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INTRODUCTION 

The highway construction industry is changing rapidly. With most of 

the interstate systems completed, the scope of work is now focusing on 

maintaining the existing systems. Because of the differential time between 

beginning and completion, many sections are approaching the end of their 

original design life. Some of these have already had maintenance action 

and many are presently in need. Many pressures are being brought to bear 

as to the type of maintenance that should be performed. Fiscal and environ­

mental are probably the most influential pressures being levied. rlighway 

designers are now having to consider many different alternatives and the 

impact of each of these alternatives. 

One of these new alternatives is recycling. Recycling of asphaltic 

concrete pavements promises to satisfy the concepts of fiscal and environ­

mental savings. 

A major recycling project on Interstate 8 was studied to evaluate the 

savings of this alternative. In addition to this, an extensive evaluation 

of the recycled asphaltic concrete has been conducted and will continue 

in the future to detennine its long-term characteristics. This paper reports 

on the findings to date. 
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I. LOCATIOI:~ xm d.ISTORY 

Interstate 8 is located in the Sonoran Desert of Southwestern 

Arizona. The :;ection of highway that was selected for this project is 

located approximately 90 miles southwest of Phoenix. This desert valley 

region has an average annual rainfall of 5 inches. The average maximum 

tet.1perature is 88°F, with temperatures rising to 120°F in the hot summer 

1 
months. 

The original pavement structure was built in 1950 and consisted of 

4 inches of select material, 5 inches of aggregate base and 2 inches of 

mixed bituminous surface. This roadway carried traffic in both directions 

untU 1960 when the westbound roadway was built. The eastbound roadway 

section 1.vas increased by the addition of a 1-1/2 inch overlay at this time . 

. fo fur::her work was done until 1970 when the EB roadway was sealed with an 

emulsified petroletm1 resin flush. The EB roadway width is 38 feet consist-

ing of a 4-foot :shoulder, a 12-foot passing lane, a 12-foot travel lane and 

a 10-foot distress lane. 

111. , ' , . , T • I! ,\rLz,)na St:1tist1cal ,{evtew , 
32 nd .\nnual Edition, ~,ept. 1976. 
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II. PRELIMili!ARY INVESTIGATION 

Prelililinary investigation was acconpli shed in three areas. A visual 

examination for distress was performed, performance characteristics h'ere 

measured, and the pavement was sampled for physical properti.es. 

Distress 

The pavement was block cracked in the travel lane with some areas at 

or approaching an alligatored condition. The estimated crack index was 

35-40;~ as determined by a procedure which was presented for the FH\{A at thf" 

Orientation Session for Pavement Overlay Design on June 24, 1977. See Appen-

dix C. The block cracking occurred at approximately 20 feet spacing, transverse1 

across the roadway. In some areas, cracking had deteriorated to alligator 

cracking and in the worst areas, popouts were occurring due to the alli-

gatoring. Some minor rutting was evident. All types of distress were 

greater in the travel lane than in the passing lane. 

Performance Characteristics 

The rideability index as measured by the Hays ride meter averagPd 3.1 

(see Table 3 p. 30 ) which indicates a fair ride. The deflection as 

measured by the Dyna,flect indicated an arithmetic mean of . 788 mills which 

is a moderate deflection level (see Table 5 p. 31 ). The surface fric-

tion as raeasured by the Mu-Heter averaged 58 which is a moderate skid 

level (see Table 4 p. 30 ) . 
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Physical Properties 

Visual examination of cores coincided with the structural section as 

shown below: 

Figure 1 

Original Structural Section 
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ihe aggregate was extracted from the bituminous materials and its 

0roperties are shown below: 

Sieve Size 

l" 
3/ 4" 
1/2" 
3/ 8" 
f/4 
f!8 
lt40 
11200 

0ven Jry Specific Gravity 

% Passing 

2.520 

100 
98 
87 
76 
57 
41 
20 

7 i 
l 
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The asphalt which was extracted yielded the following results: 

Average asphalt content 4.n 

Average absolute viscosity (140°F) 

Rostler Analysis (short) 

300,000 + poises 

Asphaltenes 

39.3% 

Nitrogen Bases 
and 

1st Acidiffins 

32.2% 

2nd Acidiffins 
and Paraffins 

28.6% 

Chemical Reactivity 
Ratio 

1.15% 

The 2 inch mixed bituminous surface and the 1-1/2 inch asphaltic con­

crete were evaluated for modulus of resilence (MR) and Marshall stability 

separately and combined. The average values for the AC were 1,450 KSI for 

the MR with a Marshall stability and flow of 5,830 pounds and .15 inches 

respectively. The average values of the combined were 1,500 KSI for MR 

with a Marshall stability and flow of 6,323 pounds and .14 inches respectively. 
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GI. DESIGJ CRITERIA/PROCEDURE 

Structural Coefficient 

Samples of the sub grade were tested. Practically all the sub grade soils 

fell into an A-2 or A-4 soil (AASHTO SOIL CLASSIFICATION SYSTEM). The test 

results on the base materials were used to establish the structural coeffi-

cients shown below: 

;-late rial -1:Y..P_'= Coe£ f icient Thickness Total ----

SN . 06 4 .24 

.\B . 10 5 .50 

lHS .20 2 . 40 

i\C .28 1.5 .42 
------

rGTAL 1. 56 

~eferring back to figure l, the in-place thicknesses, and using the 

,._:oefficic,uts gi'IE,o above., the in-pL-ice structural number Ls calculated to 

Je l. 'S6. 

Using an ;{-value of }9 (wh Leh corresponds to '-l :~o i 1 aupport value of 

:.42), a regional factor of 0.6 and 3 traffLc value of 2 x l0 6 18-kip loads 

(approx. Y-year-ciesign pc,riod), the required structural number ls 2. 90 (see 

Figure 8 p. } 3). The di ff erencic) is I. J4. Assuming a new AC coefficient 

uf 0.40, the required thickness calculat('.S to be 3.25 inches of new AC. If 

the required tbickrwss -,,,re to be~ t)uilt as a regular ovPrlay bv the usual 

.~UOT d~sign policy, heater scarification and application of ~mulsiELed 
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j 
tlut, if tltc. l"Xistint:, trav,_,1 larw AC could have its cotructural number 

to rnatcl1 it,; suriacL h"i ti1 the travc::l lanes. 

ln Uk,. analyc,is of this alter11ate, the fin, t step would be to deter-

mine if an acceptab1t0 product can be produced. Two options were pursued; 

first, usjng onl\ tht.0 AC and Ht\S materials, and second, using 251: AB and 

75'.': AC and ~ill~; material,-,. Complete mix design;c; Wlc-n ... accomplished on both 

Si and l U, l1. ]4- 3 '>) . On the basis of AlUZ 802, wtdch is a 

r:,odi fjc.:atiou of Ai\.SJ-ff(, T-165 (Jnnnersion Compression), the'. option of AC and 

MBS material~, was chose1, over the option of a combination of All, AC and MES 

materi aJ:c.. A revif:'.W of the structural analysis of t:hi s section follows: 

Ut;ing ti1e coefficients stated earlier on pagtc· G, tlie in-p]au· struc-

turcd num1Jcr of 4 inch S:·1 and 5 inch AB is 0. 74 which leaves a difference 

of 2.lb. givJng th~ rccvcled AC the same structural coefficient as new 

Ac: (0.4U) thc· rvquired thickness is 5.5 inches or 3-1/2" recych• plus 2 inci1 

Fig11re 2 below shows the two sections, conventional and 

recycle. 

Conventj (ma! :;c,ctj on 

NEW AC-

MEJS--

0 • 

" 
0 C ' 

(l (°) • 

-·➔-~~ -~-~ _.._~-~~--_a __ ._ '"' .. f 

h.gure 2 

lv Section 

NEW AC I 

RECYCLE 
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Design Selection 

A design section of removing and replacing the 3-1/2 inches of bituminous 

material in the travel lane and placing a 1-1/ 4" AC and 1/2" ACFC overlay was 

selected. This design shown below was chosen for the following reasons. 

1. The funds were not available for more than 1-1/4" AC and 1/2" 

AC overlay by FHWA policies and procedures. 

2. The major distress was in the travel lane. The passing lane 

did not justify the same overlay thickness or rehabilitative 

measures as the travel lane. This design allowed more extensive 

rehabilitative measures to be performed where they were most 

needed. 

3. It was desired to evaluate the recycling concept. 

I ACFC­

NEW AC 

SM-

Figure 3 

T 
31/z" 

+ 5" 

t 
4" 

J_ 
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Mi.x Design 

In designing the recycle options, three characteristics were examined: 

the average gradation, void relationships and effect of water on the mix. 

First, considering the option of using the AC and MBS materials, the average 

gradation of the samples indicated a 41% pass #8 and 7% pass #200. The #8 

value is approximately what is used for the target value for that screen in 

a conventional AC design. 4;;; pass f/200 is usually specified as a target 

value, so 7% is high. A coarse aggregate blend was decided against because 

of past raveling experience with coarse blends. Secondly, void relation­

ships were examined to determine type and amount of asphalt modifier. At 

the percentage required, the type needed would be a recycling oil comparable 

to Cyclogen LTM based on the viscosity of the salvaged materials. (See Figure 

11, P• 36). The following is an analysis of the recycling oil. 

Average absolute viscosity at 140°F cps 290 

Theoretical Chemical Reactivity Ratio 0.38 

A, Asphaltenes 0.62 % 

L'i' Nitrogen Bases 14.39 % 

Al 1st Acidiffins 13.28 % 

A2 2nd Acidifins 39.92 % 

P, Paraffins 31. 78 % 

The 3rd characteristic examined was the effect of water on the mix. 

The mix was tested in accordance with ARIZ 802 (a modification of AASHTO 

T-165, Immersion Compression). The retention was 35% with a wet strength 

of 132 psi. The usual requirements for this region are 40% retention and 
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a wet strength of 150 psi. Based on the 5" of annual rainfall, the reten­

tion values were accepted. 

The second option, using 25% AB and 75% AC and MBS, was evaluated the 

same way. The average gradation of the composite increased in pass #2OO's 

from 7% to 8% due to the addition of the AB. This factor was undesirable. 

The void relationships were then examined and 2.5% recycling oil was needed 

to achieve acceptable results. This factor also was undesirable due to the 

cost of recycling oil. 0ext immersion compression tests were run and a 

retei~tion of 28% and a wet strength of 95 psi were recorded. These results 

were totally unacceptable. Therefore, the option of using AC and MBS ma­

terials or 100% recycle was chosen. 
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IV. COi'iSTRUCTION CRITERIA/PROCEDURE 

Specifications 

Appendix A, pages 39-45, is a copy of the specifications for the re­

moval and production of the recycled asphaltic concrete. 

The intent of the removal specification was to allow the contractor 

to have a choice in his removal operation. The width of 12' 6' was selected 

by conversations with milling companies about available equipment. Either 

the use of milling equipment or the use of conventional equipment for re­

moval was acceptable. Contamination of the removed asphaltic materials by 

the underlying base was a concern and was so indicated by the specifications. 

Reducing the size of the aggregate material to 90-100 percent passing 

the one-inch sieve was felt to be an adequate specification at the time it 

was written. 

The specifications provided for the contractor to install satisfactory 

precipitation devices or other adjustment apparatus in order to control 

excessive emissions. 

Mixing temperatures ~1ere specified in the range of 210 to 250 degrees 

Fahrenheit. The temperature prior to rolling was specified to be not less 

than 170 degrees Fahrenheit. 

Contractor's Equipment 

During the removal operation, the contractor used a CMl RotomilJ mill­

ing machine, type PR-575. The milling machine had a cutting width of 9'2" 
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using a rotary drum with 176 cutting teeth. The contractor initially began 

cutting the full 3 to 3-1/2" depth in one pass. Because of the crack pattern 

in the pavement, this full depth milling produced large sized pieces of pave­

ment. The contractor thus began to remove in two lifts, the first 2" deep 

and the second to the interface of the base and the asphaltic material. Be­

cause of the depth restriction and the width, it was necessary to make four 

passes to get the required depth and width. The milling of the approximately 

57,200 sq. yd. ,,✓ as accomplished in 137 working hours for an average of 428 

sq. yd./hr. The rotomill was equipped with a conveyor belt 'Nhich loaded 

the tn1cks. The Figures 4 and 5 on the next page show the removal process. 

The trucks then hauled the material to the plant site and stockpiled it. 

[he drum mixer was a Shearer Process, 500 TPH, drum mixer. It was 

~quipped with a dry cyclone collector for use as a primary emission control 

device. fhe modifications tr1at the contractor made were, 1) to lengthen the 

frame in front of the drum :nixer, 2) move the burner back, and 3) replace 

the conventional combustion chamber with a Boeing "Pyro-Cone." See Figure 6 

Ti1e "P;1ro-Co11e" ,:onsists of a combustion chamber, an extension sleeve 

·;ith ventilation slots, and a perforated i1eat shield. This modification 

Lncreases the Jistance fro1;:i the direct flame to the aggregate material. The 

,;hi,-cl<l is llSl--:d to stop the flame and allow only the hot gasses to pass so 

as not to ignite the asphalt in the old mix (See Figure 7, o. 14). 

i:\1e contractor in:,talled precipitation devices at six different loca-

ti,ms, tive :!long the cold feed and one inside the drum .. \11 devices were 
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fed from one tank and one pump. Later, the stockp:Ue was watered to obtain 

uni form moisture anJ the precipitation devict:·s were turned ofL 

Production 

Production raUcs rangt::d frorr, 250 tu 35(; TPH with optimurr, results at 

around 275 "i'PH. Aggregate temperaturt.' recordl'd b tl1l' dru1n dryer pyrometer 

indicated temperatures ranging from 190 to 275°r. The, best product was pro­

duced wi1t,n tbe plant was running (d20(f'F and 250 or 275 TPil. Tablt, 2, l' 29, 

is a tabulation of hot plant inspect.ion re1•urt.;. Tlw 1--,lant generally pre--

duced wi tld n the temperature specification. Density Waco no problem, rangin 6 

from 95 to 93;:, of theoretical maximllllt densitv. 

Structural and Physical Propertie~ 

Durinf; construction, the contractor elected to place new AC in the exca-

vated area jn order that this area would not be a haz;:ird tu the travelins 

,1ubl.i c. \,1hen remnvaJ o± Ull" old AC wa,3 comvletYd, the contractor modified 

his plant and began producing recycled AC. This sequence resulted in the 

st rue t ural sec ti on I, s,hown by Fi6 ur-2 12, 1). 3 7. 

The perf unnance characteristics w0re as follow"'; surf ace' friction 75 

(approximate for new friction course), rideabili ty 4. 0 C, 

and defle,e:·tion sections as reported below: 

Section Composition 

A 
B 
C 
IJ 

L 

.-.iew /t.:.ew 
Recycle/Old 
Rl'.cycle-?Je1, 
1:Ze cycle/ Rt: cv c le 
New /Recycl, 0 

Dt0 fl,ccti ott 

.688 

.723 

. 771 

.999 

.702 

rable 6, p. 32), 
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The physical properties of the structural sections were determined from 

samples taken at the laydown and from cores taken approximately 30 days 

after completion of the project. The average properties are listed below: 

TABLE 1 

Recycle 

Modulus of Resilieµce 

Marshall Stability 

Marshall Flow 

Bulk Density 

(cr140 F 

U40 F 

.\ggregate Gradation (;Zecycle) 

_i_\sphalt 

Laydown 

.520 X 106 

3704 

20 

143.0 

Sit.::ve 
l" 

3/ 411 

1/ 2" 
J/ 8" 
~14 

i/8 
//40 
}200 

Core 

6 ,407 X 10 

1274 

18 

142.8 

/ P;:iss ,0 

100 
94 
88 
79 
59 
43 
22 

9. 1 

Ihe asphalt was extracted arnl i.ts 1lrOilerties are listt:d below. 

Average ;; cJy wt. of mix 
Average viscosity ,a 140°F, poi~;es 
Average Rostler 

,\sphal tenes 
3+A1 °Htrogen rhses and Jst Acidiffins 
1..z+i? 2nd Addiff i.ns and Paraffins 
CRR Chemical Reactivity Ratio 

,_:ores 
5 4 (~ 

8296 
tS. 9 

5186 

3'+. 8 
9.8 

3 S. !+ 
I). :::;i, 

Core 

. 6 , 696 X 10 

2958 

20 

u.2. 1 
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V. COST A::~ALYSIS 

The cost analysis of the recycle design versus the conventi.onal is 

listed below. The overlay thicknesses used are the thicknesses needed to 

fulfill the structural analysis. The costs are actual bid prices for this 

• 1-J 0,;. 

RECYCLE 

Recycle 3. 5" A. C. (12,750 tons x $8.50/ton) = $ 108,375 

Recycling Oil (191 tons x $185/ton) = 35,335 

2" Overlay (18,860 tons x $10. 00/ton) 188,600 

Asphalt (1,000 tons x $110/ton) = 110,000 

Anti-Strip (10 tons x $0.65/lb) = 13,000 

Removal for Recycle (57,200 sq yd x $1.50/sq yd) = 85,800 

$ 541,100 

Cost per square yard= $3.03 

C01WE:ffIONAL 

3.25" Overlay (30,647 tons x $10.00/ton) = $ 306,470 

Asphalt (1,624 tons x $ll0/tons) = 178,640 

Anti-Strip (I 6. 24 tons x $0.65/lb) = 22,830 

Heater Scarification (57,200 sq yd x $0.40/sq yd) 21,112 

Emuli;ified Petroleum Resin (60 ton x $220/ton) = 13,200 

$ 542,302 

Cost per square yard= $3.04 

The difference is approximately $1,200 or 1¢ per square yard. This is 

0.2% difference which is negligible. 
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The cost analysis of the recycle design versus the conventional as 

funding permitted and as-built is listed below. 

RECYCLE 

Recycle 3. 5" Ac (12,750 tons x $8.50/ton) ·- $ 108,375 

Recycling Oil (191 tons x $185/ton) = 35,335 

1-1/ 4t1 Overlay (11,788 tons x $10.00/ton) = 117,880 

Asphalt (625 tons x $110/ton) = 68,750 

Anti-Strip (6.25 tons x $0. 65/lb) = 8,125 

Removal for Recycle (57,200 sq yd x $1.50 sq yd) = 85,800 

$ 424,265 

Cost per square yard = $2.38 

CONVENTIONAL 

1 •) rlf 
• ~J Overlay (11,788 tons X $10. 00/ton) = $ 117,880 

Asphalt (625 tons X $ 110/ tons) = 68,750 

\11ti-Strip (6.25 tons X $0.65/lb) = 8,125 

.k"dter :3carification (57,200 sq yd X $0.40/sq yd) = 21,112 

.·mu ls if ied l'etroleum Resin (60 ton X $220/ton) = 13,200 

$ 229,067 

Cost per square yard = ~1. 28 

!'llE, cost i:~ lower for the conventional method. The structural number 

i.. • .; ? . ti4 for the recycle and 2. 06 for the conventional. In effect the increase 

,)f .')l) incoi:ructural numoL'r cost $1.28 sq/y<l and the increase of 1.08 cost $2.38. 
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VI. ENERGY CONSUMPTION' 

The energy consumption of the recycling design versus the energy con­

sumption of the conventional design was analyzed by using a calculation 

procedure similar to those used in the Asphalt Institute' s pub]j cation 

"Energy Requirements for Roadway Pavements" (MISC-75-3, April, 1975). Most 

of the energy values presented in the analysis were calculated from values 

given in the pub Iication. The analyses are found i JJ Apnendix D, 

p. 53. 

For equal structural numbers and from the energv sections, next page, 

the travel lane for the conventional overlay design would have used 117,003 

') 

Btu/yd"-. The rest of the roadway would not have surface rejuvenation (HS+ 

EPR) but would use an additional tack coat. This would give a total of 

87,'178 Btu/yd2 . 
0 

The weighted average would be 97,144 Btu/yd". 

The travel lane for the recycle design would use 123,059 Btu/yd 2. Tlic 

rest of the roadway would not require recycling so it would use only 53,414 

Btu/yd2 . The weighted average is 75,551 atu/yd 2. 

The difference would be 21,593 Btu/yd2 or (for this job of 181,133 yd 2) 

3.91 x 109 Btu. Reporting this in equivalent gallons of gasoline, these 

values are O .17 gal/yd 2 or 31,300 gal respectively conserved by recycling. 

The energy used for the as-built design (recycle with a 1-1/4" overlay) 

was 56,698 Btu/yd2 for the recycling versus 43,730 Btu/yd 2 for the conven-

tional design (surface rejuvenation and a 1-1/4" overlay). Reporting this 

') 

in equivalent gallons of gasoline, the difference is 0.10 gaJ/yd~ or 18)791 

gal e~iended by recycling. 
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ENERGY REQUIREMENTS FOR ALTEfu~ATIVE 
PAVEMENT SECTIONS 

TRAVEL LANE 

surf: 1.25" @ 25,133 Btu/yd2-in. 

tack: .06 gal/yd2 

surf: 2. O" @ 25,133 Btu/yd2-in. 

H.S. + EPR: 0.25 gal/yd 2 

Total 

I 0 

L-.----surf: 2" (~ 25,133 Btu/yd""-in. 

= 31,416 

= 3,148 

= 50,266 

= 32,173 

') I 

= 117,003 Btu/yd-

50,266 

-~.---recycle: 
) 

3.5" /cl 18,999 Btu/yd~-in.= hti,497 

'3, l '+8 

1'.ZJ, 059 BU1/yd 
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Overlay Design 

! 
') L--- ----surf: 

I 
1. 25" (d 25,133 Btu/:vd ~-in. 

7 
f--------+------tack: .06 gaJfvd~ 

-~--surf: 2.0" @ 2S,113 Btu/vd--in. 

2 
.06 gal/vd 

Total 

..-'---surf: 2" (<l 25,133 Btu/yd
2
-in. 

2 
.06 gal/yd 

Total 

== 

31,416 

3,148 

50,266 

3,148 

2 
87,978 Btu/vd 

50,266 

3,148 

') 

53,414 Btu/vdL 
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LliRGY lEQU IRE:{1..,,~TS F1JR ALTERciAT [VT: 

---- surf: 

PAVEHDiT SECTI,JNS 

rRAVEL LA::~E 

d.S. +- E?R: 
) 

IJ.25 gal/yd~ 

i\J Ca 1 

32,173 

______ _j 



u 

I 

L,L/,\;1 ,,L')ld(;.:'iti,:L) FO:< A.1cil::l{,AI'lVE 
?AVE 1£:;T S1:cncr,;~: 

h!JAJJ.,:A\' I::{Ci:J 1 1 KAVEi LA;,L 

Total 

,, 
.. "' ur f. l.2,':, :1 2">,133 iJtu/vdL-in . 

2 

31,41t 

J,148 

r} 

34,564 Btu/yd 4 

31,416 

3,148 

34,564 Btu/yd 2 
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VII ENVIROJ1-1fafl'AL C0,1SIDERA.TIONS 

E~ISSIOJ TESTING 

"\ summary of the emission testing performed by the Compliance Section, 

Bureau of Air Quality Control, Division of Environmental Health Services is 

found on page 47 in Appendix .r3, The Air Quality Personnel visited the job 

site on April 24th and '.fay 3rd and their inspection report is lic:iited to those 

days. 

Following is a description of the emission as seen by the author who 

does not claim to be an expert and the corrective action applied in the field. 

0ate 

,\pr i 1 25 

April 2b 

ril 2 7 

lpri. l 28 

Ma v 3 

4 

Description 

20-l00% opacity Avg. approx. 60% 
2 spray bars operating 

20- 100;:, opacity Avg. approx. bO:~ 
6 spray bars operating 

20-100% opacity Avg. approx. 55% 
2" water line operating 

20-70% opacity Avg. approx. 50% 
Stockpile watering continued 20% 
,1£ ti.me i.n compliance 

20-bSZ opacitv Avg. approx. 40% 
Stockpile watered. Approx. 85% 
of time accf:ptable. 

20-SU;; opacity Avg .. tpprox. 30? 
:3tockpile watered. Drum cl,:aned. 
YO~ of time acceptable. 

r50-80% opacity Avg. approx. 65;~ 
Plant 11 J5o+ph. Cutback to 25G+ph 
,md OfL,city drllpped to :1pprox. 45%. 
Drum cleanout negated. 

Avg. an:1rox. 

Last day 50-30% 1)fL:lcity 

;\vg. 1pprox. 60? 

Action 

4 spray bars added 
to bin belt. 

1 " water line fed 
into drum 

Stockpile watered 
md mixed. 

Same as ,\pr il 26 

Damper ooened full. 
Suggested removal of 
collector. jo action 
irum cleaned out. 

:iune 

Suggc'sted cleanout 
Jrurn. ,·io acti.on 



I 
I 

I 
I 
I 
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Lmission control was not a problem when appropriate measures were 

In thib particular job, t11c alternatiV(! dt=sign would not havt: call(~d for 

dis:1osal of rnatE·ri al. If indt:>ed th(• pavement wa:c; damaged to the degre~ that 

it 1i;Hi tu Dv remuv,cd then the 57,200 sq. yd. of 3-1/2 11 thick o]d A.C. would 

'.iiiVL' prvsentvd a disposal problem. 

l'ltL' recvcll' aesign was environmentally favorable because it saved 11, 16'.1 

tons of aggregate over the conventional design. This equates to 24,800 sq. ft. 

and ,.,,hd1 using tne material deptn of 9 feet, approximately 1/2 acre that was 

undisturbeu as a result of recycling. These values are discussed in the next 

section. 
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VII I COjSERVATION OF .NATURAL RESOURCES 

The natural resources which were conserved by recycling can be repre­

sented by the amount of asphaltic concrete which would otherwise have been 

used. 

The 11,788 tons of new AC would be broken down as follows: 

Aggregate 

Asphalt 

Anti-Strip Agent 

11,163 tons 

619 tons 

6.19 tons 

1'he Dl9 tons of asphalt conserved would be offset somewhat by the use 

or 191 tons of recycling oil. 

~he 11, 163 tons of aggregate represents conserving approximately 38% 

of che aggregate that would have been needed. 
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IX SmfMA.RY 

The analysis of this project would indicate that recycling is feasible 

and that many of the factors for recycling indeed prove favorable. Follow­

ing is a summary of the results. 

1. i'he product from recycling was an acceptable product from 

the standpoint of design and construction properties. A 

swnmary table is found on the next page, which attempts to 

illustrate quantitatively the "before" and "after" effects 

of recycling. 

If structural number equivalency is attained, recycling is 

cost competitive with conventional designs. Bid prices for 

recycled asphaltic concrete have been steadily decreasing as 

more experience by the contractors has been gained. Recycled 

\C costs were $8.50 per ton on this job and $6.00 per ton for 

jobs iJid in late 1978. Also, bid prices decrease when quantity 

i_ncrease~;. 

J. Approxinwtely 2oi of the energy required for an equivalent 

<'.•lWA:iltiunal ,Jv,,:rL1y can iH2 con,;erved by recycling. On this 

job, \vh,"re funds Wf:re Umit,2d, the recycled desi,?,n expended 

1pproximatel:/ 30% more energy than the reduced conventional 



4. Approximately 40;~ of the aggre~ates can be consenrc'd and approxi-

nately 70';'., <)f petrolvum prcducts c:m be conserved \vhen structural 

equivalencies are attained. 

_). Emissions can be control led to acn,ptable Limits •,;i th proper 

care. 

6. Reraoval processes can tiev;c:lop additional fines and Jhould be 

allowed for in design W<)rk. 

1s the ~ossibte extenslon 

uf time before crackin~ occurs. 

The auth,Jr feels that r2flective cr:1cking '11ill occur r1uicker in 

an overlay if the, crac:~e<l pavement 1 
3 LnfLuence is unt<J11dwd. The ti:ne 

before cracking would ;)robabl:; be shurter than Lf th,l p1vem,cnt had b<c•en 

\.Ji th the 

,iiffcrent s,~ctluns cm1:,;tc1cted nn thi; jrJb, :,i'De cunclu,;ions c,1n p,Jssibly 

.1nd a reoort given nnntwl 

:,,ith t11,c po:~,~ible ,ulded 



DATE 

4 - ') I 
·- 4 

4 - ') ~ 
L.) 

4 - )6 

4 - 27 

!_, - 2fl 

5 ·- L 

STORAGE 
TA~lK TE.::-fP . ___ (°F) 

210 

230 

195 

l7 5 

130 

175 

18S 

165 

210 
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TABLE 2 

HOT PLANT INSPECTION 

ACGREGATE 
TEMP. BY 

PYOMETER (°F) 

225 

230 

210 

190 

205 

200 

-~00 

L 95 

225 

TE:t-fP. OF 
AC IN TRUCKS 

(Of) 

200 

215 

215 

190 

205 

190 

L'l5 

1 90 

220 

PRODUCTION 
RATE _(TPH) 

275 

275 

260 

250 

2SO 

275 

300 



88 - 89 
39 - 90 
90 - 91 
') 2 - 9 3 
9 J - 94 
JI+ - 9 5 

l ) 
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TABLE J 

MAY'S METER DATA BEFORE RECYCLING 
RIDEABILITY INDEX 

Ii'JTERSTAT-2: 8 t'.A;:,TBOUI.rn .M.P. 88 - 96 

DATE: 76-08-11 SPEED: 45 :-.fPH 

Adjusted Roughness 

167.66 
129.63 
168.99 
187.51 
192.27 
152.41 
166. 13 

TA.Bi,£ 4 

'lU-HETER DATA BEFORE RECYCLING 
SURFACE FRICTIOi~ fr.JVENTORY 

l ~HEi;.STATE 8 r"ASTBOUirn :LP. 88 - 96 

LUE: l 0-26- 77 

b8 

73 
64 
75 
64 
b9 
6'.i 
b'S 

Gl 

SPEED: L+O '.!PH 

,\Ve rage 

,4 

bO 

55 
70 
57 
56 
.:54 
'i9 
56 

Rideabili ty Index 

foe)W 

2<4' 
i;2 

40 
64 
!;5 

41 
44 
/1-2 

51 

3.08 
3.40 
3.07 
2.95 
2.91 
3.20 
3.09 
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TABLE 5 

DY~AFLECT DATA Bt:.:FORE RECYCLING 
DEFLECTIOi.~ INVEJ:1TORY 

INTERSTATE 8 EASTBomrn N. P. 88-96 

DATE: 77-10-4 

Milepost Deflection (Nils) 

88.33 1.24 

88.66 .62 

89.00 .59 

89. 33 .62 

89.66 .64 

90.00 .68 

90.33 .so 

90.66 .67 

91.00 .73 

91. 33 . 55 

91.66 . 79 

92.00 .69 

92.33 .6b 

92.66 .67 

93.00 .71 

93.33 1.00 

93.6b .97 

94.00 1.34 

94.33 1.27 

94.66 1.0J 

95.00 1.08 

95.33 .62 

95.66 .47 
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TABLE 6 

;1AY' S r·1ETER DATA AFTER RECYCLING 
RIDEABILITY INDEX 

I:JTERSTATE 8 _;;:ASTBOU{./D i"1. P. 88-96 

DATE: 78-09-21 SPEED: 45 :lPH 

)filepos t :1.dj us ted Rou;;hness 

88 - 89 64.4 

89 - 90 60.34 

90 - 91 60.50 

91 - 92 61. 12 

92 - =u 66.03 

'i3 - 94 81. 36 

'}4 - lJS 88.55 

95 - 96 64.84 

Rideabili ty Index 

4. 10 

1+. 15 

4. 15 

4. 14 

IL 08 

J.90 

3.82 

4. 10 
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TO USE: Draw a straight !in.?- connecting viscosity of aged asphalt 
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Fig. 3 - Nomogr·aph for Viscosity. 
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SPECIAL PROVISIONS 

ARIZON.\ PROJECT I 8-2 (76) 

YUMA-CASA GRANDE HIGH1~Y 

(Yuma Ccunty Line-East) 

RESURFACING 

PROPOSED WORK: 

Th~ proposed work is located in Macicopa·Couuty on Interstate 
Route 8 beginning at Milepost 79.8~, approximately 35 miles ~est of 
Gila Bend, and extending easterly to Milepost 95.86 for a distanc~ of 
approxim~tely 16.02 miles, and consists of heater-scarification of 
portions of the existing pavement, removal and re-cycling of portions 
of the existing pavemgnt, furnishing and placing asphaltic concrete 
and asphaltic concrete friction course and other incidental vork. 

SPEC!PICATIONS: Rev.: 12/15/77 

The work embraced herein shall be done in accordance ~ith th~ 
requirements of the following separate documents: 

L 
12-21-77 

Arizona Highway Depart~ent Standard Specifications for Road 
and Bridge Construction, Edition of 1969, 

Supplemental Specifications, July. 1977, which are 
additional to and supersede porticns of the Standard 
Specifications, Edition of 1969, 

Department of Transportation, Division of Highways, 
Standard Drawings, as follows: 

Part 1 
Part 2 
Part 3 

Part ll 

- Construction Details, 1974 
- structures, August 1976 
- T~affic Signals and Highway 

Lighting, 1974 
- signing and Marking, 19711 

Special Provisions 
I 8-2 .(76) 
Sheet 1 of 61 
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In hauling operations, the contractor shall cross the mediac 
only on existing crossovers d0sig~ated by the engiceer. No more than 
one crossover shall be utilized at any one time unless permitted 
otherwise by the engineer. 

No more than tvo ~iles of existing asphaltic concrete shall be 
removed prior to replacement with recycled asphaltic concrete, or nev 
asphaltic concrete. 

ITE~ 2020030 - REMOVAL OP ASPHALTIC CONCRETE PAVE~ENT: 

The work under this item consists of the removal of the existing 
right travel lan2 of the eastbound roadway from Station 3575 to 
Station 3987 ~n5 stockpiling for recycling. The width of travel lan~ 
to be removed shall be from the center of the paint stripe separating 
the travel and passing lanes to a line 12-1/2 feet to the right and 
parallel to the centerline. 

The material shall be broken up for the full depth of 4 1/2 
inches of existing asphalt, hauled to the hot plant and recycled as 
called for under ITEM 4060002~ 

The removal of the existing asphaltic concrete shall be 
accomplished in a manner which does not dest~oy the integrity of the 
left travel lane or the asphaltic concrete shoulder. The contractor 
may either saw cut, utilize an adequate cutting wheel or use other 
m~ans approved by the engineer. Care shall be taken in the re~0va: of 
the asphaltic concr9te not to conta~inate the asphaltic concrete vitb 
the underlying aggregate base material. 

After removal of the asphaltic concrete for recycling, the 
remaining base material shall be procf rolled by three passes of a 
roller approv~d by the engineer. Should proof rolling indicate the 
necessity tor re-compaction of the base material, the vork shall be 
accomplished as called for under ITEM 2130002. 

Measurement and payment of this vork vill be made by the square 
yard of pavem~nt re~oved and stockpiled, and any minor reshaping of 
the rem3ining base material and proof rolling. 

Any necessary recomo0ction of the base materials necessary vill 
be as called for under ITRM 2130002. 

T ,., 
12-21-77 

Special Vrovisiohs 
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ITEM 4060002 - ASPHAL7IC CG/1CrtETE (aecycled): 

Descripticrn: 

Asphaltic Concrete (Recycled) shall consist of mixing at a plant 
the material removed under Item 2020030, and a recycling oil to form a 
pavement course as called for on the plans and in these Special 
Provisions. 

Material: 

Mineral Aggregate ~aterial: 

The aggregate material sh~ll consist of the asphaltic concrete 
rAmov~a for r~cycling reduced to 90-100 percent passing the one inch 
sieve prior to mixing in the plant. 

Bituminous Material: 

The recycling oil shall be comparable to Cyclogen {L) and can 
form to the following: 

Viscosity m 140 D~g. F, cs 
Flash Point, coc, ~in. 
Chemical Fractionation: 

N/P Ratio, "lin. 
(HAl) (P+A2) Ratio 

80-500 
350 

0.5 
0 .. 4-1.2 

fwo veeks prior to the beginning of the ~ixing operations the 
contractor should submit a sample of his proposed recycling oil for 
approval by ~at~rials Services. 

Construction Details: 

Bituminous ~ixing Plant Require~ents: 

The plant shall be designed, equipped, coordinated and operated 
so the proportioning, heating and mixing vill yield a uniform mixture 
conforming to the r~quirem~nts of these Specifications. The plant 
shall b~ capable of orodncing a rainimua of 150 toes per hour. 

The bitu~inous material shall be introduced into the mixer by a 
positiv~ displace~~nt meterinJ ~evice. This ~etering device shall be 
equipp8d with a means f0r varying the delivery rates. 

L 
12-21- 77 

Special Provisions 
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A positive inteclocting ccntrol shall be frovided bet~een the 
flow of each aggregate feeder, and the flow of bitu~en. The 
interlocking control shall indicate a visible or audible signal when 
the flow level approaches the strike-off capacity of the feeding 
devices. 

The plant shall include a 
homogeneity and a uniform coating. 
the manufacturer's capacity rating. 

mixing device which will obtain 
The ~ixing output shall not exceed 

The plant shall be equipped ~ith a approved surge bin at the 
discharge. The surge bin shall have a capacity in excess of 20 tons 
and be equipped with an approved surge batcher or other method 
satisfactory to the engineer that vill p~event segregation of the 
bituminous mixture as it is being discharge into the hauling vehicle. 

Armored thermometers of adequate range in teQperature reading 
shall be fixed in the bitumen and aromatic extender oil feed lines. 
~n approved dial scale and electric pyrometer or other approved 
thermometric instrument for indicating the heated bituminous aggregate 
shall be inst~lled at the discharge chute oE the heat exchanger. 

The contractor shall install satisfactory precipitation devices 
or QSe other adjustment apparatus which will control excessive 
emissions during plant mixing operations and ~eet Local, County, State 
and Federal ~nvironmental protection requirements. 

The contractoc•s attention is directed to the possibilities of 
the emission cf excessive pollutants due to the asphalt c0a~ed 
materials utilized in the mixture. 

L 
12-21-77 

special ~r0vi~i0ns 
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Th~ m1xiny te~pera~ure of the recycled bituminous mixture shall 
be in th(o ra !IQ1c;, of 210 to 250 degrees Farenheit. 

The coatr~ctor•s attention is directed to the possibilities of 
the emissio~ of excessive pollutants due to the asphalt coated 
material utilized in the mixture. He shall install satisfactory 
apparatus to control these so that during plant mixing operations he 
can meet Loc~l. County, state and Federal environmental protection 
requireuH,nts. 

The bituminous material shall be introduced into the plant and 
miied with approximately 1.5 percent of recycling oil as a percentage 
of the total weight of the mi~ture. The actual percentage will be 
determined fro~ the job-mix formula. 

prior 
Yater 

to mixing to help 
shall be added to the aggregate immediately 

retard flashing of the recycling oil. 

Placing and Finishing: 

ThE temp~rature of the recycled asphaltic concrete, just prior 
to rolliny shall be not less that 170 degrees F. ho~ever, the 
temperatui0 shall b~ sucb that the recycled material can be placed, 
finished arid com?acted as required by the engineer. 

The recycled asphaltic concrete shall be placed in tvo courses. 
The lc~eling ccurs2 shall not e:caed fou~ inches in compact thicknass. 
The surfAcing course, when compacted shall match the g=ade of the 
adjacent lane:':,. 

The r~cycled asphaltic concrete shall be compacted to 95 percent 
of maximum dersity as deter~ined by Arizona Test Method 811. 

MethoJ oi Msasu r F~rn en t: 

Asphaltic CoLcrs-te (Recycled) 
the mixutre ~ctually used, including 
aggreg~!e a~d tb? recycling oil. 

L 
12-21-n 

will be measured by the ton for 
the weight of the mineral 

Special Provision~ 
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Basis of Payment: 

The accepted quafitities of Asphaltic Concr9te (Recycled), 
measured as provided above, will be paid for at the contract unit 
price for the bituminous mixture complete in plac~. 

Payment will be made under: 

Pay Item 

Asphaltic concrete (Recycled) 

Pay Unit 

Ton 

Payment for the Recycling Oil (For RecyclBd Asphaltic Concrete) 
vill be made under Item 4012322. 

L 
12-21-77 

Special Provisions 
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REVISIONS TO THE SPECIAL PROVIS IO!~; 

ITEM 2020030 - REMOVAL OF ASPHALTIC CONCt:IBTB PAVEMENT: 
Additional to the requirements·on Sheet 17 of 61: 

If the method of asphaltic concrete removal employed by the 
contractor results in rereoval in excess of the specified depth, the 
contractor shall replace the excess with either aggregate base 
material, mineral aggregate or asphaitic concrete. 

Aggregate base or mineral aggregate shall be placed after proof 
rolling or recompaction of the existing base. Additional base 
materials reauired shall be co~pacted to 100 percent of the maximum 
dry density as determined in accordance with the requirement of the 
Materials Testing Manual of the Materials Services. 

No measurement or payment will be made for mat.erials utilized., 
for replacement of the excess pavement removed or for the compaction 
and finishing required. 

ITEM 4011701 - ASPHALT FOR TACK COAT (Liquid Asphalt Grade RC-250 
or _MC-250 or Emulsified Asphalt (Special Type)): 

Additional to the first paragraph: 

The emulsified asphalt shall be given time to break before 
paving operations begin. Emulsified Asphalt shall be reheated and 
reagitated if held overnight. 

ITEM 4060002 - ASPHALTIC CONCRETE (Recycled): 

Mixing: 

Superseding the third paragraph (Sheet 39 of 61): 

The asphaltic concrete for recycling shall be introduced into 
the plant and mixed with 1.5 percent of recycling oil as a percentage 
of the total weight of the mixture. The actual percentage will be 
determiner\ by the job-mix formula. 

Addendum ( 1) 
I 8-2 (76) 
Sheet 2 of 3· 
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- 47 - CS:DOC-617 

ARIZONA DEPARTMENT OF HEALTH SERVICES 

Bruce Babbitt 
~~,t)t ~Kt(.x, (;vu·rnur 

~l:ZAN~E UAND1IY ,\LL1 •. ~~.P.H .. Dtr,·v:qr 

Mr. John Ritter 
A.D.O.T. - Material Services 
1745 W. Madison 
Phoenix, Arizona 85007 

Dear Mr. Ritter: 

DiPislon of Environmental Health Savice" 

June 9, 1978 

RE: Summary of Peter Kiewit and Sons' Pollution Control Performance. 

In response to your telephone call to Mr. Wesley Shonerd, Bureau of Air 
Quality, on June 6, 1978, the following suIT111arizes the inspection 
results of Peter Kiewit and Sons' Company Boeing Asphalt Plant during 
recent operations on I-8 utilizing recycled asphalt. 

On April 24, 1978, Mike Howeth and Mr. Shonerd of the Bureau inspected the 
plant. The stack plume was visible at a distance of two to three miles. 
Official visible emissions readings were not taken because of cloudy skies, but 
both Mr. Howeth and Mr. Shonerd estimated that the plume opacity ranged 
between 20 and 100%. It usually appeared to be well over 40% which is the 
maximum opacity allowed by the State Air Pollution requlations. On May 3, 1978, 
Mr. Shonerd reinspected the plant. Visible emissions ranged between 60 
and 100% with an average value of 95%. The production rate was 275 tons per hour. 
The process rate was varied to see if there was any change in the opacity of 
the plume, but at both 250 tons/hour and 300 tons/hour the opacity remai-
ned virtually the same. During this inspection, it was observed that the plant 
would go intermittently into an upset condition. The plume "volume" would 
increase by a factor of approximately two and change color from white to a 
grayish-tan. Such conditions lasted approximately 40 seconds. The plant 
operator theorized that this upset was cause by material igniting inside 
the drum. 

By this time, the portion of the project utilizing recycled asphalt 
was complete. Unfortunately, the plant was not in compliance with the 
Air Pollution regulations throughout this project and did not show any 
trend toward achieving compliance. 

C- ;;:-=::; 
~ M~y' 9, 1978, Mr. Shonerd inspected the plant again, The plant had 
:6'.een,~onverted back into its nonnal configuration, using virgin materials. 

,;:tate Health Building 1740 West Adams Street Phoenix, Arizona 85007 
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It still did not comply with State visible emissions standards and a ~lotice 
of Violation was issued. 

If you need any additional information, please contact Mr. Wesley Shonerd, 
at telephone (602) 255-1147. 

DOC:mb 

Sincerely, 

,ffe4,;21 /,£/4~ 
David 0. Chelqre:7r.E., Manager 
Compliance Sectitn 
Bureau of Air Quality Control 
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APPEJ.WIX C 



FIGURE 1 
PERCENT CRACKING 

Procedure 

Locate a 50' x 20' 
section of roadway , 2.0 
preferably at a 
milepost. From the 
photos and drawi ngs, 
match the percent cracking. 
For percentages l e ss than 
10, round to nearest 1 
percent. For cracking 
greater than 10 percent, 
round to the nearest 5 
percent. 
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FIGURE 1 
PERCENT CRACKING 
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Calculations for detenuining the energy requirements for conventional 
ASPHALTIC CONCRETE OVERLAY 

Ass1.Illle the asphalt is freighted from Bakersfield, CA. to Phoenix, AZ. by 
diesel locomotive. Hauled 94.1 mi in a 4-axle truck to the hot plant. 
The mix will have 5.3% asphalt content. The aggregate will consist of 
50% crushed stone and 50% natural sand hauled 23.8 mi to plant by 4-axle 
truck. The aggregate has an average moisture content of 1%, and it will 
be dried and heated from 65°F to 265°F. The ,11ix will have an average 
haul distance of 7.1 miles in 4-axle trucks. Compacted density of the 
mix will be 141 lb per cu ft. 

:1aterials 
Manufacture asphalt cement 
i{ailroad i1aul 481 rai @ 630 Btu/tm 
Haul 94.1 mix 2 @ 5040 Btu/tm 

Total for Asphalt 

Crushed stone 1a 70,000 Btu/t, 50% 
Sand @ 15,000 Btu/t, 50% 
tiaul 23.8 mi X 2 @ 3270 Btu/tm 

:ax Composition 
Asphalt, 5.3% 1,839,211 iltu/t 
Aggregate 94. 7% I~ 198,182 Etu/t 

Total 

Total for mix 

Plant dperations 
Dry Aggregate, U @ 28,000 

0.94t 
r~at 2000F@ 470 dtu/°F/t, 
)ther plant operations 

Btu/%, 

0.94t 

= 

"" 
= 

= 

= 
= 
= 

= 

-

= 
= 
= 

Total plant operations= 

Haul and Place ----------
Haul mix 7.1 x 2@ 3270 Btu/tm 

Spread and compact 

587,500 
303,183 
948,528 

1,839,211 

35,000 
7,500 

155,682 

198,182 

97,478 
187 678 

26,320 
88,360 
16,550 

Btu/t 
Btu/t 
Btu/t 

Btu/t 

Btu 
Btu 
Btu/t 

Btu/t 

Btu 
Btu 
Btu 

46,434 J3tu 
12,510 Btu 

285,156 Btu/t 

131,230 Btu 

Total for haul and place= 58,944 Btu 

Total for 1 ton asphaltic concrete= 475,330 Btu/t 

475,330 141 2 
2000 0.75 = 25,133 Btu/yd -in. 
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Ca.lculations for determining the energy requirements for 
RECYCLED ASPHALT CONCRETE 

i,ssui:1e the recycling oil Ls freighted from Bakersfield, CA. to. Phoenix, AZ. 
diesel locomotive. hauled 94.1 mi to the plant in a 4-axle truck. The 

,;iL-;_ ·t1ill h::ive a 1.8% recycling oil content. The aggregate has an average 
moisture content of 6%, and it will be dried and heated from 65° to 200°F. 
i'i12 raix ',Jill have an average haul distance of 7 .1 mi in 4-axle trucks. Com­
pacted density of the mix will be 139 lb per cu ft. 

1.aterials 
'.fanuf acture recycling oil 
3.a ilroad haul 481 mi ,9 630 .i3tu/ tm 
1~ul 94.1 mix 2@ 5,040 btu/tm 

400,000 Btu/t 
303,183 " 
948 528 II 

Total for recycling oil= 1,651,711 Btu/t 

Salvaging energy 1589 gal@ 
139,000 Btu/gal : 10,550t 

Haul (Actual) 2000 gal@ 
139,000 btu/gal : 10,SSOt 

Lfaul (Theor) 3270 Btu/tm x 4.5 
mi. x 2 = 29,430 Btu/t 

~ 1 Lz. Cu~uposition 

Total= 

cling Oil, 1.8% (l 1,651,711 Btu/t 
Salvaged aggregate 98.2%@ 

20,936 Ltu/t 

26,351 Btu/t 

47,787 Btu/t 

29,731 Btu/t 

4 7 , 2 8 7 1:, tu/ t = __ 46~, 3_5_8 ____ B...::t_u.:.../..c.t_ 

Total for mix"' 

'Lmc ~)era tlons 
.'I.dual (Burner) 15,499 '°;al(~ 

139,000 Btu/gal: l0,130t 
:'-tual (Generator) 2265 6 al 1a 

139,000 Btu/gal: 10,130t 

i'c)tal Plant l)per.1tions = 

Cr1tc!Oret Leal 
Lirv, 6%@ 28,UOO Btu/1%ft, .92t = 
!teat l35°F (9 470 Btu/°F-t, .92t = 
, 1 ther plant ,,perations 

fotr1l Plant Operations 

212,671 Btu/t 

J 1,079 Btu/t 

154,560 
58,374 
16 550 

219,474 Btu/t 

76,750 Btu/t 

243,750 Btu/t 
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Calculations for determining the energy 
requirements for RECYCLED ASPHALT CONCRETE 

Haul and Place 
Haul mix ~actual) 3002 gal@ 

139,000 Btu/gal + 10,130 
aaul mix (theor) 7.1 rai x 2@ 

3270 Btu/tu= 46,434 Btu/t 
Spread and compact 

41,192 Btu/t 

12 510 

Total for haul and place= 53 702 

Tot al for 1 ton recycled asphaltic concrete = 374,202 Btu/t 

(9 139 pcf: 
139 374,202 2000 0.75 = 19,505 Btu/yd2-1n. 

·s IJ S 00'1£-HT Polf<HHG OfFICE 1979 ~628-607 /1110 




