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National Study of Asphalt Pavement

Rutting in Saudi Arabia

H. I. AL-ABDUL WAHHAB, M. N. FATANI, A. S. NOURELDIN,

A. BUBSHAIT, AND 1. A. AL-DUBABE

Premature rutting has occurred on a number of recently built highways
in Saudi Arabia. The Ministry of Communications, in an effort to solve
the problem, has initiated a number of studies and has started to replace
the affected pavement. The aim of the present study was to identify pos-
sible factors that may relate to rutting and to recommend maintenance
and repair criteria for existing rutted pavements. The study covers 19
sections of 11 major highways. Results indicate a direct relationship be-
tween rutting and the percentage of air voids, the percentage of voids in
mineral aggregate, the percentage of voids filled with asphalt, the re-
silient modulus at 25°C, and asphalt viscosity. These properties were
used as bases for determination of maintenance criteria as well as the
criteria for mixes required to resist rutting on Saudi roads.

The Kingdom of Saudi Arabia has invested more than US $25 bil-
lion in road construction over the last 20 years. The Kingdom has
undergone an extremely rapid rate of development in many direc-
tions. The construction of thousands of kilometers of freeways, ex-
pressways, and low-volume roads has played an important role in
such development. Growth in socioeconomic and industrial sectors
has been encouraged, resulting in the generation of a great deal of
heavy vehicle transportation in cities and between cities.

These rapid development rates have generated extremely large
traffic volumes, especially those of heavy trucks, on the roadway
network. The roadway capacity can properly accommodate these
volumes. However, noticeable rutting problems have appeared
during the last 10 years. A

In an attempt to avoid the spread of the rutting problem on the
prestigious Saudi roadway network, a 5-year NCHRP project enti-
tled Evaluation of Permanent Deformation of Asphalt Concrete
Pavements in Saudi Arabia was initiated in July 1987. The objec-
tives of this research project were

1. To identify factors that may relate to rutting,

2. To recommend criteria for repairing existing rutted pave-
ments,

3. To recommend ways and means of minimizing rutting in
future constructions projects, and .

4. To select a model for identifying rutting potential in different
asphalt concrete mixes.

This paper summarizes the results of some phases of the study
and provides preliminary recommendations for ways to obtain rut
resistance on pavements bearing today’s heavy traffic loads.
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STUDY SECTIONS

Nineteen test sections located on 12 major highways (Table 1) were
selected such that

1. Three regions of the Kingdom were represented (Eastern,
Central, and Western),

2. Weigh stations were present to monitor truck weights,

3. Traffic characteristics and tire pressures could be monitored
easily and accurately,

4. Sections on roads without rutting problems were represented,
and . . . .

5. Nonrutted segments (rut depth less than 1 cm) of roads with
rutting problems were represented.

Each test section was 1 km in length and two to three standard
traffic lanes wide (depending on road classification). The rut depth
measurements obtained on the selected rutted sections ranged from
1.5t0 7.0 cm. :

Field investigations and laboratory characterizations were con-
ducted at each test section for both the truck lane (outer right slow
lane) and the passing lane (outer left passing lane).

RUTTING DISTRESS LOCATION

Full-depth, full-width saw-cut trenches together with full-depth,
full-width continuous corings obtained from rutted sections in-
dicated that rutting distress was localized only in the top 10 cm
of asphalt-bound layers on the truck lane under the wheelpaths
(Figure 1).

The occasional presence of rutting in the middle lane (six-lane
dual carriageways) was observed when the presence of severe rut-
ting in the truck lane caused discomfort to the users of that lane. The
middle lane in this case became, in practice, the truck lane.

The amount of rut depth under the left wheelpath was smaller
than that under the right wheelpath (Figure 1). This may be attrib-
uted to the surface slope and the relatively low lateral support pro-
vided by the shoulder adjacent to the right wheelpath compared
with the lateral support provided by the traffic lane adjacent to the
left wheelpath. .

TRAFFIC CHARACTERISTICS
Traffic counters and weigh stations located on the selected study

sections were used to monitor traffic characteristics. The monitor-
ing process resulted in the following major observations:
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TABLE 1 Study Sections
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) Thickness, cm
Non-Rutted Rutted >
Region Sections Sections BWC* BBC® ASB° Total
EIN - 5 13 12 30
East E3N E2R 5 13 12 30
(4 roads) ESN E4AR 5 19 12 36
E6N - 5 19 12 36
C2N CIR 5 20 12 37
Central C3N - 5 20 12 37
(4 roads) C5SN C4R 5 20 12 37
C6N - 5 10 12 27
WIN W2R 5 15 12 32
West Wi3N WA4R b 15 12 32
(4 roads) W5N W6R 5 15 12 R
W7N - 5 13 12 30
Total 12 Sections 7 Sections

“BWC : Bituminous Wearing Course, 19 mm top aggregate size
*BBC : Bituminous Base Course, 38 mm top aggregate size

‘ASB : Aggregate Subbase, Selected Material

1. Heavy truck (exceeding legal limits) traffic represented more
than 25 percent of total traffic on all test sections.

2. Sixty percent of the truck traffic used the roadways between
9:00 a.m. and 4:00 p.m. During this time of day in the hot season
(May to September), the air temperature regularly exceeds 40°C
(104°F) and pavement temperatures exceed 60°C (140°F).

3. Up to 20 percent of individual axles had loads in excess of
limits set by the Ministry of Communications (Figure 2).

4. Almost all truck traffic used the slow lane except when
passing. o

5. More than 50 percent of the tires tested had tire air pressures
in excess of 8.43 kg/cm? (120 Ib/in.?), and more than 95 percent of
the tires tested had tire pressures in excess of 4.92 kg/cm? (70
1b/in.?). Some inflated tires had pressures of up to 12 kg/cm? (170
1b/in.2), as illustrated in Figure 3. It should be noted that the Asphalt
Institute pavement design method () assumes that loads are trans-
mitted to the pavement when the contact pressure is 4.92 kg/cm? (70
Ib/in.?). In addition, the current 1993 AASHTO guide (2) also
assumes that tire pressure is in the vicinity of 5 kg/cm?.

6. A heavy truck classified as 2S2 was identified as the one as-
sociated with the most gross weight and axle load limit violations
(Figure 2).

CLIMATIC CHARACTERISTICS

Temperature sensors were installed at various depths of the pave-
ment sections to monitor air temperature, pavement surface
temperature, and pavement temperature at depths of 2, 4, 8, and 16
¢m and at the bottom of the bituminous layers. The monitoring
process resulted in a data base of temperature measurements at the
specified locations for 24 hr a day for a period of 2 years. The
following are the major observations from this temperature-
monitoring process:

1. Roads in Saudi Arabia are generally exposed to extremely
high temperatures for long periods of time.

2. The pavement temperature approaches 70°C (158°F) in the
hot summer months (May to September), during which time the air
temperature approaches 50°C (122°F).

3. The highest temperature occurs at the middle of the bitumi-
nous wearing course (at a depth of 2 cm from the pavement surface).

4. The pavement surface temperature is slightly less than that of
the middle of the bituminous wearing course apparently because of
surface winds (Figure 4).

Although nothing can be done to alter these harsh climatic con-
ditions, allowing a slightly larger air void content in the bituminous
wearing course may help by providing more ventilation for the bi-
tuminous wearing course and hence reducing pavement tempera-
ture. Also, the end of construction and the opening of the road to
traffic should not be scheduled during the summer months (May to
September), when the pavement temperature is the highest and
asphalt consistency is the lowest. B

Figure 5 shows the monthly average temperature distributions
during the hours of the day for the months of December (coldest)
and July (hottest), re'spectively. Figures 6 and 7 illustrate the regres-
sion relationships between pavement surface temperature (or tem-
perature at a depth of 4 cm) and air temperature during the months
of December and July, respectively. In addition, Figure 8 provides
the monthly variation in air temperatures in the cities of Riyadh
(Central Region) and Dhahran (Eastern Region), respectively.
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FIGURE 1 Pavement cross section at Test Section E2R.
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FIGURE 4 Temperature gradient during the hottest time of
the year in a 25-cm, full-depth asphalt.

ASPHALT CEMENT CHARACTERISTICS

Asphalt cement samples were extracted from slabs obtained from
the study sections by using ASTM D 2172 and were recovered by
using ASTM D 1856. Consistency characteristics [penetration
(PEN), absolute viscosity (ABSVS), kinematic viscosity (KINVS),
and softening point (SFT)] were tested according to ASTM D 5,
ASTM D 2171, STM D 2170, and ASTM D 36, respectively. This
process was performed for the bituminous wearing course and the
bituminous base course.
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FIGURE 5 Average pavement temperatures during July in a
20-cm, full-depth asphalt.
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FIGURE 6 Surface temperature—air temperature relationship
during December.

Asphalt cement consistency characteristics were statistically
compared as follows:

1. Between the fast and slow lanes within the rutted sections,

2. Between the fast and slow lanes within the nonrutted sections,
and

3. Between the fast lanes of the rutted sections and the fast lanes
of the nonrutted sections.

The first and second comparisons indicated no statistically sig-
nificant differences. This generally means that the asphalt cement
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FIGURE 7 Surface temperature-air temperature relationship
during July.
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FIGURE 8 Monthly variation in air temperature for Riyadh
(Central Region).

consistency characteristics were statistically identical within the
same section whether it was a rutted section or a nonrutted section.

However, the third comparison indicated that significant differ-
ences exist for the bituminous wearing course only (asphalt samples
extracted from the bituminous base course did not indicate statisti-
cally significant differences). Asphalt cement extracted from cores
obtained from the bituminous wearing course of the fast lanes of the
rutted sections was statistically softer than asphalt cement extracted
from cores obtained from the bituminous wearing course of the fast
lanes of nonrutted sections (Tablé 2). The expression softer means
a higher level of penetration, a lower softening point, a lower

_viscosity, and a lower stiffness (Table 2).

AGGREGATE CHARACTERISTICS

Aggregate samples were extracted from slabs obtained from the
study sections by using ASTM D 2172. Gradation analysis was con-
ducted by using ASTM C-136 (Tables 3 and 4). The extracted ag-
gregate, which was limestone for the Eastern and Central Regions
and granite for the Western Region, was also examined to determine

the surface area, hump value, and amount passing No. 200. These .

characteristics were obtained for both the bituminous wearing
course and the bituminous base course.

TABLE 2 Asphalt Cement Consistency Characteristics
for the Bituminous Wearing Course

Mean
Variable Non-Rutted  Rutted P-Value®
PEN 21.01 27.03 0.022
SFT 67.25 62.52 0.011
KINVS 1724.44 1339.58 0.034
ABSVS 81295.55

35645.50 0.011
“P-Value: Probability of Equal Means
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These aggregate characteristics were statistically compared in ex-
actly the same manner described previously for asphalt cement. The
statistical comparisons indicated no significant differences.

MIX DESIGN PARAMETERS

Bulk specific gravities (GMB) of cores obtained from the study sec-
tions were obtained by using ASTM D 2726. The maximum theo-
retical specific gravities (GMM) were determined by using ASTM
D 2041. The asphalt content (extracted) was determined by using
ASTM D 2172, and its specific gravity was determined by using
ASTM D 70. The bulk specific gravities (GSB) of the extracted ag-
gregates were determined in accordance with ASTM C-127 and
ASTM C-128. Percent voids in mineral aggregate (VMA), percent
air voids (AV), and percent voids filled with bitumen (VFB) were
computed in accordance with the Asphalt Institute Mix Design
Manual (3). -

The mix design parameters of the fast lanes of rutted sections
(representing original construction conditions) were statistically
compared against those parameters of fast lanes nonrutted sections.
The comparison was made separately for the bituminous wearing
course (BWC) and the bituminous base course (BBC). The com-
parison indicated (Tables 5 and 6) that

1. The GMB values of cores taken from fast lanes of rutted sec-
tions were significantly higher than the GMB values of cores taken
from fast lanes of nonrutted sections. This was true for BWC and
BBC.

2. The in situ percent VMA and percent AV of fast lanes of rut-
ted sections were significantly lower than the in situ percent VMA
and percent AV of fast lanes of nonrutted sections. This was true for
BWC. For BBC the perceht AV followed the same trend, but the
percent VMA showed no significant difference.

3. The percent VFB in cores obtained from fast lanes of rutted
sections was significantly higher than the percent VFB in cores ob-
tained from fast lanes of nonrutted sections. This was true for both
BWC and BBC.

4. Other mix design parameters (asphalt content, maximum spe-
cific gravity, GMM, and GSB) did not show any significant differ-
ences.

5. The statistical risk of rutting is minimized (the probability of
rutting becomes minimal) when

a. Thein situ AV exceeds 5 percent, the in situ VMA exceeds 13

percent, or the in situ VFB is less than 60 percent for BWC
(19-mm top aggregate size) and
b. The in situ AV exceeds 5 percent, the in situ VMA exceeds
12.5 percent, or the in situ VFB is less than 50 percent for BBC
(39-mm top aggregate size).

STRENGTH AND STIFFNESS PARAMETERS

Stability, strength, and stiffness parameters [Hveem stability, di-
ametral resilient modulus (0.1 Hz at 25°C, 40°C, and 50°C), Mar-
shall stability, Marshall flow, Shell creep at 40°C and indirect ten-
sile strength] were used to statistically compare the fast lanes of
rutted sections and fast lanes of nonrutted sections (representing
original construction conditions). The diametral resilient modulus
values of cores obtained from the fast lanes of nonrutted sections
were significantly higher than the resilient modulus values of cores
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TABLE 3 . Wearing Course Aggregate Gradations, Resilient Modulus, and Hveem Stability for Nonrutted Sections

Road Section

Sieve Size C2N C3IN C5N C6N EIN EIN ESN E6N WIN W3N WSN WIN
37.5 mm 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1000 100.0 100.0 100.0
25.0 mm 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
19.0 mm 100.0 98.3 100.0 957 100.0 100.0 100.0 100.0 100.0 100.0 98.4 99.3
12.5 mm 89.2 88.5 88.3 82.9 93.7 96.5 92.3 83.3 91.0 87.7 84.8 93.0
9.0 mm 76.9 78.9 76.4 73.5 81.4 80.4 90.0 71.8 79.9 714 716 85.5
4.75 mm 58.5 62.2 56.8 53.7 539 542 56.0 60.2 63.5 51.0 55.6 66.8
2.36 mm 45.2 47.1 42.2 43.6 42.0 41.5 45.2 46.0 51.8 38.2 42.6 47.5
2.00 mm 42.4 44.1 39.2 40.7 40.2 39.5 43.2 42.8 48.8 35.7 39.8 44.1
1.18 mm 35.4 35.7 31.6 329 359 34 4 394 349 40.2 29.3 32.6 35.9
0.600 mm 275 26.1 25.1 25.4 30.8 29.4 35.2 27.7 320 23.2 25.6 27.2
0.425 mm 23.5 224 22.2 221 25.5 253 315 24.0 28.2 20.7 22.7 23.0
0.300 mm - 18.7 19.3. 18.8 18.6 22.5 21.7 25.4 19.3 23.6 18.0 19.7 18.8
0.180 mm 14.1 16.4 14.6 14.6. 17.1 16.0 17.9 14.8 17.7 14.6 16.1 14.9
0.150 mm 11.4 13.4 12.4 11.4 14.7 13.6 15.2 12.9 14.8 13.0 14.0 13.6
0.075 mm 5.9 55 7.7 5.0 9.2 8.2 11.4 8.3 8.5 9.3 8.8 10.9
Resilient modulus 8.2 8.4 8.6 10.0 7.1 8.0 7.1 10.0 8.5 8.2 3.5 10.0
@ 25°C, 10* kg/cm? -
Hveem stability % 41 39 42 40 35 45 38 42 50 53 35 42

taken from the fast lanes of rutted sections (Table 7). Other param-
eters showed no statistically significant differences.

IDENTIFICATION OF RUT-RESISTANT MIXES

Asphalt mixes with a wide range of gradations, various binders [as-
phalt concrete (AC) 60/70, AC 40/50, and Novophalt and Polybelt
modified asphalts], and various filler (limestone dust)-to-binder

ratios were characterized by the French Central Bridge and Pave-
ment Laboratory wheel tracking test as a pavement rutting simula-
tor. Test procedures were those described elsewhere (4,5). In addi-
tion to the wheel tracking test, the mixes were characterized by the
Hveem stability, Marshall stability, resilient modulus at 25°C, and
indirect tensile strength tests.

Based on the assumption that rut-resistant mixes in the field wili
also be rut resistant during the wheel track test, the following results
were obtained:

TABLE 4 Wearing Course Aggregate Gradations, Resilient Modulus, and Hveem Stability for

Rutted Sections

Road Section

Sieve Size CIR C4R E2R E4R W2R W4R W6R
37.5 mm 100.0 100.0 100.0 100.0 100.0 100.0 100.0
25.0 mm 100.0 100.0 100.0 100.0 100.0 100.0 100.0
19.0 mm 100.0 100.0 100.0 100.0 100.0 100.0 100.0
12.5 mm 87.0 91.2 95.8 87.4 94.6 86.7 87.2
9.0 mm 73.3 75.8 82.2 76.8 85.9 75.6 74.4
475 mm 56.2 53.9 57.4 53.0 67.5 52.4 55.4
2.36 mm 43.7 37.7 45.0 40.3 52.3 44.8 42.4
2.00 mm 41.2 35.4 43.0 38.1 48.7 419 39.6
1.18 mm 343 30.2 38.5 33.7 39.2 34.0 32.5
0.600 mm 26.9 23.7 33.0 29.0 31.0 26.3 25.8
0.425 mm 22.7 19.7 28.7 25.2 279 23.2 229
0.300 mm 17.5 15.6 2.2 18.9 -24.5 19.9 19.6
0.180 mm 12.2 11.6 12.8 11.8 19.9 159 154
0.150 mm 8.3 9.5 10.3 9.4 17.4 14.1 13.4
0.075 mm 4.0 5.1 7.9 59 11.3 9.9 8.3
Resilient modulus 4.8 6.0 52 5.1 8.0 7.0 2.7
- @ 25°C, 10* kg/cm? ' ,
Hveem stability % 38 34 33 38 52 42 34
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TABLE 5 Mix Design Characteristics for Bituminous
Wearing Course

Mean
Variable Non-Rutted - Rutted P-Value
AC, % 4,615 4.989 .190
GMB 2.387 2.427 .027
GMM 2.518 2.513 915
AV, % 4.838 3.457 - .000
GSB 2.609 2.590 717
VMA, % 12.717 10.974 .000

59.942 69.573 .000

VFB, %

1. For the same asphalt binder and different aggregate charac-
‘teristics, the Hveem stability test is the best indicator of rut-resistant
mixes (best correlated with the wheel tracking test in identifying
rut-resistant mixes). This might explain why the Hveem stability
test was not capable of distinguishing between rutted and nonrutted
sections in the field (fast lane versus fast lane) whose aggregate
characteristics were statistically identical.

- 2. For the'same aggregate characteristics but different asphalt
binders, the modulus of resilience test (followed by the indirect ten-
sile strength test) is the best indicator of rut-resistant' mixes (best
correlated with the wheel track test in identifying rut-resistant
mixes). This might also explain why the modulus of resilience test
was capable of distinguishing between rutted and nonrutted sections
in the field (fast lane versus fast lane) whose aggregate characteris-
tics were statistically identical and whose asphalt properties were
different. '

3. The arrangement described in Table 8 was suggested as a sub-

jective identification of rut-resistant mixes.

4. Based on the criterion that the lower the rut depth measured

by the wheel track test the better the rut resistance,

a. Mixes (surface or base) prepared us with AC 40/50 and then
mixes prepared with AC 60/70 + 7 percent Polybelt, AC
60/70 + 4 percent Polybelt, and AC 60/70 only (control)
were, respectively, the most rut-resistant mixes.

b. The filler effect was statistically significant in improving the
rut resistance of base course mixes. This was not the case for
wearing course mixes that showed little or no improvement.

SUBGRADE SOIL CHARACTERISTICS

Many well-known pavement design methods assume that pavement
rutting is a subgrade problem that is reflected on the pavement sur-

TABLE 6 Mix Design Characteristics for Bituminous Base
Course

Mean
Variable Non-Rutted Rutted P-Value
AC, % 4.194 4.245 .831
GMB 2.334 2.392 .007
GMM 2.496 2.504 .865
AV, % 4.447 3.484 .038
GSB 2.543 2.569 .609
VMA, % 12.063 11.636 .454
VFB, % 48.553 64.780 .000
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TABLE 7 Resilient Modulus Values (10* kg/cm? at 25°C) for
Bituminous Wearing Course and Bituminous Base Course

Layer Percentile Non-Rutted Rutted
Wearing 25 percentile - 4.15 3.09
Course Mean 5.00 4.03
75 percentile 5.53 4.98
Base 25 percentile 4.84 2.90
Course . Mean . 5.15 3.82
75 percentile 6.00 5.03
25 percentile 4.46 2.97
Combined  Mean 5.14 3.88
75 percentile 5.85 5.03

face. Among these are the Asphalt Institute method (/) and the
AASHTO method (2). It was therefore essential to investigate the
subgrade characteristics of the study sections to detect correlations
(if any) between subgrade strength (or weakness) and pavement
rutting.

The results of that investigation indicated that the rutting observed
inall study sections was not initiated in the subgrade and reflected on
the surface. In addition, it was noted that the soil classification of the
subgrades under pavement layers in all study sections in the Eastern,
Central, and Western Regions was A-1-a, A-1-b, A-2-4, A-2-5, or
A-2-6. The presence of silt or clay (A-2-4, A-2-5, and A-2-6)
occurred mainly in study sections within the Eastern Region.

This should not imply, however, that quality control measure-
ments for subgrade preparation can be eased. Figure 9 illustrates the
importance of quality control on density achieved in the field and
its effect on subgrade strength as represented by the California
Bearing Ratio (CBR) for the study sections. It can be seen that a
1 percent reduction in density achieved results in a drop of at least
8 percent in the in situ CBR achieved.

EMPIRICAL OBSERVATIONS

The following are some statistical empirically relevant observations
extracted from the study:

1. The total rut depth per 1 cm of thlckness of bituminous layers
was 0.15 cm.

2. The bulk specific gravity of the aggregate used in the pave-
ment layers was highest in the Western Region (mountainous ter-
rain); this was followed by the Central Region (hilly terrain) and
then the Eastern Region (level terrain).

3. The quality control of construction of non-asphalt-bound lay-
ers (subbase and subgrade) represented by percent compaction and -
CBR was highest in the Central Region (where the capital, Riyadh,
is located); this was followed by thé Western Region (where the
second capital, Jeddah, and the Holy Cities are located) and then the
Eastern Region.

CONCLUSIONS

The following conclusions are reached on the basis of the data
obtained in the present study:

1. Rutting observed from trench cuts or continuous coring oc-
curred in the top 10 cm of the asphalt-bound layers.
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TABLE 8 Subjective Identification of Rut-Resistant Mixes

Rut Depth
. Wheel Track Test MR, 25°C
Rut Resistance ~ mm/10,000 Cycles Hveem Stability 10* kg/cm?
Very good <20 or > 47 and >33
Good 2.0-3.5 or 43-47 and 3.0-3.3
Fair 3.5-5.0 or 37-43 and 2.6-3.0
Poor > 5.0 or < 37 and <24

2. Pavement rutting in Saudi Arabia is mainly caused by the
compound effect of heavily loaded trucks with high tire pressures
and long periods of hot weather.

3. In situ air void contents above 5 percent are needed to de-
crease the probability of premature rutting of asphalt-bound layers
(surface and base).

4. In situ VMAs of at least 13 percent for a 19-mm bituminous
wearing course and at least 12.5 percent for a 38-mm bituminous
base course are needed to decrease the probability of premature rut-
ting of asphalt-bound layers. )

5. Mix design volumetric parameters (GMB, percent AV, per-
cent VMA, and percent VFB) are related to pavement rutting.

6. Combined testing of laboratory-compacted cores to determine
the resilient modulus at 25°C (ASTM D 4123) and then the Hveem
stability (for the same specimen) can be used to subjectively iden-
tify rut-resistant mixes as described here. ’

RECOMMENDATIONS

The following recommendations can be made on the basis of the
data obtained during the study phases:

(BR %

L " L N 1
180 192 206 216 228

Ory Density, ton/m3

FIGURE 9 CBR-density relationship for the
study sections.

1. Greater emphasis should be placed on the monitoring of truck
gross weight and axle load limits, especially those trucks classified
as 252, which have a history of violating load limits.

2. An approach to monitoring and controlling tire pressures and
setting standards and penalties (similar to those for gross weight and
axle load violations) is needed.

3. Whenever feasible the end of construction and the opening of
new roads to traffic should not be scheduled during (or just before)
the months of May to September.

4. Quality control of construction materials should include the
monitoring of asphalt cement temperature versus consistency char-
acteristics. :

5. Whenever possible, polymer-modified asphalt or hand asphalt
grade (AC 40/50) is preferred over AC 60/70.

6. A minimum softening point for the asphalt mastic (asphalt +
filler) of at least 65°C should be specified.
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