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© GUIDELINES FOR RECYCLING ASPHALT PAVEMENTS
. INTRODUCTION

‘In fhe'pasﬁ.five'years.reusihg or-reoycling pavemehf materiajs
_has'become an.importantorehabiiitation o1ternative._ In order to
provide order and direction to the promising area of pavément rehabili- -
tation, NCHRP has;spoosored a research project to provide guidelines
to-agenoies who may wish to utilize recycling. -This paper summarizes
: ~ this two and-one-han:year'research effort which.has kesolted'in
guidelines for paoement reoyciing.

Tﬁe.guidelines have beenﬁprepared to provide the following infor-
mation for the engineer: | | |

T. 'Point.out:the potentiaT advantages.for recyc1ing.
.2. Assist in making a preliminarylanalysis of recycling as a
| ““rehabilitation a]ternatiye and to 1dehtffy-suitab1e methodology,
3. Provide guidance and criteria’ for making a detailed analysis
- of cost, energy, mixture designg“otructura1 design, con-
struction_specﬁfications and quality control and |
 -47: Recommendoa ocﬁeme foroevafuatfon of_resufts_to see how well-
o recyc]ihg-cbmpares to conyeﬁfidha] methods of rehabilitation.
ooFTve_chapters oﬁd-nineteen appendices were pfepared in the NCHRP
'prbjecf'to supply the%néedéd fnformation. Chapter I of the'completé
" guide]ines.fs aﬁ intrOducfory chapter'defining*the'scope, dofinitfohs
assocfated With-fécycTingland a genera1gdi§cussion of'recycTing asj_ |

a pavement rehabi11tat1oh'a1ternat1ve.f-Chapter-iI oddresses the



_récycling 0f_aspha]t:paﬁéments and cohtains ihformation which 3116ws
- the engineer to _identify_t.he most viable recycling method for a given
.;ﬁfojectﬁ_ Detaiied“ana]ysis'tethniques are é1sb‘presented toggthef
_=WithﬂmiXture andfstructdra1 design ¢onsidérations;:;dst and energy’
'-Cénsiderations_aﬁd ranking.of‘recyc1ing opfiohs for'fie?d fmp]ementa-
'fioh. -Chaptér III.is similar td.Chapter II‘but embhasis is Qn 
_PbrtTand cement'concréteepaVeméhts'andfwill not be.inc]uded fnithis
_ paper Chapter IV outlines the sampling and-testing required to measure _
f1e1d performance of recycling pavements to provide general feedback |
for future recycling projects. Chapter V contains example problems -
: which iTlustrate the use of the guidelines (1). |
. Appéndices have been prepared and are contained in %eference'1 on
| the following topics: o

1. Surface condition evaluation of pavements,

'2.  Pavement deflection measurements,
| 3. Pavement'roughness meésurements,_
':4;' Skid resistance measurements,
5. Volume chénge-considerations fbr subgrade materials,
6. _Siabi]ization and upgrading of unbound-andfrécyc1ed-materia1s,
'_7...Mixture designffor asphalt bound materials, .
8. Portland cement coﬁcrete-and econocrete mixture design,
9.  Thickness design'for-f1exib1e-paVements,_-:_ B
.']0.-.0ver1ay thickness des1gn,_
'511.  C0st of" construct1on, recyc11ng and ma1ntenance operat1ons,_
5j2.:~Energy cons1derat10ns assoc1ated w1th recyc11ng,
_13;;:Mode1 speC1f1cat1ons, _ |
':14;:.Qua11tyﬁcontr01.cons1deratioﬁs,



'=15.._EconomiC-anaIysis, _
16.. Equipment manufacturers and

"-:17 Samp]e work sheets

" The gu1de11nes are summar1zed 1n th1s paper with suff1c1ent detail to -

a]Iow the eng1neer to select the most promising recyc11ng opt1ons,

' It shou?d be remembered, however, that recyc11ng is only one of

'-“'severalrrehabi1itation alternatives, the selection of which depends.

- upon-the3observed pavement'distress,.the estabTiShment of the probable
'.causes of distress baéed:on-fie]d and laboratory study, and design

a_input*information such as the following factors;(Figure'.]):t '

1. History of the pavement maintenance nequirements.and costs,-

History of pavement'performance,

Horizontal and vertical geometric controis,

= M

_Environmental factors, and

5. Traffic.
RECYCLING GUIDELINES

Types of Recycling'

Recyc11ng or reuse of ex1st1ng pavement materials for pavement
Vrehab111tat1on, reconstruct1on ~and ma1ntenance is not a new concept
A w1de var1ety of recyc11ng approaches has emerged since 1915 |
':Categor1zat1on of recyc11ng approaches 1is usualTy based on (a) the
:frecyc11ng-procedure used, -(b) the type of pav1ng materials to be

".recyc]ed and the end products they are to produce or -(c) the

"structural benef1t to be ga1ned from the recyc11ng approach Each of B

- these categor1es has its own mer1t in descr1b1ng the purpose and

" Figure 1
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' épp1ﬁcability:of a given«type’of-fécycling. .Aféatégorization_basgd-qn -
- the recycling:procedure'haslbeén.USéd in fhis_paper. |
._ 1Definitions for7recyc1ing Cafegoriés héve been prepared.by the-
Federa]ﬂHighway;Admihistratjon bemonStratiOn'Prqjeci_No.g39.Techhica1
.{'Advisory Committee (2), a'joint Nationa] Aépha]t‘Paveﬁent'Association -
f:Asphalt Inst1tute Comm1ttee (3 Asphalt Recyc11ng and Reclaiming -
Assoc1at1on-(4), Nat1ona1.Cooperat1ve Highway Research Program (5),
U;S. Army'Engineers Waterways Experiment Station (6), and thé Navy
Civil Engineering_Laboratory (7). The following definitions are based

. on these suggestions together with those of the NCHRP_panel members.

-Surface recycling. Reworking of the surface'of a pavement to a
"depth.of less than abouf 1 in. (25 mm) by heater-planer, heéter--
 sCarifier, hot-miTling,'co1d~p1aning, or cold-milling deVices This
operation:is_a continuous, single-pass, mu1t1 -step process that may
involve use of hew'materia1s, including aggregate; modifiers, or

mixtures.

- In-piace surface and base recycling. in-p1ace pulverization to
a depth greater than about 1 iﬁ.-(25 mm) , followed by resﬁaping and
 _ compaction. This operation may be performed with or wfthogt_the
. addition of a stabilizer. '

'Central-p1ant reCyc1in§;~ Scarification of the pavement material,

removal of the pavement from the roadway prior to or after pulveri-
- zation, proceésing of material with or without the addition of a
stabi]izer'or modifier,zand'Taydown and compadtion'to désired grade

. _Th1s operat1on may 1nvo1ve add1t1on of heat depend1ng on the type of.

”77g'mater1a1 recycled and: the stab111zer used.

MaJor advantages and d1sadvantages of these broad ‘categorjes of



.recycling'are'shown in Table 1. .PMore'detailed:recyc]ingemethods“have S

,ebeen jdentified w1th1n each recycl1ng category (Table 2). TheSe '

'.,methods and associated descr1pt1ons which have been formulated to aid

'__1nsthe se1ect1on-of appropr1ate'recyc11ng opt1ons are based on- the type-'

. Table 2

‘.of equ1pment ut1]1zed the type of b1nder ut111zed and the degree of

- structuraI 1mprovement afforded by the. recyc11ng opt1on

- Preliminary Analysis

For convenience the analysis technique has been divided into two

parts. Part A.is a preliminary analysis which identifies recycling

methods which appear to be most suitable. Part B is a more detailed -

analysis based on 1aboratory'and field data, cost and energy pro-
'jections, and results in a prioritized list of aiternatives with
- appropriate mixture and structural designs.and construction specifi-

cations.  The overall view of this preliminary analysis which results

'in a- selection Of'recycling-a]ternatives'(Part A) is shown in Figure

2 and discussed below.
-The major e]ements of the pre11m1nary analysis are as fo]Tows
..1. _Descr1pt1on of ex1st1ng conditions, |
Test1ng of ex1st1ng pavement,
Ident1f1cat1on of feas1b1e recyc11ng alternat1ves,

. Evaluation of pre11m1nary cost and. energy sav1ngs and

S B W N
L N L ] *

Se]ect1on of the most viable recyc11ng a]ternat1ves
A br1ef descr1pt1on of each of these elements fol]ows

The ex1st1ng cond1t1ons need to be adequate]y descr1bed for the

purposes “of rehab1]1tat10n dec1s1on mak}ng These‘factors are sum— )

; mar1zed on Tab1e 3 in a form for easy reference. Specific items:

‘Table 1

Figure 2

Table 3



~ TABLE 1 -

'MAJOR ADVANTAGES AND DISADVANTAGES OF RECYCLING TECHNIQUES

fRétyclinngechniques |

" Advantages

Disadvantages

Reddces reflection craéking

o Limited structural improvement.

- Surface . €crac
: 8 Promotes bond between old pavement o Heater-scarification and heater-
- and thin overlay ~ planing has limited effectiveness :
~#  Provides a transition between new on rough pavement without multlple )
overlay and existing gutter, bridge, passes of equipment '
pavement, etc. that is resistant to “# Limited repair of severely f?ushed '
" raveling (eliminates feathering) or unstable pavements
"# Reduces localized roughness _ o Some air quality problems = - :
e Treats a variety of types of pavement e Vegetation close to roadway may be _
distress (raveling, flushing, ' damaged - '
“corrugations, rutting, oxidized pave- ¢ Mixtures with maximum size aggregates
ment, faulting) at a reasonable cost ' greater than T-inch cannot be :
¢ Improved skid resistance treated with some equipment
¢ Minimum disruption to traffic SEREEEE -
- In-Place e Significant structural improvements e Quality contro] not as good as
‘ o Treats all types and degrees of central plant _
_ pavement distress : o Traffic disruption _
~#® Reflection cracking can be e]1m1nated e Pylverization equ1pment repa1r L
o Frost susceptibility may be improved ~ requirement
¢ Improve r1de qua11ty : o Cannot be easily performed on PCC
' ; pavements -
- Central ¢ Significant structural improvements [ 'Increased disruption to traffic
- ¢ Good quality control e May have air qua11ty prob]ems at
o Treats all types and degrees of plant s1te L
-~ pavement distress - _
8 Reflection cracking can be eliminated
-0 Improved skid resistance
® Frost susceptibility may be improved .
¢ Geometrics can be more easily altered
e Better Control if addition binder
. and/or aggregates must be used
.

Improve ride quality




TABLE 2 - OPTIONS FOR BITUMINOUS PAVEMENT RECYCLING

Code

structural

improvement

~ Category Method 'Description
} " Heater Planer  Without additional aggregate Al
B o With additional aggregate A2
L Heater scarify Heater scarify only | A3
© _ _ . - _
lE Heater scarify plus-thin overlay or aggregate A4
- : _ _ _ .
& ‘Heater scarify plus thick overlay A5
- Surface milling  Surface milling only A6 |
or grinding Surface milling plus thin overlay A7
Surface milling plus thick overlay A8
Asphalt concrete Minor structural improvement without new binder B1
surface less than  Minor structural improvement with binder  - B2
- 2 inches Major structural improvement without new binder. B3
'§ Major structural improvement with new binder B4
I~ — )
'}E' Asphalt concrete Minor structural improvement without new binder = BS
- surface greater Minor structural improvement with new bfnder B6.
2 inches . Major structural improvement without new binder B7
."_Major structural improvement with new binder B8
Cold mix Minor structural improvement without new binder ~ Cl
process Minor structural improvement with new.binder c2-
'fg Major structural improvement without'new7binder' €3
1=} .
o Major structural improvement with new binder C4
il _ - o _

-E Hot mix Minor structural improvement without new binder . C5 -
o ; : . . L T S . e
< - process Minor structural improvement with new binder - C6
| '*ZJMajor structUra1 improvemént-wjthqutﬁnew bindér__.'c7

‘Major with new binder c8
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| TABLE 3 - SUMMARY OF EXISTING PAVEMENT CONDITIONS

Feature Value - | -._ Comment
Locattn " lEenes et

Size of Project (Lane-Miles) 36
- Class of Rdédwayr | Interstate |

Existing Pavement Cross-

Section (date, thickness 4" AC - 1965

and type of original pavement
layers; date, thickness and

. type of subsequent rehabilitation -

and maintenance activities).

2 course ST - 1963
}Zf-Aggregate Base - 1963
CBR 8 Subgrade '

GEOMETRICS '
. (number of lanes, w1dth vertical
clearance, other constra1nts)

4-12' lanes
Paved Shoulders - §8'
No vertical constraints

Traffic Characteristics

ADT : 100 l
"Average Dajly E. 18 kip :
axle loads
Subgrade Characteristics CBR = 8
Surface Condition 'S1ight alligator
'(Pavement Rating Source PRS) - cracking, >200 ft
- of moderate long .
cracks 100 severe
transverse cracks -
‘Structural Condition,
(deflection, 0.001 1nch)
overlay required
 Roughness . o
(Serviceability Index) 2.3
' Skid Resistance
- (SN 40) 4

‘Other: Factors

- (distance to aggregate and binder -

‘source, available equipment and
contractor exper1ence) :

60 'mile haul to -

aggregate source

Lontractors not
~familiar 'with in- -

place recycling
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noted are as follows: _
_.1.-_L0cat1on and size of project,
“2; .RoadWay'cIass,
_3. -Existing pavement cross section,
 4;__Ge0metrits, .
5. Traff1c, and
6. Subgrade character1st1cs

j_Test1ng of. the ex1st1ng pavement estab11shes the overal] cond1t1on

of the pavement which is needed to evaluate potent1a1 rehab111tat1on
'opt1ons Surface cond1t1ons, structural capac1ty (deflect1on), rough-
ness and skid reSTStance need to be determ1ned

A pavement condition survey such as that shown on Table 4_shou1d

be made to determine the type,.degree and extent of distress (8).
Table 4 has all the u§ua1 types of distress displayed across the:top'
and major recyc]ing alternatives Tisted along the left margin._ In
'x order to.use this table, the eﬁgﬁneér should systematicé]]y_]bok at
each distress marked on the first line and estimate which recycling
heihods would correct that distress, ah&'indicate this assessment -
by placing a check-mark-in the appropriate box. Note-that a number -
:of boxes are shaded; this 1nd1cates that these recyc11ng options -
“would not be- appropr1ate. “Foy examp1e a pavement with severe a1]1-
 gator-¢rack1hg over_BO'percent_of the area would not be_amproved.us1ng
d:heater pTénér (Al)_a}one;. Simi]ar]y; other surface'methods'would
. not_be'applicab1e unless a thick_overlay fo]1oﬁed the operatidn.
Vi'Further, one'can'note'on‘Tab]e 4 that some-methdds of in-p]éCE' _
ﬁ recyc11ng and centra] p]ant recyc11ng a]so wou1d not. be part1cu]ar]y

"f'benef1C1a1 for certa1n types of distress

Table 4 |
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13.a
Once the v1ab1e recyc11ng aTternat1ves for improving surface o

" COﬂdltTOn are 1dent1f1ed they can be summar1zed on Tab]e 7.

_ _The-structura1 adequacx_or structura] cond1t1on-ofathe roadway
'gunder-consideratioh.can be'determiaea by the_thickness.of.the overlay
zrequired..-Over1ay requirements.shouTa be determined byran.approprjate -
idef1ECtian based procedure (9, 10); .Certafn'recyc1ing‘aiternatiVes'- “
-3def1ned in this manual can-befe]iminated:dependingqapon tﬁe thicknees

of the bverjay'required (Table 5). For ekamp]e, if'the'over]ay

‘required is greater than 2 inches, only those recycling a]ternativee

which provide a major structural improvement would be considered
- adequate (A5,:A8,.B3, B7, C3, C7, and €8). For overlay requirements

less than 2 inches, thoee recycling alternatives providing minor Table 5
structural improvements are suggested:for use (Table 5). Those recycling |
'alternatives identified as appropriate for improving the pavement |
from a'structurai'adequacy standpoint should be entered on Table 7.

" The smoothness of ride {11, 12) may. be a:hciding'factor for re- -
ﬁabiTitation'of many roadways. Occasionally, a rough surface may be.;'- 
'the-0n1y significant problem and surface recycling would be the
~ _solution. If a pavement is rough, but also has other deficiencies
--that-require more extensive-reworking, then the roughness should

-automat1ca11y be taken care of in that operation. Therefore the
r'fneed for surface recyc11ng based on r1de measurements (serv1ceab111ty
index, SI) can. be est1mated as noted on Tab1e 6. As 1n-prev1ous
d1scu551ons, some methods wou]d not be appropr1ate and have ‘been .
blocked out For examp1e, 1t is not recommended that very rough
rtpr1mary h1ghway (SI 1ess than 2. 4) be surface recyc]ed w1thout an

 ;raDpropr1ate over1ay (Methods A] A2 A3 A4, and AG) Those methods .



TABLE 5= SELECTION OF RECYCLING TECHNIQUES 70 IMPROVE STRUCTURAL
: STRENGTH BASED ON PAVEMENT REFLECTION,

14

Recyd]ing'Methods

; Thickness of Required

Major

Overlay
Nona | Less Than] Greater
2 inches { Than
_ -~ - ¢ 2 inches
Heater Planer Al [ Hithout additional aggregate
' A2 | With additidnal aggregate
Heater scarify [ A3 |Heater scarify only ;
Ad | Heater scarify plus thin overlay or aggregate
A5 jHeater scarify plus thick overlay
Surface miiling| A6 | Surface milling only
or grinding A7 {Surface milling plus thin overlay
' A8 | Surface milling plus thick overlay
Asphalt "Bl |Minor structural improvement without new bindar
concrete B2 {Minor structural improvement with new binder
surface less B3 {Major structural improvement without new binder
than 2-inches | B4 [Major structural improvement with new binder
Asphalt BS [Minor structural. improvement without new binder
concrete BS [Minor structural improvement with new binder
surface greater| B7 |Major structural improvement without rnew binder
than 2-inches BS |Major structural improvement with new binder
" Cold mix C! IMinor structyral improvement without new binder
process C2 |Minor structural improvement with new binder
€3 jMajor structural improvement without new binder
L4 TMajor structural impravement with new binder |
Hot mix.. .. C5 |Minor structural improvement without new binder
process C6 [Minor structural improvement with new binder '
o C7 {Major structural improvement withqﬂt new binder
8 structural improvement with new binder




jTABLE'e ~ SELECTION OF SURFACE_RECYCLING TECHNIQUES BASED ON ROUGHNESS'l'

Interstate

Récycling'
‘Methods

Heater Planer Without Additional Aggregate Al

Heater Planer With Additibna] Aggregate A2

e
S

Type of Primary Secondary Urban Streets
Facitity Urban Freewayj : - '
o st oy =+ o | =t : [ 0 A g
» [Ty o « f LD [an) - - L o . * (Ve [l -
. (1] . . od o) . * od o) . . o (1] .. . o
Serviceability § + | ™ | S Sl A B e A EAR N
~ Index ‘

Heater Scarify A3
Héatef_scarify and Thin Overlay A4 ?
Heater Scarify and'Thick Overlay A5
SurfaCe_Miiiihg A6 ?
Surfacezmi11ingland Thin Ovérlay : A7

A8

| Surface Milling and Thick Overlay =

6T



| 16
- that are conSTdered appropr1ate shou]d be noted on Tab]e 6 and the

.resuits summarized on Table 7.

_ Many pavements may perform adequately from a structural standpoint,

but simply be defitient on skid resistance due to_flushihg or bieeding

_ or perhaps due to_po]ishing-agghegate;_'As part of the overall pavement

"[testing scheme, skid resistance can be measured using any one of
several test methods, but gfeferably by the ASTM skid trailer (13).
AII recycling methods are appropriate.(provided non-po?ishing aggre-
ggates are used) for improving skid resistanée with the possible

,except1on of the heater. planer w1thout add1t1ona1 aggregate {A1) or

o heater scarifier on]y (AB)

As d1scussed earlier, the preliminary analysis is a guideline for
~selection of several reasonable, viable alternatives for recycling

' aspha1t_pavements. Referring to Figure 2, one can not that after all

~ preliminary information is collected, the potentially successful

| approaches can-be ana1yzéd with fespect to cost and energy.savings
and the most viable surivivors determined. | |
The steps reqdired in order to reach these conclusions are sum-
.marized below: |
| 1. List available information on existing roadway _' Table 3~

2. Test existing pavement

a. Surface condition e ‘Table 4
bi Structural condition o o o | Table 5
'_C.Z:Roughness o - o .. Table s

Code Skid resistahte
3. Eva]uate other dec151on factors un1que

- 'to the part1cu1ar proaect :

Table.6

Table 7



TABLE 7 - SUMMARY' OF PRELIMINARY RECYCLING ALTERNATIVES.

improvement with new binder.

‘el & " b+

laoll S8 | &

Recycling Methods E"E E ‘Ez -'u:-"-;

58 5|2 |58

[T N = o IZE-2 N
Heater Planer ‘Without additional aggregate A
S ' With additional aggregate A2
‘@ | Heater scarify _ Heater scarify only A3
“E Heater scarify plus thin overlay or aggregate A4
A Heater scarify plus thick overlay AS
| Surface milling Surface milling dnl'y A6
“or grinding Surface milling plus thin overlay A7
Surface milling plus thick overlay AB
Asphalt concrete | Minor structural improvement without new binder Bl
surface less than | Minor structural improvement with new binder B2
o | 2-inches ' Major structural improvement without new binder B2
E Major structural improvement with new binder B4
-

£ | Asphait concrete | Minor structural improvement without new binder BS
surface greater Minor structural -improvemént with new binder B6
than.2-inches Major structural improvement without new binder B87
) Major structural improvement with new binder B8
Cold mix~ Minor structural improvement without new binder CI1
E process Minor structural improvement with new binder c2
= ’ Major structural improvement without new binder (3
':g Major structural'improvement with new binder c4
§ Hot mix Minor structural improvement without new bindér (5
process ‘Minor structural improvement with new binder Cs
Major structural improvement without new binder C7
‘Major structural c3

17



4. 'Maké_pre1iminéry:cqst-aha]ysis of .
: remaihing options and rank .accordingly = - Table-8 -
5. -Consider alternatives that appear most

- viable and continue evaluation.

‘Detailed Analysis

* The organizatidn-of'the.detai1ed analysis fs shbwn.on Figufe'3

'  and contains information on equipment and methods, abplfcation,‘mixture
i designs,.pavement'structdra? design, cost, energy; construction
-épeéificatfons and quatity control. | | a

' - Equipment-and Methods. - References 1,.2, 5, 6, 7, 14, 15; 16, 17,

18, 19, 20, 21, 22 and 23 define in considérab?e detail recyc1ihg
equipment and methods that have been used to rehabi]itate pavements.

Surface recycling techniques which were first developed in the early

g 1930"s (2) are shown on:Figure 4. ~Heater-scarification is a common

form of suﬁface recjc]ing and many variations have been;deveTopgd as

shown on Figure 5. | - o |

In-place surface'and_base~reqyc1{ng is not a new concept. Almost

. every'state“has used conventional. construction equipment such as bull-

' _dozérs;-v%bratory cbmpactors, rollers, etc,, to crush:old pavement ahd '
;fcombiné it:with a pbrtioﬁ OF the exiSting-base or subbase.to_fbrm_é
':reconstituted structural 1ayer‘ Development-of pﬁ]ﬁerizing'équipment'
i_and-prdcessing techniques-using trave]1ing;hammerfmills'fdr.recyC1ing
:asphajtic concrete ié'among the more impdrtant'rebent‘refinements of in-
- place recycling. 'Typitallih-p]aée-recycfing fechniques are_shbwn~0n |

S .:1Recy¢1inglof asphalt paving surfaces into asphalt concreteiusing:-

Figure 3

Figure 4

- Figure 5

Figure 6 .

.Tab]_e_;'8 .



TABLE 8 - REPRESENTATIVE

COSTS FOR PAVEMENT RECYCLING OPERATIONS

TYPE

" QOPERATION

OPTION OR EXPECTE_D RESULTS REPRESENTATIVE ASSUMPTIONS
. o COSTS PIR 5Q.YD : :
AVERAGE |~ RANGE
lleate'r‘_ Planer Without Additional Aggregate AL 0.50 0.35 - 0.90 heat, plane, _éleah-nﬁ'; “haul, traffic
e L - _ . control ’ :
With Additdonal Aggregate A2 0.45 0.3 ~ 0.80 spread aggteséte. heat, roll,
- : ‘ : _ traffic control & clean-up
Heater Scarify . Hleater scarify oaly A3 0.50 0-25 - 0.860 _ hear, .scnr_lf'y', recompact, trét’_flc
; _ ' ' contral (3/4 lnch scorification)
_' Heater ocarify plus thin overlay of aggregate Ad 1.10 0.80 - 1.40 heat, é_carlt’y. récampa:t; add 50 lbe
: S of asphalt concrete per square yard,
' compact, traffic control, (3[4 fnch
Y acaﬂl’lcat!on) : :
q o L . . S
‘E Heater scarify plua-thlcl_; overlay AS 3.30 2.60 ~ 4.00 heat. acartfy. recowpact, add 300
@ : lbs of asphalt concrete per square
L yard, compact, traffic control (JM
t inch scariflcacton)
-f Surface Surface milling only Ab 0.60 0.35 - 1.20 muliag. cleanlng. hauling, traffic.
Milling or . . control {1 Inch removal)
Grinding : C
’ Surface milling plus thin overlay AT 2.60 2.00 - 3.00 milling, cleaning, hauling, 200 lbs
: . of ‘asphialt concrete, traffic centrol
_ {1 inch removal)
" Surface milling plus thick overlay A8 4.60 3.75 - 5.75 willing, cleaning, haullng, 400 lbs
- : 1 of asphalt concrete, tvaffic control :
_ (1 inch removal) -
g Asphalt Hinor stxuctural improvement without mew binder ' 81 2.80 2.20 - 3.40 rip, pulverize and remix ko & inch
L] Concrete aurtace o ' : ' depth with 2 inches of asphalt
1. - I less than 2 1n, concrete, traffic control -
L . S .
o

61




TABLE 8 - CONTINUED

TYPE

OPERAT[ON

OPTION OR EXPECTED RESULTS

REPRESENTATIVE
COSTS PER S4G YD

AVERAGE

RARGE

ASSUMPTIONS

In=Flace

B

I Aephalt

Concrete
Surface leas
than 2 {a.

Minor

Major

Major

structural

stvuctural

dtyuctural

improvement

tﬁprovement

improvemcnt

with nev binder

without new bilndex

with new binder

B2

Bl

B4

2.40

5.20

4.10

1.9 - 2.90

4.10 - 6.30

3.10 - 4.90

rip, pulverize and remix with .
stabilizer ta & inch depth with }
inch of asphalt concrete, traffic =~
control :

vip, pulverlze'and'temix to b in
depth with & inches ‘of asphalt
concrete, traffic control

rip, pulverize and remix with .
scabllizer to & inch depth with 2 -
tuches of ssphalt concrete, trafiic
contral .

Asphalt
Concrete
surface

{ greater than

2 dnchesn

Miner

Minor

Hajar

Hajor

‘atruciural

aftuctural

atructucal

structural

laprovement

lmp?ovement

inprovement

improvewent

without new binder

with new' binder

without new binder

with nev binder

B3

. ah

a7

Bé

3.00

2.60

5,50

4.40

2.40 - 3.60

2.10 ~ 3.10

" 4.40 - 6.60

.50 - 5.30

rip, pulverize and reméx to & lach
depth vith 2 inches of asphalt
concrete, trafiic control °

tip, pulverize and remix with
stabilizer to & inch depth with 1
inch of asphalt concrete, traffic
conLral '

rip, pulverize and vewix to 6 fnch -

depth with & Inches of asphalt
concrece, tialflc contvol

rip, pulverize and remix with
stablitzer to 6 fnch deprh with 2
inches of asphale coacrete,
texaffic control '

C. Central
Piant

Cold Mix
?roceaa

Minor

ulnor

structural

structural

improvement

{mprovement

without new binder

with new binder

cl

c2

3.69

3.00

2.90 < 4.30

2.40 - 3.60

vemove, crush, and replace to 4
inch depth with 2 inches of asphalt
concrete, trafflc control ;

remove, -crush, wix, and veplace to

4 inch depth with 1 inch of asphalc’

concyete, traffic contrel

02



TABLE 8 - CONTINUED

ASSUMPTION

TYPE ] OPERATION OPTION OR EXPECTED RESULT REPRESENTATIVE
) ' ' COSTS PER SQ YD
AVERAGE RANGE
Hajor structural improvement without new binder Cc3 6.40 ] 5.10-1.70 cemove, crush and replace to 6 fnch
. : : S - ' : : depth with 4 inches of asphalt
Cold Mix concrete, traffic control -
Froceas : : - : : ' . -
: Major etructural dmprovement with new binder Cé 5.00 4,00 ~ 6.00 remove, crueh, mix and replace to.
ST i ' ’ 6 iuch depth with 2 inches of T
: agphalt concrete, traffic control
b . .
e : ; _ . : .
L] Miner structural ilmprovement without new binder c3 1.90 1 3.10 - 4,70 remove, crush, and replace to &
TR - : inch depth with 1.5 inches of
" asphelt concrete, traffic coatrol
| Y
H s N . . . .
g Hinor arructural jmprovement with new binder cé 1.3 2,60 - 4.00 _remove, crush, mix and replace to
< _ : . : - & Inch depth with 1/2 fanch of
o flot Hix asphalt concrete, traffic control
Procesa : . ; ]
Major structural ioprovement without new binder c7 6.60 5.30 - 7.90 remove, crush and replace to 6 inch
: : o depth with 3 inches of asphalt’
. concrete, traffic control
Hajor structural fmprovement with new bindar c8 5.20 4,20 - 6.20 remove, crush, mix and replace to.
' 6 inch depth with 1 inch of asphalt
concrete : .

1e




DETAILED ANALYSIS

SURFACE RECYCLING

CENTRAL PLANT

IN-PLACE RECYCLING RECYCLING
EQUIPMENT APPLICATION MIXTURE STRUCTURAL ECONOMICS CONSTRUCTION QUALITY
"~ AND ' . OF - DESIGN DESIGN AND SPECIFICATION CONTROL -
METHODS “TECHNIQUE | Ref. 1, Ref. 28 ENERGY : o
TABLE 2, TABLE 1. 17, 24, ' Tables 8 Ref. 1, 4, 17 Ref. 29,
27' 4 and 11 :

) Fi'gure' 3.” Detailed analysis and selection of niost suitable recycling a]ternaftive.



PROCESS

SURFACE
RECYCLING

- INVOLVING

HEATER-PLANER

. ADDITIONAL HEAT

HEATER-SCARIFIER |-

|_AOT MILLER |

PROCESS WIiH
NO ADDITIONAL

HEAT

- Figure 4. Surface recycling.

COLD-PLANER |

L ICOLD-MILLER |

23



Prepare
Surface by
Removing
Debris, etc.

Heat

Surface

Compact

4 Compaci

Compact

_{Compnci | |

{ Compact Overlay

Treatment:
Over lay

{Compuct }_. Slurry Seal or

Chip Seal

Sprinkle

!cdﬁpuct l

Sprinkie
Treatment

—{Compoct |

! Compucf |

Scorify Spray
| Surface Modifier Overlay
Plane Remove
Surface Material 9\"3"'“?
Add Windrow |
.| Modifier & Relay
Add’ New Mix
| Sereed
—{ Surface
—l Overluyl
Spro
Moadifier
Scarify
Surface
. Spray
—1 Modifier

'.!Compact | )

Sprinkle
Treatmen)

-——{Compact |

— Compaci |—Overlay |

r|Compuct |-— Slurry Seal or

Sprinkle

I Treatment

| Chip Seal
___l Compact |
iCOmpact'l

Sprinkle

Treatment

' —-‘ - Compact |

Figure 5. | Recycling using the heater-scarifier.
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Pulverize Pavement
and Base Material

Add and Mix
Stabilizing Agent,
Lime, Cement, Asphalt
or Ofher Chemicals.

Prepare
Construction
Area

| Toek or Prime
and Picce Surfoce
Course as Required

Fine Grade
{Asphalt Concretle and
Surface Less Than Compact
About 2 Inches)
Windrow Windrm___ Pulverize Recompact
Material Material to Greater Subgrade or
Depth Sub-base
Rip and Break Up Pulverize Add and Mix Fine Grade
{Asphall Concrete Pavement Stabilizing Agents, |__J and
{ Surfaces Grealer and Base " Lime, Cement, Asphalt Campact
Than About- Material or Other Chemicals
2 inches) :

Tack or Prime and
Pldce Surface
Course as Required,
Make Final Adjust-
ments to Manholes
and Drainage .
Structures Open

To Traffic

Figure 6. In-Place Surfa_ce and base recycling alternatives.

-
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" central plant oherations had an eak]y history:with Warren Brothers in

1915 (22), but very little experimentation_was.conducted from that time
until 1974 (23). Equipment is now commercié?ly'avaiTab1e'which can. hot
recyc1e'aspha1t pavements whi1é satisfying air quality regulations.

(Figure 7). Details of the type of equipment presently utilized can

 be found in Reference 5.

- Mixture Design. Mixture design techniques provide information for.

- the’sé?éction of the type and amount of chemical or chemfca1s for re-
- cycling. Figure 8 is the basis for selection of a stabilizer to be
a uséd in a recycling operation (31). Figure 9 provides an.out1ine for a
- mixture design method associated with dsing asphalts or asphalt modifiers
(1, 17, 24, 25, 26, 27). The proposed method is applicable for both -
hot and cold recycling operations and includes modifiers such as |
‘softening agents, rejuvenators, flux oils and soft asphalt bements. The
method consists of the.f0]1ow1ng ggnéral steps:
o Evaluation of salvaged materials,

2. Determination of the need for additionaT aggregates,

3. Selection of modifier type and amount,

4.' Preparation and testing of mixtures and

5. Selection of optimum combinations of.nEW.aggregates and -
| asphalt modifiers.
" Figure 10 and Table 9 have proven to be useful for selection of the
.appropriafe type and'amount-of asphalt modifiers required for.a_given
_recycling operation (20).

Structural Design. 'Structura1 des1gn téchniques suggested for

use include théﬁ]972;AASHTO Interim Guides (28) and layered elastic:

~ design procedures. . Typicai‘-AASHTO-1ayer coefficients have been

‘Figure 7

 Figure 8

Figure 9

Figure 10

Table 9



Rip ond Break
Up to Desired
Depth and
Rework Under
Layers

1

Super -

Blend Hot Aqgl.'egcﬂe"l

*Binder may include o modifier; new
aggregale may be used as required to
correct mix design and control air

guality problems.

Heoting |—{ with Old Mixture, |—
Aggregate and Binder
o Blend O1d Mixfure

I:l?;;ct with Binder, New

. . 1 Aggregate ; Mix with [

Heating Special Hot Plant
Blend OId Méﬁure

Di wi inder, New

F;';.e-:-.:‘: Aggreqgate; Mix with —

Heating Conventional Hot
Plant

with Binder, New | |
Aggregate; Mix with
Drum - Mixer

Biend OId Mixture
with Additives
Such_as Portland

Biend OId Mixtore ] |—

Haul Recycled
Mixturé to Job
Site, Place in
Manner Similar
to That for
Conventional
Mixture

Pujverize | |Lood and] |Crush,] |Processes
tn-Place [—Haul fo [— Screen i o Requiring
_ Plant and Added Heat
S]?ck- :
pile
. Crush,
Load and Screen
Houlto 1 and
| Plant Stock-
pile
Process
Ll Requiring
No Added
Heat

Cement, Lime, Cut-—
back or Emulsified
Aspholt and Mix
with Central Plant

Figur‘e 7. Central-plant 'fecyc]ing techniques.
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PERFORM
SIEVE
ANALYSIS
TEST

]

No. 200

< 25% .

PERFORM
ATTERBERG
LIMIT
TEST

-

CEMENT STABILiZATION

BITUMINOUS STABILIZATION

ADDN'L. REQ'MT FOR BASE COURSES
P1 < 6 and (Pl) {% PASS No. 200)
< 72 e

—'JLCEMENT STABILIZATION ]

—-{PI<I0 }—

| LIME STABILIZATION |

—{ CEMENT STABILIZATION

i LIME STABILIZATICN

Figure 8.

~ CEMENT STABILIZATION

ADD SUFFICIENT
LIME TO REDUCE
PL < 0 {SUBGRADE)
PI < & {BASE COURSE)

N

—l BITUMINOUS STABILIZATION

ADD SUFFICIENT
LiME TO REDUCE
PI < 30

—{ CEMENT STABILIZATION |

> 25 °/o l__.....__.—..l
—— PASS 10 > PI < 30
No. 200 =
' '
L—-‘ PL > 30 H

| LIME STABILIZATION |

Selection of Stabﬁizer (after Du'nlap, et al. -

Ref. 31).

gz



| OBTAIN

REPRESENTATIVE
FIELD SAMPLES
OF MIXTURES

TO BE-RECYCLEQD

Figure 9. Mixture design procedure.

EXTRACT AND

RECOVER THE

| ASPHALT AND

AGGREGATE
ASTM D2172

& D]85q:)

| DETERMINE

AGGREGATE

DETERMINE

NEED FOR “NEW"

DETERMINE

ASPHALT DEMAND
FOR RECYCLED
AGGREGATE &
"NEW" AGGREGATEg)

(ASTM P2172

PERCENT ASPHALT

PROPERTIESg)| | AGGREGATE &
PERFORM TESTS
AS' REQUIRERy
|
GRADATION GRADATION
ASTM C-136. | | ASTM C-136
1 . . 1
ABRASION ~ | [ ABRASION
ASTM C-131 ASTM C-131
| . i
POLISH VALUE | [ POLISH VALUE
ASTM D3319 ASTM D3319
DETERMINE DETERMINE
"ASPHALT TYPE & AMOUNT
PROPERTIESgy [ [OF MODIFIER
¥ ASSUMING 100%

RECYCLED
AGGREGATE @

COMPARE ASPHALT
DEMAND IN STEP
5 and STEP 7

SELECT A SUITABLE

MODIFIER FROM'
Fig. 10, - .

) L '
VISCOSITY, 140°F
ASTM D2171

PENETRATION, 77°F

ASTM D5

Table 8 @®

6¢



- [oBTAIN SAMPLE BLEND MODIFIER ~ [MIX AND FABRICATE SELECT 3 M0ST | [ SELECT
— | OF MODIFIER WITH RECOVERED 3 SAMPLES AT 5 PROMISING MIXTURE || OPTIMUM
| anp peRFORM | AsPHALT & TEST@ SELECT MODIFIER | |AND PERFORM THE MIXTURE

TSy | | - | conTents anp TESTgy, | |AperoPRIATE | | DESIGNgy
- I , L | ' PORTION OF TEST
— g _ B PROGRAM IN
- VISCOSITY 140°F - L A o
VISCOSITY, 140°F | ASTH D 2171 HVEEM OR MARSHALL | |Fi9ure 12¢p
ASTM D2170, 2171 | . STABILITY - § |
2170, 2171 o | | ASTM D1560 & D1559 - .
— - o STABILITY TEST -
PENETRATION PENETRATION, 77°F : —
ASTM D5 - ASTM D5 - | B R
— T AIR VOID CONTENT |  LYATER-SUSCEPTIBILITY
T | | ASTM D2041 & D2726 B |
ASTM D92 - THIN FILM OVEN | AIR VOID CONTENT
— | TEST e —
o - - | ASTM D1754 OR
THIN FILM OVEN | AsTM 2872 , - - -
o 1 | [ RESILIENT MODULUS
ASTM D1754 OR | . | . ——
| ASTM D2872

. 'Figure 9 - Continued.
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'fTEST‘

- TABLE 9 - PROPOSED SPECIFICATIONS FOR HOT MIX RECYCLING AGENTS !

ASTM TEST

RA 25

“RA 500

S The flnal acceptance of recyc11ng agents meeting this specification is subject to the compl1ance

asphalt blends wlth current asphalt. spec1f1cat10ns

-cases of dispute the reference method sha]] be ASTM D2872.

3. Viscosity Ratio

_RTF-C VlSCOSiEx_at 140°F, cSt

~ After Réference'ZOI

Original Viscosity at 140°F, cSt

RA 5 , RA 75 ~ RA 250 S
_ METHOD min. max. min. max. min. max, min, max. min. max. -
"V1sc051ty @]40° D2170 or o _ ' R e N
h ‘ , cSt 2N 200 800 1000 4000 5000 - 10000 15000 35000 40000 60000
" Flash Point .' B o S o o e
T coc, D92 400 - 425 - 450 @ - 450 ~ _;450 o
._Saturates, wt. 2 D2007 - 30 - 30 - 30 - SRR U
.'7f Res1due from ) 2 | | o
RTE-COven . D2872 | -
o Test @325 'F o ' _ _ S
'Viscosity Ratiod - - 3 - 3 - 3 - 3 . 3
RTF-C Oven - o . o
. Weight Change, oo 9 . ' - o
RN o Dbeerz - 4 : 4 - 2 - 2 - 2
'=;'specific;ﬁravity_ D70 or e e : B
' SRR R D1298 Report Report Report ~ Report Report

of the recbnStitUted

. The use of ASTM D1754 has not been studied in the contest of this spec1f1cation however, it may be app11cab]e In

2c



33
_obtained on several field projects and are shoWh on Table 10 (32)..

1Mater1a1;pr0perties'suitabTe for use with 1ayered.elastic design

-:e_procedqres are -available on only a few recycling projects (33).

- Economics and Energy. Economic and energy comparisons among . Table 10

'ef_reeyc]iﬁg and/or rehabilitation a1ternat1ves'shou1d-be made oh.a 20-

L to 30-yeare1ife cycle basis.  Summarized cost information is shown
oh TabTe 8;whi1e:representative.energy.consumption is shown on Table Table 1i
11. Detailed cost and energy informatien for a wide range of con- | |

' struct1on, rehabilitation and maintenance operat10ns can be found in

- Reference 1.

- Buide Sgec1f1cat1ons. Guide specifications have.been-formulatedh_

for specific common recycling operations (1, 4, 17). The guide specifi-
.cations are intended to eupp]ement-and/or provide input in order that
. agency specifications can be revised. Gujde specificatiqns are pro-
vided for the following recycling operations:.
1. Planing Operations
._2. Heater-Scarification Operations
3. In-Place Pulverization and Compaction Without Chemical
Stabilizers
4. Tn-Place Pulverization and Lime Stabilization
'5, ‘In-Place Pulverization and'Port]end Cement Stabilization
6. In-Place Pulverization and ASphelt:Stabi1izatiqn_:' '
:: 7. Central Plant Récycling - Asphalt. Concrete
.Qua11tyfcontro1 At the time of the preparation of these guide-

11nes, qua]1ty contro1 measures current1y emp]oyed on pavement recyc11ng
JObS have been those typ1ca11y used on similar types of construct1on by

..the perform1ng-agency. Suff1c1ent data are not ava11ab]e to deve1op



- TABLE 10 - TYPICAL AASHTO STRUCTURAL'LAYER COEFFICIENTS'

Layer Used
as

Range of a1
Computed

Average

a.
1

Number of Test

ai'fhr Corresponding

“Layer ‘and Material
at AASHTO Road Test

"_Type of Recyc]ed Materta]

~Central Plant - g
- Recycled Asphalt

- . Concrete Surface

_ fCentral Plant
Recycled Asphalt _

":Concrete Base

. In-Place Recycled -

©°.  Asphalt Concrete . . -
- Stabilized with Aspha!t '

~and/or an: Asphalt

Y Modifier

In-P]ace Recycled

" Asphalt Concrete and
- Existing Base Material-
. Stabilized with Cement :

u In P]ace Recyc]ed

Asphalt Concrete .
and Existing Base
 Stabilized with
Lime

In- P]ace Recyc]ed e

"_.Asphalt Road Mix

. Stabilized with
Asphalt - -

~ Surface

| Base
Base
_.Baﬁe

'r'Sufface

0;37-0;59

0.37-0.49

0.22-0.49

0.23-0.42
0.40

0.42

0.48

0.42

0.36

0.31

0.40

0.42

_Sectibns

BT

0.4

035
0.3
. 0.15-0:.23

0.5-0.30

_ After Reference 32

- e -



~~ TABLE 11 - TYPICAL ENERGY REQUIREMENTS FOR RECYCLING ‘OPERATIONS

35

.-_Recyc1ing Méthod

Heater-Planer

| Heater-Scarify
Hot-Milling
Cold-Milling

- In-Place Recycling

- Hot Central Plan Recycling

20,000

O BTU/yd® : Thickness of
_ ' ‘Treatment, in,
10,000 - 20,000 . 34
10,000 - 20,000 . 3/4
2,000 - 4,000 _ 1
- 1,000 - 2,500 1
-15,000 - 20,000 | 1
- 25,000 S

1 8TU/yd® = 1381 a/m°
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{stat15t1ca11y based qua11ty assurance spec1f1cat1ons for recyc11ng

: operat1ons (29, 30)

'-Eva1uation of Resﬁlté
Pérformande.of pavéments:and.détefmination-Of-in-p1ace material
H;;propertaes should be obtained in- a un1f0rm and continuous manner for
a-20- to 30—year-per1od Proaect data collection should 1nc]ude pre-
B tdnstructioh mixture.design and structural design 1nf0rmation, con-

. Struction quality control records, properties of the materia]s.after
- construction and performance of the pavement after construction. .A
.simi1ar perfokmance évaluation prograh sh0u1d'be used_to study the
-_behavion of selected convéntiona]_construction and rehabilitation pro-.
jects for comparison purposes. These data shou1d.be'uti1ized as feedback
- information to the design process describéd above and:thereby form the
basis for future se]ection of pavement rehabilitation a]ternatiQes,

A description 6f the iypes of information that should be coh-
.sidered for inﬁ]usion in this evaluation program are shown on Figure
11. _During‘constfuction, samples of.the loose mixtures should be
obtained and the samples fabricated@ The testing plan shown on Figure
_'12 is suggested for recycling jobs where asphalt 15 utﬁ]ized as a binder.
" Thfs festihg plan has'been'fbrmu1ated'for fesearch purposes and a. |
Lpart1cu1ar agency may elect to perform a 11m1ted number of these tests.
Recyc11ng operat1ons ut111z1ng 11me portland cement (other than

":econocrete or.port]and cement concrete)-or other types of binder

| 'Shoﬁ]d be sémpTéd'aftér mixing and just prior to compaction. . These
maféria]é shoﬁ1d be.ﬁsed'toﬁfabricéte'sampTes.suitabie for strength

:énd'durability.testingl. The types of tests_fhatlshoU]dcbe ut111zed =

-~ Figure 11

Figure 12
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Obtain Field Cores
{2 Cores ot Each -
of 9 Locations}
or Mold I8
Samples in
Laboratory

Determine
Bulk
Specific
Gravity
ASTM
D2776-73

Determine.
Resilient
Modulus, Mg

1 @ -13, 33,

€8, 77 and
104°F and
0.1 sec.
Load
Duration

Determine Morshall

Extract and

Determine Asphatt

Deteirmi ne Gradation '

Permanent Defor -
mation Prediction
3 Cores

Thermal Cracking
Prediction
3 Cores

F_igufe 12. _S_'u.gge'ste'd test sequence for field cores and-]labor'at'or_y molded
samples - asphalt recycling.

Stability , ASTM || Recover _| Properties - Pen. | | of Recovered
DIS59-73 Asphalt 77,39.2, Vistos- ™| pggreqate
3 Cores : ity 77, 140, 275 SR
Scoftening Point
Determine Hveem Water Suscepti- Determine Determine Hveem Perform Indirect
——1 Stability , ASTM bility, Lottmonn |~ Resilient —~{ Stability , " == Tension @ T7°F"
D1560 -7 Procedure Modulus,Mg.l 1 ASTM DIS60~7I at Load Rate of
3 Cores @ 77°F and 2 in./min..
- Q) sec. —
Load
Duration
Determine Vacuum Determine Determine Hveem
Hveem Sgturale Resilient and Marshall
“Stability , -~ and - Soak b1 Modulus, Mg @ [~ Stability
ASTM DI560 -7 - for 7 77°F and O.}
3 Cores Days - sec. Load
Duration
Perform Indirect Perform Calculate Air
Tension @ 77°F ] Rice 1 Void Content
of Load Rate of Specific
2 in, /min. Gravity
3 Cores -
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are. those present]y;speéiffed by the agency performing the recycling

- operation or those tests-éuggested for design for'thése types of

~mixtures in Reference 31.

-After conStruction; Ffe]d:cores should be obtaiﬁed at various
‘time intervals. . Sufficient field cores or samples should be obtained -
to_perform tesf plans shown on Figure 12, if asphalt is utilized as. .
tﬁe binder. These testing plans have:been'formu]ated for reﬁearch
'pUrposes and a particu]ar'agéncy_may eject to perform a'Timifed
“number of these tests. o

The evaluation of a recycling job is an extremely important part
of a recycling project. if the.engineering'community is ‘to define the
prbper place for recycling in pavemént rehabilitation, the types of
data obtained in the field evaluations wi]T.have to be defined. In
order to obtain ﬁhe data outlined above, an agency or organization must
be convinced of its qsefu1ness and be willing to schedule these
activities in order to make the necessary surveys, obtain field samples,
perform 1aboratony tests and.make_the'appropriate aha]ysis. Perhaps
the most effective way to make sure the data are coiTected in a uniform
and"continuous-manner.is to assign responsibility to a specific in-

dividual or organizational unit for a 10- to 15~year period.

- EXAMPLE PROBLEM

An interstate highway in West Texas is in need of rehabilitation.
The resident engineek would 1ike to consider recycling as a rehabili-
tation'aiternative as aggregate supplies are not iqcally available

(within 50-75 miles).
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- Preliminary Analysis

' _ Infdrmation collected on this section of roadway is shown on Table
3. An inspection of_the roadway -indicated a minor amount of alligator
crackingvand 1arge:amounts of longitudinal and transverse-trackfng
(Table 4).' Baéed on results of Dynaflect tests and RefErénce-Q, a
_tWo to-two‘énd_one;half inch overlay wi11'be'required {Table 5).. The
_ ServicéabiTity Indé* as determined with the Mays Ride Meter is 2.3
(Table 6). Tables .3, 4 and.5_wefe utiiized to se]ect'pre]iminaty
recycling aIternatives (Table 7). Baséd on this pré1iminary analysis
- the following recycling Optibns appear feasible:
“-A5 - Heater-scarify p1us'thick.over1ay
A8
B7

Surface milling plus thick overlay

In-place recycling with major structural improvement and
without new binder

Bg - In—ﬁ]ate rebyc1ihg with major structural impravement and

| with new binder _' | |

C3 - Central cold mix process.wfth_major structural improvements

without new binder

C4 . Central cold mix process with major structural improvements

with néw binder |

| C7 - Central hof-mix process with major strictural improvemgnt
and without new bfnder o o

C8

Central haot mix proceés with major structural improvement
~ and with new binder. _
f _Sinc9g10ca1 contractons were not familiar with in-place recyé]ing _

: alternatfves,3375ahd B8 were eliminated. Alternative C3 was eliminated -



"”- due'to'the]1ong haU]fdiStances required;tq.ebtain suitabie-haterial'for;

-'thé thickeé sections. A]ternatfve_C4'was_éliminatea as -the ehgjneér..
preférredfto uée_a bituminous bihder rather_than portTand éemeht while -
1ime-ﬁs:hot a suftabIe Stabilizer f0r the existing in-place material
'_(Fjgure.S)._ A1ternative c7 was:nqtjused because of the initial cost
éédnomiés demonstrated in Tab1é 8; A1ternatiVélA8 waé‘nbt-utilized as
~ the milTlings, from an écohomic standpoint, would have to be feqycled
“_and thﬁs Alternative C8 utilized.. Thus, fecycTing ATtefnatives Ab
and C8 together with conVentiona]'réhabi]itation-techniques were

considered in a detailed analysis.

Detailed Analysis

Equipment and Methods. Figure 5 was utilized to select the heater-

-~scarificétion.recyc1ing technique; .The surface is to be heated and

scarified to a7minimum.depth of 3/4 inch, the surface "screed" and a

_-two-inch'asphalt.concrete 6ver1ay applied. |

. - The central plant recycling technique wi]l.consist of ripping,

loading and hauling to a central crushing operaiion followed by a
 dﬁrect'f1ame hot recycling operation (Figure 7). Several contrattors
_‘in the Weét Texas area have this type of'reéyc]ing equipment -and it
Hcah:be used with 30 percéht'new aggregate to produce an acceptable

' _.recyc1ed'ésbha]t anCPEte whi]e'satisfyiﬁg aif quality regu]atjons.

Mixture Design. Figure 9 was utilized as a basis to determine

 the amount of recycling modifier to be used in the hot central plant
'recyc11hg_operation.=-(A similar procedure could be used'for_the heater~
"%'écérjffcations”operAtion;jhoweve?,*Samp]ing and testing shoqu be'cone._

.-f?néd to'the top 3/4 to - 1-inch of the pavement;) The”pavement-was L
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-.samp1ed:at'five:Tbcatipns andethe'asphalf extracted end recovered. - |
Results of these.tests.indieeted tﬁaf fhe.pavement could be considered
) fhomogeneoue-as-the_penetfation*ranged from-Ts.to 22 énd_the gredation
f: of -the fecovefed=aggregate variedr1ittie._ The average Viscosity of the
o }repovered asphaTt cement was S0,000'poiees.at_140°F whi1eethe average
peﬁetration was 19 as measured-under standard_conditions at 77°F.
The aggregate gradation was satisfaetoryras.recovefed from the
' pavemenf;-hawever,l30 percent new aggregate was added to help control
' :;air quality.. The total estimated asphalt demand for the recycled
mixture containing 70 percent recycled materiel and. 30 percent new -
aggregate was 6.5 percent by dry weight'or aggregate. The amount of : |
asphalt in-the mixture to be recycled was 6.2 percent. The anticipated
additional amount pf bituminous modifiers is therefore 2.2 percent as
6.5 - [(0.70 x 6.2) + (.30 x 0.0)] = 2.2 | |
Figure 10 together with the following can'be used to determine
the approximate‘desired viscosity'of:the'recyt]ing agent {Step 8 of |
F1gure 9). | | | | |
a. The desired weight percent of recycling modifier is %fﬁ' = .34
or 34 percent of the total binder assuming the specific gravity
- of the hodffier is equal to that of the recovered asphalt.
f b. ‘The viscosity of the recovered asphalt from the old pavement
'is 50,000 poises. ._ | |
" Ca The-desired binder:in thexrecycled-hixture is an AC-]Q.
d.. fThe‘apprdximate'vfscosity of the modifier is 650-700 tenti~
| .__po1ses o _ | _ | |
'E Tab1e 9 1nd1cates that an- RA 5 recyc11ng agent is su1tab1e

"i ; - Tests performed on:- b1ends of recovered- aspha]t and mod1f1er con- -
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~Firm that'approximateTy 35-§er¢eﬁt-of ihé-totaT binder should be an

RA—S'déSignated.regycling agent.: Tést$ 6n'mixtures.prepared with 70
bercent'reéyc1éd asphalt1concreté and- 30 pércent'newlaggregate;indicate

_;_that_adequaterstability and air void -contents can be obtained at 6.5

percent_total7binder- wafer-SUSceptibiIity of the mixture is also

- -édequate‘ The 70-30 blend. w1th 6.5 percent total b1nder is the m1xture

‘which shou]d be tried f1rst in the field.

_ Structura1 Design. The structural design was performed according

~ to References 9 and 28 and resulted in the thickness requirements
- associated with the various alternatives shown on Tabte 12.

Economics and Energy.  Table 12 contains rehabilitation alter-

natives based on a detailed structural analyses as well as pavement
performance experience'gainéd in the:Southwest.

| Antiﬁipated life cycle éosts are shown.on Table 13 for a 20-year
period. Costs wére based on information obtained by the TocaT_resident
“engineer and shown on Tabie 14. Table 15 contains a summaryﬂof the
¢ost and energy requirements for these 10 rehabilitation alternatives.
 Both:initia1 and 1ife cycle costs‘andfénergies are shown. Life cyc]e-
costs ih £erms of present worth for rates of return of 0 and 8 percent
are given. Equal annual Tife cycle costs {assuming an 8 percent rate
of return) are of the order of 50 to 70 cents per squére*yard of pave- -
"ment surface. Various hot récyc]ingicoét and timing opﬁions.* {Plans
:.4;.5;_6,'7 and 8) Werejiﬁvestigated to ‘demonstrate the sensitivity of
the assumpt1ons made in the analysis. | e : |

- The select1on of the appropr1ate rehab111tat1on aTternat1ve w111
 be based on the amount of money 1n1t1a]1y ava11ab1e for the progect and

T if 11fe cyc]e costs are to be cons1dered the rate of return to be

Table 12
Table 13
Table 14

Table 15



'PTan

Plan

Plan

Pjan
~ Plan
‘Plan
e

‘Plan

© Plan

Plan

a4

~ TABLE 12 - REHABILITATION ALTERNATIVES_DEFINED

: . Two-inch asphalt concrete overlay with maintenance on a

- 7-year cycle (asphalt concrete $25 00 per ton).

: 'Ch1p seaT ptus 2- inch asphalt concrete over]ay w1th
-maintenance (chip seal $0.55 per square yard, asphalt
.concrete $25. 00 per ton)

: Fabric reinforcement plus 2-inch asphalt concrete dVer?ay'
with maintenance (fabric reinforcement $1.25 per square
.yard, asphalt concrete $25.00 per ton).

Recycle existing 4 inches of material and blend a selected
aggregate into recycle mixture, A 2-inch overlay is -
scheduled after 5 years (recyciing at $20.00 per ton and
overlay at $25.00 per ton).

: Recycling existing 4 inches of asphalt materials and 2
" inches of asphalt concrete overlay with maintenance

(recycling $16.00 per ton, asphalt concrete $25.00 per ton).

: -Recycling existing 4 inches of asphalt materials and 2
- inches of asphalt concrete overlay with maintenance which

includes a 2-inch overlay (recyc11ng $76.00 per ton,
asphalt concrete $25.00. per ton). _

Recyciing existing 4 inches of asphalt materials.and 2 3
inches of asphalt concrete overlay with maintenance
(recycling $20.00 per ton, asphalt concrete $25.00 per ton).

Delay recycling 4 years and then recycle and add 2 inches

- of asphalt concrete overlay with maintenance {recycling

$16.00 per ton, asphalt concrete $25.00 per ton).

Heater-scarify to a depth of 1 to 1.5 inch and 2 inches of

- asphalt concrete overlay with maintenance (heater- -

scarification $0.90 per square yard, asphalt concrete -

- -$25.00 per ton).’

10:

Asphalt-rubber interlayer and 2 inches of asphalt concrete

. overlay with maintenance (asphalt-rubber interlayer $1.25

- per square yard, asphalt concrete $25;OO per ton).



TABLE 13 - REHABILITATION ALTERNATIVES COST SCHEDULES

2000

- Plan 3
B ~ Fabric
Plan 2 Retn- . . .Plan 10 - )
S Seal “force- Plan 5 Plan 6 Plan 7 Plan 8 Plan 9 Asphalt-Rubber -
Plan 1 - Coat ~ ment Recycie Recycle Recycle Recycle Heater-Scari fy “Interlayer
L 2" A.C, +2" A.C. #2* AL, Plan 4 +2" AC. +2" A.C. +2 AL, 2" AC. + 2" A.C. o+ 2UALC,
Year - Overlay Overlay Overlay Recycle Overtay Overlay Overlay Overlay Overlay Overiay
1980 2.50 3.05° 3.7% 4.00 5.70 5.70 6.50 15 -3.40 3.75
1987 . - .15 : o
19g2 - 15
1983 - .08 . 15 a
1984 .13 .08 .08 o 6.50 .08 .08
.- 1988 .15 .13 S 2.50 B
© 1986 .18 B 1 B k] ' W13 13
1587 2.50 18 S . o
1988 15 15 .08 .08 .08 15 - 15
-1989 2.50 - . :
1990 A8 : 2.50 13 RE} 13 2.50 2.50
1991 .13 .08 0B
‘1952 15 .08 ; 215 .18 5 .
1993 1% .13 .08 .13 . e .13 08" .08
1994 2.50 .15 13 5 2.50 .15 ’ .13 13
1595 .15 a5 5 : .15 18 15
1996 : 3.0% .15 .15 A5 ) .15 .15
1997 - .08 .15 .18 . A5 15 18
1998 13 _ 15 .15 .08 .15 . .15 .15
19499 i5 : A5 5 .15 15 .15
15 08 - 15 S | 13 15 A5 15

ok . N : N
Numbers represent costs per square yard.

<3 4
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TABLE 14 - COST DATA USED TO ANALYZE REWABILITATION STRATEGIES

: Material or Operation : S cost - _
| | | o $ Per Ton $ Per Sq. Yd;:
'Aépha1t_éan¢rete . : o | 25.00 o lse
Recycle Asphalt Concrete -~ 20.00 S
 Recyc1e Asphalt Concrete g - 16.00 . 0.80%
Chip Seal Coat | | o 0.55
Fabric o N "_ _:' o R T
Heater-Scarification | . 0.9
Crack Sealing o | 0.15

.. Asphalt Rubber Interlayer ' ) - O 1.25

*Cost:per square'yard for onefinch thickness.'



TABLE 15 - COST AND ENERGY SUMMARY

Energy, BTU/Sq.Yd. _ o Cost,“DollérS/Sq.Yd.;”

= © 20-Year Life* .

- No.

Method . Initial  20-Year Life  Initial 0 Percent - 8 Percent o

T 2AC Overlay 57,800 200,000 2.0 - 9.03 5.50
2 seal Coat + 2" AC Overlay 61,700 203,000 13.05 9.8 - 58

Fabric + 2" AC Overlay 60,000 145,000 3.75 - 7.2 5.44
CRecycle 119,600 190,000 400 7.6 - 5.91
Recycle + 2° AC Overlay 177,400 195,000 570 6.66  6.03
. . _ . .
.83 |

“Recycle + 2* AC Overlay 177,400 204,000 570 877
~Recycle + 2" AC Overlay 177,400 195,000 . 6.50 7.46

> oy o oy
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= - TS B = R < LI

* Recycle + 2" AC Overlay 2,200 - 201,000 05 7.76

" AC Overlay 74,800 160,000 340 73 509
| 110; . Asphalt Rubber Inter-

Tayer + 20 AC Overlay 164,000 149,000 N

e S | | o
_Equal annual. costs assuming 0 and 8 percent rate of return.

.
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..__expected on. the mon1es ava11ab1e The 1owest f1rst cost alternat1ve -
1 JS a 2-inch aspha]t concrete overlay (Plan 1). (The "do nothing"
'a]ternat1ye, P1ane8,_has nqt been qonsidered fn-making this-statement,) :'
f A1ternetiVe Plan S_ﬁas-the.1owest-20?yeare11fe cyc?e cost if O'percent.'
'&kate'of.returh_canfbe expected For an expected 8 percent rate of..
i_retqrn,eP1énJ9 is desirable. From a 11fe cycle energy standpo1nt
“_P1ehs 3 and'TOIare desirabie Table 15 therefore forms a bas1s
.Efrom which the dec1s1on can be made by the engineer. Loca1
.cond1t1ons and expected life cycles of the various aTternat?Ves
“must be consfdered_injconsiderab]e deteiT'befOfe making'the finaT-

decision.

| Guide Specifications and;an]itx_Contro].-:Specificetions utilized .
"._For hot central plant recycling in other Texas highway districts were
reviewed together-with informatidn from other states and Reference 1.
Qua11ty control procedures f011owed those typ1ca1]y used for aspha1t

" .concrete SUY"F&CE courses.
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 SUMMARY

:Lnformation on pavement recycling has.been_cdl1ected.end
; Synthesized.into-rea]iétfc guide1iues for the praCticing engineer.
The complete. document prov1des the eng1neer with the follow1ng infor-
mat1on 1n a single reference document _ | |
1. Advantages-and-d1sadvantages of pavement recycling,
2. Identificatien of recyc]iug techniques, |
3. Assistance in mak1ng a pre11m1nary ana1y51s of. recyc11ng as a -
‘rehabilitation alternative. | | |
4. Guidance and criteria for making a detailed anaTysis of cost,
energy,.mixtUre design, structural design, constructidn
specifications: and quality control and
5. Recommendations for evaluation of recycling projects so that
' e.compariSOn with conventional methods of rehabilitation can be
‘made. B | | | o
The criterie;‘COSt data, energy data, etc. presented in this
. peper need to be improved. 'Criteria.for sejectioﬁ of rehabilitation
canernatives should be-based on Tocal conditions and local cost
| -iuforhationu5h0u1dube used when;posSible, ‘Performance cf.fecyc1ing
s brojects needs to be defined:end‘re]ated'to the typeepf_distress'
_ corrected;Z_Specificetiensdand_quaiity control for pavement recycling
“operations need to be improved. - Improved;specifications for pauement
'Vmodffiers-need to be esfablished as well as the understanding of the
"compat1b111ty of recyc11ng mod1f1ers and 01d recycled asphalts. o
 ngat1gue permanent deformat1on and 10w temperature propert1es of

: :recyc1ed m1xtures need to be def1ned for 1ncTus1on 1n mechan1st1c
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"';pavement de519n procedures

_ The recyc11ng gu1de11nes presented in th1s paper prov1de a
Framework upon which change can be_made as-1mproved criteria.are.
"aeve1dped Until these impro§ed'Criteria.are formulated, these .
-gu1de11nes w111 ass1st ‘the pract1c1ng eng1neer in: mak1ng h1s da11y

'-rehab111tat1on dec1s1ons.
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