is totaiiy 
dependent on the evacuation of all moisture and dust from the 
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FIGURE 3 Construction train of the crack filling outfit. 

routed crack. This requirement can slow the operation consid
erably. 

The cakes of sealant are placed in a hot oil jacked double 
boiler unit and heated to 190°C for a minimum of 30 min. The 
hot sealant is transferred into hand-operated pouring cones, 
which are used to pour the sealant into the clean routed crack. 
The cone has a 25-mm diameter nozzle. 

The cracks are filled level to the pavement surface and then 
receive a dusting of lime. The lime has proven to be an ideal 
bond breaker between the sealant and vehicle tires. Approx
imately 6 km of cracks can be sealed per day. 

Evaluation 

Crack sealing has proven to be effective in improving the 
riding comfort of the roadway. The average cost of crack 
sealing is $1.25 per meter for an annual program of 600 to 700 
km/yr. 

Table 4 gives the cost breakdown for a 5-yr term. The rate of 
success of the crack sealing has increased substantially with the 
advent of rubberized joint sealants and a more thorough testing 
program of the joint sealants. 

Roads are examined by the superintendent of field outfits to 
determine the amount of sealant loss. If a large percentage of 
loss has occurred, the road is resealed. Experience has shown 

FIGURE 4 Close up of some aspects of crack filling. 
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TABLE4 CRACK SEALING ESTIMATES 

Year Sealant Lime 

t (Mg) t (Mg) 

1980 119 97 

1981 107 114 

1982 80 89 

1983 108 112 

1984 135 123 

that a low percentage of roads is resealed because the controls 
previously mentioned ensure good performance. 

SEAL COATING 

Program 

Seal coating is essentially a three-phase operation consisting of 

1. Production testing and stockpiling of aggregate, 
2. Production and testing of emulsion, and 
3. Seal coating. 

The program is implemented by using two outfits that begin 
operation in June and cease operation in September, and uti
lizes approximately 100 pieces of equipment and 100 people. 

In the preceding fall, a road survey is conducted by the 
superintendent of field outfits, who rates a series of roadways 
submitted by the division engineer. Usually, any wooden bridge 
deck in the construction area is automatically included in the 
program. 

Seal coating was initiated in the 1930s and has gradually 
been improved to an extent that DOT is confident to use seal 
coating on its 100 Series (Trans Canada Standard) highways 
because it imparts an excellent macrotexture and a high skid 
resistance. 

Length Cost per metre 
($ Canadian) 

-km 

264 1. 04 

252 1. 40 

270 1. 23 

333 1. 24 

299 1.16 

DOT uses the design strategy suggested by MacLeod for 
one-size aggregate treatment and a rapid-setting emulsion, tak
ing full advantage of the experience factor K suggested by 
MacLeod (1). 

In the early years of the program, larger maximum-size 
aggregates (19 and 12 mm) were used, but because there was an 
increase in damage to headlights and windshields of vehicles, 
DOT opted for a smaller maximum-size (10 mm) aggregate. 

DOT found that the crack sealing and seal coating had 
improved the riding quality to such a degree that high traffic 
speeds did not generate vehicle damage by flying particles. 

Materials 

The aggregate is manufactured from quarried rock from two 
distinct deposits. The two rock types from the Paleozoic Era 
are a quartzite from the Goldenville epoch of the Lower 
Ordovician Period and a granite from the Devonian Period 
Table 5 gives the physical properties of the two rock types. 

The production of quality aggregate is controlled at the 
quarry by technicians from the Materials Laboratory. Figure 5 
shows the location of the mobile laboratory at the aggregate 
manufacture site. Random samples are taken, and testing par
ticularly for gradation and flakiness index is performed to 
ensure conformity to specifications. 

TABLE S PHYSICAL PROPERTIES OF AGGREGATE 

Source Quartzite Granite 

Petrographic Number 115 122 

Loose Unit Mass - kg/m3 1 354 1 339 

Rodded Unit Mass - kg/m3 1 512 1 477 

Flakiness Index - % 19.9 15.1 

Average Least Dimension - mm 5.6 5. 3 

Los Angeles Abrasion - % 16.0 16.0 

Soundness Loss - % 1. 0 0. 4 



132 TRANSPORTATION RESEARCH RECORD 1096 

FIGURE S Seal coat aggregate quarry and quality control 
laboratory. 

The specification for the seal coat aggregate is given in the 
following table. 

Sieve Size 

1/l in. 
3/s in. 
1/4 in. 
No. 4 
No. 16 

Cumulative 
Percem Passing 

100 
95-100 
0-43 
0-5 
0-0.5 

By visual assessment, not more than 10 deleterious particles per 
2 min nor any elongated or soft particles are permitted. 

Acceptable aggregate is properly stockpiled at the quarry 
and hauled to the various construction depots as required dur
ing the construction season. These depots are located 8 km 
apart to reduce travel time. Local trucks are used for the 
hauling. The spread of the aggregate is determined by using the 
following formula: 

C = 0.001(1 - 0.4 V)HGE 

where 

c 
0.001 

v 
H 
G 

= spread of aggregate (kg/m2
), 

= constant, 
= void fraction in aggregate, 
= average least dimension (mm), 
= bulk specific gravity (kg/m3

), and 

(1) 

E = allowance for whipoff (%). 

Example 1 

A quartzitic aggregrate has an average least dimension of 5.6 
mm, a void fraction of 0.448, and a specific gravity of 2710 kg/ 
m3

, and 4 percent (1.04) has been allowed for whipoff and the 
distortions in the surface (1) . A spread of 13.0 kg/m2 is there
fore recommended. 

The cationic type of emulsion was found to be more condu
cive to the local rock types and climatic conditions. The pro
duction of the cationic emulsion, RS-2k, is inspected at the 
manufacturer's site. The emulsion must adhere to the specifica
tions as given in Table 6. 

The spread of the emulsion is determined by using the 
following formula: 

B = (K!R)(0.454HTV + S + A) 

where 

B = spread of emulsion (L/m2
) 

K = experience factor (0.9 to 1.3), 
R = residual asphalt cement factor, 
T = traffic factor, 
V = void fraction in aggregate (0.448), 
S = hunger factor (L/m2), and 
A = aggregate absorption factor (L/m2). 

Example 2 

(2) 

Using the same roadway as in Example 1, which experience has 
shown requires about 10 percent more emulsion (K = 1.1), the 
spread of the emulsion is designed. The emulsion has 69 
percent residual asphalt cement. The high traffic volume 
requires a traffic factor of 0.6. The surface is badly oxidized 
and has a degree of hunger requiring 0.407 L/m2. The quartz.i tic 
aggregate has a low absorption and 0.010 L/m2 is used. A 
spread of 1.59 L/m2 of RS-2k emulsion will be required. 

Construction 

A tender is awarded to local firms to haul the emulsion from the 
manufacturer to storage depots near the construction site. 

TABLE 6 SPECIFICATION FOR SEAL COAT EMULSION 

Test Specification 

Saybolt Furol Viscosity @ 50°C,seconds 150-400 

Residue by evaporation (minimum),% 68 

Settlement in 5 days (maximum),% 5 

Sieve test by mass (maximum),% 0.1 

Particle charge Positive 

Penetration of residue @ 25°C 100-250 
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FIGURE 6 Seal coat compaction train. 

These 73-kL depots are Porta-Tanks, which can maintain a 
uniform temperature of 80°C by using a hot oil system with 
circulating pumps. Standard asphalt distributors are filled at the 
depot and haul the emulsion to the construction site. 

The emulsion is applied from a spray bar, which can spray 
widths varying from 300 mm to 4 m. The spread rate can vary 
from 1.0 to 1.6 L/m2. 

Immediately after the emulsion is sprayed, the aggregate is 
applied from a power chip spreader supplied by trucks from the 
depots. The aggregate is spread at a rate of 13 to 15 kg/m2. 

The aggregate immediately receives two passes from a 6-Mg 
rubber-coated drum vibratory roller and two passes from a 
7-Mg pneumatic-tired roller. Figure 6 shows the compaction 
train. 

The rubber-coated drum vibratory, as shown in Figure 7, is a 
recent innovation and follows a practice used in Sweden for 
several years; it was implemented by Dynapac Limited. The 
incorporation of the rubber-coated drum vibratory roller has 
resulted in several major advantages over a conventional roll
ing train: 

• An immediate cost saving of $35,000.00 because two 
rollers and two operators with corresponding costs were 
deleted, 

FIGURE 7 A close up of the rubber coated drum vibratory 
rolling. 

CAUTION 
REDUCE SPEED 
rLYI NG STONES 

NEXT ~. 

FIGURE 8 Traffic warning signs (danger of flying stones). 
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• A substantial reduction in the number of crushed particles, 
• A better alignment of individual aggregate particles, and 
• A substantial improvement in the overall time to complete 

one kilometer of roadway. 

The conventional rolling train consisted of four rollers; a 
5-Mg pneumatic-tired roller; a 5-Mg three-wheel steel roller; a 
7-Mg pneumatic-tired roller; and a 7-Mg three-wheel steel 
roller. 

Over the past several years, substantial improvement has 
been made in traffic control and safety for the traveling public. 
Flag persons and patrol vehicles are used to safely lead the 
traveling public past the construction site. Warning signs such 
as those shown in Figure 8 are left up several days after 
construction to warn of the danger of flying stones. 

Evaluation 

At the end of each season, the seal coat project is evaluated, 
which enables DOT staff to further modify the design formula, 
particularly the K or experience factor. 

Table 7 gives the various aspects of the seal coat operation. 
In 1984, the costs were held at the 1983 level because of the use 
of a rubber-coated drum vibratory roller. The average cost per 
lane kilometer was $3,251; a lane kilometer equates to a section 
3 m wide and 1000 m long. 

FRICTION VALUES AND REHABILITATION 

Newly constructed surfaces or newly overlaid surfaces have 
high friction (skid number = 60 when tested in accordance with 
ASTM E274). A decrease in friction values occurs because of 
many reasons, such as contamination, excess asphalt cement, 
polished stone, or low air voids. In many cases, the skid 
numbers have decreased to the vicinity of 30 and values as low 
as 18 have been recorded. 

When the roadway surfaces are rehabilitated, these low skid 
numbers significantly improved, depending on the methods of 
resurfacing. Tests have indicated that normal seal coating or 
seal coat with special additives such as Ultra-Pave yields skid 
numbers in the range of 60. Sand seal produces skid numbers in 
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TABLE 7 SUMMARY OF SEAL COAT OPERATION 

Year Emulsion Aggregate Length Average Cost 
($ Canadian) 

- ML -Gg -km - per lane km 

1980 4.7 44.4 1 074 2 169 

1981 4.3 40.4 1 038 2 654 

1982 3. 3 32.1 792 2 795 

1983 3.9 36.7 897 3 270 

1984 4.0 37.7 895 3 251 

Note: ML = megaliler and 0 8 = gigagram. 

the range of 45, whereas slurry seal has a friction value of 40. 
The current guidelines in Nova Scotia relegate the use of sand 
seal to low-speed secondary roadways. The following table 
gives a summary of the relative skid numbers for various 
surface treatments. 

Type 

Chip seal 
lntra-Pave 
Slurry seal 
Sand seal 

CONCLUSIONS 

Skid Number 
(ASTM E274) 

60 
60 
45 
40 

The proper maintenance of any highway system depends on the 
methods that the agency uses to meet the climatic conditions in 
their jurisdiction. The three methods discussed in this paper 
have proven to be effective in Nova Scotia, and the following 
conclusions can be made: 

• Sand seal is a cost-effective method of sealing low-vol
ume roads as well as providing an adequate wearing surface. 

• Rubberized crack fillers provide an acceptable sealant if 
proper quality control methods are used. 

• Seal coating provides an exceptional skid resistance sur
face and increases pavement life. 

• Rubber-coated drum vibratory rollers increase the effi
ciency of seal coating and reduce operating costs. 
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