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37 ABSTRACT
38  This paper proposes a model that enables DOT policy makers to quantify the expected volume of
39  projects that will qualify for letting in their alternate design/alternate bid (ADAB) pavement
40  bidding programs. Current guidance on alternate bidding recommends a fixed percentage as the
41 life cycle cost (LCC) threshold criterion to determine whether pavement selection decisions
42 - should be made through ADAB bidding practices. The paper’s analysis shows that the fixed
43  LCC threshold percentage approach may have considerable shortcomings. Instead, a dynamic
44 . threshold value is proposed that can subsequently be calibrated by agencies, based on the desired
45 size of their ADAB programs. The paper argues that since the costs of equivalent pavement
46  designs exhibit considerable variation due to various project and agency-level factors, agencies’
47. desired alternate bidding program levels can only be achieved by taking into account the
48  variation of equivalent pavement type costs as opposed to the current blanket threshold
49  percentage. The paper demonstrates with Kentucky Transportation Cabinet (KYTC) ADAB data
50  that modelling this variability through a random distribution is not only a close representation of
51  actual agency data, but it also distills those variables that drive a large share of the complexity in
52 agency ADAB policy decisions: The paper’s primary contribution is the derivation of a direct
- 53 mathematical relationship between equivalent design premiums, agencies’ threshold criteria, and
54 alternate bidding program volumes that can be used by DOT policy malcers to better manage
55  their ADAB programs.
56
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57 INTRODUCTION
58  The controversy over pavement type selection is both longstanding and complex (/, 2). The
59  consensus solution is to include an analysis of pavement life cycle costs (LCC) in the design
60  process, leading to selecting the alternative that minimizes LCC (3, 4). That process, however,
61 . ignores the impact of construction material volatility i.e. actual contract pricing, on the day a
62  pavement project is let since it is based on pricing “assumptions made during the [pavement
63  type] evaluation/selection process years before letting” (5). To further exacerbate the
64  controversy, the ability to generate truly equivalent pavement designs has been in question ever.
65 since the idea of alternate pavement bidding schemes were authorized under the FHWA’s
66  Special Experimental Project 14 (SEP-14) in 2000 (6). On the bright side, there seems to be.
67 agreement that the use of alternate design/alternate bid (ADAB) procurement procedures reduces
68  pavement prices by increasing the number of eligible bidders as both asphalt and concrete paving
69  contractors can bid on the same ADAB projects (7, 8, 9, 10). It is because of ADAB’s
70  documented benefits that interest in identifying effective practices and procedures endures.
71 Therefore the objective of this paper is to fill a documented gap in the body of ADAB
72 knowledge by proposing and demonstrating a rational, LCC-based method for identifying those
73 pavement projects that are good candidates for ADAB procurement on a programmatic basis.
74  With the advancement of the Mechanistic-Empirical Pavement Design Guide (MEPDG)
75  methodology, agencies’ ability to achieve equivalent designs has improved dramatically (7).
76  This provides new incentives to open bidding to both industries and experience cost savings for
77  the agencies. Alternate bidding programs can realize savings to agencies by giving them the |
78  ability to make final pavement design decisions where there is no clear preferred design
79  alternative and market prices for different design types are volatile (7).
80 Agency decisions to select ADAB projects have important consequences and potentially
- 81  impose sizeable opportunity costs for the agenmes Ideally, every pavement type selection
82  decision could benefit if it were made by comparing real-time market prices for competing
83  alternatives on the day of letting. However, using alternate bidding on every project has the
84  potential to increase project development costs due to increased cost of producing equivalent
85  designs, and the associated engineering effort in generating a set of plans and specifications for
86  each alternative.
87 Although such costs could become margmal after alternative deSIgns are established for
88  agencies’ typical pavement designs, the initial costs to implement an alternative bidding program -
89  can still be substantial. Further, adopting an alternative bidding program requires the agency to
90  develop a locally acceptable method to calculate an LCC-based adjustment factor, which is the
91 recommended approach to compare competing alternatives with differing future maintenance
92  and rehabilitation costs (12). Such challenges leave agencies facing a tradeoff in weighing the
93 expected benefits of an alternative bidding program against the costs of administering such
94  award practices. Figure 1 illustrates the role of alternate bidding in pavement type selection
95  decisions.
96 There is currently limited guldance on when to use alternate bidding. A commonly .
97  accepted practice is to call competing designs equivalent if they provide similar level of
.98 performance and their Net Present Value (NPV) is within a specified threshold value of each
99  other (/3). FHWA guidance on LCC thresholds suggests 10% as an appropriate level, i.e., the
100 LCC of one alternative is lower than 10% of the LCC of the other (/3). A common metric for
101  assessing similar service levels, for instance, is to verify whether the expected IRI values of
- 102 competing alternative pavement types remain in comparable condition over the analysis period
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103 (IRI < 95 inches/mile for good condition, IR < 170 inches/mile for fair condition, etc D) (13).
104  Once design equlvalence is established among the competing alternatives and their LCCs are .
105  caleulated, it is expected that those alternatives that fall within the threshold margin of 10% are
106 too similar in life-cycle costs to permit an outright decision to be made for a preferred

107  alternative.

108

109

110 C — )

111 :

112 FIGURE 1 Alternate Bidding and Pavement Type Selection Decisions

113

114 There is no agreement on LCC threshold values for alternate bidding (/2). This fluid
115  nature of setting an LCC-based cutoff level is reflected in the agencies’ ADAB practices. A

116  content analysis in agéncy ADAB policies has. found that the threshold levels can range from
117 10%1t620% (14, 15, 16). Other types of thresholds, such as roadway area and functional

118  classification, are also common among.agencies to identify qualifying projects. At this writing,
119  there has been no formal tesearch to establish what variables should be included in the ﬂnreshold
120  value setting decision nor the outcomes of establishing different threshold values, as well as

121  identifying the factors that influence the outcomes.

122 The FHWA calls the 10% threshold value “appropriate due to the uncertamty associated
123 with estimating future costs and timing of maintenance and rehabilitation” (13). However, such
124 guidance, while focusing on the uncertainty overthe LCC input variables, falls short of

125  addressing the linkage between threshold levels and their impact on how many projects would be
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126  included under alternate bidding. Clearly, higher threshold levels imply a larger number of

127  qualifying ADAB projects. Conversely, lower threshold levels make it more restrictive for

128  potential candidate projects to be considered in the alternate bidding program.

129 The main tradeoff in the selection of the threshold value is the costs associated with

130  alternate bidding and testing the true market costs of alternate pavement designs before a

131 decision can be made. Ideally, if alternate bidding were cost free, all projects could be let using
132 alternate bidding, which corresponds to a no threshold case. As the threshold level reduces to
133 zero, qualification of projects for the ADAB program becomes increasingly restrictive, and fewer
134  projects would be expected to let under alternate bidding.

135 =~ Theoretically, agency’s discretion in setting threshold values ranges from zero, where no -
136  alternate bidding is allowed, to infinity, where all projects are awarded through alternate bidding.
137  Under the zero-threshold case, the agency’s lowest cost alternate pavement design is assumed to
138  be the most economical alternative in all cases. However, this approach also exposes the agency
139 to the highest risk of foregoing the benefits of alternate bidding, as the market cost of the

140 competing alternative remains untested. This was the situation before SEP-14 authonzatmn to
141 experiment with ADAB. :

142

143 BACKGROUND :

144  Inresponse to the growing adoption of ADAB practices among the state agencies, the FHWA
145  endorsed the use ADAB methods in 2012 (/3). It is now clear that many states that use ADAB
146  procedures have recorded tangible benefits from the practice (17, 18, 19). The main benefits

147  include reduced project costs from increased competition (7). -Agency policies on ADAB

148  procedures show a significant degree of variation of across states (20, 21).

149 Alternative pavement designs are compared based on common pavement life-cycle

150  maintenance and rehabilitation strategies (4). To achieve similar serviceability performances

151  covering the selected analysis period, both initial design/construction costs and the future cost of
152  maintenance/rehabilitation activities must be specified. The development of realistic LCC

153 analysis that is consistent with local policies and procedures is crucial to compare alternatives

- 154 based on LCCs.

155 There are two main groups of considerations that need to be addressed before altemates
156  canbe compared. First, the underlying assumption of all ADAB methods is the presence of

157  design equivalence, without which competing alternates cannot be meaningfully compared.

158  Adjusting for the differences in LCCs thus becomes an important consideration for alternate

159  Dbidding practices.

160 Secondly, ADAB can be expected to be most apphcable to the pavement type selection
161  decisions when the expected LCCs of competing alternatives are reasonably close to one another
162  and when there is not a preferred pavement type among the competing alternatives. While there
163 is no consensus on a single threshold level among the state transportation agencies, thresholds in
164  practice range from 10% to 20% (12).

165 Although agencies have differing approaches to achieving design equivalence among

166  competing alternative pavement designs, the expected benefits of ADAB depends greatly on the
167 = design equivalence of competing alternatives. Given the design requirements on traffic level,
168  reliability and service life, the pavement service levels are expected to sustain comparable levels
169  of service over the period of the pavement design life. A similar level of service can be measured
170 by the alternative designs’ performance over the analysis period based on models that .

171  realistically reflect agency conditions. Since competing design methods often have unequal
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172 traditional design periods, the performance period should be made equal by including at least one
173  major rehabilitation cycle (13).

174 The specification of similar service levels over the common performance period depends
175  on the underlying maintenance and rehabilitation strategy assumptions for each alternate. Each
176  strategy must reflect realistic agency-level maintenance and rehabilitation costs, calibrated to
177  simulate the pavement service levels with associated future costs (22). Since the timing and

178  nature of maintenance and rehabilitation activities drives LCCs, as well as the resultant bid

179  adjustment factors in comparing alternative pavement types, such costs need to be included the
180  selection process fot a project’s pavement design. A review of recommended maintenance and-
181  rehabilitation strategies can be found in the NCHRP Report 703, Guide for Pavement Type

182  Selection (12).

183

184 ALTERNATE BIDDING AND THRESHOLD CRITERIA

185  Since the goal of the analysis is to demonstrate that the number of qualifying ADAB projects is a
186  direct function of threshold values, the point of departure is the distribution of project sizes

187  within a given agency. Commonly, agency design type decisions involve at least two types of
188  pavement designs (for example, hot mix asphalt (HMA) and Portland cement concrete (PCC)
189  pavement types).

190 Without loss of generality, the default pavement design is called Alternative 1, and the
~191.  competing pavement type Alternative 2. Figure 2 shows the probability distribution of the

192 expected project costs within an agency when a default pavement type (Alternative 1) is selected
193  for all projects. Reflecting the cost difference between alternative pavement designs, Alternative
194 - 2is assumed to be a linear transformation of Alternative 1 with a premium coefficient (P) that
195 varies randomly. The expected project costs under Alternative 2 can thus be calculated once the
196  default pavement type costs and equivalent design premium distributions are known. Since the
197  alternate bidding decisions are typically based on the net present value (NPV) value of LCCs, in
198  what follows, the terms “cost” and “LCC” are used 1nterchangeab1y

199 Let Aq be the set of all expected LCCs of agency projects (NPVai z(x)) if built under the
200  default pavement type alternative (Alternative 1). Similarly, define 4. as the set of the expected
201  project costs (NPVar 2(x)) under the competing pavement design (Alternative 2) as follows:

- 202

203 NPVAlt Z(X) =P X NPVA“: 1(X) i (1)
204
205 This analysis assumes the agency project costs under the default pavement design

206 alternative to be lognormally distributed. As with many price distributions, lognormal

207  distribution provides a realistic fit of project sizes, primarily because, unlike the normal

- 208  distribution, it does not permit negative values for project sizes, and has been found by previous
209  research to be the best fit for pavement projects of all types (23). However, it should be noted
210  that any other type of distribution that does not allow negative project costs could also be used,
211  since the following discussion holds independently of the assumed project cost-distribution.

212 Let the equivalent design premium of the competing design type (P) be equal to a normally
213" distributed random variable with mean (p) and standard deviation (op): '

214

215 P ~N(p,0,%) _ (2)
216 ‘
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217 The preceding formulation of competing pavement design costs allows a realistic

218" modelling of equivalent design alternatives. Rather than assuming a fixed premium for each
219  competing design type over the default type, it is acknowledged that premiums over the default
220  type costs are variable, and depending on the standard deviation of alternative pavement

221  premiums (op), the competing alternative costs are permitted to be lower than the default

222 alternative’s costs. Although alternative equivalent design premium distributions could be also
223 considered, the normal distribution provides a reasonable fit to agency data based on a list of
224  alternate bid tabulations provided by the Kentucky Transportation Cabinet (KYTC) (24).

225 As noted earlier, agency ADAB decisions are based on a comparison of LCCs among
226  different pavement designs. Since this comparison is equivalent to the LCC ratio of design
227  alternatives, following the FHWA’s convention (higher cost alternative over the lower cost
228  alternative), the LCC ratio for any project of x is computed by Equation 3.

229 | |
230 LCC Ratio(x) = %’?Jﬁ o . -
231 |

232 Clearly, given the definition in Equation 1, the LCC ratio reduces to the equivalent design

233  premium (P). Put differently, the LCC ratio of competing alternatives in ADAB decisions can
234  be interpreted as the expected premium for the competing pavement designs (Equation 4).
235 :

236 LCC Ratio ~ N(p, 0,%) . | ‘ @)
237 _ ,
238 This finding provides the basic framework to study the impact of LCC thresholds in

239  alternate bidding, and as will be shown shortly, it greatly simplifies the analysis, enabling the
240  analyst to focus on the two critical variables of the equivalent design premium distribution—the
241  expected premium for the alternative design type (p), and its standard deviation (0p). The
242 probability of project LCCs meeting the ADAB threshold criteria can be then calculated as

243 shown in Equation 5.

244 ,

245  Pr(T = LCC Ratio =2 1) = F(T) — F(1) 4)
246 - : . :
247 - F(T) and F(1) stand for the cumulative densify function of the normal distribution for the

248  two critical values (the threshold level, 7, and /, respectively). Given the normal distribution
249  assumption for the LCC Ratio, the probability of including agency projects in ADAB (Equation
250  5) can be rewritten as seen in Equation 6.

251 :
252 Pr(Alternate Bidding) = F (”’—G‘-E) —F ({;—”) ' (6)
v P :
253 , ,
254 As Equation 6 indicates, the frequency of agencies” ADAB practices is a function of
255  three variables:
256
257 1. T, the ADAB threshold value;
258 2. p,expected equivalent design premium for competing pavement type; and
259 3. op, the standard deviation of equivalent design premiums.
260
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261 Setting threshold levels in alternative bidding to reap the benefits of increased

262  competition from multiple industries, thus, cannot be accomplished without taking note of the
263 close interaction between these three factors.

264 ' Three major conclusions immediately follow Equation 6. First, the probability of meeting
265  ADAB criteria is a strictly increasing function of the threshold value, . Second, the expected
266  equivalent design premium for the higher cost alternative, p, has a generally negative impact on
267  the frequency of meeting the ADAB threshold criteria. That is, for most realistic values of p, the
268  higher the expected premium levels, the lower the ADAB probability. Third, ADAB probability
269  is astrictly decreasing function of the standard deviation of the equivalent design premium, oy,
270 - The finding that ADAB probability increases with higher threshold values is both

271  intuitive and expected. Agencies that have no threshold levels for ADAB are expected to

272 practice an all-inclusive ADAB program. The next two findings, however, to our knowledge,
273  have not been recognized in the literature thus far. Together they show that ADAB threshold
274  levels should be determined by considering the relative values of expected equivalent design

275  premiums and their statistical variation. Illustrating this pomt will be the focus the following

276  discussion.

277 :

278  SENSITIVITY OF ALTERNATE BIDDING THRESHOLDS TO EQUIVALENT

279  DESIGN PREMIUMS

280  This section will consider an example to 111ustrate the sensitivity of ADAB thresholds to

281  equivalent design premium distributions. Although available data to generate typical project cost
282  distributions for equivalent alternative designs is sparse, the following discussion is based on
283  distribution parameters obtained from a sample of project bids under the KYTC’s ADAB

284  program. This data was selected merely because it was both cogent and easily accessible. The
285  KYTC was an early SEP-14 ADAB experimenter and the results of their pilot projects were

286  generally representative of those observed in other ADAB SEP-14 applicants. Figure 2 illustrates
287  the probability density functions (PDF) for a representative agency’s project costs. The set of all
288  project LCCs under the default (44), and the competing pavement designs (4c) are labeled as

289  Alternative 1 and Alternative 2 LCCs, respectively. Note that the relationship between the

290  default and competing design costs were previously defined in Equation 1.

291 The calculated model parameters are shown in Equation 7. The KYTC ADAB program
292  witnessed equivalent design premiums, Py, over the lowest cost alternative type at an average of
293 10 percent (p = 0.10) and a standard deviation of 11 percent (o, = 0.11). As expected, the

- 294 average project cost under the competing pavement type alternative is 10 percent higher than the
295  average project cost under the default pavernent design alternative ($10 million vs. $11 million
296  in Figure 2). The threshold value, T, was also assumed be 10 percent. Note that although the
297  threshold value and the expected equivalent design premium were assumed to be both.10 percent
298  in the baseline scenario, they need not be equal. In fact, the upcoming analysis will vary the

299  equivalent design premium to examine the sensitivity of alternate bidding probability to this

300  variable. '

301 ' ' ’

302 Py ~N(0.10,0.11%) @
303 : ' -

304
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306 FIGURE2 Project Cost Distributions (PDF) under Multiple Pavement Type Alternatives
307 ' ’ ‘ '

308 ~ The probability of the agency’s projects to meet the ADAB threshold criteria can be then
309  calculated as .

310 o

311 P(Alternate Blddmg) : F (13 11 1) — F (10_311) ' {8)
312 =05-0182 '

313 . : = 0,318

314

315 . The resultof Equation 8 (31.8 %) is equivalent to the region delmeated between the two.

316  wvertical lines in Figure 3. The area above the lower bound of the LCC Ratio, where both
317 alternate T.CCs are équal, and below the threshold value of 10 percent (1 < LCC Ratio < 1.10)
318  captures the share of agency projects that will be screened for potential alternate bidding. In this
319  example, approximately 32 percent of the agency projects are expected to meet the ADAB
320 threshold criteria. This result can be of immediate use to the agency as policy makers calibrate
1321  the agenicy’s ADAB threshold in an effort to balance the anticipated costs and benefits of
322 alternate bidding practices.
323 Figures 4 and 5 illustrate the sensitivity of the expected ADAB program size as the
324  expected equivalent design premium levels (p) and its standard deviation (o;) change. Asthe
325  equivalent design premium characteristics are both allowed to increase, the ensuing reductions in
326  expected ADAB program size corroborate the major findings identified previously. Figure 4
327  shows the effect of an increased level of equivalent design premium of 15 percent. Due to the
- 328 rightward shift in the probability density function due to this increase, the ADAB region for
329  qualifying projects shrinks to 23.8 percent. Slmllarly, Figure 5 demonstrates the effect of higher
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330  volatility in the LCCs of equivalent alternative designs.
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339 Increased dispersion in equwalent design premiums reduces the ADAB probability to
340 19.1 percent. The policy implication of these observations for agencies is- clear. If the: agency’s
341  goalis to maintain the baseline 32-percént ADAB program volume, the ADAB threshold level
342 must be increased. In this example, increasing the threshold percentage for the two scenarios
343  considered to approximately 13 and 17 percent, respectwely, would ensure the original 32-

344  percent ADAB volume under the baseline scenario.
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348 Figure 6 presents the sensitivity of expected ADAB program volume (y»ams) as the

349  standard deviation of equivalent design premium (x-axis) is allowed to vary. A similar analysis
350 is deplcted in Figure 7. In both figites, the variable of interest was changed by keeping the
351 remaining baseline variables constant. The decreasing ADAB probabilities with changing

352 equivalent design premiums further. hlghhght theneed for agencies to calibrate their ADAB

353  thresholds to maintain their target program volumes.
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356 FIGURE 7 Sensitivity of ADAB Probability to Expected Premium (T' = 10%; 6, = 11%) '
357 ‘ '
358 CONCLUSION :
359  The paper’s analysis provides a succinct framework for studying the underlying factors that drive
360 thesize of agency ADAB programs. Its outpuit argues that the cuirrent guidance for setting
361  ADAB threshold criteria to screen candidate projects in pavement type selection decisions could -
362 be overly simplistic. Instead, the paper proposes an alternative perspective for modelling the
363  uncértainty in eéquivalent pavement design costs. The paper’s primary finding is to prove that
364 ADAB threshold criferia should be a furiction of the variability in equivalent design premiums.
365  Astheexpected equivalent des1gn premiums increase/decrease, the findings suggest a

366  corresponding change in agency threshold levels to maintain the target volumes of ADAB
367  programs.
368 ‘When agencies select quahfymg pI‘Q] ects for ADAB based on a life-cycle cost
369 companson among the alternates, the specified threshold level becomes the only lever for the
370  agencies to influence the desired outcomes of an ADAB prograin. Once the decision to proceed
371 = with ADAB has been made, the sole remaining relevant factor becomes the alternative pavement
372  typepremium. In modellmg the equivalent design costs for competing pavement type
373  alternatives, the above analysis assumes the alternative premium as a random variable that
374  inflates the baseline pavement design cost. The premiuth aggregates two major sourees of
375 uncertainty in the calculation of LCCs. First, the volatility of major.construction ‘material costs
376  under different alternative designs precludes a deterministic estimation of design alternatives.
377  Secondly, the wide range of LCC analysis assumptions, including those for the discount rate,
378  salvage value, maintenance and rehabilitation strategies and the service ‘period of different
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379  pavement type alternatives, makes the calculation of LCCs sensitive to the analyst’s

380  assumptions. Therefore, modelling such uncertainty in the form of a random variable for

381 equivalent design premiums not only provides a reasonably realistic representation of the
382  complex relationship between the equivalent design alternatives, it vastly simplifies the

383  complexity of the analysis. The results indeed show that valuable insights can be gained in
384  assisting agencies to make rational decisions on their ADAB threshold criteria.

385 Rather than setting a threshold level that remains constant as the spread between

386  alternatives contract or expand, the analysis shows, a dynamic threshold rate that takes into
387  account input price volatility and future LCCs, can be used successfully, makmg the threshold
388  levels relative to the alternative design premiums.

389 - When selecting LCC thresholds, there is a direct relationship between the expected
390  number of bids to be awarded through alternate bidding and the potential project cost ranges for

© 391  each alternative pavement type. Setting higher threshold levels results in a higher number of

392 proj jects qualifying for alternate bidding. Conversely, low LCC thresholds reduce the number of
393 projects that could potential benefit from procurement using ADAB methods. Given the

394  administrative and engineering bid costs associated with additional pavement designs, each

395  agency can then balance the expected ADAB benefits, such as receiving market prices for .-
396 competing alternatives, increasing competition, and reducing costs, against the costs of adopting
397  ADAB practices. ’

398 The preceding discussion also provides the starting point in calculating the expected

399  benefits of an agency’s ADAB program. Clearly, achievin‘g an agency’s target ADAB program
400  size is an exercise that should be tailored to each agency’s unique requirements and market

401  conditions. However, since any such analysis must start from an estimation of the share of the
402 agency projects that would qualify for alternate bidding, the proposed analysis can be used as a
403  basis to both quantify and compare the anticipated costs and benefits of an ADAB program.

404  Finally, in addition to laying the groundwork for future research in this area, this paper offers
405  highly relevant insights for transportation agencies and administrators of public contracts.

406 : ‘

. 407
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