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Rational Basis For Asphalt Specifications 

Wst asphalt specifications presently exclude paving asphalts 
having from mderate to high temperature susceptibilities. It is 
the principal objective of this paper to present data for prmting 
the adoption of specifications that would permit the use of 
paving asphalts with the entire normal range of Impratwe 
susceptibility. It is shown that since they are usually in 
limited supply, paving asphalts bf low temperature susceptibility 
huld be restricted for use in pavmm~ts that will carry heavy 
traffic, while paving asphalts with intermediate a d  high temp 
erature susceptibilities, which are normally much mre plentiful, 
should be selected for pavements for medim a d  light traffic. 
The paper also presents data which indicate that paving asphalts 
with intezmdiate and high tanperature susceptibilities can be 
effectively used in asphalt binder or base courses for heavy, 
medium and light traffic. Data included in the paper provide a 
rationdl basis for a specification that would include all paving 
asphalts regardless of their temperature susceptibilities. 

At present, mst asphalt specifications exclude paving asphalts 
having from derate to high temperature susceptibilities. It is 
the primary purpose of this paper to present data that would 
justify the adoption of specifications that would permit the use 
of paving asphalts within the entire normal range of taqxrature 
susceptibility. The paper will review the important role that 
paving asphalt temperature susceptibility plays with respect to 
pa-t perfonwince, particularly low temperature transverse 
pavement cracking, and how this very serious highway engineering 
problem can be avoided by using softer and softer asphalt cenwts 
as their temperature susceptibility increases. Data in the paper 
show that for the s m  degree of protection against low temperature 
transverse pavenent cracking, paving asphalts of low tmperature 
susceptibility, which are usually in limited supply, should be 
reserved for pavenents that are to carry heavy traffic, softer 
paving asphalts of intem-diate temperature susceptibility, which 
are normally mst aburdant, should be selected for pavements for 
mAim traffic, while still softer paving asphalts of high 
tenp3erature susceptibility should be chosen for pavfments for 
light traffic. Although for surface courses, paving asphalts of 
intermediate to high tenperatwe susceptibility should be limited 
to medium and light traffic respectively, the paper denonstrates 
that these higher temperature susceptibility paving asphalts can 
provide adequate pavment stability for use in asphalt binder or 
base courses for heavy, medium and light traffic. Data are 
presented to shDw that paving asphalts that are just soft enough 
at lowest winter temperatures to avoid lcw temperature transverse 
pavement cracking, appear to be hard enough at sunmer pavement 
temperatures to provide adequate p a v m t  stability for fast 
traffic in warm weather. The paper concludes with a chart that 
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indicates the basic requirements for a specification that  muld 
include al l  paving asphalts regardless of their  m a t u r e  
susceptibility values. 

I1 THE TWl MOST IMPOFKPANT ENGlNEEWNG PROPERTIES OF PAVING ASPHALTS 

1. With respect to long term pavement performance, the two most 
important engineering properties of paving asphalts are: 
a )  penetration a t  77OF 
b) temperature susceptibility 

2. While mst engineers are quite familiar with penetration a t  
25OC as  a measure of paving asphalt consistency, temperature 
susceptibility has been largely ignored, except by writing 
asphalt specifications tha t  exclude paving asphalts of 
moderate t o  high t-ature susceptibility. 

3. Asphalt cements are becoming scarcer and w i l l  probably 
become more so i n  the future. Furthermore, petroleum refiners 
now have to run whatever crude o i l s  are available. Since 
the paving asphalt property that  is most widely affected by 
these changing crude o i l  sources is temperature susceptibility, 
it is important tha t  engineers responsible for asphalt 
paving operations !xcaw much more knowledgeable concerning 
it. Otherwise, they are going to have highly variable 
pavement perf onnance . 

4. As i l lustrated by Figure 1, the tanperature susceptibility 
value of a paving asphalt depends upon how much its consistency 
changes over any given range of temperature. In Figure 1 
for  example, two paving asphalts can have the same consistency 
(penetration or  viscosity) a t  77°F (25OC) but their wnsistencies 
become quite different a t  temperatures above and below 77OF 
(25°C). The asphalt labelled PVN = -1.5 i n  Figure 1, shows 
much greater change i n  consistency for a given change i n  
temprature than the asphalt cement labelled PVN = 0.0. 
Therefore, we say that  the paving asphalt with a PVN = -1.5 
has a high temperature susceptibility, while the asphalt 
with a PVN = 0.0 has a low temperature susceptibility. 

5. The temperature susceptibili t ies of paving asphalts tha t  are 
manufactured by steam o r  vacuum d is t i l l a t ion  (by f a r  the 
most cormon method for  asphalt production) can be evaluated 
by their  pen-vis numbers (PVN) (1, 2) , and determined from 
Figure 2. As  soon as  the penetration a t  77OF (25OC) and 
viscosity a t  275OF (135OC) have been measured for a paving 
asphalt, by plotting these two values a s  the coordinates of 
a p i n t  on Figure 2, the PVN value for the paving asphalt 
can be determined very closely by interpolation, or  its 
exact value can be calculated (1). Since penetration a t  
77OF (25OC) and vismsi ty  a t  275OF (135OC) are measured 
during routine inspection of paving asphalts, no additional 
o r  special tests are required t o  determine its PVN value. 

6 .  As sham by Figure 2, the extreme l imits for the teqera ture  
susceptibili t ies of paving asphalt i n  North America are 
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:;KX1VII ILWS'I'KnTIbK; IWlLZYCI OF PEN-VIS PIWIBFE (P'vX) (3l KELATIONSlliPS 
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PENETRATION AT 77.F 

WZT FOR TWZ D E ~ I I ~ T I O N  OF APPROXIMATE' L'AILFS FOR PEN-VIS NIMt3ERS 
ASPI lAI,T CEi?iLT'S. 
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within a WN range £ran +0.5 to -2.0, w h i l e  mre than 95 per 
cent l ie within a range from 0.0 to -1.5. 

I11 INFLUENCE OF PAVING ASPHALT TEMPERATURE SUSCEPTIBILITY 
ON LCW lDPERA?VRE TRANSVERSE PAVEMENT CFACKING 

1. Figure 3 demonstrates that  low temperature transverse pavement 
cracking presents serious highway engineering and pavement 
maintenance problems in CaMda, unless om merely closes his 
eyes to it. N3 engineer can take any professional pride in 
a badly cracked asphalt pavement. Investigation has shawn 
that the sirrp3lestmethod for  avoiding this problem is to 
employ softer grades of asphalt c m t  i n  terms of cahinations 
of both their penetrations a t  25OC and their  temperature 
susceptibili t ies (PVN values) (2, 3 ) .  

2. Figure 4 i l h s t r a t e s  the four types of low t m p r a t u r e  
transverse pavement cracking that  can almost always be 
observed wherever this type of pavement cracking is occurring. 
In our experience, only the Type 1 cracks can be correlated 
with other pavement properties (2).  

3. In Figure 5, the importance of paving asphalt temperature 
susceptibility as a major contributor to low temperature 
transverse pavement cracking is clearly i l lustrated. As 
described i n  de ta i l  elsewhere (2) ,  three 85/100 penetration 
paving asphalts of different temperature susceptibili t ies 
are  involved. Figure 5 denonstrates with great c la r i ty  that  
from the f i r s t  crack count i n  1968, the largest number of 
Type 1 transverse cracks per lane mile has occurred each 
year in the 2 mile test section made with 85/100 penetration 
paving asphalt having the highest temperature susceptibility, 
PVN = -1.34, while the d l e s t  nuher  of these cracks each 
year has developed in an adjacent 2 mile test section mde 
with 85/100 penetration paving asphalt having the lavest 
terrperature susceptibility, EVN = -0.23. This was particularly 
true i n  the early l i f e  of this Test Road, tha t  was hilt i n  
1960 by the Ontario Ministry of Transportation and Ccnmunications, 
and is still i n  service, intact.  Similar resul ts  were 
obtained a t  the Ste. Anne Test Road i n  ManitDba w i t h  150/200 
penetration paving asphalt ( 4 ) ,  and a t  two other Ontario 
Test Roads. 
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FIG.4 TYPES OF TRANSVERSE 
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INFII,!'SUL?. CIF I A ' i l K  ISPkLU,T TI-TIPER4'IIJ~ S U S ~ I B I L I T I L . 5  ON ANNUAL Cow 
OF 'ATE 1 Wh TU;I'EI+Y1LtKE TRANSVERSE PAVEEDIT CRACKS PER UXF MIIX. 

PENETRATION AT 77F(25C) 

b. a m  ID!? SCLI:CI'ING ~~ (X' PAVING XPIIALT-3 ?ti AVOlD Im '1 
'I?G'%ll5VU?SE I ' r l V E > C n T  i lRNJKIN(; .  
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1981 Rational Basis For Asphalt Specifications 

4.  As a result  of m y  years of investigation, and to avoid 
exceeding a c r i t ica l  low tenperature pavement modulus 
of stiffness of one million psi (6.895 r i l l ion  Wa) af ter  
a service l i f e  of 20 years, Figure 6 has been prepared 
as  a guide for selecting paving asphalts that w i l l  eliminate 
or a t  least greatly reduce low temperature transverse 
pavement cracking. The oblique temperature labelled lines 
i n  Figure 6 indicate the lowest temperature expected 
a t  the midpoint depth of a pavement layer during its service 
l i fe .  By selecting asphalt cements with the ambinations 
of PVN values and penetrations a t  25OC that l i e  either on 
one of these lines or  t o  the right of it, low temperature 
transverse pavement cracking w i l l  be avoided or greatly 
decreased a t  the low pavement temperature indicated by 
the line. 

5. The oblique temperature labelled lines in Figure 6, each 
with its own associated low tenperature pavement mdulus of 
stiffness, emphasize the very important fact that i f  this 
constant modulus of stiffness value is to be mintained, as  
the temperature susceptibility of the paving asphalt increases 
(PVN value decreases) a softer and softer grade of paving 
asphalt (higher and higher penetration a t  25OC) must be 
employed. 

6. Figure 6 guides the choice of paving asphalt for only a few sel- 
ected low pavement service temperatures. The data of Figure 6 have 
been rearranged in  Figure 7 t o  provide a continuous scale for low 
pavement service temperatures as  ordinate, versus the corresponding 
& h u m  paving asphalt penetrations a t  25OC that w i l l  just avoid 
low tmpra tu re  transverse pavement cracking as abscissa. Each 
curve on Figure 7 refers t o  a single PVN value which is clearly 
marked. 

7. Figure 6 also refers t o  only a limited n m k r  of c r i t i ca l  
low temperature paving mixture modulus of stiffness values 
that should not be exceeded a t  the low temperature indicated 
by each pertinent oblique temperature labelled line, i f  low 
temperature transverse pavement cracking is to  be avoided. 
Figure 8 provides a rearrangement of Figure 6 i n  which a 
continuous scale of these c r i t ica l  modulus of stiffness 
values is provided as  abscissa versus the corresponding low 
pavenent temperatures as ordinate. 

8. The numerical values and the relationships between low 
tempratme p a v m t  modulus of stiffness, PVN value, penetration 
a t  25OC and low pavement temperature due to slow chilling on 
a cold w i n t e r  night (time of loading 20,000 seconds), that 
are il lustrated i n  Figures 6, 7 and 8, were derived from 
Figures 9, 10 and 11, which are based on namgraphs developed 
by Pfeiffer and Van Doormaal (6) , Heukelom and K l q  (7) and 
Van der Poel (8), respectively. The use of these ramgraphs 
has been described elsewhere (1, 9) . 
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Rational Basis  For Asphalt Specifications 

REIATIONSHIP B m E h '  PENETRATION AT 77F (25C), PEN-VIS ~~ (PVN) , 
AND BASE !EWERA?UKE, FOR PAVING ASPHALTS ('dIJI?H CREDIT TO I'FEIFFER, 
VAN CCORMAAL ANI) VAN DER POEL). 

- 60.3 l%O.rnpoa 
VISCOSITY. CP 

,BASE TEMPERATURE, 

% .80n BASE T E W S  4 % S M S E  TEMERBUIE  

I W S O  oloeou,+au,wm so warn 
P U  

MFFERENCE IN % BEWEEN *1(1 SPEUFIED T E Y P E W T U E  
AND BASE TEYPERaTURE 

10. ICMXRAPH I.UR D m 3 G l I N I K  MDDIILI OF STIFFNESS OF ASPHALT CEM3NIS (WITH 
CREDIT m VAN DEFT I-, HFUKEU3M AND KL0r.P). 
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IV PAVING ASPHALT TEMPERATURE SUSCEPTIBILITY 
VERSUS TRAFFIC KXDME 

1. Ontario stipulates a minimum Marshall s tabi l i ty  a t  140°F 
(60°C) of 8000 N (1800 lb) for paving mixtures for heavy 
traff ic ,  5800 N (1300 lb) for paving mixtures for medium 
traff ic ,  and 4400 N (1000 lb) for paving mixtures for light 
t raff ic .  Consequently, the principle is well established 
that  the heaviest t ra f f ic  requires the hiqhest paving mixture 
s tabi l i ty ,  l ight t ra f f ic  can be carried on pavements of much 
lower stability, while the s tabi l i ty  requirement for paving 
mixtures for medium t ra f f ic  is in between. 

2. i%dulus of stiffness is a basic engineering expression that  
can be substituted for the Marshall s tabi l i ty  term that is 
c m n l y  applied as  an enpirical strength measurement to 
asphalt paving mixtures. Therefore, i n  accordance with 
Ontario practice, paving mixtures for heavy t ra f f ic  require 
a high minimum d d u s  of stiffness, those for light t ra f f ic  
need a much lower minirnummodulus of stiffness, while the 
minimum modulus of stiffness for medium t ra f f ic  is intermediate. 

3. The major triangle in Figure 12 is  a portion of the chart of 
Figure 6, and has the following construction and significance: 
a )  The upper boundary of this triangle is a portion of the upper 

boundary of Figure 6, and represents a PVN value of 0.0 
b) The lower boundary of the charts of both Figure 6 and 

Figure 12 denotes a PVN value of -1.5. 
C)  The lower oblique boundary of the major triangle in 

Figure 12 is the oblique tenperatwe labelled line -lO°F 
(-23.3OC) in Figure 6. Paving mixtures containing 
asphalt cements taken from this line -lO°F (-23.3OC) 
w i l l  a l l  develop a modulus of stiffness of 200,000 psi 
(1,379,000 @a) when chilled on a cold w i n t e r  night 
t o  -lO°F (-23.2OC). The grades of asphalt along this  
l ine range from a penetration a t  25OC of 135 for a PVN 
of 0.0 t o  a much softer penetration of 240 a t  25OC for 
a PVN of -1.5. 

d) The lower boundary of the major triangle i n  Figure 12 es- 
tablishes for  each PVN value the corresponding l m ~ s t  
penetration a t  25OC for the asphalt cement in a paving 
mix-ture that  w i l l  not exceed a pavement d u l c s  of 
stiffness of 200,000 psi, which i f  surpassed would 
result i n  low temperature transverse pavement cracking 
a t  -lO°F (-23.3"C) . 

e)  In addition to avoiding low temperature transverse 
p a m t  cracking, an engineer is concerned about 
pavement s tabi l i ty  for warm weather t raff ic .  Figure 12 
shows that  a paving mixture containing asphalt cement 
of 240 penetration a t  25OC with a PVN of -1.5 (on the 
right hand boundary of the major triangle in Figure 12) ,  
would develop a modulus of stiffness of 12, 000 psi  
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N O M Z I ~ H  FOR ULTF~JNG m u r L I  OF STIFFNESS OF ASPHALT PAVING MIXTURES 11. 
(hil'I¶l CREDIT TO VAN DER WEL). 

PENETRATION AT 77°F 

12. INTE!WIATIONSiIIP BDWZEN ' I W F I C  WUJPIE, TDPCPA?VRE SUSCEPTIBILITI, 
PF3iLXPATION AT 771.' (25C)  , AVOILLZYCE OF I13W 1o.PER4TJRE TRRNdSEXGE 
PAVt7MENT CRACK[!&, AND A D W A T E  STABILITY FOR % !  WFA'IIIER TRAFFIC. 

© Canadian Technical Asphalt Association 1981



(82,740 H a )  under heavy truck traffic travell ing a t  
100 lan/hr over a pavgnent with a tgnperature of 122 OF 
(50°C). For similar t r a f f i c  arid. tenperature conditions, 
a paverent containing paving asphalt with a penetration 
of 135 a t  25OC and a PVN of 0.0 (the l e f t  hand apex of 
the major trangle in Figure 12) ,  would develop a modulus 
of s t i f fness  of 25,000 p s i  (172,375 kPa). Similarly, 
paving mixtures containing asphalt cenents w i t h  a 
penetration of 165 at  25OC with a EVN of -0.5, and with 
a penetration of 200 a t  25OC with a PVN of -1.0, would 
develop pawcent moduli of s t i f fness  of 21,000 p s i  
(144,795 kPa) and 14,000 p s i  (96,530), respectively, 
under the s m  t r a f f i c  and -ature conditions. 
For heavy trucks travell ing a t  100 over a pavanent 
a t  122OF (50°C) , Figure 12 sbws  the following relationships 
between penetration at  25OC, PVN value, and the pavanent 
ncdulus of s t i f fness  that is developed: 
(1) For a pavanent ncdulus of s t i f fness  of 12,000 p s i  (82,740 

Wa ) 
PVN - Penetration a t  25OC 
-1.5 240 
-1.0 270 
-0.5 300 

0.0 330 
(2) For a pavement modulus of s t i f fness  of 14,000 p s i  

(96,530 H a )  
F'VN - Penetration at  25OC 
-1.0 200 
-0.5 230 

0.0 250 
(3) For a pavanentmdulus of s t i f fness  of 21,000 p s i  

(144,795 Wa) 
PVN Penetration a t  25OC - 
-0.5 165 
0.0 185 

It is  apparentmreover, that for  the conditions associated 
i n  Figure 12 with each of these four cases (pavement 
t anpra tu re  = 122 OF (50°C), and heavy truck t r a f f i c  
travell ing a t  100 lan/hr), for  paving asphalts ranging 
from high to low t q r a t u r e  susceptibil i ty (PVN from 
-1.5 to O.O),the same pavanentmodulus of s t i f fness  
value can be developed by successively sof ter  paving 
asphalts (higher penetrations a t  25OC) . 

4.  With respect to w m  weather t r a f f i c  therefore, and remenbering 
Ontario's practice of assigning successively lower pavement 
s t a b i l i t y  requirenents fo r  successively smaller t r a f f i c  
v o l m s ,  Figure 12 damnstrates that the following division 
of t r a f f i c  categories and corresponding paving asphalt 
W r a t u r e  susceptibil i ty l imi ts  could be established for  
the f a s t  t r a f f i c  and sumner t anpra tu re  conditions that were 
assumed: 
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Rational Basis For Asphalt Specifications 301 

Traffic Ranqe of PVN m e  of Warm Weather Pavenent 

Category ~ h u s  of s t i f fness  
Heavy -0.5toO.O 2 1 , O O O t o 2 5 , O O O p s i ( 1 4 4 , 8 O O  

to 172,500 kPa) 
Wium -1.0 to -0.5 14,000 to 21,000 p s i  (96,500 

to 145,000 kPa) 
Light -1.5 to -1.0 12,000 to 14,000 ps i  (82,750 

to 96,530 kPa) 

5. Figure 12 also demonstrates tha t  to achieve highest pavenent 
s t ab i l i ty  f o r  warm weather t r a f f i c  (pavement m&li of 
s t i f fness  from 21,000 to 25,000 p s i ) ,  paving asphalts of low 
temperature susceptibil i ty w i t h  a FVN range from -0.5 to 0.0 
should be specified, and i f  they a re  in short supply they 
should be restricted for  use i n  pavments that are to carry 
heavy t ra f f i c .  Areas X and Y in Figure 9 enphasize that  to 
q l o y  sof ter  grades of paving asphalt of low temperature 
susceptibil i ty (PVN = -0.5 to 0.0) , o r  even harder grades, 
f o r  l igh t  o r  medium t ra f f i c ,  ordinarily represents very 
questionable engineering judgement, and a waste of a valuable 
resource that is usually relatively scarce. Softer asphalt 
cements of higher tgnperature susceptibil i ty (PVN = -1.0 to 
-0.5 and PVN = -1.5 to -1.0) which provide the 1-r pavement 
s t a b i l i t i e s  required, should be stipulated for  pavarwts that are 
being designed for  medium and l igh t  t r a f f i c ,  respectively. 

V INFLUENCE OF PAVEMENT DEPTH ON SJiLEfXION OF PAVING ASPHALTS 
aF HIGHER TEMPERATURE SUSCEPTIBILITY 

1. While Figure 12 contains much useful information, it prwides 
no guidance a s  to whether o r  how paving asphalts of higher 
temperature susceptibil i ty could a lso  be used for  pavement 
layers beneath the surface course. Before this i n f o m t i o n  
could be obtained, data were required on the variation of 
pavement t aqxra tu re  with pavement depth, preferably from 
several widely different clirmtic sources. A limited minimum 
quantity of t h i s  informtion has only recently becane available. 

2. In 1965, The Asphalt Ins t i tu te  measured pavenent temperatures 
a t  hourly intervals for  one year a t  the surface an3 a t  
depths of 2, 4,  6, 8, 10 and 12 inches i n  a dense graded 
asphalt a n c r e t e  pavement 12 inches thick a t  Washington, 
D.C. (10). IXlring 1968 and 1969 the Manitoba Department of 
Highways and Shell Canada conducted similar studies of 
p a m t  te~lperature with pavement depth on tw~ pavements 4 
inches thick and one pa-t 10 inches thick a t  Ste. Anne, 
Manitoba, and published tk law taqxra tu re  data in 1969 
(4)  . Recently, M r .  Fred Young of the Manitoba Department of 
Highways and Transportation arranged to have an analysis 
mde of the warm weather temperature data tha t  had been 
measured a t  the Ste. Anne Road Test. Grateful acknowledganent 
is made to M r .  Young for  his kind permission sane weeks ago, 
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to use a s n a l l  portion of this information, which is now 
being published i n  to ta l  for the f i r s t  time in the form of a 
discussion of this paper. 

3. Figure 13, based on M r .  Young's analysis, shows that  during 
the warm part of the hottest day in  1968, the pavement 
surface temperature was highest and that  the p a v m t  temperature 
decreased with p a m t  depth, as would be expected. Also there is 
a temperature lag between layers, and each layer attains its m i m u m  
tesrcperature a t  a different time. For warm e a t h e r  t raff ic ,  pavement 
structural design should be based on the anticipated minimum 
overall pavement load carrying capacity, without overloading any 
individual layer. This means that the c r i t i ca l  temperature when 
this occurs, w i l l  normally be an hour or  more af ter  the pavement 
surface temperature has reached its peak. 

4. Figure 1 4  i l lustrates  data for the coldest day in 1965 in 
Washington, D.C., for the t e s t  pavement 12 inches thick. 
Figure 1 4  daronstrates that  i n  winter, the pavement surface 
temperature is n o m l l y  lowest during the night or  early 
mrning, and that pavenent temperature increases with 
pavement depth. As with Figure 13, there is a terrpwature 
lag between layers, and they do not a l l  reach their rninbmm 
tanperatures a t  the same t k .  Because of the need or 
desireability t o  choose paving asphalts that w i l l  avoid low 
temperature transverse pavement cracking, the lawest temperature 
attained by each layer can become the criterion for paving 
asphalt selection. 

5. Figure 15 shaws the range of pavement tarrperature with 
pavement depth for  the warmest and coldest days i n  the year 
a t  Washington, D.C. (1965), a d  a t  the Ste. Anne Test Rmd 
(1968). A s  would be expected, a t  a l l  pavanent depths, the 
Washington, D.C. p a m t  was hotter i n  s m  and warmer in 
winter than a t  the saw depths in  the pavanents a t  Ste. 
Anne, Manitoba. 

6. The data shown i n  Figure 15 provide the only informtion of 
which the writer is aware for  the reliable measurement of 
p a m e n t  temperature with pavement depth. These data are of 
particular value, because those for  Waskington, D.C. are for  
a very warm c l h t e ,  while those from Ste. Anne, Manitoba 
are for a climate that  can be very cold i n  winter. It would 
be very helpful i f  m r e  reliable information of this kind 
could be obtained a t  strategically located test s i tes  across 
Canada. 

7. For pavement tesrcperature measurements usually a t  2-inch 
intervals of pavement depth, Figure 15 indicates that a 
least  squares straight l ine relationship appears to exist 
when pavement temperature is  plotted versus logarithm of 
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PAVEMENT THICKNESS-INCHES(mm) 

15. CIIANGE I N  I.W(IMUM AND MINDlUN 'IERATUFSS W I ? H  PAVJNWT D m I  AT 
STIS. ANh", MANITOBA AND AT WASHIffilDN, D.C. 
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Rational Basis For Asphalt Specifications 

pavement depth. This relationship appears to  hold for both 
cold weather and warm weather conditions a t  Ste. Anne, 
Manitoba, a s  we11 as  a t  Washbgtmn, D.C. Surface temperatures 
sbwn on Figure 15 for the coldest days are the minimulls 
reported. For the hottest days, the surface tenprature 
valws given on Figure 15 are for an hour or ~ m r e  af ter  the 
pavement surface has reached its peak, because of the m a t u r e  
lag i n  the 1-r layers, and because structural design muld 
ordinarily be based on the rnininarm overall load carrying 
capacity of the pavement structure. The surface tenpratures 
in  each case are shown for a pavement depth of 0.1 inch. A 
sharp break in the tanperatme versus depth relationship 
appears to occur a t  the 2-inch depth. 

8. Line A i n  Figure 15 dmnst ra tes  the relationship between 
pavement temperature and pavement depth a t  Waskington, D.C., 
for both the coldest and hottest days in 1965. It seems 
unlikely that the data represented by Line A would apply 
anywhere in Canada. Line D provides a similar relationship 
betwen pavement m a t u r e  and pavement depth for the 
warmst and coldest days a t  Ste. Anne, Manitoba, during the 
2-year period of 1968 and 1969, and could be considered 
representative for many parts of Western Canada, No* 
Ontario, and Northern Quebec, where the freezing index 
exceeds 3000 (OF). 

9. Lines B and C have been arbitrarily drawn a t  distances of 
one-third and two-thirds of the span between Lines A and D. 
Line C probably represents pavement temperature versus 
pavement depth conditions in regions with freezing indices 
of 1500 to 2000, and could apply to  Ottawa, Montreal, parts 
of New Brunswick, and portions of the interior of British 
Colunnbia. Pavement temperature conditions idicated by Line 
B could be representative for Southwestern Ontario, and 
Atlantic and Pacific coastal areas where the freezing index 
is rougNy f m  500 to 1000. 

10. Figure 15 together with Figures 7, 8, 9, 10 and 11 w i l l  naw 
be used to investigate in the form of a sample calculation, 
whether paving asphalts of mderate to high temperature 
susceptibility can be used effectively i n  binder or base 
course layers below the surface course. For this purpose a 
6-inch pavement w i l l  be enployed consisting of a 2-inch 
surface layer, a 2-inch top binder course and a 2-inch 
bottom binder course. The average tenpsrature for each 2- 
inch layer w i l l  be assun& to be a t  the middepth of that 
layer, that is, a t  a depth of 1-inch for the surface course 
layer, a t  a depth of 3-inches for the top 2-inch binder 
course, and a t  a depth of 5-inches for the bottcin 2-inch 
binder course. For this sample calculation the temperature 
conditions associated with Line C i n  Figure 15 w i l l  be 
q l o y e d .  The approach to be used is quite simple. The 
cabinations of penetration a t  25OC 4 PVN that w i l l  just 
avoid low tanperatwe transverse pavement cracking in each 
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of the three 2-inch pavement layers a t  the low pavment temperatures 
indicated by Line C, w i l l  be f i r s t  detemined. Then for the warm 
weather p a m t  temperatures a t  the same pavement depths, Line 
C, and for heavy trucks travelling a t  100 k q h r ,  the pavement 
moduli of s t i f fness  that  are developed w i l l  be determined. Later 
these warm weather pavement moduli of stiffness w i l l  be ampared 
with target values. The sanple calculation for a 2-inch surface 
course a t  its midpoint depth of 1 inch, involves the following 
steps : 
Step 1 
Read £ram Line C i n  Figure 15 the minjmmt w i n t e r  temperature 
for a pavanent depth of 1-inch, which is  -18OF (-27.8OC). 
Step 2 -- 
Read from Figure 8, the low temperature pavement modulus of 
s t i f fness  associated with this low temperature. It is 
280,000 ps i  (1,930,600 @a).  
Step 3 -- 
From Figure 7, for a pavement temperatwe of -18OF (- 
27.8OC), read the corresponding penetrations a t  25OC for WN 
values of 0.0, -0.5, -1.0 and -1.5. These are: 

ForPVN=0.0 Pen.=160 
ForPVN=-0.5 Pen. =205  
For PVN = -1.0 Pen. = 260 
ForPVN=-1.5 Pen.=320 

These are the c r i t i c a l  corresponding combinations of PVN and 
penetration a t  25OC in each case that  w i l l  just avoid low 
temperature transverse p a m t  cracking a t  a temperature 
of -18OF (-27.8"C). 
Step 4 
FEKFigure 15, read the highest s m r  temperature indicated 
by Line C for  a pavement depth of 1-inch. This is 115OF 
(46.loC) 
Step 5 
From Figure 9, using a straight edge placed on each of the 
correspondiq values for PVN and penetration a t  25OC l is ted 
under Step 3 ,  read the associated base tempratme, a s  
follows : 

PVN Pen a t  25OC Base Tatpxature OC - 
0.0 160 17+25 = 42 

-0.5 205 13+25 = 38 
-1.0 260 10+25 = 35 
-1.5 320 7.5+25 = 32.5 

Note: The base taqxrature  corresponds roughly to the 
ring and ba l l  softening point on Van der Poel's 
original norr~qraph. - - 

Step 6 
Determine whether ad by how much the service temperature, 
115OF (46.1°C), is above or  below the base temperature for 
each of the four corresponding combinations of PVN and 
penetration a t  25OC, from Step 3 .  This follows: 
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Rat iona l  B a s i s  F o r  Aspha l t  S p e c i f i c a t i o n s  

PVN Pen a t  25OC S e r v i c e  Base Se rv ice  Tanp. - Base Temp. 

- Temp OC Temp OC OC 
0.0 160 46.1 42 46.1 - 42 = 4.1 

-0.5 205 46.1 38 46.1 - 38 = 8.1 
-1.0 260 46.1 35 46.1 - 35 = 11.1 
-1.5 320 46.1 32.5 46.1 - 32.5 = 13.6 
S t e p  7 
Note: F i g u r e  1 0  p r w i d e s  t h e  modulus o f  s t i f f n e s s  o f  the 
a s p h a l t  cement that is developed i n  a pavement under f a s t  
truck t r a f f i c  a t  sumner temperatures ,  and also under slow 
chilling ( t ime o f  load ing  20,000 seconds) to v a r i o u s  law 
tenperatures o n  a c o l d  w i n t e r  n igh t .  For  this sample 
c a l c u l a t i o n ,  heavy truck t r a f f i c  is assmed to t r a v e l  a t  100 
m, which p r w i d e s  a t i m e  o f  load ing  o f  0.008 second a t  a 
pint o n  a pavement s u r f a c e ,  g i v i n g  a tire c o n t a c t  area 
abou t  220 mn (9  inches)  i n  length.  Assuming a 45O a n g l e  o f  
l o a d  d i s t r h t i o n ,  this loadkg time increases to 0.01 
second a t  a pavenent dep th  o f  1-inch, to 0.013 second a t  a 
d e p t h  o f  3-inches, and to 0.017 second a t  a pavement dep th  
o f  5-inches. 
To cont inue:  
From F i g u r e  1 0  determine the m d u l u s  o f  s t i f f n e s s  o f  the 
asphalt cement f o r  a t ime  o f  load ing  o f  0.01 second and f o r  
e a c h  o f  the f o u r  temperature  d i f f e r e n c e s  above the base  
t e ~ n p e r a t u r e  i n d i c a t e d  by t h e  r i g h t  hard c o l m  under S t e p  6. 
F o r  example, for the canb ina t ion  o f  PVN = 0.0 slad p e n e t r a t i o n  
a t  25OC = 160, us ing  a s t r a i g h t  edge, join the v a l u e  o f  0.01 
second for time o f  load ing  o n  the bottam l i n e  o f  F igure  10, 
w i t h  a temperature  4.1°C above t h e  base  temperature  o n  t h e  
temperature  scdle, and p r o j e c t  to i n t e r s e c t  the h o r i z o n t a l  
line r e p r e s e n t i n g  PVN = 0.0 i n  t h e  group o f  lines a t  the top 
o f  the chart. By i n t e r p o l a t i o n ,  r ead  the modulus o f  s t i f f n e s s  
v a l u e  in kg/cm 2 i n d i c a t e d  by this p i n t  o f  i n t e r s e c t i o n .  I n  
this case the v a l u e  is  1.4 kg/cm 2 or 1.4  x 14.2 = 19.9 p s i  
(137.2 W a ) .  T h i s  is the modulus o f  s t i f f n e s s  of this 
p a r t i c u l a r  a s p h a l t  cement i n  a pavement, that is developed 
a t  a pavement dep th  o f  1-inch a t  a pavenwt temperature  o f  
115OF (46.1°C) by a heavy truck t r a v e l l i n g  a t  100 lan/hr. 
Repeating this procedure, the fo l lowing  a s p h a l t  cement 
m o d u l i o f  s t i f f n e s s  v a l u e s  are determined f o r  t h e  f o u r  
corresponding canb ina t ions  o f  PVN and p e n e t r a t i o n  a t  25OC 
l i s t e d  i n  S t e p  3: 
FVN Pen a t  25OC S e r v i c e  - Base Tgnp ~ u l u s  o f  S t i f f n e s s  
- OC of Asphal t  Cenent p s i  

0.0 160 4.1 1.4 x 14.2 = 19.9 
-0.5 205 8.1 0.9 x 14.2 = 12.8 
-1.0 260 11.1 0.65 x 14.2 = 9.2 
-1.5 320 13.6 0.45 x 14.2 = 6.4 
Note: 1 p s i  = 6.895 kPa 
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Step 8 
Enter the abscissa of Figure 11 with each of the four paving 
asphalt lrpdulus of s t i f fness  values given in the r ight  hand 
colwm of Step 7, and proceed vertically upard to intersect 
the curve C , = 0.88. From this point of intersection, 
proceed horizontally to the ordinate axis and read off the 
rrcdulus of s t i f fness  for  a paverent containing each asphalt 
cement. For exarrple, for  the asphalt cenent with a lrpdulus 
of s t i f fness  of 19.9 ps i  in Step 7, the correspondirq rrcdulus 
of s t i f fness  of the asphalt paverent containing this asphalt 
cement as  taken fran the C = 0.88 curve in Figure 11, is 
32,000 psi. That is, thisvparticular pavenent, containing 
this particular asphalt cenent, a t  a pawrent t a p r a t w e  of 
115OF (46.1°C) w i l l  develop a modulus of s t i f fness  of 32,000 
ps i  under heavy truck t r a f f i c  travelling a t  100 lan/hr. 

The curve Cv = 0.88 in Figure 11 refers to a dense graded 
paving mixture with a V&W of 14.5 per cent (5/8 inch or  16 
nnn ncnninal IMximun aggregate par t ic le  size) and with 

3 per cent a i r  voids (Cv = '0°-14 ' = 0.88) . For dense graded 100 - 77 

paving mixtures with other a i r  voids values, the modulus of 
s t i f fness  value can be adjusted by mans of Van Draat's and 
Samr's equation (1,s) . For other VMA values associated w i t h  
other ncanina1maxk.m aggregate particle sizes, C curves in 
Figure 11 other than tha t  fo r  0.88 can be used. &less 
specifically stated to be otherwise, a l l  references to 
pavement d u l i  of stiffness i n  this paper are for thoroughly 
coanpacted, dense graded asphalt pavingmixtures w i t h  a V&W 
value of 14.5 per cent and an a i r  voids value of 3.0 per 
cent and are therefore represented by the curve, Cv = 0.88 
i n  Figure 11. 

11. This step by step procedure has been repeated to obtain the 
average pavement tmp=rature, corresponding values for PVN 
and penetration a t  25OC, and pawrent modulus of s t i f fness  
values for  the top 2-inch and bottom 2-inch binder courses, 
and the data obtained are summrized in Table 1 for each of 
the three 2-inch layers. The warm wexther service temperatures 
for which these data were obtained were taken f m  Line C, 
Figure 15, and were 106OF (41.1°C) for  the average pavenent 
depth of 3 inches representing the top 2-inch binder course, 
and 96OF (35.6OC) for the average pavement depth of 
5-inches, representing the bot tm 2-inch binder course. 

12. The data for Line C i n  Figure 15, tha t  have been listed in 
Table 1, are of l ittle value by thenselves as  a criterion 
for  paving asphalt selection. They require a target for 
comparison. A survey by The Asphalt Inst i tute  a n m k r  of 
years ago skm.4 that  throughout the U n i t e d  States, 85/100 
penetration asphalt was by f a r  the mst widely used paving 
asphalt grade. For tropical climates outside of North America, 
85/100 penetration paving asphalt is also c a m n l y  selected. 
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Table 1 

Data for Sample Calculation For Three 2-inch Pavement Layers 
E!dsd on Lw C, Figure 1 5  

At 1 inch pavenent depth mtrimrm pa-t taoperature = - 1 8 1  (-27.8"C) Figure 15. 

At -18°F (-27.EoC) critical low tanperature pavenent mdulus of s t i f f n e s s  = 280,000 
p s i  (1,930,600 @ a ) ,  Figure 8. 

For p a m t  temperature of -18OF (-27.E°C), f o r  PVN = 0.0, Pen = 160, Figure 7 
PVN = -0.5, Pen = 205 
PVN = -1.0, Pen = 260 
PVN = -1.5, Pen = 320 

At 1 inch pavarent depth maximun pavmmt  m a t u r e  = ll5"F (46.1°C) , Figure 15. 

'lb &determine v t  mi of s t i f f n e s s  developed by f a s t  truck t r a f f i c  in a 
2-inch surface l aye r  a t  an a m a g e  t m p x a t u r e  of ll5OF (46.loC): 

1 2 3 4 5 6 7 

PVN Pen. a t  Service Base Tmp. Service-Base Paving Asphalt P a v m t  W. 
25°C !knp. OC OC (Fig. 9) Tarp. 'C W. of S t i f f .  Of S t i f f .  p s i  

psi (Fig. 10) (Fig. 1) 

At 3 inch p a w t  depth mininum pavenent t e q x m t u r e  = -12'F (-24.40t) , Figure IS. 

~t -12OF (-24.4"~) c r i t i c a l  low temperature pavenent d u l u s  of s t i f f n e s s  = 
220,000 p s i  (1,516,900 @a) , Figure 8. 

For pa-t taoperature o f  -12'F (-24.4"C), f o r  PVN = 0.0, Pen = 135, Figure 7. 
WN = -0.5, Pen = 170 
PVN = -1.0, Pen = 210 
PVN = -1.5, Pen = 257 

At 3 inch pavemnt depth maxirnnn pa-t taoperature = 106'F (41.1°C), Figure 15. 

'lb de- pa-t moduli of s t i f f n e s s  devdopd by f a s t  tzuck t r a f f i c  i n  a 
2-inch upper binder wurse layer  a t  an average temperature of 106°F (41.1°C): 

At 5 inch p a v a m ~ t  depth minimm pavenent temperature = - 6 T  (-2.l .l°C) , Figure 15. 

At -6OF (-21.l0C) c r i t i c a l  low ta rpe ra tme  pavenent d u l u s  of stiffness = 
160,000 p s i  (1,103,200 @a), Figure 8. 

For pa-t t a n p e r a w  of -6'F (-21. 1°C) , f o r  PVN = 0.0, Pen = 120, Figure 7 
WN = -0.5, Pen = 145 
PVN = -1.0, Pen = 175 

= -1.5, Pen = 205 

At 5 inch p a m t  depth maxinann pa-t temperature = 96OF (35.6'C) , Figure 15. 

'lb determire p a w t  d u l i  of s t i f f n e s s  developed by f a s t  truck t r a f f i c  in a 
2 inch 1- binder w u r s e  layer  a t  an average t m p m t u r e  of 96°F (35.6'C): 
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Table 2 

m i s o n  of  Warm Weather, Fas t  Traf f ic ,  Pavanent Wulus of  S t i f f n e s s  
Values Based on Line C, Figure 15, Versus Target Pcmment, For a 
Pavement 6 Inches Thick 

L i n e C  Target Pavement 

PVN Pen.at 25OC Pav .W.  of  S t i f f .  Pen.at 25OC Pav .W.  of S t i f f .  - 
2 inch sur face  course a t  average 1 inch depth 
0.0 160 32,000 p s i  0.0 85 28,500 p s i  

100 25,000 p s i  

-0.5 205 23,500 p s i  -0.5 85 25,000 p s i  
100 21,500 p s i  

-1.0 260 16,500 p s i  -1.0 85 22,500 p s i  
100 19,500 p s i  

-1.5 320 13,500 p s i  -1.5 85 19,500 p s i  
100 14,000 p s i  

2 inch upper binder course a t  average 3 inch depth 
0.0 135 48,000 p s i  0.0 85 39,500 p s i  

100 32,000 p s i  

-0.5 170 38,000 p s i  -0.5 8 5 32,000 p s i  
100 30,000 p s i  

-1.0 210 32,000 p s i  -1.0 85 29,500 p s i  
100 27,000 p s i  

-1.5 257 25,000 p s i  -1.5 85 27,000 p s i  
100 23,500 psi 

2 inch lower binder course a t  average 5 inch depth 
0.0 120 78,000 p s i  0.0 85 55,000 p s i  

-0.5 145 61,000 p s i  -0.5 85 48,000 p s i  
100 41,000 p s i  

-1.0 175 54,000 p s i  -1.0 85 44,000 p s i  
100 38,000 p s i  

-1.5 205 41,000 p s i  -1.5 85 40,000 p s i  
100 33,500 p s i  

Note: 1 p s i  = 6.895 kPa 
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Therefore, even under high tropical tat~peratures, pavements 
made with 85/100 penetration paving asphalt are providing 
satisfactory service. Consequently, while there are hotter 
climates than Waskington, D.C., warm mather pavement moduli 
of stiffness data for 85/100 penetration paving asphalts, 
based on maxirrnrm pa-t tes~pwatures taken £ran Line A i n  
Figure 15 for  pavement depths of 1, 3 and 5 inches, representing 
average pavement temperatures for a 2-inch surface course, a 
2-inch top binder course and a 2-inch bttm binder course, 
respectively, have been selected to provide the required 
target for  comparison with the similar wann weather pavement 
moduli of stiffness data reported i n  Table 1. Wse target 
moduli of stiffness data for  the three 2-inch pavmmt 
layers were calculated by the procedure described under 
Paragraph 10 above. These warm weather target - p a m t  
modulus of stiffness data are l i s t ed  i n  Table 2 for ccanparison 
with similar pavemmtmodulus of stiffness data fo r  the same 
pavement layers for the corresponding condition represented 
by Line C i n  Figure 15, and for f a s t  heavy truck t raff ic .  

13. While paving asphalts from Venezuelan crude o i l s  that were 
the ccampn source for  paving asphalt i n  Eastem Canada for 
m y  years tend to have PVN values f m  -0.5 to 0.0, because 
of their  different crude o i l  origin, paving asphalts f r m  
Middle East crude oi ls ,  which are a cammn source for 
paving asphalt in many tropical countries, tend t o  he noticeably 
higher in temperatwe susceptibility, with PVN values froan 
-1.0 to -0.5. Consequently, f m  the warm weather pavenent 
moduli of stiffness data for 85/100 penetration asphalt 
reported in Table 2, those for  a PVN of -0.5 have been 
selected as the target for  canparison i n  th i s  paper. Tkse 
target modulus of stiffness data are as follows: 
Pavement PVN Pen a t  Target Mod. of Stiffness 
Depth 25OC - - psi  
1 inch -0.5 85 25,000 

-0.5 100 21,500 
3 inches -0.5 85 32,000 

-0.5 100 30,000 
5inches -0.5 85 48,000 

-0.5 100 41,000 

14. A comparison of these target warm weather pavement modulus 
of s t i f fness  values for each of the three m v m t  d e ~ t h s .  
with corresponding values associated with kine C in  F'igure 
15 taken from Table 1 o r  Table 2, indicates the following 
favourable parallelisn: 

Line C Target 
1 inch depth 
PVN Pen.at 25OC Pav.Mod.of St i f f .  2 Pen.at 25OC Pav.I%d.of St i f f .  - 

0.0 160 32,OOOpsi -0.5 85 25,000 psi  
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3 inch depth 
-0.5 170 38,OOOpsi -0.5 85 32,000 p s i  
-1.0 210 32.000 p s i  -0.5 100 30.000 ps i  
5 inch depth 
-1.0 175 54,000 p s i  -0.5 85 48,000 ps i  
-1.5 205 41,000 hsi -0.5 100 41,000 psi 
The abwe data shav c lear ly  t h a t  for  the conditions associated 
w i t h  Line C, Figure 15, fo r  the 1-inch average depth fo r  the 
2-inch surface course, asphalt cements of low temperature 
susceptibil i ty,  PVN = -0.5 to 0.0, are needed to equal the 
target  pavement moduli of s t i f fness .  For the 3-inch depth 
representing the top 2-inch binder course, for  the Line C 
conditions, paveuents containing paving asphalts of intermediate 
temperature susceptibil i ty PVN = -1.0 to -0.5, a t  l eas t  
equal the pavement moduli of s t i f fness  for  the target  85/100 
penetration asphalt. For the 5-inch p a v e m t  depth representing 
the  bottom 2-inch binder course, fo r  the Line C conditions, 
paving asphalts of high temperature susceptibil i ty WN = 

-1.0 to -1.5, equal o r  exceed the target  pavement m d u l i  of 
s t i f fness .  

15. Consequently, fo r  the conditions represented by Line C in 
Figure 15, and fo r  the related penetrations a t  25OC, a 6- 
inch pavmat consisting of a 2-inch surface course made 
with paving asphalt of low temperature susceptibil i ty,  FVN 
= -0.5 to 0.0, a 2-inch top binder course containing paving 
asphalt of intermediate t m p r a t u r e  susceptibil i ty,  PVN = 

-1.0 to -0.5, and a 2-inch bottom birder course constructed 
with paving asphalt of high temperature susceptibil i ty,  PVN 
= -1.5 to -1.0, would provide a pavawnt structure res is tant  
t o  low temperature transverse pavenxznt cracking, that would 
a t  the  sane time be a t  least equal in load carrying capacity 
fo r  surrnrer t r a f f i c  to that provided by the target  pavements 
fo r  which 85/100 penetration paving asphalt w a s  used for  all 
pavawnt layers. Therefore, the data in  the abwe c~npar ison 
indicate the widely extended application that could be made 
of paving asphalts of medium to high temperature susceptibil i ty,  
FVN = -0.5 to -1.5, for  binder course layers for  heavy, 
medium and l i g h t  t r a f f i c .  

16. In Tables 3 and 4, a conparison is mde between the target  
data versus information similar to that developed i n  Table 
1, that w a s  obtained by the prmedure described in Paragraph 
10 above, fo r  the conditions represented by Lines B and D in 
Figure 15, respectively. This comparison a lso  shcws that 
fo r  a 2-inch surface course fo r  heavy t r a f f i c ,  paving asphalts 
with the lowest temperature susceptibil i ty,  PVN = -0.5 to 
0.0, should be selected, but that paving asphalts of intermediate 
temperature susceptibil i ty,  PVN = -0.5 to -1.0, could provide 
adequate s t a b i l i t y  fo r  a top 2-inch binder course, while 
paving asphalts of high temperature susceptibil i ty,  PVN = 
-1.0 to -1.5,could develop adequate s t ab i l i ty  for  the bottom 
2-inch binder course, in an asphalt pavenent 6-inches thick. 
It is understood of course, that the correspoding penetrations 
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Table 3 

Conparison of Waxm Wea*, Fas t  Traffic, P a v m m t  Modulus of Stiffness 
Values Based on Line B, Figure 15, Versus Target Pavement, For a 
Pavanent 6 Inches ?hick 

Line B Target Pa-t 

Pen.at 25OC Pav.Mod. of Stiff. Pen.at 25OC Pav .W.  of Stiff. 

2 inch surface course a t  average 1 inch depth 
0.0 110 30,500 psi 0.0 85 28,500 psi 

100 25,000 psi 

-0.5 135 25,000 psi -0.5 85 25,000 psi 
100 21,500 psi 

-1.0 160 20,000 psi -1.0 85 22,500 psi 
100 19,500 psi 

-1.5 190 14,000 psi -1.5 85 19,500 psi 
100 14,000 psi 

2 inch upper binder course at average 3 inch depth 
0.0 100 41,000 psi 0.0 85 39,500 psi 

100 32,000 psi 

-0.5 120 32,000 psi -0.5 85 32,000 psi 
100 30,000 psi 

-1.0 140 25,000 psi -1.0 85 29,500 psi 
100 27,000 psi 

-1.5 160 21,500 psi -1.5 85 27,000 psi 
100 23,500 psi 

2 inch lower binder course a t  average 5 inch depth 
0.0 90 73,000 psi 0.0 85 55,000 psi 

100 44,000 psi 

-0.5 105 61,000 psi -0.5 85 48,000 psi 
100 41,000 psi 

-1.0 120 48,000 psi -1.0 85 44,000 psi 
100 38,000 psi 

-1.5 135 41,000 psi -1.5 85 40,000 psi 
100 33,500 psi 

Note: 1 psi = 6.895 kPa 
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Table 4 

Canparison of  Warm Weather, F a s t  T r a f f i c ,  Pavement Modulus o f  S t i f f n e s s  
Values Based on Line D, F igure  15, Versus Target  Pavement, For a 
Pavement 6 Inches Thick 

Line D Target  Pavement 

PVN Pen.at 25OC Pav.Mod. o f  S t i f f .  Pen.at  25OC Pav.Pkd. o f  S t i f f .  - 

2 inch  s u r f a c e  course a t  average 1 inch  dep th  
0.0 250 28,500 p s i  0.0 85 28,500 p s i  

-0.5 345 21,500 p s i  -0.5 85 25,000 p s i  
100 21,500 p s i  

-1.0 460 14,000 p s i  -1.0 85 22,500 p s i  
100 19,500 p s i  

-1.5 595 12,000 p s i  -1.5 85 19,500 p s i  
100 14,000 p s i  

0.0 200 0.0 85 39,500 p s i  
100 32,000 p s i  

-0.5 275 33,500 p s i  -0.5 85 32,000 p s i  
100 30,000 p s i  

-1.0 355 25,000 p s i  -1.0 85 29,500 p s i  
100 27,000 p s i  

-1.5 460 20,500 p s i  -1.5 85 27,000 p s i  
100 23,500 p s i  

2 inch lower b inder  course a t  average 5 inch  dep th  
0.0 155 78,000 p s i  0.0 85 55,000 p s i  

100 44,000 p s i  

-0.5 205 72,000 p s i  -0.5 85 48,000 p s i  
100 41,000 p s i  

-1.0 255 55,000 p s i  -1.0 85 44,000 p s i  
100 38,000 p s i  

-1.5 315 41,000 p s i  -1.5 85 40,000 p s i  
100 33,500 p s i  

Note: 1 p s i =  6.895 kPa 
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a t  25OC indicated by Tables 3 and 4 for  Lines B and D would 
be associated with the paving asphalts with each of the 
above ranges of tenperature susceptibility. 

17. For medium and l ight  t raff ic ,  paving asphalts of intermediate, 
PVN = -0.5 to  -1.0, and high tanperature susceptibility, PVN 
= -1.0 to -1.5, respectively, could be used for surface 
courses, Figure 12, while either range of tenperature susceptibility 
would provide adequate pavement s tabi l i ty  when used a s  
binder course layers. 

18. The approach that has been recammded here, namely, the use 
of paving asphalts of low temperature susceptibility for 
surface courses for heavy t raff ic ,  and of selected higher 
tempratme susceptibilities for binder courses, is supported 
i n  principle by the performance of test pavenents in Manitoba 
and Saskatchewan (11). 

1. A triangular configuration similar to Figure 12, can be 
drawn for  each of the 1, 3 and 5 inch depths in the three 2 
inch pavement layers used for the sample calculation described 
above. In each of these and similar cases, as  demnstrated 
by Figure 12, it would ordinarily be a waste of relatively 
scarce paving asphalts of low tatperatwe susceptibility to 
use them in surface courses for medium or  l ight  t ra f f ic ,  or  
i n  binder courses for any t ra f f ic  category, i f  paving asphalts 
of higher temperature susceptibility are available, as they 
normally are. Of course an exception t o  this would be made 
i n  those regions that are favoured with paving asphalts 
having only low temperature susceptibility. 

2. The data i n  Table 3 indicate that for the conditions associated 
with Line B, Figure 15, the same paving asphalt grade, 
120/150 penetration, could be used for each 2-inch layer of 
a 6-inch pavement but with a higher tempratwe susceptibility 
for the asphalt in each layer. That is, for the 2-inch 
surface course, 120/150 penetration asphalt with a PVN range 
from -0.5 to 0.0 would be required. For the top 2-inch 
binder course, 120/150 penetration asphalt with a PVN range 
of -1.0 to -0.5 could be used, while for  the bottchn 2-inch 
binder course 120/150 penetration asphalt with a PVN range 
of -1.5 t o  -1.0 would be adequate. Similarly for the conditions 
represented by Line C, Figure 15, the data i n  Table 2 show 
that  150/200 penetration paving asphalt could be used for 
each of the three 2-inch layers, but with a PVN of -0.5 to 
0.0 for  the 2-inch surface, a PVN of -1.0 to -0.5 for the 
top 2-inch binder course, and a PVN of -1.5 to -1.0 for the 
bottom 2-inch binder course. For the conditions represented 
by Line D, the data included i n  Table 4 indicate that for 
each 2-inch layer, 250/350 penetration paving asphalt muld 
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be required with the same sequence of increasing PVN requirenents 
for the three layers. 

3. It is of m r e  than usual interest that for Lines B, C, and D 
i n  Figure 15, that although successively softer pavirg 
asphalts are required for w i n t e r  conditions represented by 
each of these three lines, respectively, because of the 
consecutively lower warm weather temperatures for Lines B, 
C and D, the paving asphalt grades that are just soft enough 
t o  provide protection against law tenperatwe transverse 
pavemmt cracking, appear t o  be hard enough to provide 
adequate s tabi l i ty  for warm weather traffic at the corresponding 
s m r  temperatures. For example, £ran Line C for a 2-inch 
surface course, for  the law w i n t e r  temperature of -18OF 
(27.8OC), paving asphalt of 160 penetration with a EVN of 
0.0 is just soft emugh to  avoid law m a t u r e  transverse 
pavement cracking a t  this law temperature. Nevertheless, it 
is hard enough a t  the maximum sumner surface course pavement 
t-ratwe of 115OF (46.1°C) for Line C, to  develop a 
pavgnent mdulus of stiffness of 32,000 psi under heavy 
truck t ra f f ic  travelling a t  100 lan/hr which exceeds the 
pavement mdulus of stiffness value of 21,500 to 25,000 psi 
indicated for the target of comparison. 

4.  It is  realized that i f  an engineer believes that the cor- 
respoxfhq penetration a t  25OC and FVN value for any paving 
grade referred to in Tables 1, 2, 3 and 4 would provide too 
soft  an asphalt cmmt  for warm weather t ra f f ic  in his area, 
he could select a harder grade of asphalt. W&n he does 
this haever, he should realize that  for the higher pavgnent 
s tabi l i ty  thereby achieved for warm weather t raff ic ,  he can 
expect to pay a penalty in  the form of the much greater 
number of law tgnperature transverse pavement cracks that 
w i l l  develop. 

V I I  A M3RJ3 RATIONAL SPECIFICATICN FOR PAVING ASPHALTS 

1. Data  contained in this paper indicate that: 
(a) When they are i n  limited supply as they frequently are, 

paving asphalts of lmst tesnperature susceptibility 
should be reserved for use in the surface course layer 
of pavenents that are to carry heavy traff ic .  

(b) Paving asphalts of intermediate to high m a t u r e  
susceptibility, which are usually mch m r e  abundant, 
should be used for surface courses for d u m  and l ight  
t ra f f ic  . 

(c) These data indicate that there is engineering justification 
for  the wide use of paving asphalt with moderate to 
high tagmzature susceptibilities for binder or  base 
courses for heavy, medium and l ight traffic.  

2. Consequently, there is great need for an asphalt specification 
that w i l l  include a l l  paving asphalts regardless of their 
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temperature susceptibili t ies,  and that wuld a t  the same 
time provide useful. guidance for the selection of the paving 
grade o r  grades to be used for any paving project. 

3. Figure 16 is an attempt to provide the technical basis for  
such a specification. It gives emphasis to the following 
i tems:  
(a) The need to select paving asphalt of lowest t-ature 

susceptibility (EVN = -0.5 to 0.0) for  surface courses 
for heavy t raff ic ,  since as shown by Figure 12, for the 
same protection against lm temperature transverse 
pavement cracking, they provide the highest pavement 
s tabi l i ty ,  which is required for highest volume warm 
wather t raff ic .  

(b) Also as a i c a t e d  by Figure 12, paving asphalts of 
intermediate tesnperature susceptibility (PVN = -1.0 to 
-0.5) could be specified for surface courses for  medim 
t ra f f ic  since less pavement s tabi l i ty  is required. 

(c) Figure 12 similarly demnstrates that  paving asphalts 
of highest temperature susceptibility (PVN = -1.5 to 
-1.0) should be considered for  surface courses for  l ight  
t ra f f ic  for which still lower pavement s tabi l i ty  is 
needed. 

(d) Paving asphalts with intermediate teqerature susceptibility, 
PVN = -0.5 to -1.0, and with high temperature susceptibility, 
PVN = -1.0 to -1.5, that  are  w k e d  for mdium ard l ight  
t ra f f ic ,  respectively, in  Figure 16, have been shown t o  
provide paving mixtures with adequate s tabi l i ty  for asphalt 
binder and base courses. 

(e) One of the greatestmistakes made currently and i n  the past, 
has been specifying paving asphalt grades without regard 
for their te~nperakrre susceptibility. Consequently, there 
is need for  guidance (the oblique lines with l o w  temperature 
labels in  Figure 16) when selecting paving asphalts that  w i l l  
provide protection against low temperature transverse pave- 
ment cracking, and particularly for chmsing softer and 
softer asphalts as the temperature susceptibility of the 
asphalt increases. When properly selected on th i s  basis, 
Tables 2, 3 and 4 indicate that  these paving asphalts also 
appear to provide the required s tabi l i ty  for warm weather 
t ra f f ic  . 

( f )  The abscissa for  Figure 16, penetration a t  25OC, pertains 
to paving asphalt consistency a t  a representative average 
pavement service temperature. 

(g) The ordinate for Figure 16, viscosity a t  275OF (135OC), 
provides useful information for  the high temperature 
construction operations of mixing, spreading and breakdown 
rolling. 

(h) In  ccmbination, the tanperature a t  25OC and the viscosity 
a t  275OF (135°C) enable the temperature susceptibility 
of a paving asphalt manutactureii by steam or vacuLun dis- 
t i l l a t ion  to be expressed in terms of its PVN value, 
Figure 2. This paper has emphasized the need and the 
economic value of giving fa r  more attention to 
the temperature susceptibility of paving asphalts with 
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respect to their in i t i a l  selection, because of its 
important influence on pavement service p e r f o m c e .  

The two most hprtant engineering properties of paving 
asphalts, penetration a t  25OC and temperature susceptibility 
have been referred to and emphasized. 

Because petroleum refiners now have to run whatever crude 
o i l  is available, the paving asphalt property that b e m s  
most variable is its temperature susceptibility. 

The important influence of paving asphalt temperature suscep 
t i b i l i t y  on low temperature transverse pavement cracking is 
demonstrated. 

A chart for  selecting paving asphalts that  w i l l  avoid low 
temperature transverse p a m t  cracking has k e n  prepared. 

It is demonstrated that for  pavement surface courses containing 
paving asphalts that w i l l  just avoid low temperature transverse 
pavement cracking, those with the lmst temperature susceptibility, 
PVN = -0.5 to 0.0, which are usually in limited supply, 
should be segregated, i f  necessary, for heavy t raff ic ,  those 
with intermediate tmperature susceptibility, PVN = -1.0 
to -0.5, which are n o d l y  plentiful, could k selected for  
medium traff ic ,  while paving asphalts of highest tenprature 
susceptibility, PVN = -1.5 t o  -1.0 could be used for l ight 
t ra f f ic  . 
A chart i l lustrating the change of pavement temperature with 
pavement depth has been prepared, based on measured data for 
both the wanwst and coldest days in  certain years from t e s t  
pavements a t  Washinqbn, D.C., and Ste. Anne, Manitoba. 

Based on th i s  chart, by means of a procedure described and 
illustrated in  the paper, it is shown that paving asphalts 
of intermediate t o  high temperature susceptibility could k 
employed very effectively i n  asphalt binder or base courses 
for heavy, medium and light t raff ic .  

Using the information contained i n  the paper, a rational 
basis is provided for a specification that would include a l l  
paving asphalts regardless of their temperature susceptibility. 

Grateful achcwledgement is made to Petro Canada for a grant 
to ass i s t  with preparation of this paper. The writer would 
also l ike to express special appreciation t o  M r .  Fred Young 
of the Manitoba Department of Highways and Transportation 
for  his kind permission to use scane of his data on which 
Figures 13 and 15 are based. 

© Canadian Technical Asphalt Association 1981



REFERENCES 

1. W L e d ,  N.W., "Asphalt Cawnts: Pen-Vis N u n b e r  and Its 
Applicat ion to Muli o f  S t i f f n e s s " ,  American Society f o r  Test ing 
and Materials, Journal  o f  Test ing and Evaluation, Vol. 4, No. 4 
1976. 

2. MzLmd, N.W., " w s t  Data frcm Three Ontario Test Faads A f t e r  
1 5  Years o f  Service", Proceedings, Canadian Tkhnical Asphalt 
Associat ion,  Vol. 23, 1978. 

3. McLeod, N.W. , "Asphalt Canent Spec i f ica t ions  - Sane Fac ts  
and Challenges", Proceediqs, Arnerican Associat ion of  S t a t e  
Highway and T r a n s p r t a t i o n  O f f i c i a l s ,  Sixty-Fifth Annual 
Mee-, 1979. 

4. Young, F.D., &me, I., Burgess, R.A., and Kopvillem, O., 
"Ste. Anne Tes t  Road - Construction Sumnary and Performance 
A f t e r  !ha Years o f  Service", Proceedings, Canadian Technical 
Asphal t  Association, Vol. 14, 1969. 

5. Van Draat, W.E.R. and Smmr, P., "Ein Geratzur Besturmng 
d e r  Dynamischen E l a s t i z i t a t s  rrPduln von Asphalt", S t r a s s e  
und. Autobahn, Vol. 35, No. 6, 1965. 

6. P f e i f f e r ,  V.P. and Van Doorrmal, P.M., "Tk Rheological 
P r o p e r t i e s  o f  Asphal t ic  Bi-", Jounzal of  the I n s t i t u t e  
o f  Petroleum Technologists,  Vol. 22, 1936. 

7. Heukelom, W. and K l q ,  A.J.G., "Road Design and Dynamc 
Loading,", Proceedings, ?ssociation of Asphalt Paving 'Ikdumlogists, 
Vol. 33, 1964. 

8. Van d e r  Poel ,  C. , "Time and Tapxature E f f e c t s  on t h e  
Determination of  Asphal t ic  Bitumens and Bitum3n - Mineral 
Mixtures", Society of P l a s t i c  Engineers Journal, Vol. 11, 
No. 7, 1955. 

9. Lefebvre, L.M., Dion, A., Langlois,  R., champagne, D. and 
McLecd, N.W., "Paving the 385-Mile Jams Bay Access Road 
W i t h  300/400 Pene t ra t ion  Asphalt Cenwt". Proceedings, 
Associat ion o f  Asphalt Paving Technologists,  Vol. 47, 1978. 

10. Kal las ,  B.F., "Asphalt Pavenent T c q e r a t u r e s " .  Highway 
Research Board, Highway Research Record No. 150, 1966. 

11. Dem, I., Young, F.D., and Culley, R.W., "Composite Bi tminous  
Pavement Design to Prevent  Transverse Cracking", Proceedings, 
Fourth I n t e r n a t i o n a l  Conference on the S t r u c t u r a l  Design o f  
Asphal t  Pavenwts ,  V o l m  2, 1977. 

© Canadian Technical Asphalt Association 1981




