Study of Temperature Variation in Hot-Mix
Asphalt Base, Surface Course and Subgrade

GLENN P. MANZ, Assistant Executive Secretary, Michigan Asphalt Paving Association

eA STUDY of temperature variation in a 7-in. thick asphalt pavement and the underlying
soil has been carried on in Michigan through the cooperative efforts of L.eonard Re-
fineries of Alma, Michigan, andthe Michigan Asphalt Paving Association. The study
was conducted from June 1963 through April 1965.

An experimental hot-mix base or black base pavement was constructed by The Hicks
Company for the Gratiot County Road Commission. Thermocouples were placed at 4
levels in the pavement and at 3 levels in the subgrade. Temperatures were read each
day to determine the maximum temperatures in the black base and the wearing course.

Because of the erratic results obtained from stability tests of the black base mixes,
it was felt necessary to know the maximum temperatures which could be expected in
the base courses. Laboratory mixes tested at the standard 140 deg temperature varied
widely, and were of little value. Stability tests were run on the same mixes at 100 deg
and 120 deg with results which were reproducible. The mix used had a Marshall sta-
bility at 120 deg, which was equal to surface course mixes at standard temperature.
What we were attempting to determine then was that 120 deg would be greater than the
highest expected temperature in the base mix.

After a few weeks of reading temperatures manually, it was decided to install a
recording pyrometer which would record not only maximum temperatures but the varia-
tion between maximum and minimum on a 24-hr basis. Although the original purpose of
the study was to determine maximum temperatures, it was soon apparent that there was
considerable interest in knowing more about winter temperatures. Because of this, 3
more thermocouples were placed in the subgrade under a 7-in. gravel surface driveway,
sg that-ascomperisen conld beamade between tomparsturog under the T 3o Sephalt
pavement and under 7 in. of gravel during the cold winter months.

The following figures show the maximum temperatures during the hot summer
weather and the minimum recorded during the coldest days of the winter,

Figure 1 shows the wide range of maximum temperatures which occurred during a
30-day period when the highest temperatures of the summer were recorded. This in-
dicates a13-deg drop in temperature in the top 2 in. of the pavement. In the next 3 in.
of depth a further reduction of 5 deg was recorded.

The average drop in temperature in the 7-in. asphalt pavement was 25 deg, although
the minimum differential was 9 deg and the maximum was 34 deg. The maximum sur-
face temperature recorded was 130 deg. This peak was reached on the day after the
highest atmospheric temperature of the summer was recorded.

The temperatures recorded at the pavement surface and at a depth of 2 in. are
practically identical to those reported in a study made in 1924 and 1925 by W. J.
Emmons and B. A. Anderton for the Bureau of Public Roads.

The single dash line in Figure 1 shows the temperature range in the top of the base
course. The lowest temperature was 80 deg and the maximum was 115 deg, which
occurred on 3 different days.

This maximum 115-deg temperature is important because it bears out our assumption
that 120 deg would be the highest expected base temperature. The average temperature
in the top of the base was 100.9 deg.

Paper sponsored by Committee on Bituminous Aggregate Bases and presented at the 45th Annual Meeting.
12



ASPHALT FRvEMENT TEMPERAT URES
WEARING COURIE, HoT My BRSE
130°F ANO JuBGRADE

/20

/70

/00

70

8o

70

\\hmhximﬁet\hm\\\ahﬂg.v&amam
HoT M BasE N..a e «“
w0 Hor Mik BasSE S
ToP QF SUBGRAGE J° o
SwocRGOE /8" o o -

O TEMPERAT URE —_—

7 10/ 12 L3 1F IS /6 1718 /7 20 2] 22 2324 2526 272829 30 /| 2 3 4 S5 6 7 8
June 1964 Jury

Figure 1.

€T



14

*Z @InBiy

$947-b2-9

T ”» v = o .08 2posbgn
%ﬂ . n o= R ﬂh&\%ﬁ\vgﬂa
Zae FUanod fo Joy rmoyog, 8] 2pLsbgn e
Q\Hﬁ. ™ r b\k e\ul\“*\vh‘ D*o \mh /

- " 2509 XM gop
.M‘H . 22 ..@L“uwﬁ' 2509 X1 fOi
Nm.w.ugm\.\ah ih\uﬂau..\“uh\\uou bns.\kh.w&s

hop sawwns
4Oy © wo sppibgrs pus ISOF NI jOy
‘DEINOD SUtsODAI Ui} LOILDIION IIrp0I2T D)

09

oL

o0/

ol

oe/

0/



Winter 7emperafures rr
Asphalt Surface and Subgrade

/0

Surface of Farvement
S Top of Subgrade (7 depth)
Subgrade Under Fari (187 —————— \ /
Jubgrade UndersGravel/G8) ———— | \
o 8ir Temperature = ——————- M / //\ i

Jan. | 2 3 4 & 6 7 8 9 r0 /4 12 /2 /L /5 /617 /18 /F 20 2/ 2223 24 25 26 27 28 29 30 3/
1965

Figure 3.

ST



16

dway 1) Z/k

~

28,

$9b)-L7-/

L
w“w 0\1_,# 2 n L %“.\h%% .*U RQIF
k‘# " ar n-‘\vb u“naﬂ *WR\ .‘Q\*
\. w#- I} ar ™ N ug Xl *£
-0 ] g DOTLINS AMOJDG Ty DSUNIOD m.ﬁtu@k

42y o2 0422 yo shop tr 4224

*y 2anbiy

durag ) 2y O
|

|
|
[# I s
\\ _
y _
/s _
m » “w Y] " Iy n-Qm s Q \
oFe w o v s .98 |
D9y 124045 4o, 4 4BPUN Yydop 0/ / |
Sp v omow v  ,09 /
Egp [T 22 26 \\ m s/
s mm{...o doy moj2q 0/ A |
dwizy aposbgng /|
o 02
0\%.\\\
\\ﬁ [ 24
/ I
a
g .
909Gz \m.% /
e

i ﬁk 59b/-€1-1
yov

= -opribgne pue acogxu joy
2SunoD burioapm ur vorjorIen 24n)203dw)



Subgrade Temperafures
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Figure 2 shows the variation in temperature in the wearing course, black base, sub-
grade and the atmosphere. While the air temperature varied from 73 deg to 100 deg,
the top of the pavement had a much greater variation, ranging irom a iow oif 5 deg to
a high of 128 deg. The black base variation was 75 deg to 115 deg, and the subgrade
ranged from a high of 98 deg at the 7-in. level to a low of 63 deg at the 60-in. level.

Although a preliminary report was made on winter temperatures, no information
was available showing the minimums reached during a period of below-normal temper-
atures for the central Michigan area.

During January 1965, the low temperatures hoped for occurred and Figure 3 indi-
cates the minimums recorded during the month.

Since the temperatures in the black base are not particularly important at this time
of the year, only the pavement surface, subgrade and air temperatures are shown.

As expected, an entirely different picture is presented during the winter; the pave-
ment surface is now the coldest part of the pavement. There was a 6-day period when
the air temperature was zero or within 2 deg of zero each day. The pavement surface
followed along with low temperatures of 5 deg to 8 deg during this period.

Of prime interest in thispart of the study are the minimum temperatures occurring
in the subgrade. Temperatures below normal experienced during this period resulted
in frost penetration to the 18-in. level under the pavement. A minimum temperature
of 31 deg was recorded at this level and it was below the freezing point for 5 days, while
at the same time and at the same level under the gravel surface, there was a low tem-
perature of 24 deg on one day and below freezing temperatures during 21 days.

In the depth of winter when freezing temperatures are continuous, what happens to
pavements and subgrades? Do temperatures fall to some unknown low point and re-
main stationary until a warming trend occurs, or is there still further fluctuation?
What actually happens is shown in Figure 4, which indicates the range of temperature
variation on 2 midwinter days. On January 13, the air temperature reached a low of
2 deg and a maximum of 18 deg, while the pavement surface was rising from a low of
6 deg to a high of 36 deg.

The range of temperature variation diminishes rapidly with depth. At the top of the
subgrade, 7 in. below the pavement surface, a variation of 7 deg occurs—from a low
of 24 deg to a high of 31 deg.

There is little variation at lower levels in the subgrade during one 24-hr period, but
ceveral daye of zern temneratures do have a definite effect at all levels down to the
36-in. level in the subgrade. This is illustrated graphically in Figure 5. On January
17 the air temperature fell to a low of 2 deg below zero and reached a high of 20 deg.
After 4 days of very low temperatures, temperatures fell at every level except at the
60-in. depth, which changed very gradually over a period of several days. The range
of temperatures also narrowed— surface 5 deg to 29 deg and top of subgrade 20 deg
to 24 deg.

A most interesting change occurred in the subgrade at the 18-in. level—the temper-
ature under the pavement dropped from 33 deg to 31 deg, while at the same level under
the gravel surface the temperature fell from 30 deg to 25 deg. This indicates a deeper
frost penetration under the gravel surface, and very possibly points up some insulating
value in the 7-in. layer of asphalt base and surface.

Figure 5 shows only subgrade temperatures recorded during the month of January
1965. Notice that the temperatures are fairly uniform except during the very coldest
part of the month, when a very definite drop occurred at the 18-in. level under the
gravel surface.

Under the pavement the temperature fell 2 deg while under the gravel surface a 5-deg
drop occurred, and this may have been reduced by a covering of ice over the gravel for
a few days.

Some heaving did occur during the coldest weather of the winter, with a maximum of
1.5 in. being recorded. Any movement which occurred must have been quite uniform,
since no cracking has developed up to this time.
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CONCLUSIONS

1. The data included in this paper indicate that the maximum temperature in the
black base will not exceed 120 deg.

2. The insulating value and heat-absorbing ability of the thick asphalt pavement is
quite evident in the figures showing winter temperature variation. A definite reduction
in frost penetration into the subgrade is indicated.

A great amount of information was accumulated during the months this study was
being made. As time permits, much additional information may be derived from a
further study of the recorded data.
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