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INTRODUCTION 

In August of 1981 the Vermont Agency of Transportation began 

an inves ti ga tion of the use of p ol yester fibers as a method of 

controlling reflective cracking in bituminous pavement overlays . 

Approximately 60 tons of a mix modified with BoniFibers B was placed 

on Vermont Route 12A in Northfiel d. The fie l d trial was reported 

in I nitia l Product Evaluation Report 82 - 7 in August of 1982 . Initial 

performance through the first 10 months appeare d signifi cant l y 

bette r than the standard mi x used as a cont rol. Port ions of the 

pavement were thin (3/8" to 1 /4 " ) and it was concluded that a better 

controlled experiment using a thicker course , more c l osely moni t ored 

would yield more reliable r esults . 

As a resul t of the earlier positive indicat i ons, a second study 

was proposed on February 2, 1984 . The project se l ected was a 3 .1 

mile section of U. S . Route 2 in portions of Berlin, Barre and 

East Montpelier, Vermont. Four 100' test sections were selected 

and detail e d crack s urveys \'lere done in each prior to paving . An 

experimental mix was hatched and placed by the contractor in l ate 

June and earl y July of 1984 . Indivi dual loads we r e selected as 

test loads and their l ocation marked as they were placed . 

The performance of this product through the ini t ial 30 months 

of service is reported here. 
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PRODUCT INFORMATION PROVIDED BY THE SUPPLIER 

The polyester fibers recommended for use in bituminous concrete 

mixes can be produ ced by most textile mills in a var i ety of weights 

and lengths using a continuous melt spinning process . The material 

used in this experiment is BoniFibers B, a registered trademark 

product supplied by KAPEJO, Inc ., 115 Valley Road , Wilmington , 

De l aware 19802 ( Phone No. 302-658-5494) . 

The material has a spec i fic gravity of 1 . 38, melting point over 

480°F, breaking strength of over 70 , 000 psi , h igh resistance to 

abrasion, l ow water absorbency a n d does not cake in storage. The 

material does not cause any dermatological or other health problems. 

BoniFibers are available in two leng ths, B (1 / 4" ), and C (random 

averaging 1/50"). Th e B fibers are recommende d for coarser mixes 

used for overlays and base courses. The C fibers are recommended 

for mixes u sed in curbs, bridge deck pavements , a n d thin overlays . 

The fibers are added to the mix at a rate of 2 . 5 lbs. to 5 lbs . 

per ton of mix which is 0 . 125% to 0 . 25% by weight . BoniF i bers 

are packaged in 2 mil . polyethylene bags which melt at approximately 

200 °F allowing the introduction of unopened bags directly in t o 

the p ugmi 11 '"i th the aggregate . The fibe r s come in 5, 7!-s. , o r 10 

l b . bags to accommodate various batch sizes . Uniform distribu t ion 

is obtained through a 30 second dry mix cycle and an additional 

0 . 2% asphalt is required to coat the fibers. Placement and 

compaction of the modified mix is achieved with conventional pavers 

and rol l ers. 
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COST INFORMATI ON 

The modified mix was contracted as a part of the project . The 

in-place price for standard Type III mix was $30 .60 per ton and 

the modified mix price was $41 . 80 per ton . Between $6.00 and $6 . 25 

per ton of the $11 . 20 increase was the purchase price of BoniFibers 

B. The remainder was shipping , labor , profit , etc . In order to 

be cos t effective, a combination of reduced thickness and increased 

pavement life of over 36% would have to occur . 

PROJECT DESCRI PTION AND ROADWAY CONDITION 

The project is located in the Towns of Berlin, Barre, and East 

Montpelier beginning at the Montpelier - Berl in Town Line and extending 

3 . 097 miles eas terly passing through portions of Berlin, Barre, 

and East Montpelier, ending in East Montpelier at MM 1.630. The 

te st area, including the 4 test sections , begins at the Berlin-Barre 

Town Line and extends 1.35 miles easterl y passing through a portion 

of Barre and East Montpelier and ending at MM 01 .34 in East 

Montpelier . 

The roadway in the test area was relocated in 1961 f rom MM 0. 700 

in Berlin to MM 1 . 5 in East Montpelier with a 20" crushed rock 

subbase , a 4" macadam base , and a 3" bituminous concrete surface 

course. The project was paved in 19 74 with 1~" of bituminous 

concrete. 

Detailed crack counts were made at the fo ur 100' test sections 

on June 21 , 1984 , 8 days prior to paving. The crack counts revealed 

an average of 880 l f . of cracks per 100 lf. of 24' roadway . 
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Approximate l y 49% of the cracks were longitu dinal , 4 5% transverse 

and 6% mis cellaneous . Pavement condition before paving and after 

30 months can be seen on the crack count survey sheets, Apendix 

B pages 15 to 18 . 

Average Daily Tr affic (ADT) for this project in 19 8 4 was 5 , 17 0 

over the wester l y end and 5 ,43 0 over t he easterly end . 

Pavement 

prior to 

recorded . 

r utting (wheel track depth) measurements were taken 

paving with depths ranging from 2/16" to 1 0/16" being 

The table on page 11 shows the average depths for original 

and new pavements by test section . The rutting survey sheets with 

a more detai l ed breakdown are Appendix E, pages 27 to 30 . 
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MIX PRODUCTION AND TESTING 

Standard Type III and modified bituminous concrete mix were both 

produced for this project in l ate June and early July of 1 984 at 

the Cooley Asphalt Paving Corporation batch plant in Ber l in , Vermont . 

The modified mix was produced between June 27 and July 3 , 1984 . 

The asphalt cement was a n 85/100 penetration grade supplied by 

British Petroleum of Montreal , Quebec in Canada . The coarse 

aggregate consisted of crushed granite with 95 to 1 00% passing 

the 3/8 " s i eve . The fine aggregate consisted of equal parts natural 

and crushed granite sands . Polyester fibers were added to the 

modifi e d mix at a rate of 5 lbs . per ton or 0 .2 5% by weight. The 

plants normal 5 second dry mix cycl e was increased to 30 seconds 

as specified by the supplier to insure proper distribution of the 

fibers which were manually introduced at the pu gmill . An additional 

0 . 2% aspha l t was added by direction of the manufacturer's 

representative . 

Both mixes were t ested for asphalt content , gradation, air void 

content, stability , f l ow and unit we i ght . Extraction t ests reveal ed 

an average of 6 . 36% (+ . 03 - . 05) asphalt content in the standard 

mix and 6 . 92% ( + . 08- . 13) in the modified mix due to the addi tion a! 

asphal t a dded . The standard mix had an average a ir void con tent 

of 4. 7% compared to 3 . 78% for modified . The modified mix had a 

s lightly lov,rer stabi l ity of 171 8.4 vs . 2372 . 0 for standard mix . 

Marshal l flow va l ues of 15 . 0 for modified an d 13 . 5 for standar d 

mix were produce d . All test re s ults showed t hat both mixes were 

within design s pecifica tions . 

C , pages 1 9 to 25 . 

Tes t results are shown in Appendix 

- 6 -



PAVING OPERATION 

Paving began in the test a rea on June 2 7, 19 8 4 and continued 

through July 3 , 1984. All paving was done in an eastbound direction 

with east and westbound lanes being a l ternately paved to minimize 

applicational differences between modified and standard mixes. 

Except for tes t section 3 (the most easterly) , standa r d mix was 

p laced in the eastbound lane and modified mix in the westbound . 

The lanes were reversed on test section 3 so that any effect of 

directional ADT's could be determined. 

The thickness of the surface course varied from 1 1/8" to 1 3/4". 

In test section 1, where there was no l evel ing course, the thickness 

was 1 5/8" to 1 3/4" . I n test section 3 , where the surface course 

was scheduled to be reduced to 1", t he core sampl es s how that t he 

thicknesses varied from 1 1 /8" to 1 1/2" . Th e varying thickness 

of the leveling course resulted 

in the range of 1 3/4 " to 2 1 /2 ". 

D, page 26 . 

in overall pavement thicknesses 

Core analysis s ummary is Appendi x 

An observed difflculty with hand 

construction joint s , was due to the 

to cling to rakes and resul ted 

being used to begin each days 

test section . 

in a 

paving . 
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POST CONSTRUCTION OBSERVATIONS 

Twelve core samples were taken and analyzed on August 6, 1984 . 

When tested in the Lab these showed that compaction was within 

job specifications. Percent air voids ranged from 3 . 8 to 8 . 3 for 

al l samples and averaged 6.0 overall . The modified mix ranged 

from a l ow of 3.8 t o a high of 8 . 3 with an average of 6 . 1 whi l e 

the regular mix ranged from 4.7 to 7 . 6 percen t air voids with an 

average of 5.8. 

Test Section #1 Standard Mix E. B. 

Pre-Const . Percent Refl ective Cracking 
Type Of Crack 6/21/84 1/30/85 6/11/85 4/24/86 12/29/86 

Transverse 207 1 f . 17 36 45 53 
Longitudinal 243 1 f . 0 0 12 25 
Miscellaneous 40 lf . 0 0 18 18 

Totals 490 1 f . 7 16 26 36 

Test Sec t ion ttl Modified Mix W. B. 

Transverse 244 1 f . 0 0 52 64 
Longitudinal 278 lf . 0 0 0 1 
Miscellaneous 10 1£. 0 0 so so 
Totals 532 lf . 0 0 25 31 

Test Section tt2 Standard Mix E. B. 

Transverse 189 1 f . 2 10 35 40 
Longitudinal 221 1£. 0 0 0 16 
Miscel l aneous 24 1£. 0 0 13 13 

Totals 434 1£. 1 4 17 26 

Test Section ff2 Modified Mix W. B. 

Transverse 241 1£. 2 2 22 24 
Longitudinal 158 1 f . 0 0 0 0 
Misce llaneous 18 1 f . 0 0 33 33 

Totals 417 lf . 1 1 14 18 

Test Section #3 Standard Mix W. B. 

Transverse 180 1£. 0 0 29 30 
Longitudinal 168 lf . 0 0 13 19 
Misce 1landous 25 1 f . 0 0 0 0 

Totals 373 lf . 0 0 20 28 
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Test Section #3 Modified Mix E. B. 

Pre-Const . Percent Reflective Crackinf: 
Type Of Crack 6/21/84 1 /30/85 6/11/85 4/24/86 12 29/86 

Transverse 224 lf . 0 0 17 17 
Longitudinal 249 lf. 0 0 0 0 
Miscel l aneous 34 lf. 0 0 0 0 

Totals 507 lf. 0 0 7 7 

Test Sect i on #4 Regular Mix E. B. 

Transverse 
Longitudinal 
Miscellaneous 

Totals 

Transver se 
Longitudinal 
Misce llaneous 

Totals 

Transverse 
Longitudinal 
Miscellaneous 

Totals 

Transverse 
Long itudi nal 
Miscellaneous 

Totals 

133 1 f . 
137 1 f . 

14 lf . 

284 lf. 

Test Section 

191 1f. 
269 1f. 

23 1f . 
483 1f. 

Standard ~1ix 

709 lf. 
769 lf . 
103 lf . 

1 , 58 1 1f . 

Modified Mix 

900 lf . 
954 lf . 

85 lf . 

1 , 939 1f. 

Fricti on testing of the 

0 
0 
0 

0 

#4 Modified 

Ov~rall 

Ove r all 

3 
0 
0 

1 

6 
0 
0 

3 

1 
0 
0 

<1 

- All 

- Al l 

5 
0 
0 

2 

Mix W. B. 

3 
0 
0 

1 

S~ctions 

14 
0 
3 

6 

Sections 

2 
0 
0 

<1 

55 
0 
0 

26 

43 
0 
0 

17 

40 
7 

10 

22 

33 
0 

13 

16 

new pavement su rfaces was 

56 
27 

0 

40 

47 
0 
0 

19 

45 
24 
10 

32 

38 
1 

13 

19 

done 

approximately 1 month af t er paving . The modified pavement had 

an average friction value of 4 7 . 0 and the stan dard pavement had 

an average number of 46.2 . 

Rutting measurement s (wheel track depths) were taken prior to 

paving . Rut depths ran ged from 10/16" to 2/16" . Measurements 
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taken on 12/29/86 on the new pavement ranged from 0" to 2/16". 

The fol l owing chart shows the average measurements arranged by 

test section . After 30 months, rutting is minimal and the difference 

between standard and modified pavement is insignificant . 

Average Wheel Track Depths 

Test Original 6/21/84 BoniFiber Lane Standard Lane 
Section W.B . E. B. 12/29/86 12/29/86 

1 3/16" 4/16" 0" 3/32" 
2 6/16" 3/16" 1/16" 1/16" 
3 5/16" S/16" 1/16" 3/32" 
4 6/16" S/16" 1/16" 1/16" 

Overall S/16" 4 /16" 1 / 16 II 1/16 " 

Initial Mays road roughness meter readings were not taken due 

to equipment breakdowns. Readings are now scheduled to determi ne 

each pavements ability to ma i ntain acceptable rideability . 

SUMMARY 

The design, production , and p l acement of the two mixes were within 

standards recommended by the manufacturer and/or specifications 

used by the Agency of Transportation. 

Testing done at the mixing plant , at the job site, and from core 

analysis indicate that with the exception of the addition of fiber 

and additional asphalt to coat them, all mixes were standard . 

The test sites within the test area were comparable in condition 

as shown by crack counts prior t o construction . 

Both types of mix pe r fo rmed we l l in application except that the 

fiber modified mix tended to cling to hand tools . 
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Core samples demonstrated t hat surface course thicknesses in 

the test sections varied from 1 1 /8 " to 1 3/4". Over the project 

the average was 1 1/2" ~ the design depth . 

Reflected cracks after 30 months total 32% overall in the standard 

mix and 19% in the modified mix. The rate for transverse cracks 

in standard mix is 45% while for modified mix it is 38% . 

Pavement rutting measurements taken 12/29/86 show only s light 

differences betl\'een pavements as do friction tests taken on August 

27 , 1984 . 

FOLLOWUP 

The test project will continue to be monitored until the evaluation 

is completed including: 

Annual crack counts to determine whether BoniFibers reduce 

reflective cracking. 

Wheel track depth measurements to determine comparative surface 

wear . 

Mays roughness measurements to determine comparative retention 

of satisfactory ride values . 

Skid tests to determine retention of initial frict ion values . 
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In Place 

lab Core ~/eight( grams} Roadway Plant Avg . Max. Rat ic % Voids Unit 

Number No. ~~ud Sp. Gr. Daily Bulk Sp.Gr. % in Place Weight. 

Ai r Water dry Sp. Gr . 
(p.c.f.} --

A B c D E F G H I J K 

c F H.::-r (100 
} 62.4xF 

T-0 6 H 

BT ] . 3/4" 
13!'1 8T 

TL I 826 .6 456.4 828.4 2.222 2. 284 2.405 .973 i.o 138.65 
~-

9T 1-] /8" TL 2 500.3 277 .4 500 .8 2.239 
R/<-1 9T 2.406 .966 1>.9 I 39.7 l 

2.318 -
Jm· l - 1/S" TL 3 538.8 300. 4 539.5 2. 250 

BN JOT 2.402 .992 6 .3 140.40 
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n.~1 1 IT 2. 398 ] . 002 -1 . 5 1~2 -~0 

2.285 - - ll.'1 I ST 
* 2. 411 .992 S.h ~~~.02 

12T 1· 5/ll" TI. 5 723 .0 405.8 723.5 2.276 2.295 

I< EB 1- l /8" TS 2 
4 74.3 262.7 475.4 2..230 2.319 2.413 .962 7 .(l I 3'1. 5 

1· 1 /4" r\;mz Smnc ::~sTU 
558.7 317.5 559. 4 2.31 0 2.269 2. 402 l.OH) 3.S 1-14. J-1 -

* Ml 
14T I - l /?." TS 3 683.8 387.8 (184. 4 2.305 2. 3-lS ~.418 .983 .1.7 1-13. S3 

~--- -· - --- ·- - - ·-·- -----
-

] -3/1 (> 111 2 55{1. 2 311 .1 SS6. < 2. 2hS 2. 2~1(1 2.410 .~S!l ll . (l ).ll .3.1 

---·· -- - -- -
-· -
* EB 

I · 3/16 TS 4 )43. 3 3.064 5113. ~ 2 .~S7 2 . 31 ~J 2 .4)7 . ~lRl, 5.-1 J.l~. :' l 

---· -----
-- -

~ "' S'l A "llli\ll l TYPE 111 ~ X ---- - - ·-· -·-
-

- -·--- - - -- --· -- -- ---r -

~ ------- ·-- -· ------------- --· - -. - -
----- -·. -~ - . ·-

-- -. - ·-- .-· ---- ·-- -
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Prepa red By: 

STATE OF VERt~ONT 
AGENCY OF TRANSPORTATION 

MATERIALS & RESEARCH DIVISION 

WORK PLAN FOR 

Date: 
Page: 

CATEGORY II EXPERIMENTAL PROJECT 
POLYESTER FIBER MODIFIED BITUMINOUS PAVEMENT 

WORK PLAN 84-R-4 

OBJECTIVE OF EXPERIMENT 

R. 1. Frasco ia trf_:.1-'. ·· 
February 29 , 1984 
1 of 3 

To produce and place a bituminous mix mod ifi ed with polyester fibers and to 
compare the properties and performance of the modif ied material with a 
standard bituminous concrete mix. 

PROJECT 

Berlin - Barre - East Montpelier F 028-3(23)S 

PROJECT LOCATION 

On U.S. Route 2, beginning at the Montpelier - Berli n town line at MM 0. 000 
and extending easterly 3. 097 mi les to MM 1.630 in East Montpelier. 

EXPERIMENTAL WORK LOCATION 

The polyester fiber modified mix sha ll be placed on a sing le travel lane 
in order that its performance can be compared with the standard mix . placed 
on the adjacent l ane. The exact location shal l be selected joint ly by 
Construction Division and Materials & Research personnel. 

MATERIALS TO BE USED 

The polyester fibers shall be Boni Fibers B as supplied by KAPEJO , Inc, 3 
Pierce Road, Wilmington, Delaware 19803. Phone (302) 453-8955 

PRODUCTION AND PLACEMENT 

THe fibers sha ll be added to the mix at a rate of 5 pounds per ton (0.25% 
by weight of total mix) . The pugmil l dry mix cyc le sha ll be increased to 
30 seconds to ensure proper distribution of t he f ibers throughout the ag­
gregate. The aspha lt content of the mix sha ll be increased by 0. 25% to 
ensure proper coating of the fibers . The placement sha ll include a 300± 
foot section plus tapers where the overlay thickness in both lanes shall 
be reduced to one inch (111

) for evaluation purposes . 

- 31 -



Vermont A.O.T. 
Work P1an 84-R-4 

February 29, 1984 
Page 2 of 3 

CONTROL SECTION AND TREATMENT 

COST 

The control section sha ll consist of adjacent areas of bituminous concrete 
pavement construct ed with t he same bituminous mix without the fibers . Suf­
ficient data will be gathered on the control section to make the desired 
compa risons with the modified pavement section. 

The fiber modif ied mix i s expected to cost between $7.00 and $10.00 more per 
ton than the standard mi x. 

DATE OF CONSTRUCTION 

The experimenta l treatment sha ll be comp leted prior to October 15, 1984 . 

EVALUATION PROCEDURE 

The initial eva luation will include the following st eps: 

1) Obtain initial des ign, construction and maintenance records on the 
sect ion of highway which is to be overlaid. 

2) _ Vi sua lly i nspect and document the condition of t he exist ing pavement . 

3) Observe the producti on and paving process and document pertinent i n­
format ion on the equipment required, method of production, mix temperatures , 
compaction effort required and ach ieved, weather conditions, and other 
related information . 

4) Document laboratory and fi eld tests t aken during t he construct ion of the 
project and obt ain core samp les of the standard and modi f ied pavement 
for lab ana lys i s. 

5) Obtain Mays Meter r ide va l ues on the experimental and contro l sections 
both prior -to and following the pav ing application. 

6) Obt ain friction va lues on the experimental and control sect ions. 

DURATION OF STUDY 

The experimenta l project wil l be evaluated for a minimum of five y~ars 
fo llowi ng completion of construct ion . 
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Vermont A. O. T. 
Work Plan 84-R-4 

SURVE ILLANCE 

February 29, 1984 
Page 3 of 3 

The experimenta l and contro l pavement s shal l be moni tored duri ng con­
struct ion and at least once each winter and spri ng for the duration of 
t he study. Eva luations shall include documentation of the condition of 
both experimenta l and control pavements . The long term performance of 
the modified pavement will be compared with that of t he standard pave­
ment with emphasis on the fo ll owing areas: 

1) Reductions in reflective cracking . 

2) Retention of initial ride va lues. 

3) Retention of initi al friction values . 

REPORTS 

An initial report covering the production, placement, and in itia l observations 
and a fina l report showi ng conclusions on the effectiveness of the experimenta l 
material sha ll be submitted to the Federal Highway Admin istration. 

Materia ls & Research Division 
Agency of Transportation 
March 9, 1984 
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R.~ftrfl. +.f&-
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