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INTRODUCTION

The purpose of this research investigation is to compare the field
performance of bituminous concrete pavement using 60/70 penetration
asphalt (60/70 mix) and 85/100 penetration asphalt (85/100 mix). The
investigation was incorporated into a paving project consisting of

a 1 inch leveling course and a 1 1/4 inch wearing course located

on U.S. Route 302 in Berlin, Vermont.

The materials were placed in parallel test sections on the roadway.
Detailed pavement surveys were conducted to document the condition
of these test sections prior to construction. Evaluation includes
periodic updating of the pavement surveys as a means of monitoring

performance.

This report describes the production, placement and field performance

of the 60/70 and 85/100 mixes through the first 24 months of service.



PROJECT DESCRIPTION & ROADWAY CONDITION

The project consisted of a 1.89 mile segment of U.S. Route 302 in
the town of Berlin. Paving began at the Barre City line and pro-
ceeded westerly to the Montpelier City line. (See location map,

page 4).

The existing roadway was constructed during the period 1924-1928
with a 24" sub-base and a 5" penetration macadam base topped with
a roadway of 4" Portland Cement concrete. Additional retreatments
include Portland Cement overlay in 1941 and a bituminous concrete
overlay in 1954. During 1972-1973, the 1.89 mile segment of road-

way was overlayed with bituminous concrete.

A detailed pavement condition survey was made on a 446' section on
September 28, 1982 approximately 1 week before the new overlay was
placed. The survey revealed an average of 424 linear feet of cracks
per 100 linear feet of 30 foot wide roadway. Approximately 74% of
all cracks were longitudinal and 16% were transverse from shoulder
to shoulder. The pattern of the cracks appeared to be a reflective
crack pattern of the underlying concrete slab roadway design.

Longitudinal cracks ran parallel throughout the test section.

Average daily traffic on this section of U.S. Route 302 was 13690

vehicles in 1983, with 7% consisting of truck traffic.
























SUMMARY

Tests on the liquid asphalts disclosed a difference in penetration
values of only 15 points. Such results suggest the possibility that
cross blending (contamination) of the two grades of asphalt may have
occurred. With the exception of reflective cracking, the areas with
two different grades of asphalt have performed and appear nearly

identical. The results are as follows:

60/70 85/100
*1) Reflective Cracking (%) 39 77
2) Rutting Values (inches) 2/16 2/16
3) Mays Meter (inches/mile) 31 39
4) Friction Yalues {@ 40 mph) 42 44

*Results from test. section only, other data collected
throughout project, including test section.

FOLLOW UP

Monitoring will continue on the project in an attempt to determine
if valid performance difference can be identified over an extended

period of time.
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RESEARCH INVESTIGATION

Work Plan No._ 82-B&R-2]

Subject Bituminous Concrete Pavement Using 60/70 Pen Asphalt
September 27, 1982

Investigation Requested By R.F. Nicholson, P.E. Date

Date Information Required At completion of field evaluation _

Purpose of Investigation  To compare the performance of bituminous concrete

_pavements produced with 60/70 and 85/100 penetration grade asphalt cements.

Materials to be placed on the Rte. 302 Berlin RS 0197(1) overlay project

Proposed Tests or Evaluation Procedure  Compare the initial values and field

performance of a 1 inch leveling course and a 1% inch wearing course produced

with 60/70 pen AC with that of adjacent courses produced with 85/100 pen AC.

The test section shall cover an area of approximately 1200 lineal feet lying

between the intersection of the Berlin State Highway and the Montpelier City

Line.

The evaluation shall include the following:

1. Document the condition of the existing pavement surface with a detailed

crack survey

2. Conduct plant mix inspection on the 60/70 and 85/100 mixes for asphalt

content, gradation, air voids, stability and flow

(con't. P.2)

Proposal Discussed With C. E. Jerd Projected Manpower Requirements 50 man days

Investigation To Be Conducted By Bituminous & Research Subdivisions ey

d Starting Date 9/28/82 Estimated Completion Date  9/87
/Disapproval by Materials Engineer.‘:azfé;%;/§7 vtkéiyéah /?KZQQP?,

comments by Materials Engineer

Materials & Research Division 12
Agency of Transportation






6 APPENDIX B-1

Masan
CF
TA 187 Rev. 1M 10/80 STATE OF VERMONT Jerd
1M 6/82 AGENCY OF TRANSPORTATION Murphy
™ 9/82 Phalen
MATERIALS AND RESEARCH DIVISION Frascola
Montpelier, Vermont 05602
RE?ORT ON SAMPLE OF ASPHALT CEMENT
Report 10-8 , 19 82
Laboratory No. B82 1698 Tested By Stevens
Name 83/100  Asphalt Cement for 406.25
Identification Marks Job Sampleertification No. 5802

Submitted by DuBois |, Title PFP Address

Sampled 10-2  , 19 82 Received _10-4, 19 82 Testing Completed 10-6-82

Sample from Tank féed 1ine #1 @ Cooley - Berlin

Quantity Represented - Lbs. Net @ 60° F = 250  gals.
Source of Material BP Montreal

Location used or to be used Berlin RS 0197(1)

Examined for 702.01 85/100 Penetration

TEST RESULTS

Specific Gravity 25°C/25°C

Absolute Viscosity @ 140°F and 300 mm Hg Vacuum, poises 1461
Kinematic Viscosity @ 275°F, centistokes 353
Penetration @ 779F, 100 gm. 5 sec. 8:3“00 82

Flash Point (Cleveland Open Cup), ©F.
Solubility in trichloroethylene, %

Tests on Residue

Loss on Heating, % - 11
Penetration of Residue, % of original 60 (49)
Absolute Viscosity @ 1400F. poises 4316
Kinematic Viscosity @ 275 F, Sentistokes 25
Absolute Viscosity Ratio. ATFO/BTFO 2,95
Penetration Ratio, ATFO/BTFO 1.7 : 1

Comments:

This material tests 3 points below minimum penetration for an 85/100 penetration grade
asphalt for 702.01, Informed B. Murphy @ 11:30 am 10-4-82,

S. J. Gage, P.E., Chief Engineer

i 8

R. F. Nicholson, P.E., Materials & Research Engineer
14
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APPEMDIX B-2

Mason
CF
TA 187 Rev. 1M 10/8C STATE OF VERMONT Jerd
1M 6/82 AGENCY OF TRANSPORTATION Murphy
1M 9/82 Phalen
MATERIALS AND RESEARCH DIVISION PFRSER TR
Montpelier, Vermont 05602
REPORT ON SAMPLE OF ASPHALT CEMENT
Report 10-8 , 19 &
Laboratory No. B82 1699 Tested By Stevens
Name 60/70  Asphalt Cement for 406.25
Identification Marks Job Certification No. 5779

Submitted by DuBois  Title PFP Address 4

Sampled 10-2 , 19 82 Received 10-4 , 19 82 Testing Completed 10.6-82

Sample from Tank feed 1ine #2 @ Cooley - Rerlin

Quantity Represented Lbs, Net @ 60° F = 250 Cals.
Source of Material Petro - Montreal

Location used or to be used Berlin RS _0197(1)

Examined for 702.01 60770 penetration

TEST RESULTS

Specific Gravity 25°C/25°C

Absolute Viscosity @ 140°F and 300 mm Hg Vacuum, poises 2112
Kinematic Viscosity @ 275°F, centistokes 415
Penetration @ 77°F, 100 gm. 5 sec. buhu 72

Flash Point {(Cleveland Open Cup), ©F.
Solubility in trichloroethylene, %

Tests on Residue

Loss on Heating, % .11
Penetration of Residue, % of original
Absolute Viscosity @ 1400F. poises ___8&47
Kinematic Wiscosity @ 275°F, Centistokes "675
Absolute Viscosity Ratio. ATFO/BTFO .0 : 1
Penetration Ratio, ATFO/BTFO 1.6 : 1

Comments:
This materfal tests 2 points above maximum penetration for a 60/70 penetration grade

asphalt for 702.01. Informed B. Murphy of results @ 11:30 am on 10-4-82,
S. J. Gage, P.E. » Chief Engineer

. ”‘”‘JWW/@

RFNM%MPEMM%&MWM&wmr




APPEMPIX B-3

4
Mason
CF
TA 187 Rev. 1M 10/8G STATE OF VERMONT Jerd
M 6/82 AGENCY OF TRANSPORTATION Murphy
N 9/82 ;
MATERIALS AND RESEARCH DIVISION
Montpelier, Vermont 05602
REPORT ON SAMPLE OF ASPHALT CEMENT
Report 10-19 , 19 82
Laboratory No. B82 1764 Tested By J. 0'Donnell
Name 854100 Asphalt Cement for 406,25
Identification Marks Job Certification No.
Submitted by  DuBQis Title _PFP Address

Sampled ]10.2 , 1982  Received 10-4 , 19 82 Testing Completed 10-13-82

Sample from Tank #1 @ Cooley - Berlin

Quantity Represented Lbs. Net @ 60° F = 14,000 Gals.
Source of Material BP Montreal

Location used or to be used Berlin RS 0197(1)

Examined for 702,01  85/100 Penetration

TEST RESULTS
Specific Gravity 25°C/25°C
Absolute Viscosity @ 1400F and 300 mm Hg Vacuum, poises 1490
Kinematic Viscosity @ 275°F, centistokes
Penetration @ 77°F, 100 gm. 5 sec. BS[io0 88
Flash Point (Cleveland Open Cup), OF.
Solubility in trichloroethylene, %

Tests on Residue
Loss on Heating, % -
Penetration of Residue, % of original
Absolute Viscosity @ 1400F, poises

Absolute Viscosity Ratio. ATFO/BTFO
Penetration Ratio, ATFO/BTFO

Comments:

This material meets requirements for the tests indicated for item 702,01 (85/100)

ACCEPTED

S. J. Cia~2, P.E. Chief Engineer

By: '
mim 16 R. F. Nicholson, P.E., Materials & Research Engineer
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4 APPENPIX B-4

Mason
CF
TA 187 Rev. m 1%//%% STATE OF VERMONT Jerd
M o/ AGENCY OF TRANSPORTATION Murphy
MATERIALS AND RESEARCH DIVISION
Montpelier, Vermont 05602
REPORT ON SAMPLE OF ASPHALT CEMENT
Report 10-19 » 19 82
Laboratory No. B82 1766 Tested By J. 0'Donnell
Name 85/100 Asphalt Cement for  406.25
Identification Marks Job Certification No.
Submitted by DuBoix , Title PFP Address

Sampled 10-2 , 19 82 Received _10-4 , 19 82 Testing Completed 10-13-82

Sample from Tank #1 @ COoley - Berlin

Quantity Represented Lbs. Net @ 60° F = 15,000 ___ Gals.
Souree of Material . BPMontreal '
Location used or to be used Berlin RS 0197(1)

Examined for 702.01 85/100 Penetration

TEST RESULTS
Specific Gravity 259C/25°C
Absolute Viscosity @ 1409F and 300 mm Hg Vacuum, poises 1508
Kinematic Viscosity @ 275°F, centistokes
Penetration @ 77°F. 100 gm. 5 sec. 85%00 88
Flash Point (Cleveland Open Cup), 0%.
Solubility in trichloroethylene, %

Tests on Residue
Loss on Heating, %
Penetration of Residue, % of original
Absolute Viscosity @ 140C°F. poises

Absolute Viscosity Ratio. ATFO/BTFO
Penetration Ratio, ATFO/BTFO —

Comments:

This material meets requirements for the tests indicated for item 702.01 (85/100)

ACCEPTED

. J. Gazs, P.E., Chief Engineer

4 klaeriais & Kustaci Engineer

R F. Nichotson, P.E.,

2
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4 APPENDIY R-5

Mason
CF
TA 187 Rev. IH 1%?%% STATE OF VERMONT Jerd
U 9/82 AGENCY OF TRANSPORTATION Murphy
MATERIALS AND RESEARCH DIVISION
Montpelier, Vermont 05602
REPORT ON SAMPLE OF ASPHALT CEMENT
Report 10-19 , 19 82
Laboratory No. B82 1773 Tested By J. 0'Donnell
Name 60/70  Asphalt Cement for 406.25
Identification Marks Job Certification No.
Submitted by DuBois | Title PFP Address

Sampled _10-2 , 19 82 Received __10-4 19 _ 82 Testing Completed 10-13-82

Sample from Tank #2 @ Cooley - Berlin

Quantity Represented Lbs. Net @ 60° F = 14,000  gals.
Source of Material Petro - Canada

Location used or to be used Berlin_ RS 0197(1)

Examined for 702.01__ 60/70 Penetration

TEST RESULTS
Specific Gravity 25°C/25°C
Absolute Viscosity @ 140°F and 300 mm Hg Vacuum, poises : 2179
Kinematic Viscosity @ 2759F, centistokes
Penetration @ 77°F, 100 gm. 5 sec. é0I70 70
Flash Point (Cleveland Open Cup), ©F,
Solubility in trichloroethylene, %

Tests on Residue
Loss on Heating, %

Penetration of Residue, % of original
Absolute Viscosity @ 1400F. poises

Absolute Viscosity Ratio. ATFQ/BTFO L
Penetration Ratio, ATFO/BTFO

Comments:

This material meets requirements for the tests indicated for 1tem 702.01 (60/70)

ACCEPTED
S. J. Gags, P.E., Chief Engineer

el celoBim—
18 By: Jﬁd{ﬁ /f/?

R. F. Nicholsen, P.E., Materials & Research Encineer

X



APPENDIX C-1

Bim.lminous Concrete System Wermont Transportation Agency Sheet of
FILE MAINTENANCE Materials & Research Division | Project
Control No. H616 ASPHALT MIXTURE PROPERTIES Code No. Lizlolglz|o
Form No. 4 of 6 - Field Test Data - Mix
Form Date 10/1/79 (Items P401 or 406) Design No. ANOIRIO
Project Name Iz €2 (LW Project No. & O\ {\)
Source of Mix |3 ! C_.D O LEN {E)L':.\LL\\\) Ring No.| [R|AR][" Year B3
it 1 Type of g
o 1101215 TR Q3 sp. Gr. Ac |1 ]9]Q|0
(Note- Begin a new page if any of the prior fields change)
Line| Formula Description 1 2 3 4 5
A Lab¥o.  [D82ls 7,58 |1 759\ 17 62082\ .
B Field Spec. Nd R| 107 W S T 00 ) R
[ Test Date (mo.:da \,QiDL\ f QoKX N pio2f 1 iR s
D3 % Passing 1" R G [E ST e o e LT J
D4 1 DO - 34" lHopollroosllhvno.dliloooll . .
PS5 145 =100 e 1/2" S8 3.4t aq,2 AFON
D6 -_—J P) - (Fl ID y 3/8‘I : J.__Bia ‘t'; 1?)|(p (‘) _ijl S L.-‘)" ig 1’:1 ‘j e 1 I )
D7 ELO- k_ﬁ L?) el #4 4{11‘{ AL‘ AL(SI"L).-{’) 1 L'AL" _5 1&211 J-('P - a
D8 [U>- 5\ . 18 Mo bl MY BH 5 /5 AIIH L
Dg 3\ = '-5 q & #16 1 -51\0 -:_1 4‘1’1”54{“) L 5l 51“' lriil "'_;_ L B
DIO_|AD - B 2 #30 A R e 8- X o I DU A AN S
Dll \\-\C\ i #50 llH‘g J_‘_l;‘f!_% llii’-!-::r‘ AJ\I:\AS\ ] - LS
Bz | =iy " #200 L 28T R P TN PR Vi | A
E (.0 -ts] | Bitumen % (AC) Ml . Gaq Lo 2 b s n Al
F | 100(R-P)/R | % Voids - Mix . 331, 3F 4.2 b-305) ) BN
G__|100S/(S+F) " -Filled | R 1A TBNf| 7.7.21| 7.3.8/ ., .,
H [P x 624 |Unicwge., 1b/fc3 WANIIITASSINHAININNIDI
I Stab.-Conv., lbh. al oM 12,2 P et @/ 11S ) et
J ' Marshall Flow Valud ,  { H I ey e TS 0 o) G A
K Sample Thick., in. |Ql XA 552000 1Q5 e 3 ?,"JLS,(.@,? A
L wgt' in Air" gm' ;‘}1(@ il I QQL ll‘ é;o L";I:}l(i ks K
M Wgt' in water’ gm. 1"71L J.?S |QL{§' "7 (quJ(ﬁ J(Lri el i
N Wgt. surf. dry,gm. [\ Qe A/ |] ,r;),"JJt. RS Il = gt
P | L/(N-M) Sp. Gr. - Bulk .33 3] (3.2 Q303 QL35 L. .
R Sp. Gr. - Max. QHOD| RMHAM| 2.4,09] AN
S | PxE/SpGrac | AC by Volume % RN INE IR TR |
T Stab.-Measured, 1b.) Q.94 (Al 9 A LG\ 2ok €
u Accept, Reject or N A A R ‘
Field Notes: Inspector(s): (0ffic 1\2
TE ST ¥ \Z2 T 35100 PENS P .\?).;\5 R 1
o . " ~ = R .,
TemT % 12T - 8% 100 PEN - 7 apCEMED
L8
Testr B 1O T  LO-T10, ¢EN ocT 41882
L MK
fes7 > W T Lo-T10 PEWN A
3, PIISISH
.-{\j\"/}\k »’\
ﬁlwu.’ Jﬁm‘ "[‘___.J\ﬁ\
19 K.-::t' _X/
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APPENPIX D-1

S J ng PE Chlef Enmnner

By: _

6
TA-183 Rev. 1M .7/80 Mason
CF
STATE OF VERMONT Iavd
AGENCY OF TRANSPORTATION Murphy
Cookson
MATERIALS AND RESEARCH DIVISION HaT o
Montpelier, Vermont 05602
REPORT ON MISCELLANEQUS SAMPLE
Report 12-2 19 82
Laboratory No, Fez 0518 Tested by Royce
Hime Bituminous Concrete Pavement, Item 406.25
Identification Marks Final Core No. 1 thru 3, 5
Subnitted by Cookson mygne ___ CLP Address
Sampled 11-22 , 19 82 _  Received 11-22 , 19 82
Quantity Represented
Source of Material Cooley - Berlin
Location used or to be used Berlin RS 0197(1)
Examined for Item 406 Depth & Compaction
et e Qutside
) Design
Core No. M/M # Offset Lane % Compaction Lbs./Cu.Ft. Depth Tolerance
1 0000 10 Rt. EB 97.0 140,2 L 12"
2 0069 11 0 6 WB 95.3 138.3 11/8"
3 0100 10' Rt. EB 96.3 139.2 1 1/4"
5 0000 ' REs EB 95.3 138.2 1 174"
which are all within the design tolerance allowed for this project.
Meets compaction requirements for 406.25,
ACCEPTED

Foadt )] et
e e s i

R. F. Miche .wn P.E., Maeriais & Research Engineer

20
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183 Rev. 1M :7/80 Mason
CF
STATE OF VERMONT Jerd
AGENCY OF TRANSPORTATION Murphy
Phalen
MATERIALS AND RESEARCH DIVISION S hans

Montpelier, Vermont 05602

REPORT ON MISCELILANEQUS SAMPLE

APPENNIX D2

Report 12-2 , 19 82
Laboratory No, F82 0519 Tested by _Royce
Name Bituminous Concrete Pavement‘ Item 406.25
Identification Marks Final Core No. 4
Submitted by Cookson Title CLP Address
Sampled __11-22 19 _82 Received _11-22 19 82
Sample from See Below
Quantity Represented
Source of Material Cooley - Berlin
Location used or to be used Berlin RS 0197(1)
Examined for Item 406, - Depth & Compaction
SR R Outside
. ' , Design
Core No. M/M # Offset Lane % Compaction Lbs./Cu.Ft. Depth Tolerance

4 0159 &' LT, WB . 91.7 133.0 11/8"

which is within the design tolerance allowed for this project.

This core tests below the 95% compaction allowed by the specifications for 406.25.

S. J. Gage, P.E., Chief Engineer

By:

LN By

21

R. F. Nicholsen, P.E., iia.criais & Research Engineer






STATE OF VERMONT
AGENCY OF TRANSPORTATION

MATERIALS & RESEARCH DIVISION - BITUMINOUS CONCRETE SUBDIVISION Ne

Design of Bituminous Concrete Mixtures

APPENMILE E={£

2258

~ Town ... Selia. .. Project No. RSO[??(')
Gentlemen:
In accordance with the specification requirements for the above project I submit the following job mix formula:

Pavement Type ... IEE__ werererener.. Produced By: ,C.OD/'M, QS‘(}LQ(—*— Igu.‘., lant Location “.....,E’.e.a.f.' ...........

Stockpile Gradations — % %assing
Size % Used | 1% 1% 1 % Y% % 4 8 16 30 50 200
Net, Seadl 275 [00] S| 0| %8 | Lo] 34| &
Scad w7 PR ey it [o0 | so0l ¥/ | Sl e JP L A |
Yy L1 JoQ| 2 /)
Xon P 200 99 | e | 4
Resultant |/ 8 O 20 U %9 1 pn Teo T#p Toe Tag 1y 15
Hot Bin Gradation — % Passing
Bin | % Used 1% 1% 1 % % % 4 8 16 | 30 | 50 200
s s /00 Po | | Y& |Ab 7
2 P il 200 Qpl .2
8 L /00l 99 | <o ! ¢
4
5

Resultant /.08 £801 P5 B L LS L #€Y Jph Voot ae |2
Batch Bin S ] Bin No. 2 | BinNo.3 | Bin No 4 Bin No. b AC |  Total

b, v ot e ad Lews | rzto ¢y | 7 nod

] 1% | 1% 1 | % % 4 8 | 16 | 30 | 0 200 | AC

Job Mix . :

Formula = /00 ?_2' _?"/' Cl“‘: H 7|16 28 l{ ! e LJ
Job /0 'y 78 & 43 vl t,'y 1" ol 6.d"
Aim // / /a: Jo0| 90! 08|k /9 ¥ /ﬁ% s

Specification [o8 Ny Y2y g Fa Nl Q| y 0 /
Limits // / A A /‘)‘ [ W78 |y $ .1
Source of Materials
 Aggregates ) _ Asphalt B0 Ay, ey
Coarse: (. QIEA; As?hu It Puu.’,a.&;&\l‘;laﬁlm@ (e AC-5: . e
Fine: G;_L;L a i‘\’f&.‘_'&ﬂn_d._"'_cab_.‘ = _’LL_‘!Q_IQH&LU‘JJ_L_AQ:}Q' et
it Soad - VYhuuder "Roud Pt | 5
R_Ll_t-t{’ ARV Other: 60‘7a 'Oe-'_fih" (\Qn nlbl'l*f('ihfrp- QT
Mixing Times — Dry: ... 1 Wet: ... P57 Total: .. %0 . . Temperature: A& F ¥ 0.
Submitted by: L J«Lled G oZecarodae... ... (signature) Date: .0 oo~ 8o
Company C}_a_g.f_e-‘y ﬁ s:e..h.n,,f.f.. ,.ﬁce‘a,.n_:,A,,,.C.Q;LF._ . Title ... 7T & ¢a S‘.t.LvLQ.;C..‘,.,..,,(.,_‘..)‘___H__‘___jk 9%
. FOR STATE OF VERMONT USE ONLY PR Ty 7
Approved =7 ....... Rejected ... .. 7 \\%
— - -~
Comments: Maﬁxﬁa AR eenrrel.. 7 ™~ RECEIVED A
- . s . -
BATERIALS & RESEARCH i
MR S BIVISION =
Signature ..
TA 556 ﬂ?y






