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ABSTRACT

On September 8, 1977, a study of the effects of lowering the
mixing temperature of bituminous concrete was performed on Interstate
91, Ryegate-Barnet I 91-2 (27) Stage I1. The area studied was on the
southbound lane from Station 693+25 (mile marker 115.932) to station

6314+00 (mile marker 114.751).

Properties of the mix which appeared to be affected to the greatest
degree were particle coating and compaction. A 15° F drop in mixing
temperature, from 275° F to 260° F, was achieved before any apparent

harm was done to the mix.

Although the values contained in this report are not representative
of all possible paving situations, the findings are indicative of what

can reasonably be expected.



INTRODUCTION

The primary objective of this study is to determine the lowest possible
mixing temperature of bituminous concrete, under normal operating conditions,

without sacyrificing the quality of the finished pavement.

In June 1977, the F.H.W.A. office in Montpelier contacted the State of
Vermont, Agency of Transportation, Materials Division, regarding the subject
of "Lower Bituminous Mixing Temperatures'. It was the intent to study what
effect lowering the mixing temperature of bituminous concrete would have on

pavement physical properties and performance,

Therefore, this study was undertaken in the interest of conserving energy
(less fuel required for lower mixing temperatures) and possibly increasing
pavement life (asphalt cement binder retains its life better, at lower mixing

temperatures) .

The project chosen for this study was on Interstate 91, Ryegate-Barnet

I 91-2 (27) Stage II. Type II, 3/4" binder mix, was monitored. See Figure 1.



MATERIALS

Type II bituminous concrete, 3/4" binder mix, was used as the wearing

course for Stage 11 construction on this project.

The coarse aggregate used was crushed stone from L. M. Pike's quarry
in Ryegate, Vermont. Fine aggregate consisted of a blend of crusher dust from
L. M. Pike's quarry and natural sand from Calkins of St. Johnsbury, Vermont.
The asphalt cement was a 150-200 penetration grade asphalt from Gulf of

Montreal, Quebec, Canada.

The "Mix Design' for the Type II mix and a "Temperature-Viscosity Chart"

for the asphalt cement are contained in Appendix C.

The 150-200 penetration grade asphalt cement, being a soft grade of asphalt,
requires lower mixing temperatures than the stiffer grades of asphalt. Therefore,
a drop in mixing temperature of approximately 10° F is possible, simply by using

the softer asphalts.



PROCEDURE

The general approach of this study follows guidelines as outlined in
the F.H.W.A, Notice N 5080.52, dated June 9, 1976. The intent being to lower
the mixing temperature of bituminous concrete by gradual increments (10° F to 15° F)

until such time as the physical properties of the mix are detrimentally affected.

The study was carried out September 8, 1977. Ambient project temperature
was on the rise, ranging from 67° F to 76° F, The weather was clear, with a light

breeze,

A state inspector at the plant monitored such items as raw aggregate moisture
content, dried aggregate moisture content, ambient plant air temperature,
temperature of the discharged mix, and ross count (particle coating) of the

mix.

Project observations included monitoring ambient air temperature, haul
length and time, mix lay down temperature, uncompacted mix depth, and numbers

and types of pavers and rollers.

Percent air voids of the compacted mix, for each temperature interval, was
determined from the plant quality control records and from tests done on special

request. These tests were performed in accordance with the Marshall Method.

Compaction achieved relative to target density was determined, for each
temperature interval, using a nuclear density gauge. Two sets of tests were run
to determine compaction. The first set being quality control tests which are
normally run as a basis for payment. The second set was run on special request

as part of this study.



Pavement roughness was measured using a May's Ride Meter for the
entire day's production. Roughness for each temperature interval was also

determined.

RESULTS

Air Voids of Compacted Mixture as Determined by Marshall Method (Figure 2)

As the mixing temperature was lowered, the percent air voids increased
slightly. However, for mixing temperatures ranging from 275° F to 240° F,
there did not appear to be any difficulty in achieving the required level of
air voids. d.e. 2% to 5%.

Ross Count (Figure 3)

As the mixing temperature was lowered, the stone particles remained 100
percent coated, down to a temperature of 265° F. At least 95% of the particles
remained coated down to 235° F, However, for temperatures below 250° F, the
sand particles in the mix did not appear to be thoroughly coated.

Compaction Achieved Relative to Target Density (Figure 4)

The quality control tests indicated that compaction failed around 270° F
and continued to decline as the temperature was lowered. However, the special
request tests indicated compaction failure occurred at around 260° F, Below 260° ¥,

down to 240° F, percent compaction remained fairly constant at around 97.8%.

Surface Characteristics = Roughness (Figure 5)

Pavement roughness was 42.2 inches/mile at a mixing temperature of 275° F,
but decreased to an acceptable level for lower temperatures, down to 250° F,
In the section paved at 240° F, the roughness jumped to 58.9 inches/mile. This
may be due in part to the fact that this section was at the end of the day's

production.



CONCLUSIONS

Properties of bituminous concrete that appeared to be detrimentally affected
by lowering the mixing temperature, within the temperature range studied, were

particle coating and compaction.

Particle coating became critical at 2400 F, with the sand portion of the

mix appearing partially coated below 250° F.

Compaction achieved relative to targei density, on the tests run for this

study, fell below acceptance limits for temperatures below 260° F,

Thus under the given conditions, a 15° F drop in mixing temperature, from
275° F to 260° F, was possible without harmfully affecting the finished pavement,
Remedial measures such as longer mixing time and greater compactive effort might

enable the mixing temperature to be lowered even further.

Values contained in this report are not representative of all possible
paving situations. However, the established trends are indicative of what can

reasonably be expected by lowering the mixing temperature of bituminous concrete,



Vermont Agency of Transportation
Lower Bituminous Mixing Temperatures

1. Moisture Content of Raw Aggregates:

APPENDIX A

Field Lab Information

Ra ate/Time 9/8/11
Aggregate 100 AM PM AM PH
3/4" 0. 14 e
i/2" 0.28 7
3/8" 0.24 “%
Sand 2 .07 %
Dust |86 %
2. Ambient Air Temperatures:
Date_deptewmloec ®,1317 Date
Time | Temperature Time Temperature
6 A.M., 6 A.M.
7 7
8 8
9 9
10:30 Yl 10
11 66 °F 11
12 72°F 12
1 P.M. 74 °F 1 P.M.
2. T4 °F 2
3 3
4 4
5 5
-6 6




Vermont Agency of Transportation
Lower Bituminous Mixing Temperatures

APPENDIX A

Field Lab Information

3. Temperature and Moisture Content of Dried Aggregates:
Date Septewmlbbec B, 14T Date
AM, % | PM. * [IA.M. P.M.
Bin I Time | Temp. | % H20 | Time | Temp.| % Ho0 ||Time | Temp. | % HoO | Time | Temp.| % Ho0
S 150 ] 215 | © [1z4 | 250 | 0.\1
2 Aol | 26 | 0.20
3
4
® Morskvee Doum ples cbforned Svowm Wot Elevatew ‘D\ﬁc.\m_eae. Chute.
4, Temperature of Mix as Discharged From Mixer:
Date_ 9/® /11 Date a/ga/74 Date _9/8 /11 Date  Q/s/17
Time | Slip # | Temp. || Time | Slip # [Temp. || Time | S1ip # |Temp.|| Time | Slip # | Temp.
I0:18]| 47c42 | 280 47659 | 215 | 121747074 | 270 | V47| 47101 245
Deop Vewm¥
4164 | 290 47060 | 275 41018 | 260 *o ZAA40°F
47044 | 285 A4T06) | 265 | 1\2:41]4 7081 |2T70||1:54]| 47103 | 240
— T T T T T T [(MorshelN[E T T
0:128147045 | _1S Plowt dowd) ATnRZ2 | 265|201 41105 |25
(Drap"ﬁzm?.
47046 | 275 410 62 |20 [\2:560l\te 250| °C ATloe |40
Ateat | 215 4003 |250 |12:54] 47085 | 255 ATio1 |245
045147050 | 210 41064 | 265 4108b | 255|214 41168 (240
41051 | 215 41065 |25 Alo®1 | 260 47110 240
(Tes™d
A70852 | 215 4lobl | 260 Atoan | 20 AT\\L 25O
47053 | 215 A1067 | 265 41088 | 255 AT 112 240
Loads \‘\o'\")
47054 | 280 47069 | 265 ovevald - 474Uz 1240
(I.wf‘avmeé Copmt Cociipe i a (hast Lood)
o dvop Tampivo 260|PF 470649 | R6S AT09)_| RS 47114 | 2AS
Woz | 47055 | 2185 47070 | R6S 47092 |255
(Marsheall |A)
47056 1215 14Tl | 265 41093 | 255
(Ma,.vs\r\o.\\%)
47657 | 270 \2'09| 41072 [ R55 [\i24 | 41044 | 250
47058 | 270 41672 1255 1221 |4T1096 |255




Vermont Agency of Transportation APPENDIX A
Lower Bituminous Mixing Temperatures

Field Lab Information

5. Ross Count of Mixture:
% Coated Particles

Date Time Slip # Temperature

al/elr1 | \oiB0 470 47 215 °F \oo
V20 47 41082, 265 °F \0Oo
L2 \0 47089 255 °F a8
21014 47\0 5 235 °F 95

1owm o8 tveuckd a\owed izc.,_mck\

vi oot e.é “gov "’(‘Q\mgevm‘\'v\*e e

/ Visweall eXonmn vnoeXk

oeXson n-@ AN AR

\_ below J2856°F,




Vermont Agency of Transportation
Lower Bituminous Mixing Temperatures

1.

2.

APPENDIX A

Project Information (Ryegate-Barnet

I 91-2(27) S/2)

Ambient Air Temperatures:

Date sg?*rempmg ST Date
Time Temperature Time Temperature
6 A.M. / 6 A.M.
7 7
8 8
9 9
10 10
1 (1 °F n
12 12 °E 12
1 P.M, 14 °F 1 P.M,
2 15°F 2
3 16°F 3
4 4
5 5
6 6
Léngth and Time of Haul (Average):
Temperature Interval Length Time
215 °F .6 5
26O °F 0.l )
250 °F 0.4 4
240°F¢ 0.3 4

10



Vermont Agency of Transportation
Lower Bituminous Mixing Temperatures

3.

Project Information (Ryegate-Barnet

APPENDIX A

I 91-2(27) S/2)

Paver Type(s)

Maoainline

Factors Affecting Laydown and Compaction:

(MY Blaw~Kuex

PE 220

R\ca\r\“\- Sheolder : (D Plaw-¥wox

PEARONV

Roller Type(s) (z

a\i -

wm Steel drves Rellees

(D Bros, Puewvwatic triced vollew,

(Y Galiow - D ARVR Yondew Steel druwm wollew
Mix Arriving At Project

Date_Hsptembec 8, 1977

Date__%e s‘.‘;a""?t_ws_ bhee & VI

5B |CE) MiX Uncompacted 9B |CROMIX wne

Time Slip # M.P. Temp. Depth. (\n) Time Slip # M.P. Temp. Depty
Btatiow ; (Btakrow) )

WINZ | 47055 | e5BYeo] 275  2'Ye 1'35 | &1o98 |e4\deo | 56 z2'%e
Wi20 | 4Te56  |65Tt50| 215  2Va 134\ | 41096 |G4otS0| 256 Ve
W24 |A7605S8 |LST1tool 270 2 Y4 ViS50 |AToag |639400]| 245 2LYe
W24 | 470k |6S56Yes | 215 2 1'54 |4a1loo  |G28t00| 2506 2
W:asS (47062 [6S5tSo| 2465 2Ye _ 204 |ATvoD | aTtoe| 245 21
W51 47063 [Ge55t00] 265 2Y 2:00_| 41105 | 63hto0] 240  2.Y4
WiSH [AT16 65  (c54t00| Z65 2 Y4 2218 |4Tlob 1635150 245 2%
\2:04 | ATo6T [ LS53Y50 265 2 Y% ZH8 | 4T\ 0T (35400 R40 28
2l | AT06d | (052350| 270 2Ye 2:24 | 47109 34100l 240  2Y4
\2:\5 | 470770 52300 265 2% 2 A2 ‘Z"‘ﬂ %3?6‘) LA\t50l 240 24
\2:19 | 4 1o Tl LSl450]| 265 2 Y4 — End ot SVou |2\ od—
\2:25| 47672 |651400] 265 2Ys |
\loz | AT [ b45150 266 2.
(o8| 4ToRl  |645Y00| 255 27
\i\2 (470 BT |644t00]| 255 2%
\i20 | 41089 643v 50| 255 24
Y22 |AT0d0 643100 260~ 274
125 147092 G42too | 2 50 28
\'!DV 47093 [ 64AVYS0 ] 250 2 Y4

11
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APPENDIX B

Air Voids

(°F) (°F)
Slip # Temp. QC/SR % Air Voids Station Temp. Interval Ave., 7 Air Voids
46969 275 QC 3.3 275% 4.3
47003 280 QcC 4,6
47028 280 QC 5.0
47071 265 SR 2.2 651450 260 2.8
47072 260 QC 2.8 651400
47088 260 QC 3.3 644400
47094 250 SR 3.1 641+00 250 3.1
47105 240 SR 3.8 636+00 240 3.8

Compaction

°F Composite
Temp. Interval Station QC/SR  Ave. % Compaction Ave. % Compaction

275% 692+00 - 658+00 QcC 98.0 98.0
275 658+00 -~ 656+00 QC 98,8 99.5

SR 100.1
260 656+00 - 643+00 QC 96.1 97.1

SR 98,1
250 643+00 - 637400 QC 94.9 96.4

SR 97.8
240 637+00 - 631+00 QcC 93.6 95,7

SR 97.8

QC: Tests performed under quality control program.
SR: Tests done on special request.

19



APPENDIX B

Roughness

(°m Station (Miles) May's Meter Reading (x6.4) (+ Length)

Temp. From To Length Run 1 Run 2 Run 3 Ave. Factor Inches/Mile-Roughness

240 631+00 637+00 0,114 1,06 0,84 1,20 1.05 6.72 58.9

250 637+00 643+00 0.114 0,48 0.66 0.60 0.58 3.71 32.5

260 643+00 656400 0,246 1.46 1.64 0.96 1.35 8.64 35.1

275 656+00 658+00 0.038 0.40 0.26 0.32 0.33 2.11 55.5

275%  658+00 693+25 0,668 4,72 4,08 4,18 4,33 27.71 41.5

275%% 656+00 693+25 0.705 5.12 4.34 4,50 4.65 29,76 42,2
Composite 631+00 693+25 1.179 8.12 7.50 7.28 7.63 48.83 41.4

#This section not monitored during paving.

**%Includes sections paved at 275° F, monitored and not monitored
during paving.

20



APPENDIX C
STATE OF VERMONT

Design of Bituminous Concrete Mixtures

Town f?//j(.;/)/};-—fj/'ﬁ/wff ............ Project No. Z‘7/2C',”7)97(,E‘. .....
Gentlemen:
In accordance with the specification requirements for the above project I submit the following job mix formula.:
Pavement Type ... 2o Produced By: . A4 & ZND:. LK<, . Plant Location E//fé/fﬁzvr
Stockpile Gradations — % Passing Eo3
Size % Used 1% 114 1 % k) % 4 8 16 30’ 50 200
SinD 3G | /o6 | 96 | 90 | B2 | 70 |4 |27 | 5
sl |/ Joo | 28 | 76 | 52 | 36 | 26 | /3
b7 21 Yoo | 94 |27 | 8
2 3 S5 | 98 |25 | 4
24 RE /o | 92 |28 | 4
Resultant S0 SO0 95 | Lo 7 VY7 I8 29 V24 1 )3 3.5
Hot Bin Gradation — % Passing
Bin % Used 1% 1% 1 % ¥% % 4 8 16 30 i 60 200
S 43 00 | &Y | 47 |53 30 | ./
2 2 ‘5_’ oo | 30 G
3 5 00 | 26 | 4
4 27 00 | 22 3
: :
Resultant | oz j05 | eV foo 109 | So 138 129 V231 )35 | 5.5
79
Batch Bin S Bin No. 2» _| Bin No. 3 *l Bin No.fm ____nin_lj? b ‘ AC Total
Weights |75 70 2370 | 47 25C 6 | 820 | oosvo

1%

1 % 14 34 4 8 16 30 50 200 AC
Job Mi ) ) ‘ U
F(;rmu;); /ov 76 | So C& 48 75 30 2 /S

1%
¥
AN AN Pss |C5a | 2| e P | e (854

Source of Materials

—

Specification
Limits

_“\\t

U't
‘\\U\
N

Aggregates . l Asphalt
Coarse: f74E ~ 2yiZ3 CALE v AC5:
/ST Qoo - ol/S - CALLLA
Fine: posSl- Pii& - RIEGATE VI AC-10:
SHND = Critfrws - ST SoanSBerry yle
Other:
Mixing Times — Dry: ... 7 ... Wet: /... Fln o Total: .. 2 oo, Temperature: N 75:2{') ........
Submitted by: M 0&”/7/ A el e (signature) Date: 5}9'777 ....................
Company .. AL E. LD LWt Moo Title . MAEZ  LlES oo
FOR STATE OF VERMONT USE ONLY
Approved .. ¥ ... Rejected ............... "
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STUDY LOCATION:

FIGURE 1

T 91 SOUTHBOUND ‘
RYEGATE-BARNET I 91-2 (27) S/II
PAVED SEPTEMBER 8§, 1977

STA. 693+25 to STA. 631400

23

STATION
Percent Ross Percent Inches/Mile
Air Voids Count Compaction Roughness
693425 L. Q.C. §S.R.
Section 1 4.3 100 98.0 41, 5%
275° Fz
(Not Monitored
- Control Section)
:Seg;:ggnFZ 656400 — 100 98.8 100.1  55.5%
‘ &H56%060 ~
Sectign 3
260" F : ‘ 2.8 100 96.1% 98,1 : 35.1
643400 -
Section & - 3.1 98 94,9% 97.8% 32,5
250° F
6371006 —
Section 5
o 3.8 95 93.6% 97.,8% 58,9%
240 F .
631 +00 ~—
Q.C. -~ Tests performed under Quality

Control Program

S.R. =~ Tests done on Special Request.
* - Test values outside acceptance
limits.



Percent
Air Voids

FIGURE 2

AIR VOIDS:OF COMPACTED MIXTURE
AS DETERMINED BY MARSHALL METHOD
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FIGURE 3

ROSS COUNT

Percent 3
Coated Particles
Sand Particles
100 | In Mix Appear o) o) —_—
Uncoated p
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Percent
Compaction
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COMPACTION ACHIEVED RELATIVE TO

FIGURE 4

TARGET DENSITY

P N

Acceptance Limits
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- @ ~ Quality Control Tests
& — Special Request Tests
® - Composite
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FIGURE - 5

SURFACE CHARACTERISTICS-ROUGHNESS
MAY'S RIDE METER
Inches
Mile ) |
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Legend: §
¢ - Test Sections <
i - Unmonitored Section
10 L A - Average
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