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and natural resource analyses. The post construction evaluation contain~ 
nynaflect, PSI, and Skid Resistance ~leasurements four weeks following 
construction. 
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The ;ltlthu1' \\ould lj~(' to t1lank all of the lljghh~1\' Dl'partmclll p(:'r~(JJ1JlcJ 

h'ho hc]p,-'J iJi iJli1j3tjll~; and jJl the con:;tructiull llllmitoring of thi~­

proi eet . 

11 



I' 

INTRODTTCTIOK 

DURANGO-HESPERUS RECYCLE 

PROJECT C20-0160-12 

TABLE OF CONTENTS 

EXISTING PAVEMENT CONDITIQ;', 

PRELIHINARY TESTING MID DESIGN 

A. Preliminary Mix and Road Testing ........................ . 

B. Final Mix Design 

CONSTRUCTION EXPERIENCES 

PAGE 

1 

2 

2 

3 

5 

EOUIPMENT MODIFICATIONS ......................................... 6 

AIR POLLUTION 

A. Stack Opacities 

B. Ambient Pollutants 

7 

7 

9 

PHYSICAL TESTING ............................................... 11 

A. Central Laboratory ...................................... 11 

B. Field Laboratory ........................................ 11 

C. Post Construction ...................................... 11 

NATURAL RESOURCES ............................................ , 16 

ENERGY ANALYSIS ............................................... 16 

A. Process and Delivery of AC-lO .. ................................ ,. ................ 16 

B. Process and Delivery of Modifying Agent .. ................................ 18 

C. Pavement Removal .. ............................................................................ 18 

D. Crushing and Delivery of Virgin Aggregate .. ............................ 19 

E. Burner Fuel ........................................... , 19 

ECONOHICS ...................................................... 21 

CONCLUSIONS AND RECO~lliENDATIONS ................................ 21 

PHOTOGRAPHS ............................................. , ...... 24 

APPENDIX A-PRELUfINARY TESTING 30 

APPENDIX B-PAVm1ENT REMOVAL AND FINAL MIX DESIGN ............... 37 

APPENDIX C-OP ACITY DATA DURING PRODUCTION ...................... 47 

APPENDIX D-HIX TESTING ......................................... 52 

REFERENCES .•.•.........•.•.•.....••... ,., .• ,., •.. " ..• \ , •. , . , " 58 

iii 



Introduction 

Hot Mix Recycling - Durango-Hesperus 

Project C 20-0160-12 

Recycling of materials and conservation of energy and natural resources 

are becoming increasingly important ~n the highway construction industry 

because of rising costs, scarcity of new materials, and dwindl ing energy 

supplies. The FHWA was encouraging states to construct recyc ling projects 

through financial aid ~n conjunction with demonstration grants. The 

objectives of these demonstration grants were to encourage states to ga~n 

experience and to collect data pertaining to the design, 

costs of recycling, as well as energy consumptions 

construction, and 

and environmental 

considerations such as air pollution and conservation of natural resources. 

Colorado has constructed three hot m~x recycling projects. The first 

project was on US Highway 24, eight miles north of Buena Vista and was 

constructed during June, 1978. Here 100% recycled pavement was used for the 

lower coarse and new grading 'E' was placed as a wearing course. The second 

hot mix recycling project was constructed on Interstate 70 north of Grand 

Junction, Colorado. The primary mix on this 52,000 ton project consisted of a 

blend of 60:Z crushed pavement and 40% virgin aggregate. This report addressef 

Colorado's third hot m~x recycling job, Project C 20-0160-12 on US 

Highway 160 west of Durango. 

EXISTING PAVEMENT CONDITION 

This project begins at the junction of US Highway 160 and State 

Highway 140 eleven miles west of Durango and extends easterly for 5.2 miles. 

The present 3-lane highway was constructed by widening an existing 2-lane 

facility in 1965. This widening was facilitated by building up the outside 

lanes with a sand layer to meet the level of the center lane. The resul ting 

roadway has a 44' width with approximately 3 1/2 inches of pavement on the 

driving lanes and 8 inches in the center; passing lane. The driving lanes 

have been overlaid once by maintenance forces with a 3/4 to 1 inch mat to 

correct severe cracking problems. Since that time, the pavement condition has 

greatly deteriorated. The overlay displayed raveling, and numerous thermal 
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cracks were reflected to the surface. In addition, a great deal of block type 

cracking is visible, and the entire 5.2 mile project contained numerous 

maintenance cold m~x patches, some of which show flushing in the whee1paths. 

Because of the poor condition of this roadway, the feasibility of 

recycling the pavement was investigated. 

PRELIMINARY TESTING AND DESIGN 

A. Preliminary Mix and Road Testing 

Prior to requesting demonstration funds for this project, samples 

of the existing pavement were submitted to the central laboratory for 

testing to determine the possibility of recycling the old mat. 

Appendix A contains the laboratory procedure used to provide a 

preliminary mix design for the hot mix recycling of the old pavement. 

Included in the procedure are some of the physical properties of the 

existing mat, such as aggregate gradation and asphalt cement penetration 

and viscosity. The final mix design was to be based on tests using the 

stockpiled pavement, virgin aggregate and modifying agent on the 

project. Also contained in Appendix A are plan dpecifications for the 

modifying agent. These specifications were determined from the 

preliminary testing on the existing pavement and from previous recycling 

projects. 

Following the determination that hot mix recycling of the old mat 

was feasible, a cost estimate for removing and recycling the top two 

inches of the old asphalt pavement, along with the preliminary test data, 

was submitted to the FHWA as part of a request for demonstration funds 

for recycling. FHWA demonstration funds contributed $2.OO/ton of 

recycled mix to the project construction funds. Following approval of 

the recycling research proposal, members of the Research Section 

conducted a preconstruction evaluation of the project. Test sections 

were selected in areas typical for the project with good sight distances 

and safe access for evaluation. Preconstruction data included 

deflections using the Dynaf1ect, PSI from the CHLOE Profi10meter, rut 

depths, and cracking and patching surveys. Photographs and visual 

observations were also made to document the pavement condition. 
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Photographs No. 1 and No. 2 show typical pavement conditions for this 

project. 

Figure 1 is a summary of the preconstruction evaluation of the areas 

to be used for test sections on this project. 

Deflections were taken in both the Fall and Spring because some of 

the cracking problems were believed to be a result of water in the 

subbase, and data was needed to show that the base was adequate even 

under saturated conditions found in the spring. These deflections also 

show that this roadway has an adequate base strength for the traffic 

volume. 

A review of the 1977 Colorado Sufficiency Study shows that the 

overall PSI for this section of roadway is 3.2 prior to construction. 

B. Final Mix Design 

Following the approval of this project, final construction plans 

were developed. Some changes from the original laboratory testing were 

incorporated into these plans. Appendix B contains the special 

provisions concern1ng pavement removal and stockpiling as well as other 

aspects of recycling. A review of these provisions shows that the S1ze 

requirement for old pavement to be recycled was passing a two inch 

screen. 

Following the awarding of the construction contract and the start of 

pavement removal, samples of the reclaimed pavement, virgin aggregate, 

AC-lO, and modifying agent were submitted to the Central Materials 

Laboratory for a final mix design. The final mix designs were made at 

this time because a more representative sample of the pavement to be 

recycled could be obtained from the reclaimed pavement stockpile, and the 

actual modifying agent (Dutrex), AC-lO, and virgin aggregate to be used 

on the project were available. 

Because of the experimental nature of this project, and the unknowns 

concerning air pollution from the dryer drum plant, mix designs using 

70%, 60%, and 50% recycled material were made as well as a mix design for 

the virgin mix to be used for comparison. Appendix B contains the mix 

designs for these various blends. 

On the project, m1xes were produced uS1ng 70%, 65%, and 60% 

rec laimed pavement as we 11 as the virgin mix. The success of these 

various blends will be discussed later in this report. 
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CHLOE De flec t ion 
PSI 10-4-78 --

1-WB 3.0 .673 
l-EB 2.6 . 758 
1-P 3.1 .975 

2-WB 3.1 1.009 
2-EB 2.7 .896 
2-P 3.2 1.156 

2a-WB 2.5 
2a-EB 2.6 
2a-P 2.7 

3a-WB 3.2 
3a-EB 2.2 
3a-P 3. 1 

3-WB 3.0 .835 
3-EB 2.5 .869 
3-p 3.1 1.065 

4-WB 2.7 1.041 
4-EB 2.7 .845 
4-p 3.1 .989 

Figure 1 * 
Preconstruction Field Data Surrnnary 

Project C 20-0160-12 
Durango - Hesperus 

** (rili ls) Avg. Rut 15 Probe Linear 
ft

2 4-24-79 Depth (in) Texture Ft/1000 

.899 .06 25 

.875 .15 5 163.0 
.05 12 

1.119 .09 26 
1.083 .10 21 153.6 

.01 22 

1.030 .11 8 
1.054 .23 15 196.6 

.05 17 

.834 .13 28 

.782 .23 7 165.8 
.05 16 

.866 .19 20 
1.055 .21 13 171. 3 

.03 18 

1. 068 .13 32 
.973 .08 30 165.1 

.01 22 

All data ex~ept deflections were taken October 11-13, 1978. 

Cracking & 
A~ligator 2 

Ft /1000 ft F 

40.5 

40.5 

8.5 

30.6 

17.4 

19.1 

,'<k 
DeflectLon measurements are for Dynaflect Sensor 1H, corrected to 70°F. Fivi 
readings per section per Lane were taken and locations were marked so that 
redd ings c.)u Id be repeated in the same spot. 
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CONSTRUCTION EXPERIENCES 

Pavement removal began on September 20, 1979. Using a Rota-Mill PR750, 

the top two inches of the old roadway were cold planed from this three lane 

highway. The Rota-Mill used 5/8" teeth on a 5/8" spacing and removed the 

entire two inch depth in one pass. The pavement was removed starting with a 

twe lve foot pass ~n the center lane. The center lane was generally milled 

until noon, then the other two lanes were completed for that distance on the 

same day. Using this method, two inches of pavement were removed from a 36 

foot width on approximately 3200 lineal feet of roadway per day. 

Photograph No. 3 shows the Roto-mill operating in the center lane and also 

some typical roadway cracking. Photo No.4 shows a typical section of roadway 

following planing. 

Using the conveyer belt on the Roto-Mill the milled pavement was loaded 

on 5 axle dump trucks to be hauled to the plant site and stockpiled. 

At the plant site, the old pavement was screened to remove any plus 2 

inch material. The plus two inch material (approximately 2% of the total 

removed) was used to stabilize haul roads at the plant site and the minus two 

inch material was stockpiled to be recycled. Photographs No.5 and No.6 show 

the old pavement stockpiles before and after screening. 

During the week of September 17, a CMI 9' x 36' dryer drum aspha I t pLwt 

'N"'lS set up on the project. Production began on the afternoon of Septpm!:lpr 27 

us~ng a blend of 70% reclaimed pavement and 30% virgin aggregate. 

time, the mix was placed on the road at 240
0

F using standard 

At this , 

laydown 

equipment; a Blaw Knox paver and 5-axle trucks for haul. Compaction was 

achieved using a large steel wheeled vibratory roller. Photograph No. 7 sho'"s 

the start of the paving operation with a 2" x J4' lift being placed over the 

milled surface. A CSS-IH Tack coat was used for this project. The mix lv~haved 

~n the same manner as standard Grading E pavement. 

In att8mpts to r8duce air pollution from the stack making the 70/30 

blend, the mix temperatures at times dropped to 19G-200oF. With these low mix 

temperatures, it was found that one extra vibratory pass was required to 

obtain the desired compaction. 

Because of the experimental nature of this project, m~xes us~ng var"lOUS 

percentages of reclaimed material were produced, as well as virgin mix using 

all new material. Plant stack opacities were monitored for blends usi~g 70%, 

65~~, 60%, and 0% reclaimed material and samples of these variolls mixes wpre 
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S~llt tu the Central Materials Laboratory for extensive testing. In add 

test sections were laid out where these 
. . 

varIOUS m1.xes Were placed se 

dnnual ,-,valuations can be conducted for at least the next three yec 

compare tteir relative performance. 

During the week of October 8, approxi;nately one mile was added j 

project on the east end. Milling of the top two inches was co;nplet 

October 9, and paving on this project was finished on October 12, 1979 

the project, 131,598 square yards of pavement were removed, and 16,251 tl 

new pavement were placed. Approximately 600 tons of this pavement was' 

mix, the remainder recJcled mix; 1.563 tons of milled pavement were nol 

in the recycled mix. This unused material was taken by District 5 maint! 

fc(ces to be uO:ied in co Id cnix for (oadwa; repaa. 

EQUIP~1ENr MOOLF [CAT IONS 

There ,,,ere no equipment modifications required for the reI 

::,(rb~nlng, and stockpiling of the old pavement. The Rota-Mill d 

·:!:{c,~ ilent job of matntaining an even profile removing a uniform two 

ddyffi (he roadway. The removal of two inches of pavement e 1 iminaced 

irregularities in the pavement surface ,1nd the profile both down and, 

the road was very even as seen in Photograph No.8. 

The loading of the old pavement was facilitated by the conveyer bel 

the Roto-Mi 1i onto 5 axle diesel (lump trucks. The removed pavement was t 

to the piant site dnd dumped, Two front end loaders were used to ru 

milled pavement over a 2 inch scalping screen and stockpile the minus tW( 

matHrldl for recycling. Since the pavement removed had less than 2% plt 

LllCh iliaterial, this c)V,~rsized pavement was used to stabilize haul roads < 

tne plant area instead of requiring further treatment to reduce its 8i2 

0\ eMI 9 1 x 36' dryer drum plant specifically modified to process E 

cec/cled or vLr~in mix was used on this project. This dsphalt plant has 

teeds to allow separate entry nf the recycled and virgin aggregate, 

clldterial enters thcollgh a scandard drum inlet next to the burner 

reclaim(~d matet'i,ll is added .i0wnstream from the burner, thus elimiI1 

contact with the flame. The ,lownstream entry of the reclaimed aggrega 

permitted by use of a trop gat2 mechanism shrouded with a metal collar. 



gates are opened 'lnti closed by gravity a,g the drum rotat~~s allm"ing the 

recycled materiRl to enter at the top of the drlJm without c0ntact{ng thp fl~mp 

and also not allowing the hot gasses In the dT11m to esc'lpe. Phot ,graph ]'1;). q 

shows the dual aggregate feed system on this plant. 

Another special feature of this plant is special flighting designed to 

milximize the heat transfer from the flame to the virgin aggregate a.s ',ole 11 :18 

to create a veil of virgin aggregate to prevent the flame from contacting the 

recycled material. Following entry of the reclaimed material another zone in 

the drum has special flighting to maximize the mixing of the reclaimed and 

superheated virgin aggregate so that the reclaimed material IS quicklv heated 

and the mix is of uniform temperature. Also in this zone, the liquid Asphalt 

cement and any other fillers are added to the mix. Following this. thl? 

material IS mixed further before exiting the drum. 

The above special recycling kit was purchased from CMI and installer! hy 

the contractor at an approximate cost of $128,000. 

The only other modification to the plant was done over a weekend 

following two days of production. In order to reduce air pollution, several 

baffles were placed in the drum between the virgin aggregate and reclaimed 

pavement entries so that the virgin aggregate would be retained in front: "f 

the flame longer. This helped create a better veil of virgin ctggn~gatp. to 

shield the reclaimed pavement from the flame and did significantly reducp 

opacity from the plant stack. 

In addition to these plant modifications, the dryer drum was set up 'Y1 il 

slope of 1/2 inch per foot. This flatter than normal slope WHS incorporat(>1 

to slow down the flow of material throll~h the drum and help prevent'1i r 

pollution. Since the slope was not vari",d dllring production, the aff"'ct ,)f 

this variation could not be determined. 

AIR POLLUTION 

A. Stack Opacities 

Meeting air pollution standards has been one of the major obstacles 

].n hot mix recycling. This asphalt plant was issued a pernit by th'" 

Colorado Air Pollution Control Division because of the suc(':es s tlll 

performance of a simil'3.r plant on another recycling project (Cli.ft m 

West) where a predominently 60/40 blend was used. No stack particu11te 

sampling was performed on the asphalt plant 1Ised west of Durango. 

7 



The plant was equipped with a wet scrubber with venturi, and a 

10' X 40' stack. Water was trucked to the plant site and circulated 

through two ponds during plant operation. For this project, the pressure 

drop across the venturi was set at 11 inches of water and detergent was 

added to the water to improve its effectiveness. 

Production began on the afternoon of September 27 us~ng a blend of 

70% reclaimed pavement and 30% virgin aggregate. During production, 

opacities were recorded by a member of the Research Section, and certifi­

cation opacities were recorded by a representative of the Colorado 

Department of Health, Air Quality Control Division. 

Table A of Appendix C lists the opacity readings taken during 

production as well as mix temperature, production rate, and blend being 

prOduced. 

Stack opacities during the first two days of production varied from 

)0 to 55% depending on m~x temperature and production rate. With the 

~lant configuration during the first two days of production the major 

factor 1n decreasing opacity was increasing production rate. The 

tncrease of production rate increased the virgin aggregate input and 

hence the veil protecting the crushed pavement from the burner flame. 

The production rate was varied from 400 to 550 tons/hour during those two 

days. The average opacity at 400 tons per hour was 50% and the average at 

'S50 Cons per hour was 30%. Figure 1 of Appendix C shows a graph of 

dpacity versus production rate for these two days. 

~elL ab0ve the Colorado Opacity Standard of 20%. 

These readings are 

The plant was shut down for the weekend, and during this ttme some 

'ilJdi tlcatiolls were made to the plant. Baffles were put into the ,Irum to 

,LO'..r the v irgin aggregate and help create a denser veil between the 

LI'lt"lk[Htd the recycled aggregate entry. Addi.tionally, detergent 'lidS 

.,dded to ttle sc:rubber water at this tille. 

t:'ruducticm of 70/30 b10ud continued on October 1 wi.th a noticeabl.e 

i,nprUJelllent 1tl ')pacities which now varied from 25-40% dependir,~ 

pr:imari.ly on m1X temperature. Figure 2 of Appendix C 1S a graph of the 

j· .. ddtimship becw81"u opacity and mix temperature. As Cdn be seen froll 

this ~rqph, pr)ciuctioll uSLng a 70% reclaimed pdvemeut-30% ~lrg1n 

lc~gre6'lte bL>.nd ,lever iltained the 20% scate opacity standard. It ;..;as 



noted in reviewing the d:1ta that any relationship between production rate 

~nd opacity seemed to be eli~inated followin~ the plant modificatio~ 0vnr 

the previous weekend. 

In addition to the 70~~ reclaimed/30% vIrgIn aggregat~ blend, mIxes 

consisting of 65%, 60%, and 0% reclaimed pavement were also pro~~cei. 

The average opacity for the 65/35 blend was 22% with mix temperatllres 

varying from 200
0

F to 230°F. Producing a mix from 60% reclaimed pav~ment 

and 40% virgin materi!ll opacities were much more acceptable. Figure 3 of 

Appendix C shows the results of opacity v?rsus mix temperature for the 

60/1+0 blend. The mix data shows that mix temperature varied from 200°F 

to 270
0

F and that "lcceptable emission rates should be attainable for mix 

temperatures under 240°F. The virgin aggregate mIX had no problems 

meeting the 20% opacity standard with observed opacity values of 3-10%. 

The mIX temperature for the virgin mix was 275°F. 

As can be seen from the above data this plant met "nr pollution 

standards producing virgin mix and 60% reclaimed pavement-40% virgin 

aggregate blend. This plant did not demonstrate that acceptable 

opacities could be attained with a 65% or a 70% reclaimed pavement mix. 

B. Ambient Pollutants 

In addition to the opacity monitoring, two Hi-Vol samplers were used 

try Q~~ple g~h{ent partic~late concentrations In the plant 3re3. 

Sampler No. 1 was set up near the dryer drum approximately 30 feet north 

of the ma1n haul road and also 30 feet east of the virgin aggregate feed 

belt. Photograph No. 10 shows the sampler No.1 location relative to th'" 

dryer drum and feed be 1 ts . Photograph No. 11 shows the location I)f 

Sampler No.2 in a vacant area near the test shack. 

Figure 2 lists the particulate concentrations mea.sun~d At thi:j 

plant site. 

S~mpler No. 

As can be seen from this figure, the concentrations gt 

.<Ire considerably higher than those 'neasl1t"~r! 3': 8[lmp l ~r 

No.2. The prevai ling afternoon wind was from the northwest and dust and 

particulates generated by the front loader filling the feed bins and also 

the feed belts were carried past this sampler location. On days of 

little activity, September 26 and 27, particulate concentrations at the 

two samplers were comparable. The particulate concentrations measur,-,d 

on this project are typical to those fonna at similar construction sites. 

9 



Figure 2 
Ambient Particulate Concentrations during Plant Operation 

Durango - Hesperus Hill Recycle 

Date 
Removed 

9-26-79 
9-27-79 
9-28-79 
9-28-79 

10-2-79 
10-3-79 
10-4-79 
10-5-79 

Date 
Removed 

;-26-79 
9-28-79 
9-28-79 

10-1-79 
10-3-79 
10-4-79 
10-5-19 

Hi Vol Sampler #1 

Number 
of Hours 

23 
25 
23 

9 
23 
25 
23 
24 

Hi Vol Sampler #2 

Number 
of Hours 

23 
22 
25 
6 

25 
24 
21 

Sample 3 
Concentration pg/m 

III 
127 

1064 
2962 
927 

2551 
2394 
1254 

Sample 3 
Concentration pg/m 

94 
194 
172 
107 
579 
621 
730 



In addition to the ambient particulates, ambient carbon monoxide 

concentrations were periodically measured in the plant area. An Ecolyzer 

was used to check CO concentrations when there was activity 1n the plant 

area. In general, concentrations were from 0-2 ppm while the plant was 

in operation. The highest concentration measured was 5 ppm at the scale 

shack directly downwind from the plant site. On this day the wind was 

forcing the plume to the ground in the scale shack are.s. This same 

strong wind quickly dispersed pollutants generated in the plant area. 

There did not appear to be any carbon monoxide problems in the plant 

area. 

PHYSICAL TESTING 

A. Central Materials Laboratory 

Pavement samples of each of the m1xes produced on this project were 

submitted to the Central Materials Laboratory for extensive compliance 

testing. Specimans made in the laboratory were tested for voids, 

stability, Cohesiometer Value, modulus, and retained strength, 

(Irrmersion-Compression). Viscosity and penetration of the extracted 

asphalt cement and aggregate gradation were also determined. Figure 3 

lists a summary of the test data and complete test results appear in 

Table A of Appendix D. A review of this data shows that all four of the 

pavement mixes are adequate and comparable in strength, RT value, and 

Index of Retained Strength. 

B. Field Laboratory 

Standard acceptance testing was performed in the field laboratory 

throughout the paving operation. Mix temperatures were recorded at the 

plant and as placed on the road. Periodic samples of the paving material 

were taken and analyzed in the field for percent moisture, percent 

asphalt, and aggregate gradation. Additionally, density and compaction 

measurements were taken on the roadway to assure proper placement of the 

pavement. A summary of the field laboratory data is listed on Table B of 

Appendix D. There were no gradation specifications for the recycled 

mixes, but the gradation is fairly uniform and as expected finer than 

normal grading E hot bituminous pavement. 

C. Post Construction 

Following completion of the project, a post construction evaluation 

was conducted on the test sections established before construction. 

11 



~igure ') 

Surrullary of Ccntrill Labordtory .!Iix Testing 

'V~irgin 

~iix ~?O/3i~ lOllQ 70/3Q COIM) '£15/'35 Hix ---
I .~sphill t S,19 5.17 5.27 5.37 5.19 5.86 

J' Pass~ng 3/4" 100 100 100 99 100 100 , 

C( P,lssing :.14 57 58 70 56 57 44 I 

~,~ Passing .'200 9.8 10.6 12.1 10.3 10.5 7.1 

Scabil ity Value 44 43 49 4S 44 35 

Rr V:llue 106 106 107 104 103 101 

Judex of 
l\.ct. Strength l19 107 104 104 112 100 

Pen .d 17° i 128 109 110 85 

,'is :,1 l~ud f 586 717 737 1358 

., i :0 '1 
"' _,cd 
- I ) [" l64 :~20 181 291 



l3ecause of the placement of the varlOUS m1xes 1n the test areas, the 

boundaries of the "as constructed" t'~st sections were adjusted and thp 

sections were renumbered to facilitate this and future evaluations. 

Figure 4 is a map of the test sections evaluated. The stations of the 

preconstruction test areas are listed so that before and after 

construction data can be compared. 

The post construction evaluation was c~nducted during the week of 

October 15, 1979. Included 1n this evaluation were PSIs using the CHLOE 

Profilometer, rut depths, and textures as well as deflections from the 

Dynaflect and skid resistance and PSI measurements from the skid truck. 

CHLOE PSIs averaged 3.7 following construction, and the deflections 

USIng the Dynaflect were approximately 0.2 mils lower than pre-const:uc:-­

tion data. Visual observations and photographs were 81so taken to 

document the condition of the roadway and core samples of the various 

m1xes used on this project were taken and submitted to the Central 

Materials Laboratory for extensive testing. Figure 5 summarlZeg the 

post construction data. 

No rut depths or cracking were present 1n this new project. 

Photograph No. 12 shows the finished roadway looking west across test 

sections 1-4. 

In addition to the test section data, the Colorado Department of 

Highways skid test vehicle was used to rate the entire length of the 

project. However, due to equipment breakdown, only the eastbound driving 

lane was rated with the skid truck. The skid truck PSI for the length of 

the project was 4.0 and the average of eight skid resistance tests at 

40 mph was 57. 

The finished pavement has good ridability and a good skid reS1S­

tance. Table C of Appendix D shows the test data for core samples from 

the test sections. In addition, Appendix D Table D shows test results 

for a 70/30 mix where the modifying agent was limited to 0.3% by weight 

of the reclaimed pavement instead of the 1.0% called for in the mix 

design. This sample is much stiffer than the other mixes and will 

probably be much more susceptible to cracking in the winter. A.dditional 

data from these samples is the asphalt composition analysis which shows 

that the asphalt cement extracted from these cores is both similar :mel 

adequate. Table E of Appendix D shows the results of the Asphalt 

Composition Analysis from the roadway core samples. 
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Sec. 1 

~.J; ~ 

Figur c '-l 

PGSL Construction Test Secti0ns 

Project C 20-0160-12 

Durango - Ee3perus Hill 
7: T 50 77 + 50 80 + 00 

Sec. 2 Sec. 3 

85 + 00 
-t 

i Sec. 4 , 
I 

I 
I 

---,~, \ , 

I 
_____ :;.! .... -------_. 65,'35-- _·--c:..\i-------60/40-- "'1"1-Virgin -t l<- ----70/30 

, I r"" 
<.;.-

i , \ 

65/ J') -l >1 100<0:.:;';------
1 

60/40--- I \ . . , 7"/3- ! ~ .......n ___ - I vlrgln >l" U U -:;: 

\ 
\ 

______ '" 65/35 - JJ .... --- 60j40 - Jo virgin J c> i .,," " 70(3(1" d 
I L~, 

2S0 + 75 284 + 00 290, + 00 
Sec. 5 Sec. 6 

\{B 

J< -virgin - - .- --- 70/30 -- - - - .--;;:-
----------.- f-' 

\{B 

Ie; :- virgin 1 70/30 - - .. _-- .,... 

EB 

I "'-- - - virgin i 70/30 --~ .-

NOTE: In Figure 4 the data is referenced to the predominant mix in each test section. 
Cores were t3ken from the westbound driving lane of Sections 1-4. 

The preconstruction test data in Figure 1 is located as follows. 

Sec. 1- ..:ita. 70+00 to 75+00 

Sec. 2-Sta. 75+00 to 80+00 

Sec. 2a-Sta. 20+-00 ".co A '>--+-DO 

Sec. 3a-Sta. 275+00 to 280+00 

Sec. 3-Sta. 280+00 to 285+00 
71 ;:- ~-

LEGEND: 
Length 1"=250' 
Width 1"=10' 



Section 
"iumber 

2 

Nix 
[sed 

05/35 

6(1//+11 

1 Virgin \fix 

l-f, 70/30 

5 Virgi.n Nix 

6 70/30 

Prcject C 20-0IAO-J2 

Jluranp;o-PeS perl1:3 

::;'lll1mary of Post (~oClst:nICti()n Evaluation T)-Jt:l 

Eastbound 
_ nriviE~L~n~_.:,( 
PSI Deflection 

'3. I) O. 705 

3.G 0.750 

3.8 G.733 

3.7 U.754 

3.1+ 0.645 

].7 0.657 

Westbound 
~_'?Eiy ing L~ne ~, 
PSI Deflection 

3.8 0.605 

3.6 0.716 

3.8 0.767 

3.6 n.7'-16 

3.8 0.653 

3.Q 0.804 

__ T~~s.s inL!:'<:~~.,~ 
PST Deflection 

3.6 0.589 

3, 7 O.7H5 

'j .3 0.915 

3. /+ o.lln 
3. ') 0.796 

1. 7 O.B80 

" Avera§e of 5 readings per lane/secti,')Il. Sensor Ifl deflection in mils, corrected 
to 70 F (10/23/79) 
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Post construction evaluations will be done annually for at least the 

next three years to document how the project performs over time. The 

laboratory testing will also help determine how recycled mix ages 

compared to the aging of virgin m~x. 

NATURAL RESOURCES 

The quantities used for this analysis are the actual quantities used on 

the project and were taken from contractor and highway department records. 

The total amount of recycled mix produced on this project was 15,638.45 tons. 

Figure 6 lists the quantities of each type of material used and the quantities 

that would be required for an equal amount of virgin mix. 

A review of Figure 6 shows that a savings of 10,041 tons of virgin 

aggregate and 811 tons of AC-IO was realized through recycling of the old 

pavement. 

savings. 

The modifying agent, Dutrex, should be subtracted from these 

1,563 tons of milled pavement remained following completion of the 

paving. This material was taken by District 5 Maintenance forces to be made 

into cold mix for pavement patching 1n other areas. The use of this crushed 

pavement represents a further savings in virgin aggregate and also asphalt 

cement resulting from this recycling project. 

ENERGY ANALYSIS 

For this analysis, energy consumptions and comparisons are presented in 

both total quantities and the quantities required to produce one ton of mix. 

All fuels are converted to BTU's (Brittish Thermal Units) and then to 

equi va lent gallons of gasoline. 

A. Process and Delivery of AC-lO 

For this analysis, asphalt cement is considered as a by-product of 

the oil refineries and therefore no energy is considered to be inherent 

in the material itself. However, the energy required to process the 

asphalt and all transportation is included. Values ranging from 587,500 
(1) (2) 

BTU/ton to 3,150,930 BTU/ton have been reported for the processing 

of AC-10. From "Energy in Roadway Construction,,(3) a value of 1,000,000 

HTU/ton will be used in this report. 

to 



Figure 6 
Savings In Natur!ll Res')urces 

Project C 20-0160-12 
Dur!lngo - Hesperus 

91lantities Used on Recycle Project 

10,744.70 
4,690 

95.88 
107.87 

15,638.45 

ton Crushed Pavement 
tons virgin aggreg~te 
tons of AC-I0 
tons of Dutrex 

tons tot!'!1 Mix 

Quantities Required for Virgin Mix 

]!t,731.42 
907.03 

15,638.45 

Virgin Aggregate 
tons AC-IO (5.8%) 

tons total Mix 

guantities saved by recycling 

14.711.4 
907.03 

4,690 
95.88 = 

JO,041.42 tons virgin 22greeate 
811.15 tons AC-I0 
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The asphalt cement CAe-lO) used on this project was manufactured in 

Sinclair, Wyoming and transported to the project using 5 axle diesel 

trucks. It is 560 miles from the refinery to the project and including 

adjustment for dead haul, a ~axle diesel semi-truck uses 1,960 BTU/ton­

mile.(l) Using this estimate for energy consumption of a diesel truck, 

560 miles x 1,960 BTU/ton-mile = 1,097,600 BTU/ton was used to deliver 

AC-IO to the project. 

Energy for aSEahlt cement (AC-I0) at the Eroject 

BTU/ton Total BTU's 

Processing 1,000,000 X 95.88 tons = 95.880 x 106 

Truck TransEortation 1,097,600 X 95.88 tons = 105.238 X 106 

Total 2,097,600 201. 118 X 106 

B. Process and Delivery of Modifying Agent 

Dutrex, the modifying agent used on this project was manufactured in 

Martinez, California, and transported to the project by diesel truck. 

Using the same energy consumption as above for diesel trucks, 1054 miles 

K 1,960 BTU/ton-mile = 2,065,840 BTU/ton was required for the delivery of 

modifying agent to the project. 

For this analysis, it was assumed that the same amount of energy 

required for processing AC-IO would be required for processing Dutrex; 

1,000,000 BTU/ton. 

Energy for Dutrex at the Eroject 

BTU/ton 

Processing 1,000,000 X 107.87 

Truck TransEortation 2,065,840 X 107.87 

Total 3,065,840 

Total BTU's 

107.870 X 106 

222.842 X 106 

330.712 X 10
6 

Since the pavemdnt was cold milled from the roadway, no pavement 

crushing was required on this project. The pavement was removed and 

loaded onto trucks using the Rota-Mill, and at the plant site, the old 

pdvernent was screened to remove any plus 2 inch material. From the 

contractor's records, 2,271 gallons of #2 diesel fuel was required to 

L~~moval of 131,615 sqllare yards 06,251 tons) of old pavement. An 

.• ddLtional L09 gallons of #2 diesel fuel was used to screen and stockpi Ie 
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this mat,'rial. Using this inf,)rmation, (2,271 + 109) -,; 2,380 gaHons of 

t2 diesel fuel were required to remove, scr~en, and stockpile 16,25 1 tons 

of crushed pavement. Thus, 2,380 gal. 112 di,~sd/16,251 t,ms ::: 0.14:) 

gallo'1.s of ft2 diesel fuel was required to remove, screen, and stockpile 

nne ton of old pgvement. 

3.045 mil'2s. rJsing 1,960 BTU/ton-·mile 

p::lVement, 3.045 miles :{ 1,9110 BTU/ton·-miL: ::: 5.9!S8 BT1J/tnn.J1s ,,'prl f", 

~c!\lling the r;~,:lCli_med p:l'l;ment to the pLmt <'It!'', 

, . " . 
r: 

'~.l ,,' 

'1 

, : : -, .... 

. \ (' - i I ~ _ 

,~ 

1 ') 



l'tgure 7 
Energy fur Recycled versus Virgin A6gregate Mix 

Project C 20-0160-12 
Durango - Hesperus 

~nergy to erud~ce one ton of 70/30 Blend 

ReLO'/c, Screen, Llnd Sto,~kpile old m~'lt 

Crushing of Virgin Aggreg3te 
rldul uf (irgin iggreg&ce 
rklt'Yk r F;~e 1 
trocess and Del~very of hC-10 
t:'l"'ce3dir,j Detlv~rj 0;': Du[r~>x 

>~iiS' [C.W 1 <) E <) ld mat 

Crushing of Virgin Aggregate 
d~ul of Virgin Aggregate 
p('J':.~ss cHid Delivery of AC-IO 
Burner Fue l 

'fir gin, ~lix 

I ;9, ,);ji) Sl u/ /~a L 
1 >; 5 , uea d I'll / gd 1 . 

BTUlton 

20,294 x 
39,198 x 
27 ,048 x 

146,923 x 

2,097,600 x 
5,065,840 x 

5 J 968 x 

iiTU/COll 

'39,1d9 x 

27,048 x 
2, 'J91 ,600 x 

LJ9,OOO x 

0.7 ton 
0.3 ton 
0.3 ton 
1.0 ton 
0.005 ton 
0.007 (on 
1.0 ton 

1 ton 
1 ton 
(). 058 ton 
1 ton 

Eval 
BTU Gal. of 

U",206 O. 1 
11,759 0.0' 

"" 8,114 O.Ot 
146,923 1.11 

10,488 0.01 
21,"+ol O.L 
5/968 0.0: 

218,919 1. 7: 

bTU 
E.valua 

Gal. of C 

i9,198 
= 27,048 
::: 121,661 

139,000 

0.32 
0.22 
0.97 
1.11 

326,907 2.62 



Comparing the results in Figure 7, energy equivalent to 0.87 

gallons of gasoline per ton~ was required to produce virgin mix. For 

this project, this represents a saving of energy equivalent to 0.87 x 

15,638.45 = 13,605.5 gallons of gasoline. 

ECONOMICS 

The quantities used in the following analysis were taken from Colorado 

Highway Department records listing the quantities paid for under the project 

contract. The prices used for recycled mix in the analysis in Figure 8 were 

taken from the contract bids awarded in September, 1978. Items such as 

compaction and priming were not included since they would be required whether 

recycled or virgin mix was used. Additionally, the $2.00/ton of recycled m1X 

from the FHWA demonstration funds was not considered in this analysis. 

The comparison price for HBP (Grading E) was taken from the 1978 Cost 

Data Book. It represents the average price in the southwest portion of the 

state for HBP, Grading E, from an undesignated pit with AC-10 and haul 

included. 

As can be seen from a comparison of the costs in Figure 8 recycling cost 

$4,643 more than a conventional 2 inch overlay or approximately $0.30 per ton 

of mix produced. However, in a normal overlay, leveling course is often 

required and the use of only 207 tons of leveling course would make the 

comparative costs the same for a project of this length. 

CONCLUSIONS AND RECOMMENDATIONS 

Much was learned from this recycling project. From an air pollution 

standpoint, the 70% recycled-30% virgin material was never produced with 

acceptable opacities. The 60/40 blend, however, did show that air pollution 

regulations could be met with recycled mix. Future recycling projects may 

reflect this in mix designs. Future research should be aimed at producing 

m1xes with a higher percentage of recycled material while meeting a1r 

pollution regulations because in many cases a higher percentage of recycled 

material will be more economical. 

From an econom1C standpoint, recycling on this project cost 

approximately $0.30 per ton more than an equivalent amount of virgin m1X. 

However, this project was the first recycling job for this contractor and at 
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Figure 8 
Cost for Recycled versus Virgin Mix 

Project C 20-0160-12 
Durango - Hesperus 

Quantities Paid under Project Contract 

Pavement Removal 
Virgin Aggregate 
AC-10 
Dutrex 
HBP (Recycled) 
Haul 

Cost for Virgin Mix 

HBP (Grading E) 

131,615 yd 2 x 
4,690 tons x 
95.88 tons x 

107.87 tons x 
15,638.45 tons x 
49,481.0 ton- x 

mile 

$ 1.10 
$ 4.00 
$110.00 
$200.00 
$ 9.00 
$ 0.40 

15,638.45 tons x $22.48 

22 

$144,776.50 
$ 18,760.00 
$ 10,546.80 
$ 21,574.00 

= $140,746.05 
$ 19,792.40 

$356,195.75 

= $351,552.36 



this point recycling is still in the experimental stages. In the future both 

contractors and highway personnel will be more knowledgable about recycling 

and the savings in energy and virgin materials should be reflected in the cost 

of future recycling projects. 

On this project, a savings l.n energy equivalent to 0.87 gallons of 

gasoline per ton of mix was realized. This savings was located in the area of 

crushing and haul of virgin aggregate, and also processing and delivery of 

asphalt cement. In addition, 10,000 tons of virgin aggregate, and 811 tons of 

AC-lO were saved. These energy and natural resource savings should help lower 

the price on future recycling projects. 

The initial testing of the recycled mixes show that they are comparable 

to virgin aggregate mix in strength and stability. Evaluations similar to the 

post construction evaluation will be conducted annually for at least three 

years. Cores will also be taken annually and analyzed for stability, strength 

and asphalt composition. Using this data the aging and durability of the 

recycled pavement will be compared to that of standard pavement. The 

conclusions on this comparison will be addressed in the project final report. 
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Asphalt Pavement Recycling 
Durango-Hesperus 

Project C 20-0160-12 

Photograph No.1 

Preconstruct ion Roadway 
condition. Note: Rich 
wheelpaths i n the driving 
l ane and numerous trans­
verse and longitudinal 
cracks. 

Photograph No. 2 

Preconstruction Ro adway 
condition. Large cracks 
with an extremel y ric h 
patc h i n t he wh ee l pa th. 
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Asphalt Pavement Recycling 
Durango-Hesperus 

Project C 20-0160-12 
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Photograph No.3 

Rotomil plann ing on 
center lane. 

Note: Cracking and 
roadway condition 
in foreground. 

Photograph No.4 

Typical roadway 
appearance following 
planing. 



Asphalt Pavement Recycling 
Durango-Hesperus 

Project C 20-0160-12 

26 

Photograph :--Jo. 5 

Milled pavem ent 
stockpile before 
screening. 

Pho to graph No . 6 

~·1i11 cd pav ement 
s t oc kpil e fol l owing 
sc r een i ng wi t h 2 
i nch sc alping sc r een. 
Sampl es from stockp i.l c 
averaged 6 . 0% aspha lt 
c ement. 



Asphalt Pavement Recycling 
Durango-Hesperus 

Project C 20-0160-12 
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Photograph N(,. -; 

Beginning of paving 
operation. Recycled 
mix behaved s imilar 
to standard mn. 

Photograph J\O. g 

Roadway following 
milling of top 2 
inches. Prof;] cis 
even both acro s s Rnd 
down th e road . 



Asphalt Pavement Recycling 
Durango-Hesperus 

Project C 20-0160-12 
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Photograph ~o. 9 

C~I 9' x 36' dryer 
drum plant. ~ote 

dual feed belts for 
virgin aggregate and 
mill ed pavement. 

Photograph No. 10 

Hi Vol Sampler #1 
located near plant. 
Main haul road is 
located to left o f 
picture. 



Asphalt Pavement Recycling 
Durango-Hesperus 

Project C 20-0160-12 
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Photogr aph No . ]] 

Hi Vol Samp I er it 2 
loc a t ed in vacant 
area away from plant. 

Photo gr aph No . 12 

Fi n i shed roadway has 
good appear ance, 
smooth rid e, and good 
s ki d re s i s t ance. 
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Appendix A 

Project C 20-0160-12 
Durango-Hesperus 

EXISTIt\G NAT SPECH-lEN 

CRUSH TO MAXIHU11 DESIRED SIZE 

[ CRUSHED PAVENENT SPECIl1EliJ 

EXTRACT 

I 
L ASPHALT CEHENT jl--------~ 

r-_T_E_~r ____ -{ S r EVE ANlu. Y5 rD TEST I PEt~E'rpXfION at 77 of 1------

ESTIHATE :-1 TEST 
~SCOSITY at 140~r-----~-----1 

Flow ~lcct of laboratory procedures for desiGning recycled asphalt pavements. 
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Appendix A 

Project C 20 160-12 
Durango - Hesperus 

Sac.::ples of old hot bituminous pavement and gravel from the existing roadway \-,lcre 
Lested to check the suitability [0:- recycling. 

The following laboratory procedure H9<; used in determining our recon:t.-nendations: 

Proc:ecure: 

1. Sample received waf; proportioned oy 
District Lab approxiDdlely as it is 
expected to be ~len it is picked up 
and stockpiled. 

2. Reduce OLd pavement to desired m;:u:-­
iQUO s:i;-;e. 

3q Extr<_ct asphalt cement from f>XJst­

illZ ru3 t. 
Aggregate: Sieve Analysis 

AspLalt Cell,(~nt 

l)ercent a3phc~lt cement in existing 
tn.at. 

Penetration at 77 D p 
Viscosity at 140 DF 
Viscosity at 275 D F 

' •• Hake decision on how I:luC'h new agi;re­
gate will be added to recycled mater­
ial. 

5. Esti[l.1ate asphalt demand on cowbina­
tion of cx:bting mat Dod new <l[;r.ce­
gate for laboratory tcstinn. 

31 

ResulU; and/o): decisions for th:is_project: 

3/4 inch. 
'file 3/4 :Inch size ",as i.1~ed t01: the con­
venience at the labo)2t()ry. Tn tlJC f Jc,j(i 
the maxiT.)lm size of up to 95% -- JOO~~ on 
the cue :Lnch and 100/~ passing the 1~; :inC{l 
screen. 

3/40 
r · · · 1/211 r · ':i/QH 

."" 0...; · • 
If4 · · Uri · < · · t!16 · ( 

1150 
11100 · · · · 11200 · · · · 

5.56 perC("OD:: 

16 
13,703 
382 

1007 
93% 
8(1<1 

Vlu 

sn: 
'i8/.' 
39/" 
2-D; 
15> 
lL '/% 

li.ad 30 percc;1t 1\e\J aggreeate. 30 percent 
llppears to be tlJe rninimUTJ at which air 
pollution can he con !Tolled. (Fn)Jn exist­
inz experimenuj )_n other states.) For 
convenience of Lah, ne\J azcregate used 
was local )Jcnvu- Aggregate. 

D. 5.5% 
b. G. 0% 
c. 6.5% 
d. Run tests on ruateriDl AS cruslJed '.Jith 

no add) Lons. 



Appendix A 

6. Hake decision if softening agent 
should be added and how ouch. 

7. Fabricate samples for laboratory 
testing. 

8. Run extL'.ctioc1S and reco'v(TY 011 
f:amples fah:icatc<l for Lab te~~tin3 

to check 2esl~n valu~s. 

12 

Based on low penetration and high 
viscosity test results on the existing 
mat, add softening ap,ent to increase 
penetration and lower viscosity to 
approximately AC-lO valuE:s. 

1 set was made with no additions (100% 
recycled material) 

All otlte.r samples were made with: 
70% Recycled material 
30% New aegregate 
1.6% Cyclogen (ll) (softening 

5.5% Total 
70% Recycled Hat 
30% New aggregate 
1. 6% Cyclogen (n) 

6.0% Total 
70% Recycled m2l 
30% New aggregate 
1. 6% Cyclcgen ell) 
0.5% AC-J.O 

6.5% Tot:tl 
70% Recycled mat 
30% New aggre~ate 

1.6% Cyclogen 
1.m: f·.C-10 

(lOent) 
C> • 

\·Jith ~lhovc c:cmbinatj.()}i;: ~be edcLi. t.;Ofl of 
net.; dr,grc!3:tte ,·,'as kE~pt const2nt. Also 
the Tatio uf old aspb21t and CyrJ.ogcn 
\.:as tept C()llst2.nt. 

Sec Fonl Don i}29 (aU;lched) for L~lbrE.:'­

rmlts. 

5.5% 
Pen 
Vis 
Vis 

6.0% 
Pen 
Vis 
Vis 

6.5% 
Pen 
Vis 
Vis 

at 
at 
at 

at 
~l 

:1t 

at 
at 
a'· c ~ 

nOF 
JJ~O°F 
2 7~) OF 

77"F 
1/jO°;;, 
2i5°F 

nOF 
If; OaF 
275°p 

J 07 
G01 
121 

~13 

763 
186 
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Appendix A 

Based Oil tllC re:,ults of the Lab tests, it appear:> that the material is suitable 
for n~(:ycl i nr. 

Fina] Teco~lenJ21jons to be based on material produced and stockpiled. 
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Appendix A 5/7 

DIVISION OF HIGHWAYS 
STATE OF COLORADO 

Project G 20 0160 ]2 Dist. 5 
Location Durango Hesperus 

Field Sample No. ---lC';"-41~7w!+.J1 O~6----­DOH Form No. 429 
Revised: February, 1977 Lab Nos. 77 I 235 2 236 - 2 237 

Date Rec' d v 11 -18 -7 7 
2 238-2 

LABORATORY DESIGN FOR BITUMINOUS MIXTURES 

Item 403 Grading or Class ---!E=--_ 

Preliminary ~ Construction <:) 
Asphalt Pavement 

Pi t Ident ification De nve r a rea Agg. 
_L9% old pavement-30% new agg. Percent Bitumen 
Contractor Max. Sp. Gr. of Mix 
Asphalt Source Used Sp. Gr. of Specimen 

Conoc 0 AC 10 Voids in Specimen 

S[EVE ANALYSIS (Percent Passing) 

As Job Mix 

Nos. Used Formula 

l" 
3/ 4't~1 O~O-=- 100 __ -100 ___ _ 
1./2" 79 90 95 
3/3"~--57 70 _79_ . __ _ 

If,',. --1L 52 ___ 58 __ _ 
118 ___ ~ __ 4~ __ 

'!l6 ____ ~ _____ ll __ _ 
)0_ ... ___ li . __ 2.0. __ _ 

:/ H10. _______ .2.. ____ . ___ l~ _.~_ 
':2 00 ______ _ ._h.L _ ___.L~ __ _ 

, It 

Stability Value 
Cohesiometer Value 
Rt Value 
Resilient Modulus 

(x 1000) 
Strength Coefficient 

Item 301 PMBB 

Percent Bitumen 
Specimen PSI Wet 
Specimen PSI Dry 
% Absorption by Wt. 
% Swell by Volume 
Index of Ret. Strength 
7, Additbe Fsed 
.\sphalt Additive Type 

\C 

h~~~ c'.~~c:()nlnlended tlsphalt t:ontt;nt tor the lbove i_tern i.s: 

Plain 

2.36 ---

41 
235 
101 

0.34 

TEST RESULTS 

.5.5 
2.43 
2. 35 
3.29 

48 
252 
104 ---

6.0 6.5 
2.41 2.39 
2.37 2.38 
1.66 0.42 

39 -2-7-
240 233 
l~·- 92 

0.34 0.34 0.34 
IMMERSION-COMPRESS ION 

6.0 ---- ---- ----_____ 399 ______ _ 
389 

--,~ ._------ , . ~--

._---~~ -.---- -----
___ ~J2~ ___ ... ,, __ _ 

103 
.~-----. ,----~~ -~-~- -------

)': .'~rade, lotal mix basis, wLthi. acceptable additive, 
"."l'idin-g"~'::--==~_:~ __ ~_ ;ldJed to the stoi'kp-Ll-;:;--Oto the dey :H"grcp,att.' O. 

, __ " ___ '. __ '.emulsified asphA,lt, dry ,1ggregate basis. 

asphalt bas been adjust(2d __ .... ____ ~ tor environment~ll f'lctorG 
i co ~;\lm i ng VPO, ft. eLev. ,md ':.:()nstrllctil'Il in 

~E~ARKS: * Addition of 1.6% Cyclogen will result in 5.5% total A.C. content 

(JO% New Aggregate) 

(70% Recycled Mat) 

J,\N 25,1978 
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Appendix A 

REVISION OF SECT10N 411 
l10DIFYING AG£N'J' 

COLORADO PROJECT. NO .. C 20."Q160~'2 

Section 411 of the Standard Specifications is ]lereby revised to 

include asphalt cement modifying agent for 81is project as follows: 

Subsection 411.01 shall include the following: 

This work shall consist of furnishing an asphalt 

cement modifying agent and the application of the agent 

in accordance with these specifications and t.he details 

described in the Revision of Section 403, Hot Bituminous 

Pavement (Recycled) shown elsewhere in these special 

provisions. 

Subsection 411.02 shall include the following: 

Modifying agent shall conform to the Revision of 

Section 702, Modifying Agent shown elsewhere in these 

special provis;'ons. 

Subsection 411.05 shall include the following: 

The accepted quantities for modifying agent, as 

described above 6 will be paid for at the contract unit 

price per ton. 

Payment will be made under: 

Pay Item 

Modifying Agent 

35 

Pay Unit 

Ton 
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Appendix A 

REVISION OF SECTION 702 
MODIFYING AGENT 

COLORADO PROJECT NO .. C 20-0160-12 

7/7 

Section 702 of the Standard Specifications shall lnclude modifying 

agent for this project as follows: 

Subsection 702.04 shall include the following: 

(c) "Modifying agents used to soften aged asphalts in 

the recycling process shall conform to the following re-

quirements. 

Specification Designation 

Viscosity @ l40°F CS 

Viscosity @ 275 0 CS 

Specific Gravity 

Flash Point C.O.C., OF 

Volatility 22 hrs/225°F % W 

Mixed Aniline PT., of 

Asphaltenes 

Pclar C:>lJlpounds 

1st plus 2nd Acidifines 

Saturates 

36 

Test Method 

ASTM D2170 

ASTM D2170 

ASTM D70 

ASTM D92 

ASTM D2006 

ASTM" n2006 

ASTM D2006 

ASTM D2006 

Requirements 

100-300 

3-12 

0.970-1.040 

350 min. 

1.0 max. 

75-125 

1% max. 

1.5 Hin. 

60 rain. 
20 max. 



Appendix B 

Durango-Hesperus 

REVISION OF SECTION ?O? 
REMOVAL AND STOCKPILING EX}S)JN(; BJHt'BNOtlS P/Wfl,H:rn 

COLORADO PROJECT NO. C 20- 0) ()O·l (. 

t 
j~. Section 202 of the Standard Specit:ications 'is· hed:hy l'cy)!-;(;'d t.o incltJde 

removing and stockpiling of existing bitum1nOlls }lo\'cmcnt for this pr·oj(:ct 
as follows: 

• DESCRIPTION 

Subsection 202.01 shall include the following: 

This work shall consist of r.emoving a opsigll(.tC'd oepth of eX)$t)ng 
bituminous pavement. hauling the material to an approved stockpile 
area as shown on the plans or established. 

CONSTRUCTION REQUIR[MEN1S 

Subsection 202.05 shall include the following: 

a. Removal of Existing Pavement 

The existing bituminous pavement shbl1 he removed hy co1d 
planing to a depth shown on the plans. lhe cqu"ipment u$(~cl 
for the remcval shall have tt-e capf.bi'1it.y of alltomatic 
grade control. TJ'le Contractor sh('.1) take (;11. neces~(;ry 
precautions in removing the bituminous pavement to prevent. 
t1am~ge to the underlying bituminous pavement.. lhe n:~lJl ting 
surface of the bituminous pavement shan be reason(:lLly smooth 
and free of excessive scarification ma~ks or other damage. 
If any leveling or patching of the- pa\,C'III£'nt is requ'ire6, as 
determined by the Engineer, the fila teri 0) wi n be pedd for 
at the contract unit pr~ce fur the m3teridl used. 

be> Stockpll iog 

Prior to beginning the stockpi 1 ing operation, the Contl'bctor 
shall prepare a base for the stodpi1e. lh£l' base sholl 
consist of a layer of remov.ed exf$.tlflg pilv£'ment approx)matcly 
six inches in depth and an area sufficient to accoillflodate the 
stockpile. 

The material placed in the stockpile shan pass a 2 inch 
screen. Any material retained on the 2 inch SCl'een ~ha' 1 
be reduced in size by an approved method and used. 

The stockpile of removed existinQ PH\'(,lllent sll~n be constructed 
by layer placing or other approved methods \'lhich win prevent 
coning or segregation of the material. 

J /1"0 

-coni-inlleo-

37 



Appendix B 

~2-

REVISION OF SECTION 202 
REMOVAL AND STOCKPILING EXISTING BITlll-HNOUS PAVfl1ENT 

COLORADO PROJECT NO. C 20-0160-12 

Subsection 202.07 shall include the following: 

Pay Item ray Unit 

Removal of Asphalt Mat (Planing) Square Yard 

Haul will not be measured and paid for. 

38 
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Appendix B 

REVISION OF SECTION 304 
Sl'OCKPILE AGGREGA1E BASE COURSE 

COLORADO PROJECT NO. C 20-0160-) 2 

DESCRIPTION AND REQUIREMENTS 

This work shall consist of producing. hauling bnd ~totkpilin9 ~9gregate 
materials to be used fer m1xing with recycled bituminou~ pavement as 
described in the Special Provision& "Revision. of Section 403-Hot Bituminous 
Pavement (Recycled).-

Aggregate shall be stockpiled by layer pladng or other approved methods 
which will prevent coning or segregation of the materia). 

f-tATERIAlS 

The ~ggre9ate to be added to the recycled bituminolls pavement shall 
conform to the requirements of Sections 401 and 703 and meet the 
following.gradation requlrements: 

Passi.ng 3/4" 
Passing 14 
Passing 88 
passing '200 

Sieve 
S1.eve 
Sieve 
Sieve 

METHOD Of MEASUREMENT 

100'; 
52 
47 

() 

Stockpile aggregate base course shall be m€asured by the ton. 

BASIS Of PAYMENT 

The accepted quantit'ies of stockpiled aggregate base c:ourse wHl be paid 
for at the contract unit price per ton. 

Payment wtll be made under: 

Pay Item roY Unit - ' 

Stockpile Aggregate Base Course (~lass 6) Ton 

Haul will not be paid for separately but will be included in the work. 

39 
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Appendix B 

REVISION Of SECT JON 403 
HOT BITUlHNOUS PAVEMENT (r~[CYCl EO) 

COLORADO PROJECT riO. C 20-0160-12 

Section 403 of the Standard Specifications )$ hereby revised to include 
recycled hot bituminous pavement for this. project as fol1ows~ 

DESCRIPTION 

Subsection 403.Q1 shall include the following: 

This work snall consist of combining the l'ecycled pavement 
with virgin aggregate, asphalt cement, asphalt modifying i\gent, 
and heating; mi.xing. laying and compacting the recycled mixture. 
The work shall be performed in reasonab)e close (;onform'ity with 
lines, grades, thicknesses and typical cross sections shown on 
the plans or established. 

MATERIALS 

ae Recycled Bituminous Pavement 

The recycled bituminous pavement shall be the material in 
the stockpile as described in Revision of Section 202. 

b. Virgin Aggregate 

Thp. virgin aggregate to be added to the recycled material 
shall conform to the requirements of the ~pecial provision 
"Stockpile Aggregate Base Course." 

Cc Asphalt Cement 

The new asphalt cement shall meet the applicable requirements 
of Section 702-8ituminous Materia1s. 

d. Asphalt Cement Modifying Agent 

The modifying agent shall meet the requirements of Revision 
of Section 41l-Modifying Agent and Revision (If Section 
702-Modifying Agent shown elsewhere in these Special 
Provisions. 

-continued-

40 
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Appendix B 
-2·· 

REVISION OF SECTION ~O~ 
HOT BITUHINOUS PAVEMENT (RECYCl.[D) 

COLORADO PROJECT NO. C 20··01()O-12 

CONSTRUCTION R~QUIRP1~NTS 

The constructfon requirements shall be in accordance with Subsections ~Ol.07 
through 401.20 except as modified herein. 

The recyc1ed bituminous pavement mixture sha1) be processed with dryer-drum 
equipment modified to process recycled materia) and meet air po)lution reg­
ulations. The Contractor shall be responsib1e for all costs necessary to 
comply with air pollution regulations. !>l('!nt ncdifications shaH be "in 
accordance wi th the manufacturer's reconmendati ons. The pl ant us.ed shall be 
designed~ equipped and operated in such a manner that the proportioning t 

ht:ating and mixing will yield a uniform final mixture with a temperature 
hi gh enough to meet sati s factory 1 ayi ng and compact; n9 requi rements.. 

The recycled mixture shall consist of a combination of 70 per cent recycled 
material Qnd 30 percent virgin aggregate. A5pha1t cement (AC-l0) s.ha)) be 
added at the rate of 7 % [:!:. 0.5%] by weight of new aggregate. The asphalt 
modifying agent shall be added at the rate of )X [:':.O.2X) by weiflht of the 
Recycled Bituminous Pavement on a daily yie1d basis. The Asphalt Cement 
(AC-10) and Modifying Agent feed rates shall be interlocked and synchronized 
with the system feed rates in a manner to be aPP1'oved by the ~n9ineer. 

A. Modification of the percentages of recyc1ed material .. \iirgin aggre­
gate asphalt cement and modifying agent shall be as directed by 
the Engi neer. 

The recommended percentage of asphalt cement and modifying agent will he 
based on laboratory tests performed on .. ~epre5(!ntnt.ive samples of the stock­
piled material 0 

The job mix fonnula specifications for gradation and asphalt content of the 
recycled- mlxture will be furnished for infonnation only. 

Removal of material from the crushed pavement stockpile shall be accomplished 
by working a full face of the stockpile, as near)y as practical. 

The Contractor shall furni sh a detailed descri pt i on of hi $ recycl ing methods 
at the preconstruction conference .. 

,~cont i nued-

41 
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Appendix B 

-3-
REV1S10N OF SECTION 403 

HOT BITUMINOUS PAVEMENT (RECYCLED) 
COLORADO PROJECT NO. C 20-0160-12 

HETHOD OF f1EASURH~EHT 

6/10 

Recycled hot bituminous pavement will be measured as prescribed 1n subsection 
401. 21. 

BASIS OF PAYMENT 

The accepted quantities for recycled hot bituminous povement Hill he paid for 
at the contract unit price I?er ton. completed and accepted. Payment $hal1 
include dryer-drum processing. plactng, compacting the recycled mixture 
on a prepar.ed .sur.face and all other_ incidenta) s. necessary to comp1ete 
the item. 

Payment will be made under: 

Pay Item 

Hot Bitumlnous Pavement (Recycled) 

Pay Unit 

Ton 

Asphalt Cement (AC~lO) and Modifying Agent will be measured and paid for 1n 
accordance with Section 411. 

Haul shall consist of transporting Hot Bituminous Pavement (Recycled) from 
thr.! pl ant 5i te to the roadway. Raul ~1i11 be meas ured i'nd p"id for by the 
Ton-Mile in accordance with Section 204~ 

~rater that may be used in the mixing plant will not be measured and paid 
for separately but shall be included in the work. 

Virgin aggregate will be paid for in accordance with Section 304. 

42 
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Appendix B 

LABORATORY DESIGN FOR BITUMINOUS MIXTURES 

PROJECT C 20-0160-12 

DURANGO-HESPERUS 

70% Recycled-30% New 

SEIVE ANALYSIS (% 

1" 

3/4" 

1/2" 

3/8" 

#4 

#8 

If 1 6 

#50 

#100 

If 2 00 

Recycled 
Pavement 

100 

100 

96 

87 

67 

53 

42 

24 

1 7 

13.4 

Percent Bitumen 

Max. Sp. Gr. of Mix 

Sp. Gr. of Specimen 

Voids in Specimen 

Stability Value 

Cohesiometer Value 

RT Value 

Resilient Mod.(X1000) 

Strength Coefficient 

Immersion-Compression 

Percent Bitumen 

Specimen PSI Wet 

Specimen PSI Dry 

Absorption by Weight 

Swell by Volume 

Large 
Aggregate 

100 

100 

52 

1 7 

4 

4 

3 

2 

2 

1.4 

TEST RESULTS 

4.7 

2.46 

2.31 

5.94 

50 

227 

103 

659.4 

.44 

Index of Retained Strength 

Aggregate 

PASSING) 

Fine 
Aggregate 

100 

100 

100 

100 

85 

70 

60 

28 

1 7 

11. 2 

5. 2 

2.44 

2.35 

3.56 

46 

226 

102 

698.5 

.44 

5.2 

555 

573 

1. 31 

.16 

97 

As 
Used 

100 

100 

91 

81 

63 

50 

41 

22 

] 5 

11. 6 

5. 7 

2.42 

2.37 

2.21 

34 

258 

98 

522.3 

.44 

Laboratory Specific Gravity = 2.35 at 5.0%A.C. 

* Results of vacuum extraction with 0.0 retention factor used 

NOTE: 70/30 Blend with 1% Dutrex added to the recycled material 

based on the weight of the recycled material and 1.7% new 

AC-IO based on the weight of the new aggregate. 

RECOMMENDED ASPHALT CONTENT 5.0% GRADE AC-IO 

43 
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Appendix B 

LABORATORY DESIGN FOR BITUMINOUS MIXTURES 

PROJECT C 20-0160-12 

DURANGO-HESPERUS 

60% Recycled-40% New Aggregate 

SIEVE ANALYSIS (% PASSING) 

Recycled Large Fine As 
Pavement Aggregate Aggregate Used 

1" 100 100 100 100 

3/4" 100 100 100 100 

1/2" 96 52 100 90 

3/8" 87 17 100 79 

It 4 67 4 85 61 

#8 53 4 70 49 

#16 42 3 60 40 

1t50 24 2 28 21 

!t100 17 2 1 7 15 

#200 13.4 1.4 11. 2 11.0 

TEST RESULTS 

Percent Bitumen 

Max. Sp. Gr. of Mix 

Sp. Gr. of Specimen 

Voids in Specimen 

Stability Value 

Cohesiometer Value 

RT Value 

Resilient Mod. (X1000) 

Strength Coeficient 

Immersion Compression 

Percent Bitumen 

Specimen PSI Wet 

Specimen PSI Dry 

Absorption by Weight 

Swell by Volume 

Index of Ret. Strength 

4. 7 

2.47 

2.32 

5.86 

54 

293 

107 

657. 2 

.44 

Laboratory Specific Gravity 

5. 2 

2.45 

2.33 

4.57 

52 

281 

106 

542.6 

.44 

5.2 

499 

537 

1. 42 

.17 

93 

5. 7 

2.43 

2.35 

3.01 

36 

238 

98 

516.2 

.44 

* 2.33 at 5.0% A.C. 

* Results of vacuum extraction with 0.0 retention factor used 

6.2 

2.41 

2.38 

1. 21 

24 

224 

89 

424.8 

.35 

~OTE: 60/40 Blend with 1% Dutrex added to recycled material based on 

the weight of the recycled material and 2.8% new AC-10 based on 

the weight of the new aggregate. 

RECOMMENDED ASPHALT C()~TENT 5.0% GRADE ,\C-10 
I I 

8/10 



Appendix B 

LABORATORY DESIGN FOR BITUMINOUS MIXTURES 

50% 

PROJECT C 20-0160-12 

DURANGO-HESPERUS 

Recycled-50% New Aggregate 

SIEVE ANALYSIS (% PASSING) 

" 
/4 " 
12" 

f 8" 

~: 
il6 
j: 

'50 .0 
o 

Recycled 
Pavement ----

lOa 

100 

98 

87 

67 

53 

42 

24 

17 

113.4 

Percent Bitumen 

Max. Sp. Gr. of Mix 

Sp. Gr. of Specimen 

Voids in Specimen 

Stability Value 

Cohesiometer Value 

RT Value 

Resilient Mod. (X1000) 

Strength Coeficient 

mersion-Compression 

Percent Bitumin 

Specimen PSI Wet 

Specimen PSI Dry 

Absorption by Weight 

Swell by Volume 

Index of Ret. Strength 

Large Fine 
Aggregate Aggregate 

100 

100 

52 

1 7 

4 

4 

3 

2 

2 

1.4 

TEST RESULTS 

4.7 

2.47 

2.33 

5.50 

49 

259 

104 

893. 7 

.44 

100 

100 

100 

100 

85 

70 

60 

28 

17 

11.2 

5.2 

2.45 

2.34 

4.43 

47 

315 

107 

687.0 

.44 

5. 2 

470 

520 

1. 42 

.16 

91 

As 
Used 

100 

100 

88 

77 

60 

48 

40 

21 

14 

10.3 

5. 7 

2.43 

2.38 

2. 19 

37 

251 

99 

470.5 

.44 

* Laboratory Specific Gravity 2.34 at 5.2% A.C. 

* Results of vacuum extraction with 0.0 retention factor 

NOTE: 50/50 Blend with 1% Dutrex added to the recycled material based 

9/10 

on the weight of the recycled material and 4.0% new AC-10 based on thf 

the weight of the new aggregate. 

RECOMMENDED ASPHALT CONTENT 5.2% GRADE AC-IO 

45 
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JOB-MIX FORMULA MODIFICATION ORDER 

Contract,Jr ~~bQllS.0~ _______ , ___ Project No. _____ C=.."=, O_~-O",-,-l ",,6=O .. -~l:o:2,--_________ _ 

I D ate _-.-S~~.mb~p.<.1r--,lw7...l.,--,1",,9'-.L7_ ... 9,---________ Loca tion __ --'H-"e=~gru S,,' H H 1: -,- <-:~ " 
~---,------.---~===~~==========================================~~==-======~==========.~================~ 

The Job Mix Formula!s) As Defined In Subsection 401.02 Of The Standard Specifications fbr Plant Mij Pave:nents, Based Upon 
The Following Reason:....Re.rl.sio.nS basecLoo as-produce1. aggre~sa]';.Ples. (", ~./ :.;. 

-IS-H-~-.. r-e-b-Y-~-1-0-d-if-ie-d-F--ro-m--T-h·-a-t-S-h-o-w-n--W-i-th-T"h-e-P-Ia-n-s-T-o--T-h-e-F-o-I-Io-~-Jj-n-g-------.-------'-,~~~--,----------~~-----'-------------

~~ Layed,), Grading Gr. t: (lnc!udes_--'N:.cO"'-'-'n""e'--__ % ~,J1ineral Filler) ~'/ S.:7~~ ~ !:,::.c::~/ 
For Construction MIX Design, See 157#, C6202 . Prcject 1'10. _______ -'-------==-_' ________ _ 

Project Provisions Modification No, ] 
;~1~:,';_ ~;'}~ , .. -£:.' 

Passing ______ Sieve ___ ._' '_' __ % Sieve ~~~ 
(Mineral Filler Type, If Any) 

Passing ______ Sieve _, ___ '_' _% 

Passi~g 3/4 Sieve ., 00' % 

Passing Number 4 Sieve _~2...:..........% 
Passing Humber S Sieve ___ 4L...-.% 

Sieve 0, 
/0 ,---------

Sieve 100 01 
,0 ,/,/ Sinr;;bjr. I,.li:cmin~ 

Sieve 52 %/ Asphalt Source (Refinery) 
Sieve ~Z % 
Sieve % Asphalt Additille Required 
Sieve % /"i! Yes (X) No ( ) 
Sieve 6 % -

Passing Number 50 Sieve ___ --:--__ % 

Passing Number 100 Sieve % 
Passing Number 200 Sieve ____ .... 6L-_% 

Asphalt % by Wt. ___ .J.Z'---_ __ -'S ..... B.......lncludes Additive 0.4 Super Concentrate 
, 

Asphalt Grade (",,-A~C~-l.!..O=--_) ( AC-10 } Viscosity or Penetration 

I Temperature of Mixture When Emptied From Mixer..22.0.:: ... 2c..2'-"O'--__ o F Spec's. 401.15 

( ~==:====~D~e~n~$i~tY~(S~p.~G~r.~)~O~f~L~a~b~S~f~)e~c~~~2~3~4~;;;.~R~e~q~u~ir~e~d;;~9~3;;;W~/o~C~o~m~pa~ctionSpec='s=.=4~0=1_=~1=7======================~=1 

I 

fop Luyer,Grading..Re.c.ycJed (Indude>~Nv.Ounet::C-___ %Mine(al Filler) 70% Recycled ~\at'1./30% virgin aggr·. 

I 

For Construction Mix D~sign, See 157 # C6207 Project No. 

Project Provisions ,_ I Modification No, --Il~-
. (Minenl Filler Type, If Any) P3ssing _____ , __ Sieve ____ ' __ % Sieve % 

I
I ::::~~~ _____ ~ ~::~: _____ -'-~ 

Passing Number 4 Sieve ______ % 

Sieve % 

Sieve O( 
10 

Sieve % 
I Pas5Ing Number 8 Sieve ______ % Sieve 0, 

,0 

Passin] Number 50 Sieve . ______ % Sieve 0/ 
,'0 

Passing NUi1lber 100 Sieve % Sieve % 
hS5ing Number 200 Sieve % Sieve , ______ % 

5i llcla.~~~~g---­
Asphalt Source (Refinery) 

Asphalt Additive ReqUired: 

No ( ) 

Durex Modi fving Agent 1.0' 1.0 
Aspnalt ~~ bv Wt. 7.0 --l..l ~Include Additive 0.4 Super Concentrate 
Asphalt Grade (_..LA",Cc...-.... l"",O_') (_AC.::lO __ ) Pen. 
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i Appendix C - Table A 1/2 
t 

I Opacities Monitored During Production 

" I Project C 20-0160-12 , 
Durango-Hesperus Hill 

Start Production Mix Temp. 
0 

DATE Time OPACITY Rate(tons/hour) _F_ BLEND 

9/27/79 2:30 60 400 225 70/30 

9/27/79 4: 15 50 400 235 70/30 

9/27/79 4:40 42 400 235 70/30 

9/27/79 4:45 44 400 235 70/30 

9/27/79 5:53 49 400 255 70/30 

'9/28/79 9:00 55 400 250 70/30 

, /28/79 1:20 36 450 220 70/30 

/28/79 1:25 45 450 220 70/30 

/28/79 2:55 31 550 215 70/30 

/28/79 3:00 26 550 215 70/30 

/28/79 3:05 40 450 215 70/30 

lant Modified over Heekend 

0/1/79 12:55 31 400 230 70/30 

0/1/79 1:00 35 400 230 70/30 

0/1/79 2:00 29 390 210 70/30 

0/1/79 3:25 22 400 195 70/30 

0/1/79 4: 13 25 400 195 70/30 

0/2/79 8:31 40 400 240 70/30 

0/2/79 8:55 40 400 240 70/30 

0/2/79 11: 12 21 420 190 70/30 

0/2/79 11: 17 27 420 225 70/30 

0/2/79 11: 22 26 420 225 70/30 

0/2/79 11 :27 27 420 225 70/30 

, 0/2/79 3:34 21 400 195 70/30 

0/2/79 3:45 22 400 195 70/30 

0/2/79 5:00 26 400 200 70/30 

0/3/79 8:54 34 400 235 70/30 

0/3/79 9:00 36 400 235 70/30 

. 0/3/79 9:35 35 400 225 70/30 

.0/3/79 9:47 32 500 220 70/30 
, 

0/3/79 9:52 39 500 220 70/30 

0/3/79 9:57 35 500 220 70/30 

. 0/3/79 10:02 40 500 220 70/30 

0/3/79 10:30 36 400 210 70/30 

0/3/79 10:48 36 310 200 70/30 

1 47 



Appendix C - Table A (continued) 2/2 

Opacities Monitored During Production 

Project C 20-0160-12 
Durango-Hesperus Hill 

Start Production Mix Temp. 

Date Time OPACITY Rate(tons/hour) of Blend 

10/3/79 12:25 29 400 220 70/30 

10/3/79 2:12 7 275 275 Grading E 

10/3/79 2:17 9 275 275 Grading E 

10/3/79 2:22 22 275 275 Grading E 

10/3/79 2:40 17 400 230 60/40 

10/3/79 2:45 18 400 230 60/40 

10/3/79 2:50 17 400 230 60/40 

10/3/79 2:55 22 400 230 65/35 

10/3/79 3:08 20 400 230 65/35 

10/3/79 3:20 29 400 220 70/30 

10/4/79 8:30 37 340 230 70/30 

10/4/79 8:50 38 320 230 70/30 

10/4/79 10:00 35 320 235 70/30 

10/4/79 10: 31 7 275 275 Grading E 

10/4/79 10:40 9 275 275 Grading E 

10/4/79 11:07 15 400 230 60/40 

10/4/79 11:14 19 400 245 60/40 

to/4/79 11:20 21 400 255 60/40 

10/4/79 12:12 23 400 220 65/35 

10/4/79 12:20 33 400 260 70/30 

10/4/79 2: 11 25 310 200 70/30 

to/4/79 2:16 20 310 200 70/30 

10/4/79 2:45 4 275 250 Grading E 

10/4/79 2:52 3 275 250 Grading E 

10/4/79 3:17 15 400 200 60/40 

10/4/79 3:29 15 400 220 60/40 

10/4/79 3:37 21 400 220 65/35 

10/4/79 3 :45 24 400 200 65/35 

10/4/79 4:12 27 340 230 70/30 

10/5/79 11 :25 30 325 210 70/30 

10/5/79 11 :45 25 JI0 210 70/30 

10/12/79 8:49 29 415 210 70/30 

10/12/79 9: /+0 57 135 255 70/30 

10/12/79 10:36 21 410 220 60/40 

i 1)/1 Z/79 11: 11 26 ),F) 270 60/40 

It 8 
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OPACITY= -0.145(RATE)+107.5 
STANDARD ERROR= 5.7 
CORR. COEF.= -0.84 

300 350 400 

FIGURE 1 

ASPHALT PAVEMENT RECYCLING 
DURANGO-HESPERUS HILL 
PROJECT C20-0160-12 
GMI 9'X36' DRYER DRu~ PLANT 
NEILSON INC. 

OPACITY VS. PRODUCTION RATE 
9/27/79--9/28/79 

70/30 BLEND 

~~ 

--)(; 

";.~ 

450 500 550 600 

PRODUCTION RATE TONS/HOUR 



5° 

40 

i>,: ')0 
>-. 
£~ 
h 
U 

~~ 
o 

20 

10 

190 

APPENDIX C 
FIGURE 2 

BEST FIT STRAIGHT LINE 
OPACITY= 0.306(TEMP)-35.7 
STANDARD ERROR= 5.3 
CORR. COEF.= 0.71 
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ASPHALT PAVEMENT RECYCLING 
DURANGO-HESPERUS HILL 
PROJECT C20-0160-12 
CMI 9'X36' DRYER DRUM PLANT 
NEILSON INC. 

OPACITY VS. MIX TEMPERATURE 
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FIGURE 3 

ASPHALT PAVEMENT RECYCLING 
DURANGO-HESPERUS HILL 
PROJECT C20-0160-12 
CMI 9'X36' DRYER DRUM 
NEILSON INC. 
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Blend Tested 

% Moisture 

% Asphalt 

Gradation 

% Passing 3/4" 

% Passing 1/2" 

% Passing 3/8" 

% Passing #4 

% Passing 118 

% Passing ffl6 

% Passing fi50 

% Passing #100 

% Passing /f200 

Test Results 

Max. Sp. Gr. of Mix 

Sp. Gr. of Specimen 

Voids \ in Specimen 

Stability Value 

Cohesiometer Value 

RT Value 

Resilient Mod. (xl000) 

Strength Coeficient 

Immersion-Compression 

Specimen PSI Wet 

Specimen PSI Dry 

Absorption by Weight 

Swell by Volume 

Appendix D - Table A 
Central Laboratory Mix Testing 

Project C 20-0160-12 
Durango-Hesperus Hill 

st 
1 Rep 

70/30 

.22 

5.19 

100 

94 

84 

57 

42 

34 

19 

13 

9.8 

2.44 

2.33 

4.45 

44. 

31l. 

106. 

605.6 

44. 

622. 

523. 

1. 27 

1
st 

10k 
70/30 

.28 

5.17 

100 

93 

81 

58 

44 

35 

20 

14 

10.6 

2.45 

2.35 

3.80 

43. 

338. 

106. 

624.3 

44. 

497. 

465. 

1. 27 

2nd 10k 
70/30 

.26 

5.27 

100 

97 

89 

70 

54 

43 

22 

16 

12.1 

2.44 

2.32 

4.98 

49. 

304. 

107. 

692.5 

44. 

528. 

509. 

1. 78 

Index of Ret. Strength 

.10 

119 

.05 

107 

.21 

104 

-AhsDn Recovery 

Penetration @ 770 F 

Viscosity @ 2750 F 

Viscosity @ 140
0 

F 

52 

128 

164 

586 

60/40 

.14 

5.37 

99 

92 

82 

56 

42 

33 

19 

14 

10.3 

2.44 

2.34 

3.90 

45. 

276. 

104. 

491.1 

44. 

462. 

{,45. 

1. 52 

.30 

104 

109 

220 

717 

65/35 

.15 

5.19 

100 

93 

81 

57 

44 

35 

20 

14 

10.5 

2.45 

2.33 

4.79 

44. 

263. 

103. 

491. 5 

44. 

511. 

456. 

1. 50 

.07 

112 

110 

181 

737 

Virgin 
Mix 

.14 

5.86 

100 

84 

69 

44 

35 

29 

15 

10 

7.1 

2.44 

2.37 

2.57 

35. 

303. 

10l. 

409.7 

44. 

455. 

454. 

1.01 

.10 

100 

85 

291 

1358 



Sample 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

AVG. 

% 
AC 

4.74 

4.77 

5.03 

5.05 

5.49 

5.01 

5.07 

5.52 

5.51 

5.20 

5.41 

5.16 

5.09 

4.87 

5.19 

4.98 

5.30 

5.92 

5.19 

5.11 

4.96 

5.22 

5.36 

5.53 

5.24 

5.13 

5.16 

5.36 

5.58 

5.06 

5.04 

5.00 

5.20 

3/4" 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Appendix D - Table B 

Field Laboratory Test Data 

Project C 20-0160-12 
Durango-Hesperus Hill 

RECYCLED MIX 

Sieve Analysis (% Passing) 
3/8" #4 #8 #50 

80 

81 

81 

88 

80 

77 

83 

80 

80 

83 

79 

76 

78 

78 

80 

80 

78 

78 

87 

81 

83 

83 

85 

84 

85 

80 

79 

79 

83 

79 

75 

81 

53 

60 

61 

58 

59 

68 

57 

54 

60 

60 

58 

62 

59 

55 

58 

56 

57 

59 

56 

57 

66 

58 

61 

61 

63 

65 

64 

59 

59 

59 

59 

57 

52 

59 

46 

46 

44 

45 

53 

43 

41 

45 

46 

44 

47 

45 

42 

43 

43 

43 

45 

42 

44 

51 

44 

47 

46 

48 

51 

49 

45 

46 

45 

45 

44 

39 

45 

22 

21 

20 

21 

23 

19 

18 

20 

21 

20 

21 

20 

19 

19 

19 

19 

20 

19 

20 

22 

19 

21 

21 

21 

23 

23 

21 

21 

21 

20 

20 

18 

20 

noo 
12.3 

11.6 

10.6 

11.0 

11. 6 

10.0 

9.2 

10.2 

10.6 

9.9 

10.8 

9.9 

9.4 

9.0 

9.0 

9.4 

10.0 

9.4 

10.0 

10.9 

9.7 

10.5 

10.7 

10.6 

11.0 

11.7 

10.8 

10.9 

10.8 

10.2 

10.1 

9.9 

10.4 

]/2 



Sample % 
Number AC 3/4" 

1 6.26 100 

2 6.32 100 

AVG. 6.29 100 

Design 5.8+D.5 100 

Appendix D - Table B (continued) 

Field Laboratory Test Data 

Project C 20-0160-12 
Durango-Hesperus Hill 

Virgin Nix 

Sieve Analysis (% Passing) 
3/8" #4 fl8 1150 

69 49 38 16 

73 54 42 18 

71 52 40 17 

52 47 

54 

noo 
6.5 

8.8 

7.7 

6.0 

2/2 



Appendix 0 - Table C 

Central Laboratory Test Results from Roadway Cores 

Project C 20-0160-12 

Durango - Hesperus Hill Virgin 
Blend Tested 70/30 65/35 60/40 Mix 

% Moisture 0.00 0.00 0.00 0.00 

% Asphalt 5.75 5.10 5.30 6.46 

Gradation 

% Passing 3/4" 100 100 100 100 

% Passing 1/2" 93 93 92 90 

% Passing 3/8" 82 82 83 74 

% Passing ff4 59 57 59 50 

% Passing 118 45 44 45 40 

% Passing 1116 36 35 36 33 

% Passing 1150 20 19 20 17 

% Passing #100 14 14 14 11 

% Passing 11200 11.0 10.1 10.3 8.0 

Test Results 

Max. Sp. Gr. of Mix 2.42 2.45 2.44 2.41 

Sp. Gr. of Specimen 2.23 2.20 2.25 2.35 

Voids in Specimen 7.89 10.17 7.71 2.55 

Stability Value 22. 20. 31. 23. 

Cohesiometer Value 136. 110. 163. 225. 

RT Value 83. 79. 92. 89. 

Resilient Mod. (x1000) 189.4 114. J 183.5 198.9 

Strength Coeficient .25 .25 .40 .35 
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:\ppendix D - Table D 

Blend Tested 

Lab Testing on 70/30 Blend with 0.3% Dutrex 

Project C 20-0160-12 

Durango-Hesperus Hill 
% Moisture 

% Asphalt 

Gradation 

% Passing 3/4" 

% Passing 1/2" 

% Passing 3/8" 

% Passing 1!4 

% Passing #8 

% Passing #16 

% Passing 1150 

% Passing 11100 

% Passing 11200 

Test Results 

Max. Sp. Gr. of Mix 

Sp. Gr. of Specimen 

Voids \ in Specimen 

Stability Value 

Cohesiometer Value 

RT Value 

Resilient Mod. (xlOOO) 

Strength Coeficient 

0.00 

4.79 

100 

92 

82 

61 

47 

37 

21 

15 

11.2 

2.46 

2.17 

11.64 

29. 

196. 

92. 

591.4 

.40 

56 



Appendix D - Table E 
Asphalt Composition Analysis of Roadway Cores 

Project C 20-0160-12 

Durango-Hesperus Hill 

0.3% 
Virgin Dutrex 

Blend 70/30 60/40 65/35 Mix 70/30 

Penetration @ 77
0 

F 63 136 118 86 27 

Viscosity @ 2750 
F 231 172 165 275 395 

Viscosity @ 1400 
F 1377 587 634 1254 5910 

ASEhait ComEosition Analzsis 

% Asphaltenes 21.4 22.0 17.6 15.7 24.2 

% Saturates 10.5 12.7 11.0 15.7 15.3 

% Naphthene-Aromatics 25.1 25.0 11.6 22.4 34.1 

% Polar-Aromatics 43.0 40.3 59.8 46.2 26.4 
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73-1 
73-2 
73-3 
73-4 
73-5 
73-6 
73-7 

74-1 
74-2 

PUBLICATIONS 

Department of Highways - State of Colorado 
Division of Transportation Planning 

Thermoplastics - Performance in Denver 
The Ordway Colorado Experimental Base Project 
Noise Levels Associated with Plant Mix Seals 
Accelerated Concrete Strength Study 
Colorado Tunnel Ventilation Study 
Clifton-High line Canal Experimental Report 
Seibert Experimental Project 

Implementation Package for Swelling Soils in Colorado 
Embankments With and Without Moisture Density Control 

Page 1 of 2 

75-1 Erosion Control and Revegetation on Vail Pass 
75-2 The Effects of Vibration on Durability of Concrete Pavement 
75-3 Infrared Heating to Prevent Preferential Icing on Concrete Box Girder Bridges 
75-4 Asphalt Membrane Project at Elk Springs, Colorado 
75-5 Treatment of Swelling Soils - West of Agate, Colorado 

76-1 
76-2 
76-3 

76-4 
76-5 
76-6 
76-7 
76-8 

77-1 
77-2 
77-3 

77-4 
77-5 
77-6 
77-7 
77-8 
77-9 

78-1 
78-2 
78-3 

78-4 
78-5 
78-6 
78-7 

Project I 70-4(48)347 

Examination of Noise Prediction Methods 
Bridge Deck Deterioration in Colorado 
Absorptive Form Liner and Burlap and Cement and Sand to Assist Bridge Deck 

Cure 
Low Profile Markers for Wet/Night Visibility 
Erosion Control and Revegetation on Vail Pass 
Reflection Cracking in Bituminous Overlays 
Skid Number-Speed Gradient in Colorado 
The Use of Filter Cloth to Prevent Clogging of Underdrains 

Performance of a Multiplate Steel Arch Near Penrose 
Crawford-South - Colorado's First Full Length Lime Stabilization Project 
Performance of Special Curing Agents and Water Reducing Agents on Concrete 

Pavements in Colorado 
Nuclear Testing for Density Control of Concrete Pavement 
Highway Lighting to Prevent Deer-Auto Accidents 
Rate of Deterioration in Concrete Bridge Decks in Colorado 
Performance of Culvert Materials in Various Colorado Environments 
Evaluation of Bridge Deck Repair and Protective Systems 
Crack Reduction Procedures 

The Use of Clear Concrete Sealer 1n Colorado 
Squeegee Seals in Colorado 
Automatic Speed Measurements and "~le Classification on State Highways Ln 

Colorado 1978 
Rate of Progressive Deterioration on Colorado Highways 
Colorado Photo logging Program 
Ordway Experimental Project Progress Report 
Evaluation of the Outflow Meter in Colorado 



78-8 
78-9 
78-10 

79-1 
79-2 
79-3 
79-4 
79-5 
79-6 
79-7 
79-8 
79-9 
79-10 
79-11 
79-12 
79-13 

80-1 
80-2 
80-3 
80-4 
80-5 
80-6 
80-7 
80-8 
80-9 

PUBLICATIONS 

Department of Highways - State of Colorado 
Division of Transportation Planning 

Hold-Gro Erosion Control System 
Right of Way Economic Impact Studies 

Page 2 of 2 

Correlation of Subgrade Moduli and Stabilometer "R" Values 

Reflection Cracking Crumb'Rubber Demonstration, Kannah Creek, Colorado 
Hot Mix Recycling North of Buena Vista 
Results of Bridge Deck Membrane Testing in Colorado 
Optimum Staging of Projects in Colorado Urban Areas 
Base Stabilization with Foamed Asphalt 
Energy in Roadway Construction 
Performance of Low Quality Asphalt Pavements in Colorado 
Remote Controlled Aircraft 
Air Quality Impact of Signaling Decisions 
Low Flush Toilets at Deer Trail Rest Area 
Regional Deer-Vehicle Accident Research HPR-3(3) 
Experiences With Mechanized Pavement Patching Machine in Colorado 
Hot Mix Recycling - Clifton West - Project IR 70-1(57) 

Consolidation of Portland Cement Concrete Pavements: Long Term Performance 
Colorado's Standard Bridge Deck Protective System 
Determining Maximum Carbon t1onoxide Concentrations in Colorado 
High Altitude Premium Pavements 
Reduction of Fugitive Dust from Bridge Deck Repair - 46th Avenue Viaduct 
Evaluation of Geothermal Energy for Heating Highway Structures 
Hot Mix Recycling Durango-Hesperus - Project C20-0160-12 
Ordway, Colorado Experimental Base Project Performance Studies-Final Report 
Solar Powered Highway Sign 


