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INTRODUCTION

In 1975, Kossuth County had 492 miles of asphalt pavements,
sixty percent of which were between 15 and 20 years .old. Many
of these roadways were in need of rehabilitation. Normally,
asphaltic resurfacing would be the procedure for correcting
the pavement deterioration.

There are areas within the state of Iowa which do not
have Class I aggregate readily available for asphalt cement
concrete paving. Kossuth County is one of those areas.

The problem is typified by -this project. Limestone aggregate
to be incorporated into the asphalt resurfacing had to be
hauled 53 miles from the qﬁarry to the plant site. The cost
of hauling good quality aggregate coupled with the increasing
cbst of asphalt cement encouraged Kossuth County to investigate‘
the possibility of asphaltic pavement recycling.

Another problem, posSibly unique to Kossuth County, was
the way the original roadways had been constructed. A good
clay soil was present under 3 to 4 feet of poorer soil. 1In
order to obtain this good clay soil for subbase construction,
the roadway ditches were excavated 1 to 3 feet into the clay
soil layer. The resultant roadway tops were several feet
above the surrounding farm land and generally less than 26 feet
wide.

To bring the existing roadway up to current minimum design
width. , there were two choices: One was to widen the roadway

by truck hauling soil and constructing new 4 to 6 foot shoulders -



The cost of widening by this method averaged $36,000 per mile
in 1975. The other choice was to remove the old pavement and
widen the roadway by lowering the grade line. The desire to
provide wider paved roadways gave Kossuth County the additional

incentive needed to proceed with a pavement recycling project.

OBJECTIVE
The objective of the demonstration project was to determine
if a satisfactory.asphalt pavement could be constructed using
salvaged asphalt pavement and conventional asphalt mixing

and paving equipment.

PROJECT DESCRIPTION

The project is a 0.93 mile segment of Kossuth County
Road A-14 (Figure 1l). The average daily traffic was 142
in 1971 and 398 in 1980.

The project concept was to remove and salvagé the
existing pavement and subbase, lower the gradeline, and
widen the roadway. Core samples were taken from the road
to determine the condition of the pavement and subbase.
Appendix A contains a typical cross section showing the
pavement and subbase details. The average asphalt content
of the old asphaltic pavement was 3.6 percent. Subbése
samples indicated that the soil agggregate was satisfactory
for re-use.

The construction of the new roadway top included the

salvaged soil aggregate material for the subbase and the




Figure 1 - Project ILocation
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salvaged asphalt pavement with additional asphalt cement for
the base. An additional 3 inch 1ift of asphaltic concrete was
needed .to meet the structural requirements to withstand traffic.

This additional 1lift of asphalt, however made evaluation of

the recycled 1ift difficult. The typical cross section for

the reconstructed roadway is in Appendix A.

The test section placements for the recycled mixes. are:

Section Sta. to Sta. Aggregates Added Asphalt
1 100+00 . 116+50 : 100% recycled 2.5
2 116+50  140+00 100% recycled 3.5
3 140400 144+00 1008 recycled : 4.5
4 144+00 148+92 70% recycled 4.5

30% 1limestone

CONSTRUCTION

The construction was in May and June, 1975. Everds
Brothers, Incorporated of Algona, Iowa was the contractor.
The special provisions and tabulation of bids for the project
are in Appendices A and B.

The order of the construction was as follows:

1. Salvaging recyclable bitumindus material

2. Salvaging subbase and widening roadbed

3. Constructing subbase

4. Crushing recyclable bituminous material

5. Processing recyélable'bituminéus material

6. Surfacing - final course



SALVAGING RECYCLABLE BITUMINOUS MATERIAL

A Caterpillar 14 motor grader with a rear mounted ripper
scarified the old pavement to a depth of 4 1/2 inches. Mihor
problems were encountered in areas of 2 inch hot mix surface
patches and areas of full depth asphalt patches. For scari-
fying the patched areas one of the three teeth of the ripper
was removed and a loader was used with the grader for addi-
tional power. The old roadway generally scarified easily
with the pavement either being pulverized or broken into
square sections.

The scarified pavement material was then further broken
up by using a Caterpillar DW20 tractor with Hyster compactor
wheels. About 95 percent of the time this operation broke
the o0ld pavement into sections no larger than four inches.

The difficult areas were still those with the pavement patches.
In one area where an emulsified cold mix patch had been placed,
the material beganAto recdmpact rather than break up and
pulverize. |

With completion of the road pulverization operation, the
next step was to load and haul the material to the‘plant site
and prepare it for crushing. Loading the salvageablé material
on a narrow grade presented a minor problem. This was solved
by using a Caterpillar D8 tractor and 80 scraper to haul the
material to entrances or farm driveways where the haul trucks
had room to maneuver and be loaded by a rubber tired loader.
In some areas the roadway was wide enough to permit wind-

rowing of the salvaged material and loading into trucks with



the end loader. A self-propelled windrow loader would probably

solve this problem.

SALVAGING_SUBBASE AND WIDENING ROADBED

The subbase salvaging and roadbed widening were accom-
plished by working one-half the roadway at a time. First,

a half section of roadway, containing only the gravel-clay
subbase, was scarified to a depth of 4 inches. The scarified
material was then windrowed, moved and stockpiled on top of
the unscarified-half of_foadway.

With the salvaged subbase material windrowed on the other
half of roadway, a motor grader cut the grade down uniformly
one foot and pushed excavated soil onto the foreslope. The
material was compacted with a sheep-foot roller. The
remaining half of the roadway was worked in the same manner.

It was felt that during the widening operation granular
material should be available in the event of wet weather.
However, on this project the subgrade remained firm as far

down as excavated and presented no problems.

CONSTRUCTING SUBRBASE

The resulting windrow of salvaged gravel-clay subbase
amounted to approximately 1500 cubic yards, which was greater
than previously anticipated. At that point, it was decided
that additional granular material for reconstruction of the
subbase was not needed and was eliminated from.the contract.

The construction of the 26 foot wide subbase was done
according to tybical soil-aggregate subbase construction

.specifications. Field densities ranged from 95 to 100 percent



of modified proctor with specific gravities that ranged from

1.99 to 2.02.

CRUSHING RECYCLABLE BITUMINOUS MATERIAL

A roll type crusher was used to crush the salvaged asphalt
material to the specified 2 inch maximum size. Samples of the
crushed material were obtained to determine the average
asphalt content and a suitable mix design. The gradation of
the recovered aggregate and the data for the trial mixes are
in Appendix C. The asphalt content recommended for the mix
was 6.1 percent, of which 3.7 percent was present in the

salvaged material.

PROCESSING RECYCLABLE BITUMINOUS MATERIAL

The recycled mix was made using a Barber Green 10 x 30
drum mixer with low efficiency wet wash. All other plant
equipment was the conventional type used for standard asphalt
paving operations. The plant had been tested by: the Iowa
Department of Environmental Quality and found to be in compliance
in May 1975.

No major problem was encountered introducing the recycled
aggregates into the drum mixer. A minor problem was the
occasional sticking and plugging of the cold feed bins and
inlet chute to the drum mixer.

It was determined in a short time that it was possible to
recycle old asphaltic concrete. It was also apparent that

smoke from the stack had to be reduced to an acceptable level.

The smoke was caused by the ignition of asphalt on the recycled




particles when subjected to the hot flame upon entering the

drum mixer.

Mixing began at a production rate of 275 to 300 tons
per hour with a mix temperature of 300° F. No water was
added to the aggregates and the wet wash was inoperative.
Smoke was dense, near 100 percent Ringelmann* and very
unacceptable. Something had to be done to control the smoke.

Several alternatives were available. They were: (a)
changing the rate of production, (b) changing the mix
temperature, (c) adding wéter.to the aggregates, and
(d) adding ﬁew aggregates to the recyclable aggregates. The
order of changes that were made and the emission results
observed are shown in Appendix D. With three percent
moisture added to the aggregates, production maintained
at 275 to 300 tons per hour, mix temperature at 225° F,
and 30 percent limestone added to the mix, the smoke was
brought near an acceptable level.

The mixing process produced a mix .that could be laid
and compacted with conventional asphalt equipment. Even
“at the lower mixing temperatureé (225o F) there were few,
if any, lumps. The recycled base was laid 4% inches thick
using a Barber Green full-width paver. A normal rolling
sequence was used for compaction. When the recycled material
was mixed and laid at the higher temperatures, the rollers
had to be held up several minutes due to heat retention in
*A subjective estimate of the solid matter emitted from

smoke stacks by comparing the grayness of the smoke
with a series of shade diagrams.




the thick mat.

At the beginning of the paving operation, the mix
appeared to be low on asphalt. The mix tended to shove during
rolling and was difficult to handle. After laying 1650 feet
of base, it was decided to increase the percent of asphalt
added to 3.5 percent. When 3.5 percent asphalt was added,
the mix looked very much like a conventional asphalt mix.

All of the mixes were laid without problems. The den-
sities for the first 1900 feet of the project were low.
Ironically, the first 1900 feet of asphalt was mixed at
the higher temperatures. The lab densities are given in
Appendiﬁ C.

With 30 percent limestone added to the recycled material
and 4.5 percent asphalt added to the mix, the extracted asphalt
content was 6.9 percent, the field specific gravity was 2.25,
the field voids were 6.4 percent, and the smoke during the

mixing process was reduced to near acceptable limits.

SURFACING - FINAL COURSE

The final surfacing placed on the recycled base was
standard 3 Inch, Type B, Class I, Asphaltic Concrete accord-
ing to Iowa .State Highway Commission Specifications. From
the standpoint of monitoring the results of the project,
it is probably regretable thét this phase was necessary

to provide adequate pavement thickness.

10




SUMMARY

The principle question "Can 0ld Asphalt Pavements Be
Recycled?" has been answered by the results of this project.
However, economic and social factors should be considered.
Factors to be considered are: (1) Pavement performance,

(2) Economy of process, and (3) Environment versus conservation.

PAVEMENT PERFORMANCE

From the results shown and analyzed in Appendix C, it
is possible to assume that the only characteristic widely
different in new and recycled pavements was the residual or
recovered asphalt penetration. On normal projects when new
aggregates and virgin asphalt cement are used exclusively,
the recovered asphalt cement penetration usually is 80 to 90
when 85 to 100 penetration is employed in the product. On
this project, the recovered asphalt penetrations were 37 to 49
which indicated a brittle pavement. However, after six years,
this does not appear to be a problem.

The pavement is performing very well. There is some
transverse cracking, but this would be considered normal for
full-depth asphaltic cement concrete paving. All other tests
indicate that the recycled material is performing as well
as all new material.

The potential problem of low penetration -of residual .. -
asphalt was.corrected on later Kossuth County recycling

projects by adding 200 to 300 penetration asphalt cement.

11




ECONOMY OF PROCESS

In areas where aggregate sources are plentiful, where
haul distances are relatively short, and where roadway
widths are adequate, it is possible that recycling of pave-
ments may not be economical. However, if just one of the
above factors is present, recycling should be considered.
In Kossuth County Iowa, all three factors existed.

The economics of recycling cannot be judged by the
cost of this experimental'project. . The project was too
short and there were too many unknown areas of the costs
involved in the process. Bidding contractors had to protect
themselves and. their financial investment. However, there
is now sufficient data available to the Engineer to assist

in the preparation of a detailed cost analysis.

ENVIRONMENTAL CONCERNS

The only serious problem relative to this project
was the pollution created by the mixing opération.

The pollution problem which occurred in the recycling
process has been addressed by the equipment manufacturers

and contractors and is no longer a problem.

12



FUTURE OF RECYCLING

The future of recycling speaks for itself. Who would
have thought at the time this research project was started
that the recycling process would almost be conventional
practice just five years later. .

The interest shown by the equipment manufacturers,
the contractors, and the contracting authorities nationwide
has shown the potential for recycling. The continued spiraling
cost of asphalt cement has shown the economics of recycling.

Kossuth County is proud to have played a part in the
establishment of recycling as a viable construction alternative
to help stretch the shrinking construction funds, and, at the
same time, help to conserve our rapidly depleting construction

materials.



Appendix A
Typical Cross Sections &

Special Provisions
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TYPICAL CROSS SECTION
Sta. 100+00 to Sta. 148+492.2
(Existing Roadway)

[N z2 |

Cramically

2" minished Qrede (1938)

Controctor will scorify existing 4% mominal bituminous materrol

in such a manner as fo salvoge the maximom amount of the
bituminous roteriol. Contractor will lood the bituminous moterial o
hou! to the plont site where the moteriol will be crushed to a 2°
moxrmum size. No other grodation reguirements will be specified.
Frice bid will be on a sq.yd. basis ornd will inclvde all costs for scornfying,
alvwaging, loading, houling ond crushing. : .

Controctor fo solvaga existing 47 Chemicolly Treated Soil -Aggregate
Sub-base ond. stockpile the mraterio’ gt o locatran secured Oy rthe comfructor
i occc-dance with Saction 2126 of }972 Standard Spaciticatians

Affer the bituminous moterial and the sub-boze materrol hos beer
removed the contractor will lower the rermoining roodbed unitformby, om
avervge dapth of 12" and to o nominal width of 38" with 3:] Horeslo

The sod on the foreslopes, atter thorough disking, shal/l be removed From
the orea aond ploced on the orea to be occupied by the ouvter portion
of the embankment in loyers pot over 8" ;n loase thickness. The existi
3/apes sholl be rofched as reguirad by the Enpgineer m steps as 1the
grode /s lowered and widened. The materiol will be placed orn the
3/opes in layers not over 67/n [cose thickness. After the layer
has been smoothed and before the next layer ;s deposited vpon
i, the layer shall be compacted with @ minimum of one rollmn
per inch of depth of each’ 11#t, and 1t 13 Purther raquired that the
roller continve operation until 1f i3 supported on its tumping Feet
or the equrralent- :

15




TYPICAL CROSS SECTION
Sta. 100+00 to Sta.
(Proposed Roadway)

240

148+92.2

220

37 romimal Type B Cloxs I Baphottic Conc. Bose

Concre te Sase

T :

/ / 4" Nominral Recyeled Aaphaltic
4” Nominal 8oi/ Aggregale

Job- bose

2¢'0

L
b

38-0 Nomnal = Jupgrade

Contrackr fo prepore 47 Sal Aggregale Sub-base in accondarnce with Sectian 2110 of /972 Standord Specificatizes.

1500 tons per mile of gronulor material will be odded in 1he construction of the soil aggregote sub-tase o>
a separale poy ifern. The qrandvior material adled will be jn oddition to the so/maged svb-baze material.

Contractor will constryct nominal 4° Recycled Asphalt Concrete Base vsing 1he 3ofraged moterial orxd
odding Asphalt Cement as determined by the jobrux. Section £202,19v2 Stondond Specifications,

shail apply ammended o3 +ollows.

1. lnany saction where Rapholt Treoted Bose a,apmrﬁ it uill be assumed to reod “FEcycles

Concrate Bose

2 Delote Saction 2202.023 and insart in ify place---The Minaro! Aggreqete wed will be the sfvaped

bitvminovs material with a maximurm
o virements.

size of 2°,

TWere will be no otfmr grodation specifczrsons

A Delere Section 2202.02C and insart n its place === [T will be required by the Engr. 3o thofl 7
existing ’cmporfians of Type B Class [T Asphaltic Concrete Bose and Gituminovs Trasrmd
Base

g9 rago

be maintained during the salveging, crushing and plocement rn the cold -

feed bins. The additional Asphalt Cement reguired to be added to the salvaged moterial
will be determined by the Job miiv. The ARsphalt Cemaent odded shall be rmointoined within
/us or minvs O0.40 percentoge points folerance of the parcent intended . .
4. Add the following to Section 2202 --- |t rs pot interdad 10 vse on aspholt softanirg
ogent, however i the Engineer, at the Time of production, datarmines that 0 soffening rs
raguired the contractor will add the prascribed agen? and will b& poid at inyoice price

ples 10%.

Controctor will construct Type 8 Closs I Asphaltic Concrete in gccordance with Saction 2203, 1972

Standard Specificatiéns.

'Subjwcf to Enqginesrs approvel 2° crowrn may be wsed.

The Engineer may require "a tock coot of 0.0Z to 0.03 g0/ per z9. yd.

Recbim,Crosh | Reclaiming | Reconstruvct |Construc? 4° |  Grondlor Frecycled | Type B Closall  Asphott | Primer or
o Srockpile |ond Stockpiling | Sub-grode | 3o /-/Z:eqvfé‘ Materal Aspholtic | Asphatte Coe| Cement 7ock Coat
Bituminovs Gronvlor Xb- @ : Conc. Bose Bose Birtumen
Concrete Base | Svbbdose - !
So, Y. Co Yo Mile Mile Jons - Tons Tonrs Tons Ba/
[O1C) @) D) © @) @ _| OOV @1 _©®
//,959 1449 0.927 . 0927 /1391 2984 2099 22 17173
Footnotes:

(1) Drum Mixing equpment complying with Section 2001 may be vsed
for

the production of the Kecycled Asproltic Concrete Bose

ord 1he Type B Class I Asphaltic Concreta Base.

{10)

oy

(2) Aot less than 30% crushed limestone, qroded fo meet the requirenents

of trne mix desgn, shall be ircorporated 1h the Type 8
Class I upper bose course. Cost of Phe imestone will be
wedantal’ to the preice bid for the Trpe B.

(3) Estimarted o 3% For Ciass IL
(4) Estimatrd of &.5% Aor Class T
(5) Estirated af 2¢58 tons Salvaged Bitominous

]

(7
it

Materiol baosed on core somples of 5% 57, #/5'>44°
with an avewge width o A 22" + /30" per co. A

(12)

/)

(1)
(15>

Estimated ot 1449 Cu.Yds. bosed on 37 of mirogolis

s0b -base malarial! 24 owidth.

Controctor shall vae 85700 penetrotion (Fsphalt Cement:

Al or any port may be eliminated at e discretion of
the Epgineer

(9) Sectin #09.03 of 1972 Stondend Specitatis kal!

rot gaoly.

16

Futal poymant w// be based on eXunsim/ plorsed
quonty ks awilh oot re-messorermm?. .

Estimoted of S000 C.X tvsed ar arervge cot
o/ /2%

Wedge hwoldering , affar the Asphalttc Conervty
13 ploced, el be dore by otiers ond 13 not
o par’ of YHis contrec’

Contractor will formsh the Grave! scorce omd
crosh  1he grovel to maet specitiowtiins

Bosed o /700 Yorrs per mile. :

The contructor sha/l aerate, compoct, and strure all wnsfubla
Subgrode areos priom Ta constructing the x3il agqregore

subbase . Unstotie aress that develop derirg sobseguent
constrvchan operatins abel/ be repoired .r occordance

L with the speciticotions ond to the sotizFoction of the

emyineer. A1l asratan, compoction, akoorry ond rEpor”
shall be incidental to The work and =ic? mevovred
For poyment




Appendix B

Tabulation of Bids
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TABULATION OF BIDS

County Kossuth
Type of Work Asphaltic Conc. Pavement
Project No. L-502(2)-73-55 (HR-176)
Date of Letting April 1, 1975
EVERDS BROS. KOMATZ CONST. ROHLIN CONST. W. HODGMAN & SONE
ALGONA, IOWA ST. PETER, MINN. ESTHERVILLE, IOWA FATRMONT, MINN.
UNIT UNIT UNIT . UNIT
QUANITY UNIT PRICE AMOUNT ‘PRICE AMOUNT PRICE AMOUNT PRICE AMOUNT
Base, Reclaim, Crush &
Stockpile Bituminous 11,959 sq. yds.| 1.60| 19,134.40 1.80] 21,526.20 1.85} 22,124.15 2.00 23,918.0Q
Concrete
Subbase, Granular
Reclaiming and 1,449 cu. vds. 4.00 5,796.00 2.50 3,622.50 4.50 6,520.50 2.00}" 2,898.00
Stockpiling :
Reconstruction
of subgrade .927 miles 6,000.00 5,562.001} 8,000.00 7,416.0016,000.00 5,562.00(/8,000.00 7,416.00
Subbase, Const.
of Soil Aggregate . 927 miles 3,000.00 2,181.00 ] 3,000.00 2,181.00{3,000.00 2,181.00}3,000.00 2,181.00
Granular Material 1,391 tons © 3.50 4,868.50 3.60 5,007.60 3.80 5,285.80 3.70 5,146.70C
Base, Recycled
Asphaltic Concrete 2,984 tons 7.50] 23,380.00 6.90f 20,589.60 6.70] 19,992.80 8.50] 25,364.00
Base,Class I
Asphaltic Concrete 2,099 tons 7.50] 15,472.50 7.831 16,435.17 8.05]1 16,896.95 7.60} 15,592.40
Asphalt Cement 226 tons 96.001 21,696.00 95.00] 21,470.00 93.00} 21.018.00 94.50} 21,357.00
Primer or Tack
Coat Bitumen 1,173 gals. .60 703.80 .52 609.96 .50 586.50 .49 574.77
TOTAL -~ - = = == = = = %+ - - - -~ - - - - —-| 98,664.20 99,458.03 100,767.70 105,407.87
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Laboratory ‘Test Data




Iowa Department of Transportation
Asphalt Concrete Mix Design

Mix, Type and Class: Salvageé Asphalt Concrete. Lab No. ABD5-59

Intended Use:

Size Spec. No. Plans Date Reported: 6/10/75

County: Kossuth Project LRS~-502(2)--73-55

Contractor: Everds Brothers, Inc.

Project Location

Agg. Sources The average extraction of the crushed mat was
3.7% of asphalt. .
Job Mix Formula Aggregate Proportions: 100% AAT5-186 (Crushed Mat)

JOB MIX FORMULA - COMBINED GRADATION

1-1/2" 1" 3/4" 1/2" 3/8" No.4 No.8 No.1l6 No.30 No.50 No.l00 No.200
100 98 93 81 66 50 32 18 12 10
Tolerance: : .
75 Blow Marshall Density _ 2.22
Asphalt Source and Approximate V15c031ty } 1367 Poises
Plasticity Index
% Asphalt in mix 4.50 5.50 6.50
- Number of Marshall Blows 50 50 50
Marshall Stability - Lbs. . 3530 3797 4267
Flow - 0.0l Inches 10 10 10
Sp. Gr. By Displacement (Lab Den31ty) 2.15 2.20 2.23
Bulk Sp. Gr. Comb. Dry Agg . . 2.564 2.564 2.564
Sp. Gr. Asph. @ 77-F. 1. 028 1.028 1.028
Calc. Solid Sp. Gr. : 2.46 2.42 2.39
$ Voids - Calc. ' 12.4 9.1 6.6
Rice Sp. Gr. 2.50 1 2.44 2.40
% Voids - Rice ' 14.0 9.8 7.1
% Water Absorption - Aggregate 1.94 1.94 1.94°
¢ Voids in the Mineral Aggregate 19.9 18.9 18.7
% V.M.A. Filled with Asphalt 37.5 51.8 65.0
Calculated Asph. Film Thickness (microns) 4.2 5.4 6.6

A total content of 6.1% of asphalt is recommended to start the job.
This is an addition of 2.5% asphalt to the salvaged concrete.

Copies:

R. P. Henely

Roberts

M. Stump

B. Oxtgies

L. Zearley

J. Stober

Everds

C. Jones

G. Perrin Signed: Bernard C. Brown
. Testfng Engineer
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Kossuth County HR-176,
Laboratory Test Data

Recycling Project

Roadway 3AC $AC Rec. Rec. Mix-Mat

Sta. No's. Added Extracted Pen. Viscosity Temp. OF.
107+00 108+00 2.5 5.8 NA NA 275°
111+00 112+00 2.5 5.8 37 10,220 260°
120400 121400 3.5 7.5 NA NA 245°
124+00 125+00 3.5 7.0 42 6,040 235°
126+00 127400 3.5 7.2 NA NA 250°
138+00 139400 3.5 7.0 NA NA 285°
143+00 144+00 4.5 8.3 49 3,990 200°
145400 146+00 4.5 6.9 NA NA 200°

Sample No. 77-83 aggregate, 100 percent recycled material

Sample No. 84 aggregate, 70 percent recycled material, 30 percent crushed limestone

A.C. added was 85-100 Pen. A.C., original absolute viscosity @ 140°F, was approximately

1300+

Extraction tests on salvaged material indicated 3.6% old A.C.

poises.
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. Sample
No.

77
78
79
80
81
82
83
84

KOSSUTH COUNTY HR-176 RECYCLING PROJECT
LABORATORY TEST DATA

o

SAC Gradation % Passing - Extraction Field % Lab

Added 3/4" 1/2" 3/8" #4 #8 #16 #30 #50 #100 #200 Dens. Dens.

2.5 100 98 94 80 66 49 32 17 13 10 2:.04 90.3
2.5 100 28 93 80 65 49 31 16 12 10 2.02 89.4
3.5 100 100 96 83 67 50 32 17 13 11 1.98 86.1
3.5 100 100 94 80 65 49 31 17 12 10 2.10 91.3
3.5 100 - .~ 98 94 82 67 50 32 17 13 11 2.18 94.8
3.5 100 98 93 80 66 49 - 31 16 12 10 2.17 94.3
4.5 100 99 94 81 66 49 31 17 12 10 2.21 94.4
4.5 100 91 82 66 52 39 25 14 11 9.1 2.25 96.2

Sample No. 77-83 aggregate, 100 percent recycled material

Sample No. 84 aggregate, 70 percent recycled material, 30 percent crushed limestone
Lab Density - 50 Blow Marshall - &pecimens compacted at 275° F

Percent Lab Densities based on: Sample No. 77 & 78, 2.26 Lab Density

Sample No. 79-82, 2.30 Lab Density
Sample No. 83 & 84, 2.34 Lab Density

.

DN WWWwwI
W N oD UTO N

Field
Voids

16.4
17.2
17.6
12.7

oW YW
N

Marshall
‘Stab. Flow
4372 10
4558 10
3613 13
3262 14
3808 12
3900 10
2237 19
2547 19



Appendix D

Stack Emission Observations
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STACK EMISSION OBSERVATIONS

Production Aggregates %- H20 -% Asphalt Remarks.
Rate T./Hr. Added : Added

300 : 100%Recycled’ 0 2.5 Smoke Very Dense
300 100%Recycled 0 2.5 No Change
400 100%Recycled 0 2.5 No Change

400 100%Recycled 1 2.5 Some Change,
' 50-80 Ringelmann

200 100%Recycled 3 2.5 Little Change,
40-60 Ringelmann

300 100%Recycled 1.5 2.5 Some Change,
40 Ringelmann

300 100%Recycled 1.5 3.5 40 Ringelmann
300 100%Recycled 1.5 4.5 40 Ringelmann

300 70%Recycled 1.5 4.5  20-30-Ringelmann
30%Limestone
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