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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 II. The area studied was on the 

southbound lane from Station 693+25 (mile marker 115.932) to station 

631+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. 
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INTRODUCTION 

The primary objective of this study is to determine the lowest possible 

mixing temperature of bituminous concrete, under normal 

without sacrificing the quality of the finished pavement. 

conditions, 

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. 
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MATERIALS 

Type II bituminous concrete, 3/411 binder mix, was used as the wearing 

course for Stage II 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 11 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. 
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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. 
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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. i.e. 2% to 5%. 

Ross Count (Figure 3) 

As the mixing temperature was lowered, the stone particles remained 100 

0 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° F, 

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. 
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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 240° F, with the sand portion of the 

mix appearing partially coated below 250° F. 

Compaction achieved relative to target 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. 
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Vermont Agency of Transportation 
Lower Bituminous Mixing Temperatures 

APPENDIX A 

Field Lab Information 

1. Moisture Content of Raw Aggregates: 

-R~~ ") /e/11 
Aggregate II ~oo AM PM AM 

3/4" 0.14 

1/2" o.t.S 

3/8" o. 24 ¢/c. 

-
Sand '3 .Oi '%, 

Dust I . e.G:> o/() 

2. Ambient Air Temperatures: 

Date ~e.p·bem 'lot<!.~ e, \'1"11 
, . I 

Date ------------------
Time Temperature Time Temperature 

6 A.M. 6 A.M. 

7 7 

8 8 

9 9 

10:'3o G>Z ° F 10 - .. 

11 ~iD "'F 11 

12 7?...°F 12 

1 P.M. 74e.V 1 P.M. 

2 1'4 °F 2 -
3 3 

4 4 

5 5 -
6 6 

7 

PI~ 



Vermont Agency of Transportation 
Lower Bituminous Mixing Temperatures 

APPENDIX A 

Field Lab Information 

3. T~1perature and Moisture Content of Dried Aggregates: 

Da 

Bin I 
A.M. P.M. A.M. 
Time Temp. % H20 Tfme Temp. % H?O Time Temp. f- ' 

s ((:50 ~1S 0 '~ 2.4- 1..5'0 o.n 

2 ?..,:o\ ~<Po o. -a.o 

3 

4 

P.M. 
% H,o Time Temp. % H?O 

* Mo,~-iu .... ~ ~o.."""" ?\te~ e.\o-\o..,"'o.~ ~ ..... o.- ~e-\- 'E \'iil."--c...-\-o..-l:>l.~c.ho..-';)e. C.~ .. ..-t~. 
4. Temperature of Mix as Discharged From Mixer: 

Date ~/s /YT Date '1/s/1 1 Date qfe /rr Date r:ve/11 

~ime Slip # Temp. Time Slip# Temp. Time Slip# Temp. Time Slip # [ Temp. 

lo:ts 41o4z. :z..so 41osq ;.(1 s IZ~\1 41o74 ~70 \ ~41 4, I {) I I -;:t45 

141 e:.£.\.~ a.qo l47owo A-'75 4-loi5" A. too 
('D""o~ \ 

-to A.~ 
~~r) 
i>oF 

41o44 ~es 4iow\ ZloS \:Z..!41 47o8\ ~'10 1~54 4il0'3 240 
r-- - r--- CMo..m~ c.) -

1\o:::tS l41o4S ~15 lf-p l (). "" t d lo u.'!>111} 41nS'A. Z.fr>S :Vol 411 o5 2.~.5 

41o4~ 215 41o to-z :2.<\o \A.:so 
ICO.-ov~ 

'\"o '1.56 
~""~·) Of. 41 \OCO ~4-C> 

41041 2.75 14'"11'> '" ~ A-So I\Z :54 47o85 z.ss 41lo1 Z45 

\0:45' 41o5o 'h10 l4.1ot.,4 ~(oS 41oSiQ ?..55 2:14 4'1lC>C\ Z4D 

41051 ~1S !41o iDS "Uo5 41oS1 ~Coo 41l \o ~c:\.0 

41o5Z. ?..15 4'1o (c. lc ~Coo 
('Te~-\) 
41oS~ ZlDC 4-"1_ \ \l ~so 

47ll~~ -:2.. i.e;' 4, O(al A.Ge.5" 41 oe.<\ ~55 _4'1 112. :2.4o 

l.:i.,oS4 :4~t> 4Jol'a~ l.tD5 
Q-oo..a~ 

O'IE!,V"Q. 
:o~ _41_\t-:>... -:t4o 

I :t.V\~o II"W'IIi(d C.o "'t l('o.C."i )\') (L. ... t,-T l..ocJ 
:to d'" e>P \el?'t'lf1 -To ;;tG:,o l)f 410 {,..q ::<.~5 4:loCf \ "Z.So _4"lll 4 A..&\-0_ 

\\ ~02. 41o5S ~1S 14« o"1c 'ZftJS 4"7o9.7.. .255 
(Mc....v-:.\o,o.\\ 1\~ 

47o5to 1.'75 4'1o 11 1 ~~;L 41o~:?> J..SS 
(Mo..v-~\..a.\1 ~) 
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Vermont Agency of Transportation 
lm'ler Bituminous Mix1 ng Temperatures 

Field Lab 

5. Ross Count of Mixture: 

Date Time Sl i # 

O./ta.h1 \0~ 

';l_: D 

APPENDIX A 

Information 

Tern erature % Coated Particles 

0~ 0 

OE= 00 

OF ~ 

'l 
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Vermont Agency of Transportation 
lower Bituminous Mixing Temperatures 

APPENDIX A 

Project Information (Ryegate-Barnet I 91-2(27) S/2} 

1. Ambient Air Temperatures: 

Time Temperature Time 

6 A.M. 6 A.M. 

7 7 

8 8 

9 9 -
10 10 

11 lot °F 11 -
12 TiL 0 ~ 12 

1 P.M. 14°~ 1 P.M. -
2 '75°F 2 

3 '1Cb°F 3 

4 4 

5 5 

6 6 

2. Length and Time of Haul (Average): 

Miles 
Temperature Interval lenqth 

A.1S d)\= o.B 

1..l»o 0 t c.lD 

- .. :&5o 0 ~ ("),4,. 

Z46° ~ (").~ 

10 

Temperature 

Minutes 
Time 

s 

5 

4 

4-



Vermont Agency of Transportation 
Lower Bituminous Mixing Temperatures 

APPENDIX A 

Project Information (Ryegate-Barnet I 91-2{27) S/2) 

3. Factors Affecting Laydown and Compaction: 

Paver Type ( s ----'r.::!U...i~lO..J.~..:s._...!._~:..!,_-..l...u..!.~---.~.~..!sU:;.__-!.-1.....-t!!~'-----

(\) G.o..\ie>V\- A)(.\li:, +C>.V\~.e."" ~-\--e.e..\ <!-rvW"'. '("o\\e,'(", 

Mix Arriving At Project 

Date 5epi-embstv= .8) \0\JJ Date 'Se. p-ts:.w. \oe :e !!> 
1 

\ 0)]1 

(oF) Mix u ... c.ompe~..d~ ~ · 0F)Mix u.~c. 
Time Sli # M.P. Tern • be·e-~1,... (\YI.) 
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~'/e 

2 Y4 

:2. 

4 '/e. 

2 Ve. 

:::t Y+ 

2 Ve. 

2-Ye 

2 Ye, 

::t Y4 

2'/s 

:2..Ye 
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2.. Ve 
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11 
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4Ye 

2V~ 

4 
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~y~ 
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