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ABSTRACT

The University of California, through the UC PaveimBesearch Centre (UC-PRC) located at Davis and
Berkeley, started conducting Accelerated Pavemestiig (APT) research in 1994. This research is
conducted for the California Department of Trangmoon (Caltrans), which purchased two Heavy
Vehicle Simulators (HVS) in 1994. Since then gngicant amount of APT-related research has been
completed. As part of good business practice,fandontinuous improvement of this research program
there is a need to identify, analyze and quantig direct and indirect benefits obtained from HVS
testing. This paper provides an historical ovewief previous benefit assessment investigations.
Furthermore it highlights the findings of a pildudy aimed at defining an appropriate method of
measuring the impact of and the benefits to beaghirom HVS testing by the UC-PRC. This approach
has also been tested through the evaluation afemtédVS study in California. The pilot study luded
qualitative and quantitative analyses of the bémeff HVS testing, together with an evaluation lof t

calculated benefit/cost ratio.
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INTRODUCTION

The California Department of Transportation (Calfla became interested in Accelerated
Pavement Testing (APT) in 1989 and, after evalunatib the South African Heavy Vehicle Simulator
(HVS), decided in 1993 to purchase two HVSs from @ouncil for Scientific and Industrial Research
(CSIR) in South Africa. At the same time, Caltralesided to complement its HVS testing program with
a laboratory research program using some Stratdigltway Research Program (SHRP) equipment. An
extensive laboratory testing program involving talkoratories and other resources of the University
California (UC) at both Davis and Berkeley completeel the full-scale accelerated pavement testing
program (1). In 2003 the research program develamte the UC Pavement Research Center (UC-PRC),
a partnership between UC Davis, UC Berkeley, Dystdtec and the CSIR.

Over the past 12 years significant technical biteagrighs have been made in the PRC program.
However, the following questions remain:

« What is the potential impact of the research re8ult
¢ How much implementation has taken place?
« What are the practical benefits obtained from tdsearch program?

The aim of this pilot study is to answer some oésth questions through the benefit/cost

evaluation of HVS studies done in California oves tast 12 years.

Previous Assessments of Impacts from HVS Testing

In 1992 Horaket al (2) reported on an investigation of the beneflitained from HVS testing in
South Africa. They gave a comprehensive list otcgmetechnical impacts from the HVS program at the
time. These included the improved use of new ambuative construction materials and methods,
improved design and analysis procedures, as welhdke results of specific rehabilitation inveatigns.
Their analysis found an overall benefit/cost rdB&R) of 12.8. Horalet al. (2) state thatlt should be
appreciated that such economic quantification, his tinstance attempting realistically to compare th
“with HVS” and “without HVS” scenarios, is invaridip both imprecise and conservative (the latter to
minimize potential contention).The subjectivity in determining benefits (thouginservative) and the
lack of benchmarking through expert peer review entile 1992 study difficult to update. However, the

method used in the current pilot study for Caltran#ds on previous experience and recommendations.

Rustet al. (3) reported on the HVS program in South Africainiy the period 1978 to 1998.
Focusing on work undertaken with the HVS from itmmmissioning in 1978 to 1998, their report
describes the background and purpose of HVS pmjjedentifies the most significant findings and



highlights the impact of the program both on tedbgizal advances in pavement engineering and on

perceived cost savings to industry. The purposéheir report was not to measure the impact of the

benefits quantitatively, but rather to provide aspective on the work, as well as a basis on whtlre

HVS work could be assessed.

These approaches, i.e. calculation of direct beneind identification of indirect impacts, are

complementary. For example, Restal. (3) identified the following as positive, indirdatpacts:

instrumentation developments;

materials-based developments, such as the devetomhkarge Aggregate Mix Bases (LAMBS),
Granular Emulsion Mixes (GEMs) and porous asphateq-graded asphalt mixes with 25%
voids or more);

improvements in material testing methods and pawmemesign specifications, such as the South
African pavement structural design method and cgtad;

enhancement of pavement management systems presatienived from the HVS program, e.g.
the adoption of visual cracking as a trigger fae@ding, in contrast with practice elsewhere where
changes in deflection are used for triggering sastfon for the thicker asphalt bases, and
Characterization of tire/pavement interface stressed characterization of fundamental road

material properties.

The overall benefit of the HVS program in South iédr was assessed by Rust, Mahoney and

Sorenson (4). Their paper compameter alia the costs of pavement designs in South Africa with

those commonly used in California and Washingt@teSt Their findings are summarized in Figure 1.
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The pavement structure commonly used in South &fdaod validated through many years of
HVS testing in this country, consists of high gtya@iranular bases supported by a cemented subhdse a
covered with a relatively thin asphalt wearing @sur As indicated in Figure 1, the South Africasige
philosophy yield more cost-effective designs thawse utilizing relatively thick asphalt layers opaker
granular layers. It is evident that, if pavemendald be constructed with these materials cost-gffely
in the USA, significant initial cost savings coulk effected. The saving on initial cost could be
somewhere between 30 and 45 percent, dependingeotrdffic class and the quality of the subgrade

support.

Rust, Mahoney and Sorensen (4) conclude that tiwverloelative cost of pavement structures
found in South Africa can mainly be attributedhe tesults produced by the HVS program in its &ffay

determine the most cost-effective design for ai@aer pavement type and traffic class.

Recent Efforts to assess Benefits from the SouttaAfHVS Program

In recent years Jooste and Sampson (5,6) calculla¢edenefit/cost ratio of the HVS work done
in South Africa in order to develop a high-qualdsushed aggregate base pavement design (G1 base).
They followed a benefit/cost calculation methodglag which an alternative design was compared with
the standard design. This methodology was largeked on work done by Rose and Bennet (7), who
calculated Benefit/Cost Ratio (BCR) values for #naluation of the Australian APT program and
determined BCR values ranging from 3.8 to 4.9. Tdiewing steps show the methodology from Rose
and Bennet as adapted and used by Jooste and $Sampso

* Select the standard design used at the time oSiigation that would perform similarly to the
alternative design (in this case the new G1 base);

« Compile a set of assumptions required for a benefit analysis including analysis period, initial
construction costs, routine maintenance costsbiiiaéion timing and costs, discount rate etc.;

¢ Conduct initial benefit/cost analyses based onglassumptions;

Test the reasonableness and validity of the assongpthrough a questionnaire and series of

interviews with practitioners, and

Rework the benefit/cost analysis if required.

In this study, the key impacts of HVS testing oa @il base technology were identified as:
e The suitability of pavements with G1 bases for i2eto 50 million ESALs design class was
clearly proved;
e The feasibility of using pavements with G1 baseswigt regions was proved (provided an

impervious surfacing could be maintained), and



« It was found that the damage exponent (or n-vatdig)avements with a G1 base over a thick

cemented subbase was close to 3, and not 4.2,sasomanonly assumed.

It was also noted that HVS testing had other ingpastich as those relating to Science and
Technology development, but that these could natebéily evaluated in economic terms. The overall
benefit/cost ratio of research stemming from HVSitg was calculated as being between 2.4 and 10.2,

depending on various factors and assumptions.

Jooste and Sampson conclude that their study doéstake into account the additional
downstream benefits and the impact of these benefitthe population at large. This means that the
benefit assessment probably significantly underesgs the real benefit stemming from HVS testing on
pavements with G1 bases. There are several odmfits resulting from this HVS program that could
not be converted to economic savings, but whichsare to impact positively on South Africa’s road
network. These benefits include aspects such as:

e  Calibration of the South African mechanistic desiggthod;

»  Technology transfer to engineers in practice tlaising their technical competence;

* Improved understanding of the systems behaviorafigar base pavements, and particularly of
the interaction between the granular base and deshenbbase, and

* Improved understanding of the behavior of cementdibase layers under loading, which led to
further research into the behavior and performarfice@mentitious pavement layers.

APPROACH FOR BENEFIT ASSESSMENT OF UC-PRC PROJECTS

In view of the above findings, it was decided ttia¢ approach Jooste and Sampson followed
during the Gautrans HVS benefit/cost evaluatiomsed to evaluate the benefits of the UC HVS program

The approach and methodology are briefly summaitizdolw.

It is difficult to evaluate the economic returns B&D work. The economic benefit of a
development can only be calculated if the outcofma t@chnology development effort can be compared
with the scenario that would have existed had sléstelopment not been undertaken. Such an assessmen
necessarily includes a significant amount of umiety and subjective judgment. The methodology
adopted for this study takes this uncertainty imtgount and is based on the framework establisfied b
Jooste and Sampson with some modifications. Kanatés of the methodology are:

* The situatiorwith andwithoutthe benefit of HVS testing is assessed;

e The uncertainty in assumptions and outcomes isnactmated by assigning a probability to
outcomes;

* The cost of each outcome is calculated and adjustegbplication of a probability factor;



* The benefit of the R&D project is determined by tsatting the total effective cost of all
optionswithout the benefit of HVS testing from the total effeetivost of all optionsvith the
benefit of HVS testing , and

« The calculated benefit divided by the cost is ttienbenefit/cost ratio.

It is important to take into consideration the ftct benefits (e.g. a less expensive design) ¢anno
be realized over the whole road network where @pglicable in the immediate period after developime
of the alternative technology. The potential bargtfould be based on the required annual useeafoid
network as determined from annual constructionrahdbilitation statistics.

Reductions in road user costs, other user bengfits,cost avoidance (such as the prevention of
early failures) could significantly affect the béitkeost calculation. However these were not ineldidn

the benefit calculations in this pilot study.

A key element of the assessment and validatiorrteBaestimation of the likelihood of technical
advances that would have occurred if HVS testind hat been performed. To explicitly address
alternative scenarios of technology developmentstdoand Sampson adopted an approach that took
uncertainty into account and which had been sutidessprevious studies. An example of the approach
(for HVS tests in South Africa on the G1 base)isven in Figure 2 and comprises the following:

* The alternative scenarios (e.g. alternative basels as concrete, asphalt, and G1 in this example)
for situations with and without HVS test finding® adentified,;
e The uncertainty of each situation and alternatsr@dcounted for by assigning a probability of

implementation to each scenariq, (P, P, etc. in Figure 2);

e The life cycle cost of each alternative is calcedatand
« The effective cost of each alternative scenarigeiermined by multiplying the life cycle cost for

each alternative by its assigned probability.



Situation Design Probability of  Life Cycle
Alternative Implementation Cost
Concrete Base Pavement o
> Py c3
No HVS Test Asphalt Base Pavement ~ Pb Cb
G1 Base Pavement o
> P Ce
Concrete Base Pavement ~ P d Ca
Asphalt Base Pavement -
HVS Test > Pe Co
Notation: G1 Base Pavement _ Pf C
’ i C
Pi = Probability that option | would be implemented
Ci = Discounted life cycle cost for each alternative
Effective cost for each alternative = (P;) x (C;)

Figure 2: Approach for assessing benefits.

In the UC-PRC study, costs were calculated usiadrReéralCostsoftware (8), which is the standard
tool used by Caltrans in performing life cycle casalyses (LCCA) of transportation projed¢tealCosis
a manual and computer software program developdtiédb¥rederal Highway Administration (FHWA) in
2004 for the evaluation of the cost-effectivenelalternative pavement designs (9). It was chdsen
Caltrans as the official software for evaluating ttost-effectiveness of alternative pavement design
new roadways, as well as for existing roadways irggyu Capital Preventive Maintenance (CAPM),
rehabilitation or reconstruction (8). LCCA is effiee when competing project alternatives that poedu
equally-valued benefits are compared. RealCostsoftware and documentation provide a standardized

method for consistent and objective determinatioproject costs.

In order to ensure accuracy and promote reasoreddeand objectivity, the final step is to
validate the alternatives, probabilities, costsdfie,s and assumptions through formal interviewshwi

technical experts, practitioners and stakeholders.

CASE STUDY

To demonstrate the potential suitability of theabmentioned methodology for UC-PRC tests in
California, a case study was conducted on a prajgotving an HVS test on flexible pavement as udirt

the Long-Life Pavement Rehabilitation Strategy (RF) program begun by Caltrans in 1998. The project



selected is a rehabilitated section of Interstd@ (f-710) in Long Beach close to Los Angeles, foatia

(10,11). The project is briefly described and logential benefits are presented and evaluated.

[-710 Long Beach Rehabilitation Project in Californa

In 2001, the LLPRS rehabilitation project startad_ong Beach on the heavily-trafficked 1-710.
The 30-year design loading of the rehabilitatedepaent is 200 million equivalent 80 kN standard axle
loads (ESALS). At that time concerns were raisedualusing the Caltrans design methods for asphalt
concrete (AC) pavements on a major freight and cotencorridor for such a long design life and heavy

traffic level.

These circumstances provided an opportunity to éemeht findings and technologies proven
through HVS testing:

» Crack and seat with asphalt concrete was used @t afidhe sections. Full-depth replacement
sections were used under overpasses and servedeaslamark. Benefits were associated with
better utilization and re-use of valuable road ding material as well as with the improved
pavement structural design.

» Because of heavy traffic (average daily trafficl5,000 during weekdays, 13 percent of which
are trucks), construction was done during a 55-veeekend period. Benefits were defined in
terms of improved constructability (12, 13).

» A “composite pavement” consisting of a rut-resistamodified binder mix surface layer was built
on top of a fatigue-resistant, “rich-bottom”, aslpltancrete layer. Benefits were associated with

better quality materials that should extend paverservice life and reduce life cycle costs.

Benefit/cost Analysis

Utilizing the methodology recommended in the Lifgce Cost Analysis Procedures Manual
from Caltrans (April 2007) and thRealCost 2.2(8) software, detailed benefit/cost analyses were
conducted on the selected project. The benefit/amslysis is performed in stages. Firstly the
quantifiable benefit resulting from the use of ehteology derived from HVS research by comparisa wi
that resulting from standard practice needs todbterthined. The second step is determination ofdisés
of developing the technology. Lastly the benefitta@tio is calculated. The steps are:

» Life Cycle Cost Analyses (LCCA) following the prahees in the Life Cycle Cost Analysis

Procedures Manual) for the HVS-derived pavemengdssieveloped for the I-710 rehabilitation

project;



» Selection of a standard Caltrans pavement reletioiit strategy (according to the Life Cycle
Cost Analysis Procedures Manual) that would hawnhesed instead of the HVS-derived design;

» LCCA of the standard Caltrans designs;

» Compare of the LCCA results from the HVS-derivedigns with those of the standard Caltrans
designs;

» Determination of the economic benefit of one desigar the other;

» Determination of how many lane-miles of the compleetwork can potentially benefit through
use of the more cost-effective design and apptinatf the savings to this length of pavement;

» Comparison of the development cost of the altevaatesign with the total potential savings
should this be implemented on the appropriate @ouf the network, and

» Calculation of the benefit/cost ratio based onttitel cost of developing the technology (with

HVS testing) and the total potential savings.

The base year for all cost comparisons was selegt@d07, the year in which the LCCA manual
was launched with the latest construction and néitetlon costs. Since construction costs of th&L6
project were calculated and reported in May 2008,Rresent Values (PVs) of these costs were adjuste
to the 2007 base year using a 4 percent discat@t(as suggested in the Caltrans LCCA Procedures

Manual).

A 2.73 mile stretch (total of 16.4 lane-miles) e¥10 was rehabilitated over eight 55-hour
weekend closures. Construction began in Februady 20d was completed at the end of 2004. The total
cost of the rehabilitation project was $ 21,232,00714), resulting in a unit cost of $ 1,400,285¢r

lane mile (2007 base year).

Assumptions

Performance of LCCA using thRealCostsoftware requires several inputs. The generaltinpu
parameters are listed in Table 1. Others are discuig subsequent sections of this paper. Thegsisal
period and discount rate recommendations in th&rde LCCA Procedures Manual were followed. As
the 1-710 rehabilitation was a long-life rehabiiite (LLPRS) option, an analysis period of 60 yeaes
selected as it has a design life of greater thaye2ss. Sensitivity analyses were performed wisloalint

rates of three, four and five per cent.

For traffic data in the analysis, the 2005 vehezent information was used and a 1.006 percent

traffic growth rate was determined by comparing @altrans data for annual average daily traffic
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(AADT) for 2000 with that for 2005. Other variablesnform to suggestions made in the Caltrans LCCA

Procedures Manual. All cost calculations are imgeof $ per lane-mile of roadway.

Table 1: Input variables required for LCCA

1. Economic Variables
Value of Time for Passenger Cars ($/hour) $10.46
Value of Time for Single Unit Trucks ($/hour) $27.83
Value of Time for Combination Trucks ($/hour) $27.83
2. Analysis Options
Traffic Direction Both
Analysis Period (Years) 60
Beginning of Analysis Period 2000
Discount Rate (%) 4.0
3. Project Details and Quantity Calculations
Mileposts
Begin 10.00
End 12.73
Length of Project (miles) 2.73
4. Traffic Data
AADT Construction Year (total for both directions) 164 000
Cars as Percentage of AADT (%) 86.3
Single Unit Trucks as Percentage of AADT (%) 15
Combination Trucks as Percentage of AADT (%) 12.2
Annual Growth Rate of Traffic (%) 1.0060
Speed Limit Under Normal Operating Conditions (mph) 55
No of Lanes in Each Direction During Normal Conditions 3
Free Flow Capacity (vphpl) 2170
Rural or Urban Hourly Traffic Distribution Urban
Queue Dissipation Capacity (vphpl) 1700
Maximum AADT (total for both directions) 275 000
Maximum Queue Length (miles) 5.0

Alternative 1: HMA and OGFC

The alternative 1 is a standard Hot Mix Asphalt @ete (HMA) base with an Open Graded
Friction Course (OGFC). Using the suggested pavemenntenance and rehabilitation schedules for
Caltrans (in the Caltrans LCCA Procedures Manw@atghabilitation strategy for the Coastal regiothvai
design life of 20 years was selected with a Clakihtenance Service Level. According to Table Fh-1
the Caltrans LCCA Procedures Manual, the selectweempent structure will require maintenance
interventions throughout its functional design Bi®shown in Table 2. All costs are expressedrms of

$ per lane-mile (2007 base year).
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Table 2: Rehabilitation strategy for a standard Calrans design (Alternative 1)

Construction CAPM Rehab CAPM Rehab
$ 1190 255 $ 165 000 $ 365 000 $ 165 000 $ 365 000

l l l$ 1 478 Annual Maintenancel l $3464 $2502 $3464 $2i502
A 2R Y F vy vyvvYvw \A

Year: O 22 32 45 55 60 68

Analysis period:= 60 years

Alternative 1: HMA plus OGFC

Capital Maintenance (CAPM) and Roadway Rehabititattonsist of milling out the old Hot Mix
Asphalt (HMA) layer and replacing it with a new HM&ith an Open Graded Friction Course (OGFC).
This scenario details the rehabilitation actions dp to 68 years after reconstruction but the aisly

period was limited to 60 years.

The initial construction costs are assumed to 8¢ 8bthe construction costs of the 1-710 project.

All other costs are according to the Caltrans La€Acedures Manual.

For comparative purposes the lane closure stragelggted is the same as that used for the 1-710
rehabilitation project. Construction work is omlgne during the 55-hour period from 10 p.m. on &y&d
to 5 a.m. on Mondays, at least 2 lanes per dinedtieing left open to traffic during these timesheT
speed limit in the work zone area is 40 mph andritial Construction Road User cost was assumdmkto
$ 100 000 for both rehabilitation strategies.

Alternative 2: FDAC and CSOL

The complete design of this alternative was regolt¢ Monismith and Long (10, 11) and is
summarized here. The project consisted of thrded@gth asphalt concrete (FDAC) replacement sestion
(1.6 km total) under freeway overpasses and twticsex (2.8 km total) with crack, seat, and overlay
(CSOL) of existing PCC slabs with AC. The desigmsthe new pavement structure were developed using

mechanistic-empirical procedures to accommodaten@lidon ESALs over 30 years.

In the FDAC sections, the existing pavement wasexied to a depth of 625 mm and replaced
with 150 mm of new aggregate base and 325 mm dfadtsponcrete. This FDAC design resulted in the
pavement surface being lowered by 150 mm in ordemeet current interstate bridge clearance
requirements. The FDAC design included a “rich doft layer with 0.5 percent additional binder to

facilitate compaction to the required air-void anttofapproximately 3 percent (in comparison to the air-
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void content of 6% of the upper AC layer) for inmsed stiffness and fatigue resistance of the aritic

bottom AC layer.

The results of the successful application of afffiottom” layer, together with a corresponding 3
percent decrease in air-void content to improvefdéigue resistance of a thick AC mix, are illusdgin
this study (10,11). HVS testing was used to vaédidhe use of a rich bottom layer, which increa&éd

fatigue life without reducing the rutting resistaraf the surface mix.

The CSOL sections received a total of 230 mm ACrlaye including mixes with conventional
AR-8000 and polymer-modified PBA-6a binders. TheQCSdesign included a pavement-reinforcing
fabric to mitigate reflection cracking. After consttion a 25-mm surface layer of open-graded ribbédr
asphalt concrete (RAC-O) was placed on the compdeigth of the section to reduce hydroplaning, tire
spray and noise. HVS testing was again used taatalithe benefits of using the suggested pavement

structures.

The results of the I-710 pilot study illustrate gweccessful use of mechanistic-empirical concepts
to develop a cost-effective pavement design. Catiitm of the design method was done through extensi
HVS testing to determine the fatigue and ruttingfqgrenance of materials (conventional and modified

binders) as well as innovative pavement designs.

The total construction cost for the complete projgas $ 1 400 300 per lane-mile (2007 base
year). The following maintenance schedules andscase detailed in Table 3 (as suggested by the
Caltrans LCCA Analysis Procedures Manual) over seevice life of the pavement. All costs are
expressed in $ per lane-mile, 2007 base year. itksthe first alternative, the analysis period Gsy@ars

although this rehabilitation strategy is programreetast for 71 years.

Table 3: Rehabilitation strategy for the new alterrative (Alternative 2)

Construction CAPM CAPM Rehab
$ 140 300 $ 162 000 $ 162 000 $ 408 000
$ 2 921 Annual Maintenance $3464 $ 3 464
\ A 4 VY v Vlll$1522 llll|
Year: O 30 40 50 €0 71
Alternative 2: FDAC and CSOL Analysis period = 60
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Analysis of Benefits

Using theRealCostsoftware, the Net Present Value (NPV) and the \&dent Uniform Annual

Cost (EUAC) were calculated for discount rates,of @and 5 percent for both agency and user costs.

The results for the various discount rates aregotes in Tables 4 to 6.

Table 4: Cost calculations for a 3 percent discouniate

Total Cost
Alternative 1: HMA & OGFC Alternative 2: 1710 Rehab
Agency Cost Agency Cost

Total Cost ($1000) User Cost ($1000) ($1000) User Cost ($1000)
Undiscounted Sum $4 120.58 $1122.74 $3 495.82 $877.69
Present Value $2 167.43 $446.92 $2 095.12 $361.02
EUAC $78.32 $16.15 $75.70 $13.04
Lowest Present Value Agency Cost Alternative 2: 1710 Rehab
Lowest Present Value User Cost Alternative 2: 1710 Rehab

Table 5: Cost calculations for a 4 percent discoumate

Total Cost
Alternative 1: HMA & OGFC Alternative 2: 1710 Rehab
Agency Cost Agency Cost

Total Cost ($1000) User Cost ($1000) ($1000) User Cost ($1000)
Undiscounted Sum $5 518.18 $1 603.55 $4 517.07 $1 242.54
Present Value $2 170.43 $449.17 $2 100.36 $364.55
EUAC $95.94 $19.85 $92.84 $16.11
Lowest Present Value Agency Cost Alternative 2: 1710 Rehab
Lowest Present Value User Cost Alternative 2: 1710 Rehab

Table 6: Cost calculations for a 5 percent discoumate

Total Cost
Alternative 1: HMA & OGFC Alternative 2: 1710 Rehab
Agency Cost Agency Cost

Total Cost ($1000) User Cost ($1000) ($1000) User Cost ($1000)
Undiscounted Sum $7 641.13 $2 330.43 $6 064.91 $1 782.26
Present Value $2 173.50 $451.78 $2 105.39 $367.84
EUAC $114.82 $23.87 $111.22 $19.43
Lowest Present Value Agency Cost Alternative 2: 1710 Rehab
Lowest Present Value User Cost Alternative 2: 1710 Rehab

In all cases the NPVs of the I-710 rehabilitatiorategy were lower than those of the traditional
rehabilitation strategy. The cost savings are shimwf able 7. Based on the suggested 4% discatmitr
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is clear that a total cost saving of $ 70 070 peetmile would be possible if HVS-derived rehaatlin

strategies (Alternative 2) are used.

Table 7: Cost savings in using the 1-710 rehabibtiion design in comparison with standard practice

Discount Rate Agency Costs ($ 1000 per lane-mile) User Costs ($ 1000 per lane-mile)
(%) Standard Rehab [I710 Rehab [Difference |Standard Rehab [I1710 Rehab |Difference
3 2167.430 2 095.120 72.310 446.916 361.024 85.892
4 2170.430 2100.360 70.070 449.174 364.552 84.621
5 2 173.500 2 105.390 68.110 451.783 367.843 83.940

The next step is determination of the extent tocWhihis design could be applied over the
network level. According to Gilleat al. (15), the total road condition in California cagdummarized as

follows:

Table 8: California road network condition summary

Area Percent in Poor or | Percent in Fair Total Percent Not | Average Cost per
Mediocre Condition in Good Condition | Car Over Life of
Condition Car

Califormia 13% 3% T5% 5857

San Diego 11% 1% §2% $1.004

LA Area 13% 4% T8% $1.325

S F Bay Area 14% 0% T44% $837

Sacramento 7% 33% 62% $877

The highway network maintained by Caltrans consi$t49 000 lane-miles, of which 68% or
33 320 lane-miles are flexible asphalt concreteepants. Given the different climatic regions ardfit
volumes in California it can be assumed that &tl2&% of the flexible pavement network could bénef
from the newly developed rehabilitation strateglyisistrategy would apply mostly to coastal regiath
a Traffic Indices of greater than 16 and wheredasign traffic is approximately 200 million ESALS.
This suggests that approximately 8 330 lane-mifeterible pavement could potentially be rehabtke
with a design similar to that developed for thelDproject. The state of the network (in 2000 a®red
by Gillenet al.and assumed to be representative for this pilmystis as follows:

e 13% are in poor condition, and

*  63% are in a fair condition.

Another important factor in calculating benefitsthe assumption that eventually the improved
rehabilitation design strategy (such as that us#nert-710) would have been developed without ibeo&
This

means that, had the HVS testing not been perfor@alitans or the road building industry would have

the HVS program. However it would have taken cosisilly longer to evolve and implement.
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developed a similar, more cost-effective designsame future date. In order to account for this
assumption, the period during which benefits wéldalculated is limited to 10 years, at which timis
assumed that the technology would have been dex@liypough means other than HVS testing.

If we assume that the portion of the network incarpcondition (13 %) will be rehabilitated at
equally spaced intervals over the next 5 years) the NPV of the benefit of using Alternative 2 dam
calculated on the assumption that 13% of 8 330-haites, (1 082.9 lane-miles) will be rehabilitateach
year over the next 5 years (year 0 to 5). Thisliespthat 216.6 lane-miles (one-fifth of the totpBr
annum will be rehabilitated. Based on a discoutd of 4%, the NPV (year 0) of this benefit is cédted
as follows according to the following formula (8).

NPV(0) = A x ((A+iY-1) /(0 x (a+i))

216.6 x $ 70 070 x ((1.0%)1) /(0.04 x (1+.04)
$ 67 566 028.71

Where:
A is the length of section to be rehabilitated mplid by the cost saving;

i is the discount rate, and

n is the number of years.

After 5 years it can reasonably be argued thahef®3% (5 247.90 lane-miles) fraction that was
in a fair condition (5 years ago), at least 25%31{1.98 lane-miles) would need rehabilitation during
following 5 years (years 6 — 10). This means thatAlternative 2 can be used on 1 311.98 lanesnfde
262 lane-miles per year) between years 6 and I¥inglthe same methodology as above, the NPV (year
0) for this period is calculated as follows:

NPV(0) = NPV(6) / (1+i)

NPV(0) = [A x ((A+i)-1) /(i x 1+ / (@+i)"

= [262 x $ 70 070 x ((1.02)1) / (0.04 x (1+.04)] / (1.04)
= $ 67 174 514.45

The total potential net present value of the bénagfing the HVS-derived technology thus
amounts to a saving of $ 134 740.54 ($67 566 028.8167 174 514.45). As mentioned previouslysit i
assumed that the savings would be zero after 1 yea. that the benefits of HVS testing would dav

been negated by then.

Finally, it should be borne in mind that the deyehent of the cost-saving technology used in the
I-710 project cannot be attributed solely to the akthe HVS. The HVS, however, was a key contabut
to the refinement and delivery of the 1-710 rehgddibn strategy. It would, therefore, be fair tesmn a
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contribution ratio in calculating the specific dwollsaving from the contribution of the HVS testwaods
the technology. The contribution attributed by téS is estimated as being between 50 % and 75 %,

subject to validation through interviews.

The Net Present Value of the final potential casfrsy realized over a period of 10 years range is,
therefore, between $ 62.20 and $ 109.93 milliopedding on the discount rate and on the contributio
factor used (Table 9).

Analysis of Costs

In order to calculate the Benefit/Cost Ratio (BCRg total costs of developing the technology
have to be calculated and compared with the bendfitis is complex because the UC-PRC has devoted
its research efforts to more than just the tectgiek developed for the 1-710 rehabilitation. Certai
reasonable assumptions are, therefore, requiredoah estimate can be made of the total developmen

cost.

The UC-PRC operates two HVS machines and durindgaied years (1998 — 2007) one of these
has been used exclusively for rigid pavement studied the other for flexible pavement studies for
Caltrans, in line with the strategic objectiveghd UC-PRC (1,16). As detailed in the strategicuoent,
the main focus areas of the UC-PRC are:

1) Asphaltic Concrete (AC) (flexible) pavement studies

2) PCC and Hydraulic Cement Concrete (HCC) (rigid)gmaent studies;

3) Analytical developments related to both asphalt@trete pavements;

4) Construction issues for both asphalt and concraterpents;

5) Database considerations, including development@RRC program database and evaluation of
Caltrans pavement management system (PMS) dattdrgserformance information;

6) Development and interpretation of in-situ measum@sdor stiffness properties of pavement
components and water contents of untreated bassulnglade materials using ground penetrating
radar, and

7) Economic analysis demonstrating the potential bentifat might accrue with implementation of

some of the initial results obtained from the afiph@vement studies.

Studies for both flexible and rigid pavements inledaboratory test programs, HVS tests and
pavement analysis and design considerations. thiteiefore not a trivial task to isolate the prdiwor of

research that was dedicated to the I-710 rehafwlitastudy, as the I-710 rehabilitation strategplesd
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through research done across the areas mentionsé.dResearch done on the composite “rich-bottom”
asphalt concrete concept used on the I-710 stesns irork done from 1994 to 2000. The development
of a California Mechanistic-Empirical (ME) desigrethod, used for rehabilitation of the I-710, stdrite
1995 and is ongoing.

Because of extreme time, space and resource comstréuring rehabilitation of the 1-710, many
activities had to be performed concurrently. Theguired careful scheduling, logistical planning and
resource management. A software program called ®4R2, 13)was developed by the UC-PRC and
was successfully used to plan the logistics andtifyethe critical path of the construction. Theogram
helped to identify the maximum amount of work tkats logistically feasible during the construction
window (55-hour weekend closures). The program dhithe contractor and contributed to the overall

success of the project.

Utilization of the mix design and analysis systafaseloped during the Caltrans-sponsored APT
program over the past 10 years has reduced themsity for fatigue cracking and has generally rtesll
in improved pavement performance. Innovative pavemax and structural designs used for the 1-710
freeway rehabilitation project extend fatigue liv@shstantially beyond those produced by converitiona

designs.

In summary, innovations applied to the I-710 reli@ion project stems mainly from research
during a 5 year period from 2000 — 2004. The totéskarch budget of the UC-PRC during that time
amounted to $ 5 million per year. The total amdomésted in pavement research was, thereforer® 25
(PV = $ 30.46 m at a 4% discount rate, 2007 base€) yesiven all the focus areas mentioned above and
the fact that approximately half of the researctdat went towards rigid pavement studies (utilizing
second HVS), it can conservatively be assumed #hahost, 60% of the research budget went directly
and indirectly towards technologies implementedrduthe I-710 rehabilitation project. Using discoun
rates of 3, 4 and 5 per cent the total investmeptied to the development of the 1-710 rehabildgati
strategy is shown in Table 9 (below). The contitnuratio of the funds that went into the devel@min
of the I-710 pavement technologies will be testatbugh interviews. It was anticipated that the
acceptable range for this investment would be betwi and 60 percent during the 5 years of UC-PRC

pavement research.
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Calculation of Benefit/Cost Ratio

The final step in the determination of the quaabfe benefits of the HVS project is the
comparison of the total costs of the research thiéhbenefits derived after implementation. Tabkné

Figure 3 show the results of the final calculations

Table 9: Summary of benefits and costs from HVS resrch on I-710 project

Benefits Costs Benefit /
Discount PV of Discount PV of Cost
% rate benefits ($) % rate benefits ($)| Ratio
Lower 50% 3% 73,285,984 |Higher 60% 3% 17,404,308 4.2
contribution ratio 4% 67,370,272 |contribution ratio 4% 18,277,879 3.7
5% 62,202,694 5% 19,189,827 3.2
Higher 75% 3% 109,928,976 |Lower 40% 3% 11,602,872 9.5
contribution ratio 4% 101,055,407 [contribution ratio 4% 12,185,253 8.3
5% 93,304,041 5% 12,793,218 7.3
10.0
9.5
9.0
8.3
8.0 +
7.3
7.0
6.0
9
C 5ot
Q
o 40 + 4.2
3.7
30 3.2
2.0
1.0
0.0 | ‘
3 4 5

Discount rate (%)

Figure 3: Summary of estimated Benefit/Cost (B/CRRatio for the I-710 rehabilitation strategy

The data presented in Figure 3 prompt the follovabgervations and conclusions:
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* The overall BCR ranges from 3.2 to 9.5 dependinghencontribution ratio and discount rate. At
a nominal discount rate of 4 percent, the overaldiit/cost ratio ranges from 3.7 to 8.3,
depending on the contribution ratio. These estith®ER ranges are similar to those reported
previously for accelerated pavement testing peréatim Australia (BCR between 3.8 and 4.9)
(7) and in South Africa (BCR between 2.4 and 1(6%)).

» The estimated direct benefit derived from the tssfdom the 1-710 rehabilitation project is
between $ 62.20 and $ 109.93 million (2007 base)yepending on the discount rate and
contribution ratio selected.

* It should be noted that the lower bound of the B@Rges shown in Figure 3 represents a total
that consists of the sum of all the lowest estighatentribution ratios. Thus the minimum

benefit/cost ratios shown in Figure 3 represerighl conservative benefit estimate.

It is important to note that the benefits that wevaluated include only those aspects that could be
converted to economic savings with reasonable denfie and assumptions. There are several other
benefits resulting from the HVS investigations whaannot easily be converted to economic savings, b
which are sure to impact positively on Californiatsad network over the long term. These benefits

include aspects such as:

1. The UC-PRC developed the CA4PRS software as a iplgrtool for LLPRS projects (12, 13).
CA4PRS calculates the maximum length of highwayepsant that can be rehabilitated or
reconstructed under a given set of project comtgaCA4PRS was used to optimize construction
and traffic management plans for the 1-710 rehititin project. Optimal scheduling for traffic
accommodation, user delay and construction time ceésulated and successfully implemented
during this project. It has been recommended ¢bastruction should not occur for more than
three to five weekends in a row.

The traffic monitoring study revealed that no oestgpn occurred during the 55-hour
weekend closures, thus maintaining free flow spmedhe whole network during construction.
The results clearly showed a significant trafficluetion through the construction work zone,
increased traffic on neighboring freeways and detetrouting to arterials during the weekend
closures.

It is important to recall that in this calculatiordirect benefits, such as reductions in user
delay costs and accident costs (both during coctitru as well as due to reduction in future
maintenance), were not taken into consideratiopalsulating the BCRs, thus resulting in very

conservative estimates of the actual benefits.
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2. The project proved that asphalt concrete is viabth respect to construction productivity when
designed to meet long-life pavement rehabilitatiesign criteria, even on routes in the state with
the greatest volumes of truck traffic.

3. It is anticipated that the rehabilitation scheme &ane closure tactics adopted for this project,
(i.e., repeated 55-hour extended weekend lane relesmith counter-flow traffic) will be utilized
on future LLPRS projects on urban freeways in ©atifa. The results of this study will be useful
for transportation agencies and contractors tryinmaintain a balance between maximization of
construction productivity and minimization of triafidelay in developing construction and traffic

management plans for rehabilitation of highwayswhigh traffic volumes.

Since none of the above impacts are included inis@ssment of economic benefits, it will be
appreciated that the BCR values noted above remtrestower bound estimate of the benefits of HVS
research. The simple linear benefit assessmenegsabhat was followed in this study did not tak® in
account further downstream benefits or the impathese benefits on the user community, thus yigldi

a very conservative estimate of the BCR for theéf@alia HVS program.

CONCLUSIONS

The work reported from this pilot study shows dasively that the method presented can be used
successfully to calculate benefit/cost ratios (BICRs determined by the direct cost savings during
construction and future maintenance, as well asnyestment into the research program. The seitgitiv
analysis conducted yielded BCRs ranging from 3.2.50 These are however, very conservative because
they do not take into account indirect benefityvjrggs in user delay costs and accident costs, asti ¢
avoidance. The range of BCRs calculated here sjporeds well with those reported for APT research in
South Africa and in Australia. In addition, theaee a number of other qualitative benefits from HVS
testing that are difficult to quantify, such asipbkeral software development and the generationeof
knowledge that can be applied elsewhere. The rdedpplied in this pilot study is effective in idéping
the implementation of results from HVS tests, idgimg practical benefits, and quantitatively
determining impacts of HVS research. It is tfane clear that Caltrans’ investment in APT reskarc

with the HVS has been rewarding and well worthwhile
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