10/16/09

y N

asphalt institute

Concrete Pavement Analyst (CPA) - Setting the Record Straight

The National Ready Mix Concrete Association (NRMCA) has developed and is distributing
parking lot design software titled Concrete Pavement Analyst (CPA). The CPA User’s Manual
states: “The Concrete Pavement Analyst (CPA) is a powerful tool that can be used to compare
design and cost differences between concrete and asphalt parking areas. .... the comparative
asphalt designs are inferred from information from the Asphalt Institute as well as other specifier
provided information.”

This document is intended to set the record straight by illustrating that CPA does not produce
results similar to the Asphalt Institute (Al) thickness design methods. We will also illustrate
where CPA has unreasonable biases to skew results in favor of concrete. In this document, we
only address the inaccurate representation and manipulation of the asphalt pavement design and
cost analysis within CPA, and do not comment on the concrete design and analysis.

The true Al design methods are available in our software SW-1, Asphalt Pavement Thickness
Design for Highways, Airports, Heavy Wheel Loads and Other Applications. These methods and
their underlying design principles are also covered in our publication MS-1, Thickness Design—
Asphalt Pavement for Highways & Streets. In addition, 1S-91, Full-Depth Asphalt Pavement for
Parking Lots, Service Stations and Driveways provides an abbreviated approach to designing
parking lots with Full-Depth asphalt (no granular base). These are the untainted tools that should
be used when designing asphalt pavement parking areas with Al methods, and are referenced
here in this paper.

Thickness Design and Subgrade CBR

While CPA refers to Asphalt Institute design methods for their asphalt pavement designs, CPA
does not replicate them nor does CPA produce results that are comparable. Al’s design
methodology is based on layered elastic design using modulus values (or CBR values correlated
to modulus), yet CPA’s methodology is based on structural numbers using layer coefficients.
Suggested (or default values within CPA) of layer coefficients skew the resulting structural
numbers and thickness design towards a thicker and more expensive asphalt design. Rather than
discussing differences in design methodologies, we will focus the discussion here on inputs and
results to illustrate how CPA generated asphalt designs are not comparable to those performed
using Al’s methods.

Asphalt pavement thickness designs (referred to as flexible designs) are highly dependant on the
input variable that defines the strength of the subgrade, and this dependency is generally greater
in an asphalt design versus a concrete pavement design (called a rigid design). Thus, correctly



characterizing the subgrade strength is very important in order that the designed asphalt cross
section is sufficient to carry the loads with a reasonable factor of safety, yet without being
excessively conservative. The CPA software assigns unreasonably low subgrade CBR values for
given soil types, falling well below suggested ranges in published literature. This results in
excessive asphalt thicknesses, driving the cost up for the “comparative” asphalt design. This is
illustrated in detail below.

The CPA software offers three subgrade choices, with their descriptions and assigned CBR
values listed as:
e Fine-grained soils in which silt and clay-sized particles are predominate (CBR 2)
e Sand and sand/gravel mixtures with moderate amounts of silt and clay (CBR 3)
e Sands and sand/gravel mixtures relatively free of plastic fines (CBR 10)

The Al’s 1S-91 also has three subgrade choices, with their descriptions and assigned CBR values
listed as:

e Soils having appreciable amounts of clay and fine silt (CBR 3)
e Loams, silty sands and sand and gravel containing moderate amounts

of clay and fine silt (CBR 8)
e Cleansands and sand and gravel free of detrimental amounts of

plastic materials (CBR 17)

Note that CPA’s subgrade descriptions are almost identical to those in Al’s I1S-91, yet the CPA’s
recommended CBR subgrade values for the same soil type are substantially less, which has a big
effect on design thickness. Comparative examples between CPA and Al’s IS-91 are shown
below for each of the three subgrade categories. Besides a CBR value, other design inputs or
assumptions used for these comparative designs were: no aggregate base (Al’s Full-Depth
Asphalt), 4000 psi concrete compressive strength (for the “comparative” concrete design), and
up to 20 heavy trucks per day (CPA’s Category “C” traffic and Al’s Class Il1 traffic).

Example 1) Using CPA and their “Low” subgrade description (CBR 2), the resulting
asphalt pavement design calls for 11.5-inches of hot-mix asphalt (HMA). Using CPA but
with a CBR of 3 (from Al’s “Poor” subgrade description), the design calls for 10-inches
of HMA. Using Al’s I1S-91 and a CBR of 3, the design calls for 7.5-inches of HMA.

Example 2) Using CPA and their “Medium” subgrade description (CBR 3), the asphalt
pavement design calls for 10-inches of HMA. Using CPA but with a CBR of 8 (from
Al’s “Medium” subgrade description), the design calls for 9-inches of HMA. Al’s IS-91
with a CBR of 8 calls for 5.5-inches of HMA.

Example 3) Using CPA and their “High” subgrade description (CBR 10), the asphalt
pavement design calls for 9-inches of HMA. Using CPA but with a CBR of 17 (from
Al’s “Good to Excellent” subgrade description), the design calls for 9-inches of HMA.
(Note: the CPA asphalt design thickness with up to 20 trucks per day is the same for CBR
values 8 - 26. It is not until you have a CBR of 27 that the asphalt section is reduced to
8.5-inches). Al’s IS-91 with a CBR of 17 recommends 4-inches of HMA.



The results of these three examples are summarized in Figure 1.
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Figure 1 NRCMA'’s CPA Designs versus Al’s I1S-91 Designs (up to 20 trucks/day)

The CPA software overdesigns the asphalt pavement sections relative to Al’s 1S-91 methods by
4 to 5 inches of HMA, or up to 100% of total thickness. It is also apparent that even with using
the same CBR value and other design parameters, CPA overdesigned the asphalt pavement
section relative to Al’s methods by 2.5 to 5 inches, or up to 100%.

While one may question or debate how much conservatism is appropriate for designing a parking
lot, there is no questioning that CPA does not produce an asphalt design that is “comparative” to
the Al’s methods. In addition, it should be noted that Al’s design methods have been used for
decades and have a long track-record of success.

A logical follow-up question that might be asked is which side is right relative to assigning a
CBR value to a general soil description. To answer this, the Unified Soil Classification System
(USCS) chart is shown in Appendix A. A table from the new Mechanistic-Empirical Pavement
Design Guide is shown in Appendix B and a table from the textbook Principles of Pavement
Design by Yoder and Witzak is shown in Appendix C. Both of these tables, from well-respected
and recognized sources in the pavement design industry, show a suggested CBR range for each
USCS type. The best fit USCS type for both the Al’s and the CPA’s “Medium” and “High”
subgrade descriptions are within the USCS Gravels and Sands (Appendix A). The CBRs for
those descriptions range from 10 - 70 (Appendix B) or 10 - 80 (Appendix C). Clearly, CPA



assigning a CBR of 3 for a “Medium” subgrade and a CBR of 10 for a “High” subgrade is
excessively conservative in an attempt to over-design the asphalt section. The Al’s assigned
CBR values of 8 for their “Medium” subgrade, and 17 for their “Good”, is still conservative, yet
more in-line with published guidelines. For silt and clay USCS soil types, Appendix C shows
CBR ranges from 3 - 5 up to 5 - 15, with no range falling below a 3. Al uses a conservative
CBR value of 3 for silts and clays, while CPA uses a CBR of 2.

Assigning a CBR value based on only three soil descriptions is certainly a simplified approach.
When possible, designers should base the CBR value on testing from the actual subgrade. If test
data is not available, then assigning a CBR value based on an accurate USCS or AASHTO soil
classification type (such as Appendices B or C) is desirable.

CPA states, “Asphalt Institute’s recommendations do not give value to aggregate bases in excess
of 4-inches thick...” This is not a correct statement. Al’s IS-91 does not address aggregate base
because it refers only to Full-Depth asphalt pavements. However, the Al’s MS-1 publication and
SW-1 software give credit for aggregate bases in excess of 4-inches. Figure 2 is a screen from
SW-1. Note that it allows the designer to choose six types of cross-sections, with Types 2, 3 and
4 using untreated aggregate bases. Type 4 allows the user to choose aggregate base thicknesses
ranging from 4 to 18-inches. As examples, Al’s MS-1 or SW-1 provides the following thickness
design options for 20 trucks on a poor subgrade:

e 6.2-inches HMA over 4-inches aggregate base

e 5.3-inches HMA over 8-inches aggregate base

e 4.5-inches HMA over 12-inches aggregate base

e 4.2-inches HMA over 16-inches aggregate base
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Figure 2 Al’s SW-1 Screenshot Showing Aggregate Base Design Options



While Al’s methods are based on mechanistic-empirical analysis and do not use structural
coefficients, the CPA software uses structural coefficients to provide so-called “comparable” or
‘equivalent” asphalt sections. CPA’s default structural coefficient values for HMA are low
relative to what is normally used by agencies. CPA uses 0.38 for a HMA surface mix and 0.32
for a bituminous base. For comparison, state agencies typically use coefficient values of 0.40 for
an HMA base mix to 0.44 for a HMA surface mix. A CPA example using these more realistic
structural coefficients (.40 for base and .44 for surface mixes) dropped the asphalt thickness from
10.5 inches to 8.5 inches. CPA’s lower coefficients for HMA skew the results toward a thicker
and more expensive asphalt section.

Life Cycle Cost

After CPA computes asphalt and concrete designed sections that are deemed “comparable,” the
program then performs a Life Cycle Cost Analysis (LCCA) on both. The outcome of the LCCA
greatly depends on the input variables assigned and assumptions made for the analysis. CPA
uses inappropriate default values and assumptions that are not very clear to the software user to
skew the LCCA results towards the concrete design. A few of these biases are explained below.

Life cycle cost is the total cost of a roadway or parking lot over the life of the facility. It
includes: initial construction, future rehabilitation / maintenance, and user delay over the analysis
period. Initial construction costs may represent 80 to 90-percent of an agency’s life cycle cost.
Accurate pricing of both alternatives (asphalt and concrete) over the entire analysis period is
critical for a valid life cycle cost analysis (LCCA). While covering all the pricing biases built
into the CPA default values for the asphalt alternative would take too long, a few of them
include: extraordinarily high seal coat costs ($2.50 per sq yd), drastically higher curb and gutter
costs for the asphalt design versus concrete design, assuming all asphalt parking lots are “cut”
jobs, additional lighting requirements and costs for asphalt compared to concrete, etc.

Besides pricing, another critical factor in LCCA for asphalt pavement is the initial and overlay
performance periods. Performance periods are important because the preferred method of LCCA
IS using present worth. Present worth discounts future rehabilitation / maintenance dollars back
to current dollars based on the real discount rate (discussed later). Resurfacing intervals too
early or too late have a significant impact on the LCCA. A 2008 survey of state highway
agencies (49 of 50 reporting) found that the average initial performance period (time to first
overlay) used in their LCCA for an asphalt pavement is 15 years, and the average performance
period (life) of that first overlay is 12 years. Comparatively, the default performance period by
CPA for Full-Depth asphalt is 10 years, and is 8 years for locally designed asphalt sections. In
addition, CPA assumes a seal coat and restriping at the midway point (4 or 5 years) during these
overlay performance periods. The resulting CPA activity timeline calls for either an overlay or
seal coat every 4 or 5 years for the entire analysis period. Clearly the CPA default performance
periods for asphalt are significantly shorter than the average values highway agencies use in their
LCCA (15 years initial asphalt life and 12 years for overlays, without any seal coats). Highway
agencies typically base these assumed performance periods on actual historical data from their



own detailed pavement management systems. On the other hand, CPA has selected asphalt
performance periods and treatment schedules that are way out of line with what’s reasonable.

Another area where the CPA has biased the LCCA is in the asphalt’s annual maintenance cost,
which is defaulted to be two times more than the concrete maintenance cost. The asphalt
maintenance cost in CPA is in addition to the cost of the overlays and seal coats every 5 years.
The Federal Highway Administration’s published guidance for LCCA in pavement design is
Pub. No. FHWA-SA-98-079, which states:

“...annual maintenance costs have only marginal effect on Net Present Value.

They are hard to obtain, generally very small in comparison to initial construction

and rehabilitations costs, and differentials between competing pavement strategies

are usually very small, particularly when discounted over 30 to 40-year analysis

periods.”

Besides pricing, performance periods and maintenance costs, another parameter used in LCCA is
discount rate. Discount rate reflects the difference between interest earned and inflation. As an
example, if you purchased a 3-year CD offering 4% interest, at the end of that 3-year period your
real gain in value would be 4% less inflation over that 3-year period. If inflation averaged 1.5%,
then your real increase is 2.5%. It is important to select a discount rate for LCCA that reflects
the true forecasted discount rate over the analysis period. The best method to do this is to
consult the U.S. Office of Management and Budget (OMB). The OMB periodically publishes
the real discount rate to be used for government LCCA. This guidance published in December
2008 is shown in Appendix D. Pavement LCCA analysis periods typically range between 30 and
50 years. The current recommended real discount rate for a 30-year or more analysis is 2.7-
percent (Appendix D). The survey mentioned in the above paragraph showed that the average
discount rate used by the various state highway agencies was 3.8%, with the lowest being 2.3%
and the highest being 7.1%. Conversely, CPA’s default discount rate is 1.5-percent (5.5%
interest — 4.0% inflation). Selecting a low discount rate in LCCA favors the alternative that has
less future maintenance and rehabilitation. Along with CPA’s skewed assumptions of short
asphalt performance periods and high maintenance costs, selecting a discount rate that is lower
than published recommendations slants the LCCA results towards the concrete alternative.

The CPA Users Manual, under the heading “Asphalt Costs”, states: “Typically, Bituminous Base
is less expensive and of lower quality than the surface course material”. The less expensive
statement is correct, the lower quality is not. Base mixes are less expensive because they use
larger aggregate which have less surface area to coat with asphalt cement. Quality is the result of
a proper mix design and construction practices, rather than cost.

Conclusions

The CPA software and user’s manual is a concrete industry marketing tool to promote the
increased use of concrete parking lots. The software is biased against asphalt by calculating an
asphalt section that is overdesigned relative to Asphalt Institute methods. It performs a life cycle
cost analysis that is full of biases against asphalt through its assumptions and default values.
Some of the biases include:

e providing subgrade CBR values which are not in line with nationally accepted values



providing structural coefficients for asphalt mixes that are too low

inaccurately representing Asphalt Institute design methods

overly aggressive rehabilitation and maintenance schedules for asphalt pavements
e Low discount rates

Each of the above bullets increases the thickness and economics of an asphalt pavement.

Takeway
It is not wise to use a concrete association’s software to design an asphalt pavement or

calculate asphalt pavement life-cycle costs. The results will be skewed in the concrete
industry’s favor.

Asphalt Institute Thickness Design References

Full-Depth Asphalt Pavement for Parking Lots, Service Stations, and Driveways (1S-91)
Points out the advantages of Full-Depth asphalt and gives design and construction information
and model specifications

Thickness Design — Highways & Streets (MS-1)
The Ninth Edition presents a multi layered elastic design approach to pavement thickness
design , rather than empirical

Asphalt Pavement Thickness Design Software (SW-1)
A mechanistic / empirical pavement thickness design program based on familiar Asphalt Institute
methods.




Appendix A USCS Chart
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Appendix B Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavement
Structures (NCHRP Project 1-37A, Appendix CC-1)
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Figure 1. Typical Resilient Modulus Correlations to Empirical Soil Properties and

Classification Categorias.
(Modified from NAPA Information Series 117, "Guidelines for Use of

HMA Overlays to Rehabilitate PCC Pavements", 1994)



Appendix C Characteristics of USCS Soil Types (from Table 7.4 in Yoder and Witzak,

Principles of Pavement Design)

ten 5

reanzesd jou nonsedutery 1o0d o are g Yy dsap
1[0 1oopedaoys snotatadury
00105 5§ 501-08 ‘uatidinbs pain-saqqnyg Areanowag ufiyy
Zqpoa 1wasdaays Enotatacion .
00108 ¢t 0106 ausurdinba pam-taqqny Aqonaeag iy
2103 100jsdasys _
007-001 % nnr—oa “uamdmbs paap-saqqny Jood o) neg iy
2af[os 1oopsdaays iy
002-001 B S01-06 “uauidinba pai-raqqny 1004 o ingpayy
saqpox yoorsdasys snorazadumng
005001 51-§ SEI-001 “uawdinba paan-raqgmy Afreanawag wnpapg
misiow 1o (00U
29012 ‘afpor 1oopsdaoys nngpan
00=001 SI-5 SEI-001 wmdinba pai-raqqmy 100d o1 apeg o g
13]poa Joopsdaays snotatadun Afpea WP
00£-00% 0201 0§1-501 Auawdinba pam-saqqryy =nowad o a0og RRLENS
MmO Jo [onuod
aso[o “1a[joa Joopsdoanys
E-003 =03 GET-0T1 fuamdinba pam-saqqny wod o3 Jey s A1
wamdimba paan-saq
DO0E—00% 0&-01 GII-001 -qna ‘rondeny sddi-zapmey uB[RIxg U0 IS0y
swamdinba pain-re
00E=-00Z GEGI 0Z1-C01 ~qn1 ‘ro33en wddi-repmenn) WA EIXY AU 1FOW[Y
mwdinks pam-nq
00E-00% 007 0E1-011 ~qni ‘so1en add-mpen JuaEIRE suou oMWY
1110 joodaoys snotasaduny Afpes
005007 008 OFI-031 fuamdmbs paap-saqqny =noesd o1 100g mans
JINISIOW JO (01000
2500 “sapjod 100jsdaas
2I0W IO 00E  OB-0F  SHI-0EL “uawdinba pam-raqqny sood o aye,y 3ys Anp
wamdinba  pam-1aq
alow 10 0p§  0C-53 GZI-CI1 -qn1 Lonen sddi-dapmes RLETiEET auou sowly
AI[OL pAEIYM-[ANS
‘yeawdinba pam-iag
IO 30 OOF 09—CE 051-031 -qna ‘amaen add-aspuen RUET RN | ELGLRERL
J30T PA[RIYM-1335
fmamdmba paan-zaq
azour 10 gog 0609 0F1-GZ1 -qna ‘torown adl-spmer gy auou jsotm]y
(€1) (z1) an (on) (
(1od) wD (3d) | wonoedutogy st : e @. 1
§ snmpogy PraLL B adwureacy ._una
speadqng Asgamn _ durq
issandmoy)

oUOKDPUNDY ABmuny pun peoy of

sgz 6

,,_nm%«Q prawaney) 3 Sﬁxﬁi,r_o.\ ~¢,e¢u¢..,3 S

sizouiuy jo sdiop mozg ,

1Mo 7108 ouRdIo SOy
e ATENNE VOR] SENNS 108 pug ‘snuny “weag EF s L3I0 puR 183"
1o0d
WPy QA[GENNG JON] L1240y 1004 sdep omefao ey HO 05 < T1
Jood Aung
wnpap aqenns o £13a o) J004 sdepazy HO ~1ssaaduton
yd Amma S[10% SNOAVRTUOVEID iy
o1 mnipapy S[qENNS 10 1004 10 shep snosoepy  HIN mqos
pouesd
iy sdep noedio =autg
o) wnpap NS 10M] aood weaf 2o s auedig 10
sepa 05 > 11
sy Aypaead 10 Ssdep Aupg
) TIPS AL F[EEINE 10K sood o3 aneg Apues ‘sAv[a wea] T =iswardimon
S[I0F SN0 TUIOITIR Mo
yiim Lrea 10 ‘s Ajpaaedd k
0} WAIPIA S[qENNS 10N 1o0d m ey ‘aypie Apues ‘mipg TN
pues Apaaeld
yduy o1 ydng IqENNSE ION poaf oy ey daderd o pues dade) o8
puus Ajpaeid sios
yimy o3 1egdng ELLE ponny ALapig 10 purs g WS Apures
s papeid Aqumaopion pue
Ama o1 suon 2[qEINE 1047 poof o 1eg ‘pues Apaeid 1o pueg ns peg
FUERT Iqenns papesd Lpood
Aroa oy suopn 100 o) J00g pood m arey ‘pues Lparad 10 pueg a5
s papead oM
L1aa o auopg 004 POasy ‘puns Lppanad g0 puueg MS sjros
pouread
wnrpan [Parsd Apues FRITOT)
o1 aydyg 1004 POOSY Aakera a0 (aaesd Lader 09
wnypauL I3 Al Apues
oraydg  pood o ey o poon daps g0 pama Ay O Hitg
dns papead Apurepun Arpeaead
Ama o swopg RLLY | pang ‘aarnad dpues 10 @ARID no e
[PAEIS)
wAns I popesd Spaood
A394 oy suoy arep o1 3004 ol pooD) ‘pavad fpues 0 [aRID D
Ny papmad [jam
Amn ;0 smopp poney WR[[R0NT ‘[aarail Apues 10 parin MO
() (@ () &) (£) (2) (1)
uonoy EfINg nonay ourep EE1RED § suostang 10fepy
15014 Hupreapy wory
RHUNO] spun o 1algng
Apoaaq 0N TFYAL
aseq se uomepunoy
anfes 52 AN[EA

Wouey ssuspeRBIYD bL 31AVL

10



Appendix D OMB Recommendations for Real discount Rates, December 2008
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DISCOUNT RATES FOR COST-EFFECTIVENESS, LEASE PURCHASE,
AND RELATED ANALYSES

Effective Dates. This appendix is updated annually. This version of the appendix is valid for calendar year
2009 A copy of the updated appendix can be obtained in electronic form through the OMB home page at
http:/ /www.whitehouse_ gov/omb/circulars /a094 /a94_appx-c.html, the text of the main body of the Circular is
found at http:/ /www.whitehouse_ gov/omb/crculars /a094 /a094_html, and a table of past years’ rates is located
at http:/ /www.whitehouse_gov/omb/drculars/a094 /dischist-2009_pdf. Updates of the appendix are also
available upon request from OME’s Office of Economic Policy (202-395-3381).

Real Discount Rates. A forecast of real interest rates from which the inflation premium has been removed and
based on the economic assumptions from the 2010 December Budgert Baseline is presented below. These real
rates are to be used for discounting constant-dollar flows, as is often required in cost-effectiveness analysis.

Real Interest Rates on Treasury Notes and Bonds
of specified Maturities (in percent)

3-Year 5-Year 7-Year 10-Year 20-Year
0.9 1.6 1.9 2.4 2.9

Analyses of programs with terms different from those presented above may use a linea erpolation. For
example, a four-year project can be evaluated with a rate equal to the average of the three-year and five-year
rates. Programs with durations longer than 30 years may use the 30-year interest rate.
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