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How to Optimize Your How to Optimize Your 
Strategy with InStrategy with In--Place Place 

Recycling Recycling 



InIn--Place Recycling Meets Place Recycling Meets 
the 3E Challengethe 3E Challenge
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InIn--Place Recycling FactsPlace Recycling Facts

Reduces rehab cost 30 Reduces rehab cost 30 -- 70% 70% 
Lasts as long or longer than Lasts as long or longer than 
conventional strategiesconventional strategies
Utilizes 100% inUtilizes 100% in--place materials place materials 
requiring minimal energy  requiring minimal energy  



OutlineOutline

LifeLife--Cycle Cost Analysis for Cycle Cost Analysis for 
Different Types of InDifferent Types of In--Place Place 
Recycling:Recycling:
Hot InHot In--Place (HIR)Place (HIR)
Cold InCold In--Place (CIR)Place (CIR)
FullFull--Depth Reclamation (FDR)Depth Reclamation (FDR)

Case Study Nevada DOT Case Study Nevada DOT 



How to Optimize How to Optimize 
Your Strategy?  Your Strategy?  

the right projectthe right project

the right strategy the right strategy 

the right timethe right time



Optimum StrategiesOptimum Strategies 
for Infor In--Place RecyclingPlace Recycling

HIR

CIR

FDR
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LifeLife--Cycle Cost Analysis Cycle Cost Analysis 
Initial costInitial cost
Analysis Period (20Analysis Period (20--35 years) 35 years) 
Discount rate (4%) Discount rate (4%) 
Determine future rehabilitation over Determine future rehabilitation over 
the analysis period the analysis period 
Convert all costs to present worth  Convert all costs to present worth  



Unit Prices Unit Prices 
for Different Strategies for Different Strategies 

22”” HMA = $9/sq. yd.HMA = $9/sq. yd.
22”” MillMill = $2/sq. yd.= $2/sq. yd.
22”” HIRHIR = $6/sq. yd.= $6/sq. yd.
33”” CIRCIR = $4.50/sq. yd.= $4.50/sq. yd.
66”” FDRFDR = $13/sq. yd.= $13/sq. yd.
Granular base = $35/ cubic yd.Granular base = $35/ cubic yd.
Pavement removal = $5/cu. yd.  Pavement removal = $5/cu. yd.  



Structural Number Structural Number 
(SN) for Different Layers (SN) for Different Layers 

AASHTO Recommended AASHTO Recommended 
CoefficientCoefficient

HMA= 0.35HMA= 0.35--0.440.44
HIR  = 0.35HIR  = 0.35--0.40.4
CIR  = 0.28CIR  = 0.28--0.350.35
FDR = 0.18FDR = 0.18--0.280.28
Base= Base= -- 0.10.1--0.140.14

Coefficient used for LCCACoefficient used for LCCA

HMA = 0.44HMA = 0.44
HIR   = 0.4HIR   = 0.4
CIR   = 0.28CIR   = 0.28
FDR  = 0.28FDR  = 0.28
Base = 0.1Base = 0.1



InIn--Place Recycling Place Recycling 
The Right Strategy The Right Strategy 

Hot InHot In--Place Place (HIR)(HIR)

Cold InCold In--Place (CIR)Place (CIR)

FullFull--Depth Reclamation (FDR) Depth Reclamation (FDR) 



Pavement Candidates Pavement Candidates 
for HIR for HIR 

Surface Distress <2Surface Distress <2””



HIR Train

Train consists of heaters, heater-millers, a mixing machine, and 
pavers for HIR or a milling machine, crusher, and paver

Taken from USDOT, FHWA, Public Roads Magazine, 
Recycled Roadways , Jason Harrington, Jan /Feb 2005, Vol. 68., No. 4

MILLING MILLING 
MACHINEMACHINE

CRUSHERCRUSHER

PAVERPAVER



HIR Addresses HIR Addresses 
Surface Improvements Surface Improvements 

Typical depth:  Typical depth:  ¾”¾” to 2to 2””
Surface distress:  raveling,  rutting,  Surface distress:  raveling,  rutting,  
bleeding, surface cracking bleeding, surface cracking 

Surface Recycling Surface Recycling 
Remixing Remixing 
Repaving Repaving 



LCCA for Conventional vs. LCCA for Conventional vs. 
HIR Strategy HIR Strategy 

00 1212 2020

22”” Mill & FillMill & Fill
SN = 0.44 SN = 0.44 

22””Mill Mill 

& Fill& Fill

22”” HIRHIR
SN = 0.40 SN = 0.40 

Salvage Salvage 
Value =Value =

$ 4/12 of last $ 4/12 of last 
strategy strategy 

Salvage Salvage 
Value  = $ 0Value  = $ 0

22”” HIRHIR

00 1010 2020



$11

$16

$6

$10

≈≈
 

40% Less Cost with HIR40% Less Cost with HIR



InIn--Place Recycling Place Recycling 
The Right Strategy The Right Strategy 



Pavement Candidates Pavement Candidates 
for CIR for CIR 

Pavement is Structurally Sound  Pavement is Structurally Sound  

I-80 Pequop Project



CIR Train
LIME LIME 

SLURRY  SLURRY  
TANKTANK

MILLING MILLING 
MACHINEMACHINE

CRUSHERCRUSHER PUG MILLPUG MILL
EMULSION EMULSION 

TANKTANK

PAVERPAVER



CIR Addresses All Types of CIR Addresses All Types of 
Pavement Distress Pavement Distress 

Except Structural Deficiency Except Structural Deficiency 

Typical depth of CIR:  2Typical depth of CIR:  2”” to 4to 4””
Reflective, wide transverse,  Reflective, wide transverse,  
longitudinal, block cracking longitudinal, block cracking 



LCCA for Conventional vs. LCCA for Conventional vs. 
CIR Strategy CIR Strategy 

00 1212 2020

44”” Mill & FillMill & Fill
SN = 0.88 SN = 0.88 

22”” Mill & FillMill & Fill

33”” CIRCIR
1.51.5”” HMAHMA

SN = 1.50 SN = 1.50 

Salvage Salvage 
Value =Value =

$ 4/12 of last $ 4/12 of last 
strategy strategy 

Salvage Salvage 
Value  = $ 0Value  = $ 022”” OverlayOverlay

00 1010 2020



$27

$16.50

≈≈
 

40% Less Cost with CIR40% Less Cost with CIR



InIn--Place Recycling Place Recycling 
The Right Strategy The Right Strategy 

Hot InHot In--Place (HIR)Place (HIR)

Cold InCold In--Place (CIR)Place (CIR)

FullFull--Depth Reclamation Depth Reclamation (FDR) (FDR) 



Pavement Candidates Pavement Candidates 
for FDRfor FDR 

Structural Failure  Structural Failure  



FDR Using EmulsionFDR Using Emulsion 
Snow Canyon Parkway Snow Canyon Parkway 

just off Bluff Street in St. George, Utahjust off Bluff Street in St. George, Utah

Contractor: Western Rock
Sub-Contractor: Coughlin Construction

2008



FDR Addresses FDR Addresses 
Structural DeficiencyStructural Deficiency
Typical FDR depth:  6Typical FDR depth:  6”” to 12to 12””
Mix the asphalt pavement  with base  Mix the asphalt pavement  with base  
to provide uniform structural section to provide uniform structural section 
Need to use the right additive Need to use the right additive 

Cement Cement 
EmulsionEmulsion
Lime  & fly ash Lime  & fly ash 



LCCA for Conventional vs. LCCA for Conventional vs. 
FDR Strategy FDR Strategy 

00 1010 2020

55””HMAHMA
1818”” BaseBase

Remove Existing Base Remove Existing Base 
& Plantmix& Plantmix

SN = 4SN = 4

22””HMAHMA

5.255.25”” HMAHMA
66”” FDRFDR
SN = 4SN = 4

Salvage Salvage 
Value =Value =

$ 0$ 0

Salvage Salvage 
Value  = $ 0Value  = $ 0

22”” HMAHMA

00 1010 2020



$37

≈≈
 

1717% Less Cost with FDR% Less Cost with FDR



Case StudyCase Study 

How Nevada used a sustainable approach How Nevada used a sustainable approach 
to reduce $600M in project cost and to reduce $600M in project cost and 

significantly improve its pavement conditionsignificantly improve its pavement condition



NDOT FactsNDOT Facts
Maintains 5,300 centerline Maintains 5,300 centerline 
milesmiles
Fastest growing stateFastest growing state
77thth largest statelargest state
Highest % of NHS roads in Highest % of NHS roads in 
smooth category smooth category (FHWA website)(FHWA website)

Maintained same funding for Maintained same funding for 
pavement preservation from pavement preservation from 
19921992--2005, while price of 2005, while price of 
hotmix asphalt increased hotmix asphalt increased 
400%400%



Caution: Smooth Roads Ahead!Caution: Smooth Roads Ahead!

*from FHWA HPMS website *from FHWA HPMS website 

2005 IRI Data Good
< 95

Fair
95 to 170

Poor
> 170

NHS 95% 5% 0%



Cold InCold In--Place Recycling Place Recycling 
(CIR) in Nevada(CIR) in Nevada

15% of system (over 1000 centerline miles 9715% of system (over 1000 centerline miles 97--2007)2007)
Will meet or exceed 20Will meet or exceed 20--yr design life with preventive yr design life with preventive 
maintenancemaintenance
1.51.5”” –– 44”” Hotmix asphalt placed over medium Hotmix asphalt placed over medium -- high high 
traffic areastraffic areas
Double chip seal placed for low volume roads < than Double chip seal placed for low volume roads < than 
1000 ADT1000 ADT



CIR on Nevada Roads CIR on Nevada Roads 

Medium -
 

High Volume Low Volume 

>1000 ADT or >1M ESAL <1000 ADT & <1M ESAL

Lime slurry, and emulsion   Engineered emulsion 

1.5”
 

to 4”
 

Hotmix overlay and 
friction course  

No overlay  

Double chip seal



CIR on High Volume RoadsCIR on High Volume Roads 
II--80 at Pequop Nevada80 at Pequop Nevada 

(2008 Roads & Bridges Magazine Award Recipient)(2008 Roads & Bridges Magazine Award Recipient)

Cost:  $33.7 Million      Cost:  $33.7 Million      

Project Length:  Project Length:  
≈≈

 
20 miles20 miles

Pavement Section:Pavement Section:
3.53.5””

 
CIR CIR 

44””
 

Hotmix OverlayHotmix Overlay
¾¾

 
””

 
FrictionFriction--wearing wearing 

surfacesurface

2007-2008



CIR on Low Volume RoadsCIR on Low Volume Roads 
SR SR –– 892 Nevada 892 Nevada 

Cost:  $2 Million      Cost:  $2 Million      

Project Length:  Project Length:  
≈≈

 
35 miles35 miles

Pavement Section:Pavement Section:
22””

 
CIR CIR 

Double Chip SealDouble Chip Seal

Subcontractor: Valentine Surfacing, 2005

Cores



SRSR--892892 
WellWell--Coated MaterialCoated Material

2005



CostCost--EffectivenessEffectiveness
CategoryCategory

ADT & LoadingADT & Loading StrategyStrategy Total Structural Total Structural 
NumbersNumbers

Strategy CostStrategy Cost Cost  Reduction Cost  Reduction 
/mile/mile

Increase in Increase in 
Structural Structural 
NumberNumber

LowLow <400 ADT
<1M to 2M
ESAL

2”

 

mill & HMA (2*0.42)-(2”*0.44/2)
= 0.4

240K

$134K

56%

110%
3”

 

CIR &
double Chip
seal

3*0.28
=0.84

106K

MediumMedium <400
ADT<5000
2M<ESAL<4M

3”

 

Mill & 3”
HMA

(3*0.42)-(3”*0.44/2)
0.6

350K

$80K

23%

180%
3”

 

CIR & 2”
HMA

(3”*0.28)+(0.42*2”)
=1.68

270K

HighHigh <5000
ADT<40,000
4M <ESAL<25M

3”

 

Mill & 6”
HMA

(6*0.42)-(3”*0.44/2)
=1.86

650K

$180K

28%

50%
3”

 

CIR & 4”
HMA

(4”*0.42)+(3*0.28)
=2.52

470K470K



CIR & FDRCIR & FDR 
Saved NDOT 
over over $600M$600M 

Based on 10Based on 10--year year 
Performance Data:Performance Data: 

2020--yearyear 
Design Life isDesign Life is 
Expected Expected 



Long Long ––Term PerformanceTerm Performance
 

     PBS 

1987 CIR 

1999 CIR 



LongLong--Term PerformanceTerm Performance 
McCarran Blvd., Reno, NV McCarran Blvd., Reno, NV 

CIR Process and Asphalt Paving Operation CIR Process and Asphalt Paving Operation 

Agency:  RTC Washoe County
Contractor:  Granite Construction

Subcontractor:  Arizona Pavement Profiling 
2002



66--Year Performance Year Performance 
McCarran Blvd. RenoMcCarran Blvd. Reno

April 2008

CIR and 2”
 

Overlay SectionReconstructed Section



InIn--place Recycling Provides aplace Recycling Provides a 
Sustainable SolutionSustainable Solution

TimeTime, Oct. 1, 2007, Oct. 1, 2007 NewsweekNewsweek, April 16, 2007, April 16, 2007



InIn--Place Recycling Place Recycling 
Meets the 3E ChallengeMeets the 3E Challenge

ENVIRONMENTALECONOMICS

ENGINEERING 



Sohila Bemanian, PESohila Bemanian, PE
Parsons Transportation Group Parsons Transportation Group 
Carson City, Nevada  Carson City, Nevada  
Sohila.bemanian@parsons.comSohila.bemanian@parsons.com
(775) 827(775) 827--45254525

Thank You!

mailto:Sohila.bemanian@parsons.com
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