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INTRODUCTION: 

RECLAIMED BASE STABILIZATION 
V'l' ROUTE 109 BELVIDERE 

Vermont's standard pavement maintenance/rehabilitation approach includes 
a th i n "shim" course and a wearing course of 38 mm ( 1. 5 in . ) of bit uminous 
concr ete pavement. The cost effectiveness of t his strategy r emains to be 
proven since it has never been firmly established t hat the extension of 
service life resulting with this t reatment is commensurate with cost . Further, 
experience has sh01m that the ef fective service life of thin overlays is 
limited by reflective c~acking which occurs very soon after t he thin wearing 
course is placed. 

One alternative to the standard overlay for pavement r ehabilitation 1s 
r eclaimed base stabilization . This technique consists of pulverizing the 
existing pavement full depth and blending t he crushed material lvith the 
subbase . Optionally, the reconstituted base i s then stabilized by the addition 
of an asphalt emuls ion or cal cium chl oride . Experience with reclaimed 
base stabilization has been quite successful, since it eliminates the 
possibility of reflect i ve cracking due to underlying pavement layers . The 
principal l i mitations upon the selection of this rehabilitation technique are 
t he inability of state-of-the-art equipment t o work effectively in pavements 
which are gr eater than 203 mm (8 in.) in depth, poor performance which results 
when subbase materials are substandard, and the necess ity fo r resurfacing t he 
reconstituted base with a substantial thickness of new pavement, usually 76.2 
mm ( 3 in). 

There is an ongoi ng debate r elative t o one aspect of the reclaimed base 
s t abilization t echn i que and that is the cost effectiveness of the addition of 
a stabilizing agent , mos t commonly emulsified asphalt . The primary objecti ve 
of t his evaluation is to determine if the addition of an asphalt stabilizer (a 
high float asphalt emulsion ) enhances the long term performance of the 
pavement . The second and more encompass ing objective i s the evaluation of the 
overal l effectiveness of t he ful l depth reclamation of a section of 
Vt . Route 109 i n Belvider e, from an economic as well as a performance 
standpoint . 

PROJECT DESCRIPTION AND ROADWAY CONDITION: 

Project RS 0282 (6) began at a point on Vt . Route 109, approximately 
4.683 km (2 .910 mi ) east of t he Waterville-Belvidere town line and extending 
easterly for approximately 6.279 km (3. 902 mi ) to the j unction of Vt. Route 
109 with Vt . Route 118 at km 10.963 (MM 6. 812) in Belvidere . Project work 
included pavement rehabilitation with reclaimed base stabili zat ion and a 3 
inch overlay of bit uminous concrete pavement. This section of Vt. Route 109 
was incorporated into t he State system on June 1, 1949 and first paved when 
improved in 1982 under project number RS 0282{ 2) . That improvement included 
reconstruction to provide a pavement t hat was 6 . 7 m (22 ft) wide and a roadbed 
width wh ich varied from 7. 9 m (26 ft) t o 9. 1 m (30 ft ) . The project a l so 
provided a 51 mm (2 in) t hick pavement and a 457 mm (18 in) gr avel subbase . 
Average daily traff ic on this section of Vt. Route 109 was 250 i n 1988 . 
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Pre-construction information was gathered in the spring of 1991 when 
four test pits were dug. Falling weight deflectometer (FWD) testing was done, 
Mays meter measurements of rideabili ty 1.,ere made and tests of the materials 
sampled from t he test pits were conducted . Representative crack counts were 
taken in one foot Hide sections across the road1.,ay after four 152 m ( 500 ft) 
test sections had been identified . All data collected indicated a severely 
distressed pavement. 

PRECONSTRUCTION CONDITION DATA 

TEST SITE NO. 1 2 3 4 
Location km 6 . 84 7. 60 8. 32 10 . 25 
Belvidere ( M111 ) ( 4. 25) (4 . 72) (5.17) ( 6. 37) 

Ave. Init . Pav't . mm 71 71 51 86 
Thickness ( in) ( 2. 8) ( 2 . 8) ( 2. 0) (2.'7) 

IRI mm/km 3283 3425 3030 3504 
(in/rni) (208) (217) (192 ) (222) 

F\'10 ( Struct . No . l NB 3.26 3.10 3.20 3. 25 
SB 3.24 3.50 3.20 3.40 

Rutt ing mm 13 16 19 11 
(1/16 in) ( 8) n ( 10) (12) ( 7) 

Cracks m/lOOm 3500 3500 8500 1400 
(ft/100 ft ) ( 3500) (3500) (8500) (1400) 

Sample materials from the test pits s howed existing pavement depths that 
varied from a 38. 1 mm (1 . 5 in) minimum to a maximum thickness of 83 mm 
(3.25 in). Subbase material was a good gravel, with only one sample (from 
TS#l) s lightly out of specification for the percent passing the #200 sieve . 
Subgrade soils were also good, ranging in classification from gravelly sand to 
sand~, gravel. The severely distressed condition of the pavement a nd the good 
quality of the subbase and subgrade materials provided strong support for the 
decision to utilize a stabilized base for this project. 

TEST SECTIONS: 

Four test sites were established prior to construction. Each five 
hundred feet in length, they were designed to provide evaluation cont rols as 
described below: 

Test Site #1 @km 6 . 840 (MM 4. 25) was constructed with a 50 .8 mm (2 in) 
overlay in lieu of the project typical overl ay of 76 . 2 mm (3 in) . Asphalt 
emufsion (AE) 1.,as added to the pulver i zed base at an application rate of 4.455 
1/m (0.984 gal/SY) in the southbound lane while no AE was added in the 
northbound l ane . The experiment controls were intended to provide a direct 
comparison bet\~een the performance of the stabilized base vs. unstabilized 
base . Also, t he thickness requirement for the project overlay was originally 
estimated (based on pavement design) at 63.5 mm (2.5 in). The 50.8 mm (2 in) 
overlay was included to provide a comparison of a slight ly under-designed 
sect ion with the 76 . 2 mm (3 in) project overl ay representing a slight 
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overdesign . 

Test Site #2@ km 7.600 (mm 4.72)
2

was constructed with a 76 . 2 mm (3 in) 
overlay. AE addition rate was 4.296 1/m (0.949 ga l/SY ) in the nort hbound lane 
and no AE was added to the sout hbound lane. 

Test Site #3@ km 8.320 (MM 5. 17) 1~as constructed with a 76.2 mm (3 in) 
overl ay . Two AE addition rates were used on this t est si t e, to investigate the 
possible2 i mprovement in performance when appl icati on rates 1~ere increa1ed. 
8 . 51 1/m (1. 88 gal/SY) of AE was applied on t he NB lane and 3.246 l/m 
( 0 . 717) gal/SY 1~as applied on t he SB. 

Test Site #4@ km 10. 251 (MM 6. 37) Nas constructed with t he 76 . 2 mm ( 3 
in) overlay . The SB l ane was treated with a 4.255 1/m (0.94 gal/SY) 
application of emul s ified asphalt while the NB lane was unt r eated . 

SUMMARY OF TEST SITES: 

TEST SITE NO. 1 2 3 4 
TEST SITE KM 6 . 84 7. 60 8.32 10.25 

(MM) 4.25 4.72 5. 17 6. 37 

RECLAIM DEPTH mm 134 . 6 124.5 129.5 134 . 6 
(in) ( 5. 3) (4 . 9 ) ( 5. 1) ( 5. 3) 

ASPH EMULS l/m2 (NBl 0 4.296 8. 511 0 
(gal /SY ) ( 0) {0.95) ( 1. 88) ( 0) 

ASPH EMULS l / m2 (SB ) 4.455 0 3.246 4. 255 
(gal/SY ) (0 . 984) ( 0) (0.717) (0.94) 

PROJECT CONSTRUCTION: 

Project ~o~ork began on 6/12/91 and the base stabilization ~o~ork '"as 
complefed in 10 days on 6/26/91 indicating an average daily production rate of 
7635 m (6,384 SY) or 0 . 63 km (0.39 mi). Based on t he fi nal project quant ities 
and assuming the we i ght of t he emuls ified asphalt to ~e 8.33 l b/gal, the 
average application rate of t he emuls i on was 3.62 1/m (0.80 gal/SY) . In place 
density and moisture content values were taken on t he pulverized, stabilized 
and compact ed material on 06/21/94, wi th nuclear gauge equipment, between km 
4.7 (MM 2. 9) +/- and ]{m 6.0 (M~1 3.7 ) . Dry densiti es varied from 133.7 to 125 . 8 
(avg. 127.9) and moisture content ranged from 5.4% to 6.6% (avg . 5.9%). 

Subsequent to completion of paving operations , cores t aken at each of 
t he test sect i ons showed pavement th icknesses that varied as f ollows: Test 
Sect ion #1-56 . 4mm (2. 22 in) , Test Section #2-78 . 2 mm ( 3. 08 i n) , Test Section 
#3-73 . 4 rom (2.89 i n) and Test Sect i on #4-80 .8 mm (3.18 i n). Structural number 
values of t he roadbed after compact i on of t he s t abil ized base and prior to 
resurfacing averaged 3.0 (range Nas 2. 9- 3.1). 

Based on t he r ve rage (project Nide) appl icat i on rate for emuls ified 
asphalt of 3.62 1/m (0.80 gal/SY l, an assumed unit weight of 8 .33 lb/ gal fo r 
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that material and its lm~ bid price of $462 . 97 /tn ( $21. 00/CivT >t the cost for 
t he applied emulsified asphalt, Item 404.65 (mod.) was $2.09/m ($1 . 75/SY) . 
Combined with the $1.20/m {$1.00/SY) cost for Bituminous Base Stabilization, 
I tem 31p.15, the total cost to reclaim the pavement on this project was 
$3 . 29/~ ($2 . 75/SY). The cost/SY for bituminous concrete for this project was 
$6 . 08/m ($5.08/sp and the enti r e cost to rehabilitate the pavement was 
therefore $9 . 36/m ($7.83/sy). For t he sake of comparison, the cost to apply a 
standard over lay of 38 . 1 mm ( 1. 5 in) of bituminous concrete

2 
pavement at the 

contract bid price of $33 .63/tn ($30.50/t) would be $3.04/m ($2 . 54/SY). 

POST CONSTRUCTION ROADWAY CONDITIONS : 

1992 SITE 

TEST SITE NO. 
TEST SITE MM 

IRI mm/km NB 
(in/mi) NB 

IRI mm/km SB 
(in/mi) SB 

1 
4.25 

994 
(63) 

947* 
(60*) 

Cracking m/100 m 0 
(ft/100 ft) (0) 

Wheelpath ruts mm 0 
( in/16) ( 0) 

Str. No . (FWD) NB 3. 0 
Stab. Base SB 2.8* 

Str. No. (FWD ) NB 4.0 
Post Pave SB 3. 6* 

1993 
IRI mm/km NB 

(in/mi) 
1073 
(68) 

IRI mm/km SB 977* 
(in/mi) (65*) 

Cracking m/100 m 0 
(ft/100 ft) (0) 

Wheelpath Ruts mm 0 
( in/16) ( 0) 

1994 
Cracks m/100 m( NBl 11 

(ft/100 ft) (11) 

m/ 100 m (SB) 24 
( ft/100ft) ! 24 l 

2 
4.72 

1073* 
(68*)_ 

947 
(60) 

0 
(0) 

0 
( 0) 

2. 9* 
2 . 9 

3. 9* 
3. 8 

1420* 
(90*) 

1626 
(103) 

0 
( 0) 

0 
( 0) 

23* 
(23*) 

22 
( 22) 

4 

3 
5.17 

1215* 
( 77*) 

837* 
(53*) 

0 
(0) 

0 
(0) 

3. 1* 
2. 9* 

900* 
(57*) 

1010* 
( 64*) 

0 
( 0) 

0 
( 0) 

27 
(27) 

13 
(13) 

4 
6 . 37 

1073 
(68 ) 

1136* 
(72*) 

0 
(0) 

0 
( 0 ) 

2. 9 
2.8* 

3.9 
3. 8* 

1278 
(81) 

1515* 
(96*) 

0 
( 0) 

0 
( 0) 

16 
(16) 

26* 
(26*) 



1994 (cont 1 d.) 
WP Ruts mm (NB) 0 1 0 0 

(in/16) (0) ( 0) (0) (0) 

mm (SB) 1 0 1 1 
i n/16 ( 1) (0) (0) ( 1) 

(I RI values not taken yet) 

* I nd icates AE was utilized 

CONCLUSI ONS: 

The structural numbers achieved, based on FWD testing on ex i sting (pre
construction) pavements and on recycled pavements \d th and without t he 
emulsified asphalt additive, strongl y suggest t hat no addi tional strength is 
gained through use of the addjtive . Rutting and cracking have been minimal on 
sections both with and without t he emulsified asphal t addi tive. Thus, t hese 
i ndicators cannot be used for the cost/benefit analysi s until clear 
differences are discernible. Available evidence at this point , however, seems 
to indicate t hat the required addit i onal expense for use of the additive is 
not j ustified. 

After t hree winters, r utting and cr acking and IRI values taken on the 
fo ur test sections i ndicate a very encouraging trend for the performance of 
t his project. The excellent performance t hus far is probably at l east partly 
attributable to t he low traffic vo lume and the relatively generous application 
of bituminous concrete pavement . 

FOLLOW UP: 

Performance monitoring for t he Belvidere proj ect will continue on an annual 
basis until t he effectiveness of the treatment has been established . 
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