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HOT BITUMINOUS PAVEMENT PILOT VOID 
ACCEPTANCE PROJECTS COMPLETED IN 1993 -1996 

BACKGROUND OF VOID ACCEPTANCE PILOT PROJECTS 

In the late 1980's the Colorado Departmem ofTrmIpOilation (CDOT) was very actively engaged in 

improving the performance ofhot mix asphalt. Rutting was identified as one of the major problems aDd 

seemed to be closely related to mixture volumetric properties. By 1990 the Federal Highway 

Administration was proceeding with Demonstration Project No 74, Field Management of Asphalt Mixes. 

This project focused on measuring aDd controlling the volumetric properties of asphalt mixes concurrent1y 

with their manufacturing aDd placement. There are a number of involved test procedures necessary to 

accomplish volumetric control, but specifying two end result parameters, voids in the mineral aggregate 

(VMA) and air voids (A V), were selected by COOT to quantifY volwnctric properties. 

IMPLEMENTATION OF VOID ACCEPTANCE PILOT PROGRAM 

In 1991, D'Angelo aDd Ferragut (1) reported on findings from Project No. 74. Their work showed the 

importance of field managemem of asphalt mix voIumctric CODtroI. In 1993 CDOT took two significant 

actions towards volumetric end resu1t specifications: 

(1) They participated in Demonstration Project No. 74 by doing void control on three hot mix asphalt 

projects construction. Only one of the three had fonnaI Void Acceptance specifications with provisions 

for incentive aDd disincentive payments included. The contractors and CDOT ficld personnel 

cooperated in accomplishing routine volumetric testing on the other projects. Aschenbrener , CDOT 

mix design engineer, repoJ) on this work in January 1994. He concluded that meeting void 

acceptance (VA) specifications would not ensure that hot mix asphalt would be high in quality, but 

only that the ficld mix wouId match the IaboratoIy design. This initial effort demonstrated the 

potential for successfully controlling the void properties of asphalt mixtures in Colorado during 

construction. 

(2) They announced their intent to fully implement QClQA void acceptance specifications. Target date 

was set as about 1997. Imp1emaltation was to be preceded by a series of pilot projects which wou1d 

be evaluated as they were constructed. This would ensure feasibility of adopting the VA concept aDd 

serve as a basis for adjustments in parameters. 

By the end of 1996, eleven VA pilot projects had been let to contract, including one that Aschenbrener 

reported(2) on in 1994. Two of the eleven will not be completed until 1997, leaving nine completed VA 

projects. An "Explanation of the CDOT Void Acceptance Pi10t l'rogsalil" by Aschenbrener is attached as 

Exhibit 1. It sets forth a chronological outline of the steps taken by CDOT as they have carefully moved 

towards VA specification implementation. 
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SUMMARY REPORT ON THE COMPLETED VA PILOT PROJECTS 

This summary report is a compilation of the hot bituminous pavement VA data reported by the field 

personnel on the nine projects. It is not intended as a thorough study on field control of voids during 

construction or the potential perfOrmaJll:e beDcfits. In 1992, .Aschenbrener reported (3) on a comprehensive 

CDOT investigation of rutting perfolJllllllCe of pavements in Colorado. Among other important findings, 

the report established the need fur close volumetric control during construction. 

QClQA Pflot Program/or HBP Usilfg Cmwent/oftal Tests 

In 1992, CDOT implemented pilot QC/QA specifications fur hot bitwninous pavement (HBP). The 

specifications require field evaluation fur materials pay 1iu:tors (PF) to be done on three elements, in-place 

density (compaction), asphalt content and aggregate gradation. Quality acceptance (QA) is based on 

random samples and tests by CDOT on the three elements. The results are evaluated by standard 

statistical methods and the percent within tolerance, or quality level (QL), is established. PFs are 

calculated from the QLs and the number of tests in each process to determine incentiveIdisincentive (lID) 

payments. The contractor is required to test the same eIemeots (at a greater frequency) and use the results 
fur quality control (QC). Comprehensive requirements are included in the QC testing schedule. 

Under the pilot specifications (QPM 1, the computer software designation), over 3 million tons ofHBP 

m:re produced during fuur construction seasons, 1992-1995. The pilot program had been scheduled for 

completion in 1994, but several projects m:re held over and completed in 1995. Following collection and 

analysis of the 1994 data, a revised and updated QC/QA standard special specification (QPM 2) was 

implemented in 1995. To date there have been fuur reports on the program; in 1993, 94, 95 and 96 

«4~(S),(6)&(7). A fifth report(S) is now in progress on the QPM 2 work completed in 1996. The QPM I and 

2 programs proceeded mostly independent of the VA projects during the same time period. The VA 

specifications were similar to QPM I in funnat, except that CODtractors were not required to petfolln 

quality control testing. Exhibit I provides additional iDfonnation. 

THE VOID ACCEPTANCE PILOT SPECIFICATION 

The VA specifications have no field aggregate gradation requirements. Studies have shown that gradation 

is only subjectively related to perfolJllllllCe. Other aggregate cbaracteristics affect mix volumetric 

properties, and consequently perfurmance, but are difficult to measure or specify. It is expected the 

CODtractors willieam to carefully control aggregate cbaracteristics in relation to their motivation by the lID 

schedule. As a result, future pavements built under VA specificatioos are expected to perfurm in a superior 

manner to pavements built under conventional specifications. CDOT is selectively evaluating the VA pilot 

projects for rutting and changes in voids after subjection to traffic. Data is not yet available, but no 

perfurmance problems have been reported. 
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The VA pilot specification (special provision) used for the three projects completed 1996 is attaclJed as 

Exhibit 2. It consists chiefly of revisions to Section 105, Control ofWorlt, and revisions to Section 106, 

Control of Materials (as pertaining spccificaJJy to this Item). The specification for the first six projects was 

essentiaJIy the same, except Stability was included as an clement. The mixes on these six projects were 

designed using the Texas gyratory (TxG) for laboratory compaction and the Hveem stabilometer to 

measure stability. The SuperpavelM Level 1 Mix Design (9) was used for the last three projects and the 

two now under construction. On page 4 of Exhibit 2, there are two Tables for clement factors. The first 

table was used with the SupcrpavelM (SP) projects, the second table was included with the TxG projects. 

There may have other minor diffi:rences between the two specifications. 

SUMMARIZED DATA FROM VA PILOT PROJECTS 

Table 1 is a summary of field data from the nine VA pilot projects as submitted from the field to the 

Construction & Materia1s Branch. The projects are sorted by year completed and subaccount number, then 

by process number. Where there were two or more processes (defined as continued production under a 

single job-mix formula) on a project, the totals and averages, weiglrtal by tons, arc 1isted for each clcmem. 

The abbreviated column headings identify the components summarized and arc mostly self explanatory. 

There are two PF columns, first for VA and second for QPM 2. The QPM 2 data was not a component of 

the projects, but was added for comparison. Future VA projects arc expected to use the method for PF 

calculations. Contractor's Code refers to codes used by the CDOT for the various contractors in 

evaIaatiog QClQA The last column is for Aggregate Grading designation used on the projects. ''C'' is 

3/4" nominal and "CX" is 1/2" nominal aggregate size mixes designed by TxG. SP indicates 3/4" nominal 

size mixes designed by SuperpavelM gyratory. 

In Table 2, the VA data is sorted by element, by TxG or SP, then by project and process. Each element 

group has a composite line for TxG and SP, then finally a composite line is shown where the data for the 

two mix design metbods have been combined. All average values are weighted by tons represented. For 

each process, the target Gob mix formula, or minimum for stability) is shown, followed by the algebraic 

difference of the process average test result from the target value. For information, the absolute diffi:rence 

is shown for each clement group below the composite line. The significance of this can be demonstrated by 

looking at the composite line for all AC content tests. The algebraic diffi:raK:e between the target and the 

process averages is zero; so, on the average, the field tests were right on target. The absolute difference, 

however, is 0.07, showing that without regard to sign, the average process was 0.07 from target. The 

absolute value is more closely related to the average QL of 84.9. 

Finally, at the end ofTable 2, the Item composite values for the TG group, the SP group and the 

combination are shown. It is not possible to combine data where the order ofmagnitude is diffi:rent, such 
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as SD fur the various elements. However, QL, PFs and IID have been composited by calcu1atiJJg element 

averages weighted by ''W". 

List of Figures 

For each element in both groups, frequency distribution hi3tograms have been drawn and for selective 

elements, accumulated frequency curves are shown. The figures follow the tables at the end of the text, and 

are identified in Table A. 

Table A 
DesCriptiOD of Fipres 

Description : Fig. No. Description : Fig. No. 11---:.·------------------- 1------ --------------------+--------
AC%, Normal Curve and Field i 1 VMA, NomJal Curve and Field i 9 
DistributiOD, Texas Gyratory : DistributiOD, Texas Gyratory : 
----------------------------------~-------- ----------------------------------~--------
ACo/o, Normal Curve and Field i 2 VMA, Accumu1ated Frequency, i 10 
DistributiOD, Superpave : Normal Curve &. Field Curve, TxG : 
----------------- 1 ----- ---------------~------
Density, Nann Curve &. Field Dist, i 3 VMA, NomJal Curve and Field i 11 
TxG, Values in Whole Numbers: DistributiOD, Superpave : 
--------------------------------~--------- ----------------------------------~--------
Density, Normal Curve aDd Field Dist i 4 VMA, Accumulated Frequency, i 12 
TxG, Values Reported to 0.1% : Normal Curve &. Field Curve, SP : 
----------------------------------~-------- ---------------------------------~--------
Density, Accum. Frequency, Nann i 5 Air Voids, Nonnal Curve aDd Field i 13 
Curve &. Field, TxG, Values to 0_1% : Distributioo, Texas Gyratory : 
------------- -- 1 --- ------------ ---~-----
Accumulatcd Frequency, Nom Curve i 6 Air Voids, Accumulated Frequency, i 14 
SP Density, Values to 0.1 % : Normal Curve &. Field Curve, TxG : 
-----------------------------------~--------- ----------------------------------~--------
Density, NOmtai Curve aDd Field Dist i 7 Air Voids, NomJal Curve aDd Field i 15 
SP, Values Reported to 0.1 % : DistributiOD, Superpave : H-----------------------t------ -----------------------1------
Stability, Normal Curve aDd Field : 8 Air Voids, Aa:lunuJated Frequency, : 16 
Distributioll. Texas_ G : Normal Curve &. Field Curve, SP : 

Discussion of Figures (IIId Related Data 

Only the density element has a common job mix target (94.0) fur all processes in both VA groups. No 

adjusbnent or shift of data was necessary in order to plot distribution curves fur density. For the other 

element groups, it was necessary to shift each process set to a common target in order to plot frequency 

charts aDd calculate pooled (total population) statistical data. This was accomplished by shifting the 

element sets to a common target, approximately the average of the group. For example, the average target 

for AC% in the TxG group is 5.1. The target fur the first set listed is 4.8, therefore 0.3 was added to each 

value in the set. The target for the next set is 5.3; so 0.2 was subtracted from each value, aDd so on. Once 

the entire group of sets had been adjusted, statistical calculations were made, frequencies calculated and 

figures plotted. 
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Frequency distribution histograms have been drawn for each element in each group. An additional drawing 

was made for the 1993-94 field densities IqlOrted only in whole numbers. Ifthcse had been included in a 

histogram with values sorted to 0.10/.., the resu1ts would be irratiooal. The asphalt COIIta1t histograms 

(Figures 1 and 2) show the data distribution to be near nonnaI and only slightly off target. Accumulated 

frequency curves were not drawn. 

Accumulated frequency curves for other e1emcDts (except stability) were drawn as indicated in the above 

table. If the curves are closely superimposed on the nonnaI curves, it indicates the process was close to 

target and normally distributed. The charts only indircctIy address the magnitude of the SDs; if the SD for 

the group is larger than normal, then the QL will be low (excessive percent out of to1erance). If the 

frequency curve is shifted, but closely paralIel to the nonnaI curve, the data is normaI\y distributed, but the 

average is off target. Where there is Iaclc ofparalIeIism (bulges or dips), the data is abnormally distributed 

and also may be off target. An example is evident in Figure 5 where the TxG field densities (compaction) 

are abnormally distributed with a dip near the lower tolerance limit (mdicating some sort of sampling bias). 

Figure 6 shows the SP density data is significantly bulged just inside the lower tolerance and shifted to the 

left by about 1.1 percentage points (below target). It is squeezed back to the right near the lower limit, 

indicates missing data, or sampling bias. The VMA accumu1ated curve (Figure 10) shows the data to be 

more normally distributed than its histogram (Figure 9) indicates. The average is a1most exactly on target. 

Figure 12 shows the data for SP VMA to be poorly distributed and 0.4% below target. The TxG AV ciata 

(Figure 14) is bulged and shifted to the left, nearly 0.4% below target. Finally, the histogram and 

frequency curve for SP AV (Figures 15 & 16) show poor distribution of data and a shift to the left of target 

of nearly 0.9%. 

The field densities and all volumetric data (except TxG VMA) are low, indicating there were some 

problems with field control. Lower values may not be too significant fur the TxG mixes, as discussed on 

page 8, TxG Mixes, etc. But the lower values for the SP mixes could indicate borderline acceptability for 

perfonnance (see discussion on page 9, SP Mixes, etc). 

DISCUSSION OF ELEMENT DATA 

Stlllfdard Deviations 

When the VA pilot program was jnitiatwl in 1993, expected process SDs for VMA, VA and stability were 

estiInateJ2) from tests perfonned on six conventiooal HBP projects CODStructcd in 1992. The data was 

used to establish tolerance limits and "V" factors for each element. "V" is approximately one historical 

SD and is used in VA specifications (and QClQA) to evaluate single sample lots for PF when results are 

outside tolerances. Ifwithin the tolerances, the PF is 1.0. Tolerance limits for double limit elements are 
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typically four average historical SDs in width. Tolerance limits for asphalt content and density were 

already in effect and historical data was available to establish their "V" 13ctors. 

Page 6 

Table B Iists SD and to1eran<:e values related to the PiIot VA program and the QPM projects. SD values 

from the six 1992 projects for VMA, AVand stability a100g with 1991 historical values for asphalt content 

and density are Iisted as base values in the first line. 

TableD 

6 TxG VA Projs(lb 2) 0.19 1.00 2.0 0.36 0.51 

0.87 NA 0.49 0.58 

IUQ " )fA 

1.01 NA NA NA 

0.93 NA NA NA 

1.l0 (StdPrav) 

Examination of the above table shows the values used in the VA specification are very reasooable when 

compared to the swnmarized field data. Because construction techniques for acl!ieving density and asphalt 

conteDt are CSSCDtiaIly the same for VA projects as for QCIQA projects, the QPM 2 SUDIIDaJY (representing 

14 times as many tons) is a better indicator ofactual fieldperfonnance1han is the SP VA summary (1996 

work). An analysis of Sellers risks sbows "V" should be about 1.2 times the historical SD for a 

recommended 5% risk. The curreot ''V's (VA and QPM 2) for AC% and density are almost exactly 1.2 

times the QPM 2 averages. No cbanges are recommcmdM For the two specifications, the tolerance 

widths for these two elements are very close to four times the QPM 2 averages; these toIer.mccs have been 

USM by CDOT for HBP for about seven years. Experience shows the they are satis13ctory; no changes are 

recommended. 

The relevance of Stability tests on SP mixtures is curreutly being investigated. Stabilities may be specified 

on future VA projects using SP. No cllange is recommended in the "V" 13ctor at this time. SD is not 

norma1ly USM to establish the tolerance limit for single limit specifications. 
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For this evaluation, some of the most important iofonnation comes from the volumetric summaries. Based 

on the limitcd number of pilot tests, the summaries in Table B indicate the tolerance widths and "V" fiIctors 

for VMA and AV are approximately correct. The change from TxG to SP compaction bas probably 

affected VMA and A V field data. But the cxteDt is not known because of other concurrent c:banges taking 

pIace, as summarized by Aschenb_ in Exhibit 1, suc:h as: (1) Test procedures were modified to take out 

ambiguities following round robin testing in 1994 and 1995, (2) in 1996, CAPA certification was required 

for the fusttime for all testers, (3) from 1991-1995 TxG equipment was phased in, then in 1996 the SP 

procedure was introduced and used on the SP projects without previous experience and (4), from 1993 to 

the present, there have been a II1IDlber of changes in VA specifications and project qua1ity management For 

these reasons DO changes are currently recommeoded for VMA and AV. 

TtlI'get and MeJUI - Ttuget 

Based on all individual test values, the data in the colWDIIS (Tables 1 and 2) to the right of the tons 

column, have been calculated for each element in each process. The targets (job mix fonnulas) were as 

established on the projects per specifications. The mean (average) value for the process, minus target value 

is the algebraic cIiffer=. For example, if two AV processes of1hc same size had a 05 and -0.5 

diffeIences from their targets, the average distance from 1hc targets would be zero. The average absolute 

difference would be 0.5, which is more closely related to the overaIl QL than is the algebraic average. The 

composites sbow both values. 

Quality Level and Pay Factors 

QL is calculated by cp_7I(IO) and represents the estimated percent of test results within tolerances. SD, 

distance of process mean from tolerance limits and number of test values ("n'') all contribute to the 

calculation. PF fonnulas for VA and HBP are modeled after the WASHTO(ll) tables for PF, based on "n" 

and QL. BasicaIly, for unlimited "n", PF = 1.0 when QL = 93 . As "n" decreases, the required QL to 

achieve a PF of 1.0 decreases. This is re1ated to sellers risk due to sampling error as "n" grows smaIIer. 

Wben "n" is three (minimum for statistical analysis), a QL of 68 provides a PF of 1.0. There is pay 

incentive or disincentive, based upon QL and "n". The VA formulas for PF are included in Exhibit 2. 

QPM 2 PF fonnulas are slightly modified from W ASHTO and there are additional ones for 1arger "n"s. 

The QPM 2 PF column (Tables 1 and 2) is provided for comparison; the procedure is to be used for future 

VA projects. Over all, there is less than one percent cIiffer= in the two methods, with QPM 2 paying 

slightly less (the effect of paying less for processes with 1arger "n"s). 

The VA IID$ Column shows the actual dollars based on tons x $perton x (PF-1.0). There was a totaI 

incentive of $47,069 for the TxG projects. Thetotai disincentive was -5129,488 for the three SP 
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projects, which included -$116,499 for density on a single project proc:ess. This resulted in only -$13,000 

for the other elenu:nts and proc:esses . 

The less than desin:d resuIts for VMA and A V on the SP projects can be partly attributed to the 

contractors' unfamiliarity with SP technology (i.e., SP gradations interrelated with voids and field density). 

Another mctor may have been COOT's UDfamiliarity with the SP gyratory compactor. These two things, 

combined with the sampling and testing variances already iDberent with HBP testing, produced lower QLs 

than expected for the volumetric properties. 

Asphalt COIJtent fIIId Density 

The QLs and PFs for the AC% and Density elements are significantly lower for both groups of VA 

projects than for QPM I and QPM 2 projects for the same contractors during the same calendar periods. 

Table C compares data taken from Table 2 and 3. 

TabieC 
ACY. IIDd Deasity Data, VA & QPM·l & 2 

" 

.:, "n" SD Ab.Mn-Tar. QL QPM2PF 

Group Identification AC On AC On AC On AC On AC On 

VAlWT"~ ," :He 6lS 'G.J9 1;00 0:,00 O,Bif , lfiU &U fllll91 0,9'66' 
___ . • ••• _ _, h ____ _ .C., .• ••. , __ ___ "'- " .. .. ... --.. -. 

, 1991$S, ~1 ~ m9 0.,1$ , L01: Gh1 :' 'GPI SO.4 1&1 l;!lU U;99-$ 
.-

VA by SupeIpaVC 86 171 0.17 0.S7 0.13 1.20 79.6 n,7 0.944 0.907 

1995-96, QPM2 1189 2090 0.17 0.93 0.07 0.56 89.S 91.9 1.006 1.016 

The QL andPFs for the VA groups were significantly below the QPM groups. The total nwnber of tests 

for the VA groups is much less, so there is danger in reaching conclusions from such smaIl samples, 

particularly for SP. It appears there arc complex interrelations between the mix characteristics necessary 

for volumetric optimizatiou and field compaction when using SP gradations. 

For conventional HBP where there arc specified gradations (and no voids specifications on field mixes), 

sieve targets can be changed or established by the contractor (as approved) without negatively affecting the 

PF. Gradations could be selected in order to more easily achieve compaction without particular regard to 

the effect on the voids characteristics. Successful implementation of VA specifications on SP projects will 

require training and experience for CDOT and the contractors. 
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TxG MlXIS, Stability, J'Ll£4 fllfd Air Voids 

There was virtually no problems meeting the minimum specified stability values 011 the TxG mixes. The 

VMA average was almost right on. target. The AV average was only 0.3% below target. Medium to low 

TxG c:ompactive effort was used for design on all ofthesc projects. AscbenIm:uer noted(3) that field mixes 

with air voids above 3.0"10 by low laboratory compactive effort sbould have good JUt resistance. Figure 14, 

accumulative frequency for TxG air voids, shows that 85% of the tests yielded AV greater than 3.0%. The 

as-built field densities show only 0.14% more AV (less density) than the QPM 1 projects built during the 

same time period. The TxG designed pavements can be expected to have good resistance to rutting. 

Su~MlXIS, J'Ll£4 fllfdAir Voids 

The SP mix design procedure(9) does not include Hveem stability testing. For SP compaction, loose, hot 

asphah mixtures are placed in molds and subje<:ted to gyrations until the density is approximately 98% of 

maximum theoretical (2.0% A V). Deosities between initial and end pont are estimated by automatic 

specimen height measurement and interpolation to find percent air voids at design gyrations. The 

completely compacted test spc:cimms are not satisfactory fur stability testing. To test fur stability, separate 

specimens compacted at design gyrations are required. Until now, this has not been done routinely, but 

data is currently being accumuIated. Stabilities may be required OIl SP mixtures in the future. 

The SP mixes have an average field VMA about 0.4% (Table 2) below target. This is not particularly 

significant. The SP average AV are (Table 2) below taIJel a greater distance than average fur the TxG 

mixes. But not too much weight should be given to this data, their were only a couple of small processes 

where the average AV were below 3.0%. The SP mixtures can be expected to have adequate rut resistance, 

except possibly for some finely graded ttiaI mixes. Again, dris cmphasin:s the need for time to Ieam the 

interrelation between SP gradations, vollllDClric characteristics and density achievement. 

COMMENTS 

The number of changes being made in procedwes and equipmcat, combined with the limited number of 

projects and field samples, makes it risky to make conclusions. Following is a list of comments: 

1. The six TxG projects are expected to perfOim satisfilctoriJy for rut and futigue resistance. Eighty-five 

percent of the field A V tests are above the critical lower limit of 3.0% and the average is only 0.29% below 

target. The as-built field deosities show only 0.14% more AV (less density) than the QPM 1 projects built 

during the same time period 
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2. Not enough data is available to predict performance on the SP projects. There needs to be more time 

(and SP projects) to allow CDOT pelSOIIIIcl and the contractors to become fiuniliar with Superpave 

technology. The aualysis ofvo1umetric data is complicated by its interrelation with SP technology. 

3. The "V" fiIctors and specification widths for the elements currently being evaluated on the SP projects 

are satisfactory, no changes are recommended at this time. 

4. For both TxG and SP, there is rMuction in air voids by laboratory compaction of field mixed materials 

versus laboratory mixed materials from same source components. This confinns the observed and 

documented reduction in field AV (reported by COOT and others). 

5. The data submitted to the Pavement section for aoaIysis seems to indicate poor compliance with the 

requirements for compaction test sections. The first density test result in a process is supposed to be the 

average of the seven random tests on a test section. For work to proceed without more test sections, the PF 

fur the first test section nmst be 1.0, or better. At a normal SD of 1.0, the mean value must be at 1east 

93.0. Of 12 processes buih in 1995 & 1996 (TxG and SP), 7 had first values reported ranging from 91.8 

to 92.8. If the test section requirements had been adhered to, there would probably have been better 

compliance with overall density and volumetric requiranents on these processes. 

6. All three frequency histograms fur field density tests (Figs 3, 4 and 7) show significant sampling bias 

and abnormal distribution. There is a lack of test values just below or at the minimum tolerance (92.0) 

with a preponderance of values just inside the limits. This may indicate a tendency towards discarding 

values just below the lower limit and substituting "representative" values from locations near by. 

7. There is some abnormalcy in the distribution of test values around their averages for all elements fur 

both TxG and SP. But sampling bias is not as evident as it is fur density. For all the elements, part of the 

poor distribution can be attributed to the experimental nature of the work where frequent changes in the 

field processes were made. Pooled data can be expected to reflect the many process changes. 

RECOMMENDATIONS 

1. Consideration should be given to allowing the contractor the option of making a laboratory adjustment 

in design voids (higher laboratory A V) to account for anticipated decreases on construction. This might 

greatly reduce the amount of trial and error associated with field adjustments. There would have to be a 

documented prediction procedure, based on historical data fur the individual contractor and source. 
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2. The requiremeDts for compaction test sectioos should be fully adhered to. 

3. Additional efforts should be made to train contractor and CDOT test persons io the proper procedures 

for random sampling, particuJarly for pavement density. The proposed pilot projects, with the contractors 

doing control testing for pay, present opportunity to identify sampling and testing irreguIarities by use of 

statistical "t" and "F' test procedures. 

4. It is proposed that the disincentive pay factor procedures be stiffi:ned (greater disiocentive when the PF 

is less than 1.0). This would require the "w" factors be changed when PF is less than 1.0. ConUactors 

who perfonn well and have PFs greater than 1.0 would DOt be affected by this change. Those inclined to 

accept disincentive payments in lieu of producing fully aw:ptabie work would have greater incentive to 

produce higher quality work. This same recommendation is appropriate for QPM 2 projects. 

5. It is reconunended that as soon as feasible, the conventional HBP QPM 2 specification be merged with 

the VA specifications. CDOT has already stated this intent. This recommendation is to add emphasis to 

that objective. In the mean time, VA pilot work should proceed carefully at the same time the Superpave 

procedure is being implemented for conventional HBP. 
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Jet SH 50 - South 2. 10m A VoIds 121.00 7'2.3 73 0.58 4.0 .0.. 8'1.11 1.. 1.007 
PROJECTORADINQ"C""TOTAU;&.MEANSPORITaf sam 72.3 NA NA fIlA NA 84 .• 1.020 1.o:zg 

2 08,101M2 A 

2 8I!.10842 B 

$34.30 10.5 

...... 30.' 
PROJECTGRAOING "C"TOTALS &. MEANS FOR DENS 041.3 

Jet SH 85 - North 

Jet SH 85 • North 

2 .,01M2 A 

2 1S,101M2 B 

SS4.3O 10.5 

......, 30.' 

PRo.recr GRACING "C"'TOTALS & MEANS FOR...c.. .... 
Jet SH 85 - North 

Jet SH 85 - North 

2 08,1DB42 A 

2 .,10942 B 

SIIb $34.30 10.5 

Stab 134.30 30.8 

22 

so ., 
1. 
30 

1.03 

0.71 

•. 79 

• .00 

•. 20 

0.17 

84.0 .... ,00 

.... -0<-00 

84.0 -84.00 

4.8 .... 80 

04.8 "',80 

4.7 .... 75 

.... .... 
n.. 

.... 
83.8 .... 

0.750 

1 .... 

0. ... 

1.042 

1.005 

1.014 

0.750 

D.I02 

1 .... 

o.m 
0 .... 

10 1.17 40.0 -4Q.00 100.0 1.0ti0 1.045 

30 ' 2.78 40.0 -40.00 100.0 1.050 1.056 

41.3 40 2.38 40.0 ...tClDO 100.0 1.050 1.052 

2 _,1C1N2 A 

2 .'OEM:l B 

VMA $3430 1D.$ 

VMA $34.!D 30.8 
PROJECT GRADING "C" TOTALS I MEANS FOR VMA 41 .3 

Jet SH 85 - North 2 as,1C1942 A Voidl s:w..so 10.$ 

30.8 JctSHM-North 2 •• 101M2 B Voids SS4.SO .... 
li.. ... .. --.J __ _ ~ ... ..:. ",..;, ~ ~ •. ___ _ 

.. 0704-171 

170 eo.or.r -SH 26 

110 CoIfa - SH 26 

17DCaIa-SH28 

8 _,11384 A 

8 .,11364 B 

8 t1.11384 C 

13.15 1.2 

128.15 t.' 
128.15 27.& 

PROJECrGRADING "C"TOTALS& MEANS FOR DENS 121.15 31., 

I 70 00I;a:. SH 28 

1 70 Colfu - SH 28 

1 70 Colru - SH 28 

I 70 Colra' - SH 28 

170 Cohx" - SH 28 

I70CoIl'ax-SH2S 

8 _.11314 A ACY- $28.15 1.2 

l! _,11384 B ~ $28.15 S., 
8 !!, 11384 C AC1Io 528.15 27.8 

129.15 3&.' 

8 !!,11364 

8 _,113M 

e 88,11384 

A 

• 
c 

Stab $28,15 NA 

.... 
NA 

StiIb 128.15 

stab $211.15 

NOT APPUCASLE ON nilS PROJECT m .1S ... 

,. 
30 

1. 

"" «> 

3 

1. .. 
T7 

2 

9 

211 

39 

... 
NA 

NA 
NA 

Q.SS 14.0 -14.00 .. :S 1.047 

0.34 13.5 -13.50 1OD.D UJ50 

• .34 

0.37 .... 

o.ss 
•. 70 

D.98 

0. .. 

.... 
D.2lI 

0.15 

0.18 

.... 
NA 
NA 

NA 

13.8 

4.0 

S.5 

.... 0 

.. 0 ..... ... 
5 .• 

5.1 

•. s 
'.5 

NA 

NA 
NA 

-1183 

".00 

-3.$0 

-1.57 

-1.13 

-us 
_1 •• 

.0.03 

.0." 

0." 
• . 03 

.... 
NA 

NA 

.... 
".1 
83.9 

115.2 

100. • 

" .7 

50.8 

""-1 

.... .... 
81 .8 .... 
... 
.... 
.... 
NA 

1 .... 

1 .... 

1 .... 

1.'" 
1.007 

1.'" 
1 .... 

0.1141 

0.748 

1.000 

0.'" 

1.027 

•. 984 

' NA 

NA 

NA ... 

1 .... 

1.050 

1.052 

1 .... 

1 .... 

1 .... 

0.997 
x t 8 

1.025 

1 .... 

o.ns 
0 .... 

1.000 

•. 9011 

1.020 

NA 

NA 

.... 
NA 

sao,aa2 K1 

SU K1 

$S,S05 K1 

1SS7 K1 

...... -
S,," 

S248 
S1,005 

Kl 

51 

51 ., 
51 

51 

51 

SIIOO 51 

S2,&41 Sf 

53.541 S1 

13.400 51 

$1o.~ S1 

$13.* 

$5,240 

$11,117 

S17,157 

$8,24S 
P 

51 

51 

51 

51 

SBS2 A1 

S2,77D ,1,1 

!S'1S,.., ,1,'1 

(1113,0<6) A' 

so Al 

(13,957) Al 

S2.1S1C1 A~ 

($1,781) ,1,1 

... Al 

NA ,1,1 

NA ,1,1 

... Al 

c 

c 

c 

c 

c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

Sf' 

SP 

SP 



Table 1 
HOT BITUMINOUS PAVEMENT QClQA DETAILS & SUMMARY BY PROJECT 

170 Colfax ~ SH 2e 

I 70 CoIIu - SH 218 

e 98,11304 A 

e _ ,11384 iI 

129.15 1.2 

I7DCoIbIx-SH2S B 18,11* C VMA 

120.15 8.1 

$20.15 27.8 

2 

• 
211 

PROJECT GRADING "C" TOTALS & MEANS FOR VIM $29.15 38.1 .. 
, 70 Colfax - SH 28 

1M 0212-. -----..... -----..... ---

8 .,11384 A Voidl S2IiI.1S 1.2 2 

8 08,11384 B Voids sa.15 1.1 .. 

27.1 28 

e _,11313 A Ord _75 21.1 43 

e M ,"ll'S A AC'5 $3&.75 21 .1 21 

.. _ ,11373 A alb $38.75 NA NA 

8 _,11373 A VMA S3&.7S 21.1 21 

8 D8.11313 A Voidl 138.75 21 .1 21 

NA 

0.51 

~'" 
~ .. 

13.0 D.DO 

13.0 .0.82 

13.2 .0.83 

111 -0.80 

N. 
100.0 

82.' 
... 7 

1.000 

0 .... 

1.01.4 

1.000 

1 .... 

0 .... 

~ ... 

NA ".0 -1..25 NA o.m D •• 

0.81 .... 0 ·1.55 29.2 0.833 

0.43 -4.1 

1.23 04.0 0.17 89.8 1.025 1.001 

0.17 5.1 -0.08 S8.8 UXJ2 1.008 

NA NA NA NA NA NA 

Q.57 .t.5 .1.44 81.0 ' .003 1.<124 

$0 " 
($8.MlI5) 14.1 

S2.2S'1 14.1 

($8.1150) A1 

($2.2011) ., 

(113,342) A1 ., 

sa.177 W2 

5188 W2 

$0 W2 

13._ W2 

S730 W2 

SP 

sP 
$I' 

51' 

51' 

S. 
sP 

sP 

sP 

SP 

sP 

sP 

PROJ ORADINO "SMA'" TOTALS & JIIEAHS POft IT8I NA ... NA NA NA StU 1.015 1.018 '12.5114 W2 SP 

t'1.Zl::_~~l.:':"'':''''.: ~. : Jg ", .. S:Z~ .-__ ...l.::;;::t; ... - ) 
HlA l .. ,c-",.-.. ·' .4 ' ? ... _.:~A~.;\ . ~ ' .~. n ' ,, ;J, 

e .,'1512 A end 

• ..11512 B Drd 

PROJECT GRADING "C"TOTAlS & MEANS FOR DENS 

17D,CoIfIDc-ClrCYk 8 81,11512 A ~ 

170, Cc:IIfu . ar Crk 8 .,11512 B ACt' 

PROJECT GRADING -c"TDTALS & MEANS FOR ~ 

$31 .40 s.s 
131.40 21.3 

$31.40 24.8 

$31.40 15 

131.40 21..3 

131.40 2&.8 

• .. 
51 

• 
22 

0.10 

0.17 

11O,Cohx·CI,Crk 881,11512 A S&ab $31.40 NA NA NA 

170,CoIf8:·0,Qk 8 .,11512 B aM $31 .40 NA NIt HA 

NOT APP\.ICA8LE ON THSS PROJECT 

110, Cc6x. car Ok e 81,11512 A VM. 
170,CoIfR·OrCrk 8 _,11512 B VMA 

$31.40 NA NA NA 

S31.40 3.S 

131.40 21.3 

$31.40 24.8 

• 
22 

~47 

0." 
0." 

" .0 
" .0 
... 0 

... ... ... 
NA 

NA 

D ... 

= 

NA 

NA 

14.0 .Q.03 

14.0 0.30 

14.0 o.2S 

.... .... 
85.3 

1~0 .... 
82.9 

NA 

NA 

100.0 .... 
"'2 

0.00II 

1.021 

1.'" 

1 .... 

0. ... 

0.874 

NA 

NA 

1 .... 

1.031 

1.'" 

0 .... 

0.l1li2 

0 .... 

1.030 

0.700 

0 .... 

NA 

NA 

1.030 

1 .... 

1 .... 

8 . ,11512 A VtIidt S31.4D ' .5 4 0.78 18 4.35 84.1 1.048 1.D3D 

8 88,11512 B V~ $31 .40 21 .S 22 0.78 3.8 ..a.78 7&5 0.924 0.142 

(14,104) 

$5,827 

$1,523 

.... 
ts10,!!2) 

(1 •• 827) 

" " ., 
" 
" ., 

NA ., 

NA ., 

NA " 

51,070 

14,113 

15,152 

., 
" 

51,5015 A.1 

,,15,= A1 

51' 

51' 

Sf' 

SP 

51' 

51' 

51' 

51' 

51' 

SP 

51' 

SP 

$I' 

51' 



TMle2 
HOT BITUMINOUS PAVEMENT QCIQA DETAILS & SUMMARY BY ELEMENT, 

PROJECT & MIX FOR 1993 -

8th A'Ie, WadH=ed 

Jet SH 185, N .. S 

JctSH1B5,N&S 

JctSH1f15,NIoS 

JctSH185, NIoS 

JctSH185,NIS 

JctSH1S5,N&S 

JctSH 186, N&S 

JctSH185,N&S 

JctSH 186, N .. S 

JctSH165,N&S ...... -...... 
PieR» - NunrI 

US38,Sh.·W" . 

Jet SH 50 - South 

Jet: SH 85 - North 

• 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

• 
2 

2 

......... 
94,92410 

84,92410 

",112410 

14,92410 

94,12410 

1M,B241Q 

94,82410 

84,92410 

84,92410 

94,82410 

95.03:2112 

" ,03:2112 
85,10878 

98,10791 

98,10942 

A 

A 

A1 

8 

C 

D 

A 

8 

C 

D 

E 

A 

• 
A 

A 

A 

""" m.>5 
~ $21.&0 

~ $21.10 

~ S21.SO 

""" .21.80 
~ S21.SO 

""" .... 20 
ACWi 128.20 

~ S28.20 

""" $31.20 

""" S3I.2O 
""" $25.00 

""" _00 
""" ,2UO 
"'* m.OD 
ACOI S34.3O 

I 7DCIIIa-SH 28 e 98,11384 A ~ 12IiI.1S 

I70CoI* - SH2S 8 ae.11384 B AC* 528.15 

I7DCo/fax-BH2e IS .,11384 C AC1io 129.15 

NarItIpIB-NolIh 8 BlS,11373 A Ac.. S38.7S 

170,CoK.c-ClrCrk • 98,11512 B AC* 131.40 

17D,CoIPax-ClrOk IS 98,11512 A ""'" $31.40 

COMPOSITE OF YO ACCEPTANCE ACTESTS $32.23 

DESIGNED BY SUPERPAVE, WElGIiJED AVERAGES. TOTALS 

OF ALL. VOID ACX:EPTANCE 

21.1 

38.5 

1.5 

.. 5 

U 

U 

4.4 

10.0 ... 
21.4 

14-7 

n4 
12.8 

211.1 ,.., 
10.5 

310.3 

24 

40 

2 

• • 
• • 
10 
4 

21 ,. 
23 ,. 
20 

7S 

10 

0.20 

1J.24 

NA 

0.17 

0.23 

0.1S 

0.13 

0.18 

0.13 

0.1. 

0.11 
0.1. 

0.15 

0.22 

IJ.2O 

0.08 

... .. , ... 
5.1 ... 
5.' ... 
5.1 

"5 .., ... 
4.' 
5.0 
4.8 

5.7 ... 

1.2 2 NA 5.0 

8.1 • 0.28 5.1 

27.8 25 0.15 4.3 

21 .1 2'1 0-17 5.1 

21.3 22 0.17 4.9 

3.5 .. 0.10 ".9 

84.0 eo 0.17 ".1 

AbKIb ... ""~Talgel: 

.... 08 

0.00 
.... ., 
0.14 

0.14 

0.04 

-0.08 

-0.02 

-0.00 

.... 04 

.... 05 

o.oa 
-0.00 

0.02 
.a.01 

-0.17 

-0.03 

.a,'S 
0.00 
.... 00 

0.27 

0.03 

0.00 
0.13 

0.00 

8IhAve,W~ 

JctSH 185, N &S 

JctSH1e5,NIS 

JctSH 185, N & S 

JctSH165,NIS 

JdSH185,NIS 

JctSH 185, N IS 

JctSH115,NIS 

JctSH1e5, NIS 

JctSH1e5.N&S 

JctSH 185, NIS 

• 
2 

",""" 
....... ,0 

A 

A 

A1 

8 

C 

D 

A 

8 

C 

D 

E 

A 

8 

A 

A 

A 

8 

Dna" S29.2S 21.1 42 0.18 04.0 -0.78 

Ond 121.80 as 80 1.12 94..0 -0.88 

2 

2 

84,82410 

84,92410 

Pn&1I $21.90 1.5 NA NA 84.0 NA 

end S21.9O 8.5 17 1.11 94.0 -1.12 

2 94,S241D Dnd $21.80 a .. 
2 14.92410 end S2t.90 ".5 
2 1M,12410 0IId S28.2O 'U 

2 84,82IH0 end S3.2D 10.0 

2 N,a.1D Dnd $2S.2I) ..... 

2 84,82410 end S28.2O 21.4 

2 N,S2410 Dftd 128.20 1 ... 7 

Pieroe - Nunn 2 8S,S3282 Drdo S2S.0CI 22. .. 

Pierce - Hurln 2 85,83282 end $33.00 12.8 

US!e, Sher - Wads e 85,10878 Ond $23.40 a 1 

JctSH5Q-South 2 98,1078t C/N," $21.00 72.3 

Jet SH 15 - North 2 18,1D9C2 end $34.30 10.5 

JctSH8S-Noc1h 2 98.1D8C2 [)rwII $34.30 30.8 

OF YO NXSiPT DENSfTYTESTS L.. ___ $3I=:;.:94:.., 310.' 

DESIGNED BY 'TEXAS GYRATORY, W1'B) AVERAGES & TOTALS 

7 

• 
o 
20 

• .. 
30 .. 
2B 

50 

148 

22 

50 

51. 

0.53 

1.01 

1.4. 

1.'" 
1.51 

1.02 

1.11 

1.22 

0." 
0. .. 

0." 
1.03 

0.71 

1.00 

94.0 

94.0 

840 

94.0 

84.0 

94.0 

94.0 

94.0 

84.0 

94.0 

94.0 

84.0 

84.0 

94.0 

I70CoIlilx-SH2S 8 98,11384 A I:)rd $21.15 1.2 3 G.35 IM.O 

I70CoIfax-SH2S e 88,11384 B D,." 129.15 9.1 18 0.70 IM.D 

I70CoJJu:-SH28 e 88,11384 C Cnd 13.15 27.8 58 0.. 94.0 

Northgata-North e 98,11373 A OM" 138.75 21.1 43 1.25 t4.0 

J70, CoIax-ClrQk 8 81,11512 A end 131.40 3.5 8 Q. 17 94.0 

I70.OIk- ClrQk e 88.11512 B Ond S!1.4O 21.3 43 0.81 8.(.0 

OFVD N:;CP'fDENSrTYTESTS 132.23 

BY SUPl!JtPAVE, WEIGH1Bl AVERAGES & TOTALS 

OF All VOID ACCEPTANCE 

-0.57 

-0." 

0.11 
-1.00 

-1.50 ...... 
-1.>5 

-2.08 

-1.38 ...... 
0.02 

-2.11 

·1 .1" 

-0.78 

0.81 

-1 .57 

-1.13 

-1.83 

0.17 

-1 .83 

-1 .27 

-1 .11 

1.20 

&'.111 1.CICIe 

18.0 o.BOB 
NA 0.8!1 
" .7 0._ 
70.5 1.007 

84.5 1.045 

• . 0 1.060 

81.7 ' .032 

100.0 1.049 

03.2 1.038 

.03 1.048 

87.2 1.022: 

1Id.3 1.020 

82.1 0.997 

1tS.8 1.001 

1iIeS.8 1.042 

0. ... 

0. ... 

0.500 

o.oos 
1.002 

1.030 

1.030 

1.037 

1.030 

1.032 

1.050 

0 .... 

1.040 

0.807 

0. ... 

1.045 

88.3 1.000 0.977 

NA .... ., .. .... .... 
100.0 

78 •• 

.... 

1.000 

0.851 

1.027 

1.002 

IJ.045 

1.040 

0. ... 

0.901 

1.000 

o.tI08 

1.020 ,_ 
0.780 

1.030 

0 .... 

IN.3 1.038 t.035 

84.D 1.006 0.839 

NA 1.005 0.500 

78..( 0.980 0.961 

100.0 

84.7 

.. 4 

70." 
... 4 .... 
7 ... 

"7.1 

"'0 
.. 2 
87.7 .... .... 
04.1 

1.035 

1.040 

1.1J07 

0.901 

0.771 

0. ... 

0.800 

0.785 

0.912 

1.DC1 

1.DC1 

0.750 
1.023 

0.870 

1CX1.0 1.050 

BU.7 1.028 

58.9 0.841 

81.e 1.025 

818..( C._ 

au 1.021 

77.7 0.882 

,. 

1.035 

1.040 

1.000 

0.077 

0.077 

0. ... 
0..,5 

0.750 

0.001 

1.041 

1.057 

0.750 

0.8112 

0. ... 

1.025 

1.023 

0.728 

1.001 

0.805 
D.9II2 

S27B W2 
($3,001) W2 

tsmI W2 

(S44) W2 

... W2 

$217 W2 

1315 WI 

1447 W2 

.... W2 

11 ,OU W2 

11,018 W2 

seas IC1 

.... K1 

(1102;) A1 

S80 K1 

$750 51 

51 ,414 

so A1 

(13,951) A1 

$2.190 A1 

51ee: W2 

(l1D,~ A1 

1535 A1 

(0",801) 

P,_ W2 

51," W2 

$ .. W2 

(01,4801 W2 

S1 ,035I W2 

51 ,580 W2 

"" W2 
(111,121) W2 

(111,288) W2 

($2.778) W2 

(018.24>1 W2 

($52.574) ., 

(11",aaD) K1 

511 ,157 A1 

m ,liIQ2 K1 

_ ,015) 51 

• . 582 51 

(Se2.lII3) 

SBII2 ., 

12,m A1 
(1118,..., A1 

58,1" WJ. 
($4,10C) 1.1 

55.127 1.1 

(01D3,S4BJ 

(0",851) 

c 
c 
c 
c 
c 
c 
ex 
ex 
ex 
ex 
ex 
c 
c 
c 
c 
c 
c 

SP 

51' 

51' 

SP 

SP 

SP 

51' 

c 
c 
c 
c 
c 
c 

ex 
ex 
ex 
ex 
ex 
c 
c 
c 
c 
c 
c 

SP 

51' 

SP 

51' 

SP 

SP 

51' 

Poge17 



Table 2 
HOT BITUMINOUS PAVEMENT QCJQA DETAILS & SUMMARY BY ELEMENT, 

8th Ave, Waca.Fed 

JctSH165,N&S 

JctSH1I35,N&S 

JctSH165,N&S 

JctSH1S5,N&S 

JctSH1S5,N&S 

JclSH 165, N & S 

JctSH1S5,N&S 

JctSH 165, NIS 

JctSH 185, N & S 

JctSH1e5,N&S 

Pierce - Nunn 

Pierce - Nunn 

US 38, Sher· Wads 

Jet SH 50 - Sault! 

Jet SH 85 - North 

• 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

• 

",93002 

94.92410 

94,92410 

94,92410 

94,92410 

84,92410 

94,92410 

94,92410 

94,92410 

94,92410 

94,92410 

",93262 

",93262 
95,10678 

2 .10791 

2 98,1C1842 

• 
A ., 
B 

C 

D 

A 

B 

C 

D 

E 

• 
B 

• • • 

SIIIb 529.25 21.1 

SIIIb $21.90 38.S 

Stab $21.90 1.5 

Slab $21.90 8.5 

Stab 121.110 3.41 

Stab $21.90 4.5 

Slab S28.2O 4.4 

Slab S28.31 10.0 

stab $28.20 4.4 

Stab $28.20 21.4 

Slab $28.20 14.7 

Slab $25.00 22.4 

Stab $38.00 12.8 

SIIIb 123.40 29.1 

Stab $28.00 72.3 

SIIIb 534.30 10.5 

310.3 

'" 42 

N' 
o 

• • 
• 
10 
4 

2' ,. 
23 

1. 
29 

3.80 35.0 

1.97 35.0 

NA NA 

1.70 35.0 

0.80 35.0 

o.so 35.0 

1.00 35.0 

2.30 35.0 

2.20 35.0 

1.20 35.0 

1.20 35.0 

1.28 .to.o 
3.67 40.0 

1.70 oiO.O 

3.20 81.8 0.986 

10.3 100.0 1.050 

NA NA 1.050 

11.30 100.0 1.050 

9.30 100.0 1.050 

9.40 100.0 1.050 

12.00 100.0 1.050 

12.80 100.0 1.050 

9.80 100.0 1.050 

18.30 100.0 1.050 

8.30 100.0 1.050 

8.00 100.0 1.048 

18.00 100.0 '.039 

7.10 100.0 1.050 

0 .... , .... 
D.5OO 

1.040 

'.025 
'.030 
'.030 
'.040 

'.030 
'.000 
'.050 

'.050 , .... 
'.050 

73 2.04 37.0 4.08 87.9 1.035 1.059 

10 1.17 40.0 11.eo 100.0 1.050 1.045 

($'24) W2 

$2,107 W2 

5" W2 

S495 W2 

$185 W2 

S2I4 W2 

$313 W2 

5704 W2 

$308 W2 

S1,5tJ7 W2 

$1,038 W2 

$1,343 K1 

$825 K1 

$1,701 A1 

$3,305 K1 

5900 51 

S1 

c 
c 
c 
c 
c 
c 
ex 
ex 
ex 
ex 
ex 
c 
c 
c 
c 
c 
c 

I70CoIfax-SH2S IS 98,11364 A Slab NA NA NA NA NA NA NA NA NA A1 SP 

I70CoIIx-SH28 8 98,'1364 B stlb NA NA NA NA NA NA NA NA NA A' SP 

I70CoIfIIx-SH26 8 96,11364 C Slab NA NA NA NA NA NA NA NA NA A1 SP 

Northgate-North 8 98,11373 A Stab NA NA. NA. NA NA NA NA NA NA W2 SP 

170,Co/fu:-QrCrk 8 96,11512 A Stab NA NA NA NA. NA NA NA. NA NA -', sp 
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170, ~.0l'Cf1t I!I 1iII!,1t.stz 8.5l1P;b NA NA NIl NA. NA NA NA NA NA A1 SP 
~!i\S:_~!ti~ilil\"£iF . , ... _. ~·-·~~-""""-·-""T· ·--·----<'·=T~..,. ~ .. ~ ;$.§:'1i(~~ "dW Eff¥..;~:i=~ ::~l.::~..1':"' ... ~' ~.;.1J..A ... _ .':': _!:5,c' ~:.:.~ . :... ...... ...t ,..'.... :.~: .:..:.: ... :.:".'!!::_ .. ':..··1.~ · 

8th Ave, Wads-FecI 

JctSH185,N&S 

JctSH185, N &S 

JctSH 185, NIS 

JctSH165,N&S 

JctSH185, NIS 

JctSH185,N&S 

JctSH185,N&S 

JctSH165,NIS 

JctSH186,NIS 

JctSH186, NIS 

Pierce-NUM 

Pierce - Nunn 

US 38, stier - Wads 

Jet SH 50 - Solllh 

Jet SH 85 - North 

• 
2 

2 

2 

2 

2 

"'93002 
94,92410 

94,92410 

94,92410 

94,92410 

94,92410 

A 

• ., 
B 

C 

D 

2 94,92410 A 

2 94,82410 B 

2 94,92410 C 

2 94,92410 0 

2 94,92410 E 

2 85,93282 A 

2 95,93282 B 

8 95,10878 A 

2 98,10791 A 

2 98,10942 

Jet SH 85 - North 2 98,10942 

A 

B 

OF VOID ACCEPT VMA TESTS 

YMA 529.25 21.1 24 0.38 13.5 

YMA $21.90 38.5 42 0.25 13.0 

VMA $21.90 1.5 NA NA 13.0 

VMA $21.90 8.5 9 0.22 13.0 

VMA $21.90 :504 3 0.31 13.0 

VMA 121.90 4.5 5 0.38 13.0 

VMA 528.20 .(.4 5 0.21 14.0 

YMA 126.20 10.0 10 0.21 14.0 

VMA $28.20 4.4 4 0.35 13.0 

VMA. $28.20 21.4 21 D.24 14.0 

VMA $28.20 1.(.7 15 0.25 14.0 

VMA 525.00 22.. 23 D.3O 13.0 

VMA $33.00 12.8 13 0.48 13.0 

VMA $23..(0 29.1 29 0.37 13.6 

VMA $26.00 72.3 73 0.5.( 16 .• 

VMA $3UO 10.5 10 0.33 14.0 

VMA $34.30 30.8 30 O.:W 13.5 

~~=:::S26~ ... ;;., 310.3 316 0.38 14.1 
DESIGNED BY TEXAS GYRATORY, WTED AVERAGES& TOTALS At.olute MelIn-Target 

J70CoIIax .. SH26 8 98,11384 A VMA 529.15 1.2 2 NA 13.0 

I 70 Colfax .. SH 26 

J 70 Colfax .. SH 26 -.-I 70, Colfax .. CIr eric 

IS 98,11384 

6 98,11384 

6 96,11373 

IS 98,11512 

B 

C 

• • 

VMA 529.15 

VMA 529.15 

VMA S3B.75 

VMA $31.40 

9.1 9 0.51 13.0 

27.8 28 0.40 13.2 

21.1 21 0.41 13.0 

3.5 4 0..7 1.(.0 

.. OJS3 93.9 1.038 1.041 

0.28 100.0 1.045 1.056 

NA NA 1.045 0.500 

0.21 uno 1.050 1.040 

0.03 100.0 1.050 1.025 

0.14 100.0 1.050 1.030 ..... 
.. 1.13 

0.97 ..... 
.0.42 

0.58 

0.62 

0." 
.0.42 

".fiT 
0.11 

-0.10 

0.50 

0.00 

".62 
.0. .. 

.0.38 

".03 

... , .... 
71.' 
80.7 

".7 .... 
90.2 

91.9 

62.5 .... 
100.0 .... 
NA 

100.0 

82. • 

98.' 
100.0 

1.031 

D.'" 
0 .... 

0. .. , 

'.000 , .... 
1.015 

1.032 

'.002 
1JM7 

'.000 
'.023 

'.000 

0 .... 

1.01. 

'.021 
'.049 

'.030 
0. .. , 

0. ... 

0.957 

1.050 

'.050 

'.026 
'.029 
1.013 

1 .... 

1 .... 

'.022 

1.000 

'.040 
0 .... 

'.050 

'.030 

$4,696 W2 

$11,400 W2 

5447 W2 

52,793 W2 

$1,113 WZ 

$1,482 W2 

$1,17,( W2 

($9,831) W2 

(5573) W2 

($',875) W2 

$8,170 W2 

$5,018 Kf 

$1,287 K1 

14,354 Ai 

S587 K1 

53,400 S1 

510,584 S1 

$42, ... 

SO Ai 

($8,895) A1 

$2,237 Ai 

53, ... W2 

$1,070 A1 

c 
c 
c 
c 
c 
c 

ex 
ex 
ex 
ex 
ex 
c 
c 
c 
c 
c 
c 

SP 

SP 

SP 

SP 

SP 



Tabid 
HOT BITUMINOUS PAVEMENT QCIQA DETAILS & SUMMARY BY ELEMENT, 

PROJECT & MIX DESIGN FOR 1993 - 86 VOID ACCEPTANCE PROJECTS 

ett.1We,W~ 

JctSH1es.N&S 

Jet SH 185. N & S 

Jet SH 185, N & S 

JctSH 185, NIS 

JctSH18S,N&S 

JctSH185,N&S 

JctSH185,NIS 

JctSH 185, N IS 

Jet SH 185, N' S 

JctSH 106. N & S 

....." ...... 
Pierce • Hunn 

us 38, Sher- Wads 

Jet SH 50 - SouItI 

Jet SH 85 • North 

Jet SH 85 - North 

• 
2 

......... Vo.. S29. 75 

Voidl 121.80 

Voids $21.80 

94,82410 A 

2 &1.82410 A1 

2 94,82410 8 Voids $21.80 

2 94,82-410 C Vaida S2t.9O 

2 94,82410 D Vola $21.90 

2 94,92410 A Valet. $28.20 

2 94,92410 II Velds $28.20 

2 94,92410 C Vakil $28.20 

2 94,82410 o Vaids $28.20 

2 94,82410 E VGick $28.20 

2 ... """" A Voids S2S.00 

2 85,93282 B Yoida $33.00 

" 95,10878 A Voids $23.40 

2 98,10791 A Voids 528.00 

2 98,'0942 A Voids $34.30 

2 98,10942 B Voids 134.30 

21.1 24 QAO 3.3 

38..5 G 0.82 ,(,0 

1.5 HA NA 4.0 

1.5 8 0.24 ,(,0 

:1.4 3 0.21 4.0 

4.5 5 0.52 4.0 

4.4 5 D.2!I 4.0 

10.0 10 0.38 4.0 

4.4 .. 0.37 3.0 

21 ." 21 D . .cs 4.0 

14.7 15 Q.29 3.0 

22.4 2S 0.52 4.0 

12.8 13 0.51 4.2 

29.1 a 0.53 3.5 

72.3 73 0.68 4.0 

10.5 10 0.37 4.0 

30.8 30 0.515 3.5 

COMPOSITE YO ACCEPT AIR VOIDS TESTS $28 .• 310.3 "e 0.51 ~ 3.8 
~MeM-T __ BYlEXAS GYRATORY, WlB) AVERAGES & TOTALS 

110 Cbfa - SH :ze 
I 7OCaIa - SH 28 

l70eolfax-SH2e 
NCII'thgaie _ North 

I 70, Colfax - Or CIk 

I 

• 
• 
• • 
• 

98,11384 

. ,11384 

98,11384 

.,11373 

.,11512 

• 
• 
C 

• 
• 

VoWI $29.15 1.2 . 

VaW. 129.15 8.1 

Veld& $29.15 27.5 

Void. $38.75 21 .1 

Voida $31.40 21.3 

2 

• 
20 

21 

22 

NA 

0.81 

0.43 

0.57 

0.70 

.. 0 

C.O 

4.' 
C.5 

3.8 

84.0 NA NA NA 

3M3 PIA NA. NA 

-0.00 

",.4 

0.00 

-0.24 

-0." 

-0.00 

-1.12 

-0.02 

0.86 

... 52 

0. •• 

-0.51 

-0." 

0.42 

-0.36 ..... 
-0.30 

-0.20 

0. .. 

• ,.20 

-1 .55 

-0.36 

-1 .44 

-0.78 

.... .... 
NA 

100.0 

100.0 

ea. 
00.2 

.. 7 

81.8 

05.' 
100.0 .... .... 
... 2 

91.9 

80.' 
os. 
I .... 

NA 

2$.0 .... 
'1.0 

78.5 

'.037 
1.1134 ..... 
' .050 
' .050 
'.032 
0. ... ..... 
' .022 
1.041 

' .050 
1.015 

.... 7 ..... ..... ..... 
' .038 ..... 
0.778 

0. ... ..... 
'.003 
0.92" 

..... 
1.037 

o.soo ..... 
1.1125 

'.030 
D.OO2 ..... 
' .025 ..... ..... 
'.022 
0. ... 

'.037 
'.007 
1 .... 

1.036 ..... 
..... ..... 
1.1150 ..... 
D.042 

82.8 0.978 0._ 

18,178 W2 

111,-487 W2 

.... W2 

53,723 W2 

11 ,'" W2 

51,240 W2 

($4,071) W2 

14,481 W2 

11 ,087 W2 

19,788 W2 

$8,301 W2 

5Z,S17 K1 

($8,088) K. 
57,SC7 A1 

13,533 K1 

55,2..0 S1 

'11 ,817 S1 

$07.007 

($2.200) •• 

($1:s,~ A1 

111,981 A' 

11736 W2 

($'5,"'" •• 

($18,741) 

0... M7,_ 

NA _ 0.... 0.... "'_ 

NA .,... D.113 0._ ($12,411) 

c 
c 
c 
c 
c 
c 

ex 
ex 
ex 
ex 
ex 
c 
c 
c 
c 
c 
c 

SP 

SP 

SP 

SP 

SP 

SP 
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TABLE 3 
HBP EVALUATION SUMMARIZED BY YEAR 1991 HISTORICAL & 1912 1111 QCIQA '. -

DENTFlCATlON I TONS I TESTS 
STD MEAN- Ie QPM2 QPIIIl rl, QPM 2 

YEAR ELEMENT 1_ "n" DEY TARGET QUAL LEV PAY fN:T PAY F/4&.T 

I~ .. _ .z--e: YalDd' ~ .... b. &1-.t:." an ___ ~. ~ Z taa. • .... u-., • -.a - ~t 

11191 AIphoftli 2COO 4m7 0.18 0.07 Abo 87.0 1.00!5 I.COO 

HIoIorICIII DonoiIy li ;00 18115 1.05 1.00 Abo 84.0 1.002 0.960 

EJemonts G_ 2COO 2317 2.59 1.82 Abo 8!5.7 1.00!5 0.988 

ComJlOOile Item 2COO 85.2 1.004 0.978 

1992 Asp/uIft li 282 214 0.14 0.05 Abo 96.3 1.039 1.042 

QPMl DanoiIy li 282 570 1.00 0.71 Abo 88.9 1.018 0.990 

~ - 282 180 2.11 121 Abo 90.0 1.020 1.014 

CompoeiIo 110m 282 91.3 1.025 1.010 

1993 AI\lIIIIt li 482 837 0.15 0.D4 Abo 932 1.032 1.028 

QPMl DanoiIy li 482 - 0.96 0.48 Abo 92.4 1.028 1.018 

e-.- - 482 3011 2.31 1.53 Abo 88.8 1.018 1.010 

eon--. Item 482 ASS ALGEB 91.9 1.027 1.019 

1994 AIphoI: li 1_ 1277 0.15 0.08 0.01 90.6 1.034 1.022 

QPMl Denoi\y li 1400 2612 0.116 0.57 ~.47 90.3 1.023 1.007 

Eloments Gradation 1_ 1053 2.05 1.12 ~.93 88.3 1.021 1.014 

Compool\e 110m 1_ 90.0 1.028 1.013 

1995 Asphalt li 778 784 0.17 0.09 0.03 88.1 1.017 0.993 

QPMl DenoiIy li 757 1376 1.14 0.97 ~.8!5 81.1 0.999 0.950 

E_ Gradation 778 547 2.10 1.18 ~.18 88.9 1.017 1.015 

Item 778 842 1.008 0.976 

1911·1_ AaphaIt li - 1012 0.15 0.07 0;02 10.4 1.D30 1.017 

S"""""'>' of DenoI1y% 2121 - 1.01 D.1l' -4.10 • • 1 1.017 0.882 

QP1111_ 0'- - - 2.11 1.21 .all' .. 7 1.01' 1.014 

QPMl COMPOSITES - • . 8 1.021 1.004 

1995 AIphoI: % 328 342 0.18 0.08 0.02 88.7 1.014 I.COO 

QPM2 DenoiIyli 314 62!5 0.99 0.48 ~.38 91 .7 1.023 1.017 

E_ - 326 191 2.76 1.19 0.55 85.1 1.003 0.990 

Compool\e 110m 328 89.5 1.016 1.007 

1995 Aspha/I% 830 647 0.18 0.07 0.02 l1li.8 NA 1.008 

QPM2 DonoIIy li 830 1_ 0.91 0.80 ~.55 S1.9 NA 1.015 

E_ Gradation 830 438 1.116 1.53 0.15 l1li.6 NA 1.012 

Compoole 110m 830 90.8 NA 1.012 

1_·1_ AopIuIll% 1158 1158 0.17 0.07 0.02 89.5 NA 1._ 

su.nm.yof Denai1y% 1144 - 0.83 0.56 -4.51 81.1 NA 1.018 

QP1112E_ 0'- 1158 828 220 1.44 0.26 • . 3 NA 1.008 

1s~QPM2 COMPOSITES 1158 10.4 NA 1.011 

~QClQAPROJECTS 4114 BI.3 NA 1.008 



c: 
CD 

AC %, NORMAL CURVE & FIELD TESTS 
Frequency, VA Projects, TxG + Stab 

30~-------------------, 
',,' - 316, Pop. SO = 0.21 & QL 114.7, M_ = 5.09, Avg!'roo SO - 0.19, QL - 86.3 

25 -.... --..... -... -...... - ... -... -... -..... --.-...... -.. --.. - ........ --................ --.... -........ --.. ---.. -.. ---............ -
Avg Target = S.l 

~ 20 k-G--;W----;;;:--U;~iii1::it.:;-:;_;-~j]-~~-I .. -I ........ ------------.. ------ 1---------.. -----.. _--_ ...... _-.. _---------.... ----_ .. -----

(;' 15 -P=====~ pper Limit = S.4 

16 
E}10 
! 
u. 

5 - -.. --------------

O~T_~~~~~~~~~~~~~~~ 
4.2 4.6 4.8 .09 5.3 5.50 5.71 5.9 

%AC, 0.5 SO Interval CRt Edge Label) 

/- Norm Dist Around Average 0 Disbibution of Field Tests 

Figure 1 

AC %, NORMAL CURVE & FIELD TESTS 
Frequency, VA Projects, Superpave 

30,------------------------------------, 
"n' - 86, Pop. so - 0.22 & QL 81.2, Moon - 4.86; Avg!'roo so - 0.17, QL =79.6 

O~~~~~~~~~~~~~~~~ 
.97 4.19 4.4 4. 4.86 5. 5.3 .54 

%AC, 0,5 SO Interval CRt Edge Label) 

/- Norm Dis! Around Average D Disbibution of Field Tests 

Figure 2 
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-

DENSITY, NORMAL CURVE & FIELD TESTS 
Frequency VA Projects, TxG + Stability 

35~~~~~~_~1.~1~A~_~.'.~~~,~~~==-m~_~1~m~.~_~.4==~ 

30 

~25 
~Target=94 ) 

. ... _ .... _ ... _.: ......... --.. . .............. p Limit - 92 t·· ... ······ .. 
................................................. ~. CD 

a. 20 
(;' 
Iii 15 
::::J 
CT 
~ 10 
IL 

88.3 89.5 90.7 91.9 93.1 94.3 95.5 96.7 97.9 
% Dens 1 SO Interval (Rt Edge Label) 

- Norm Curve, Center on Average D Distribution of Field Tests 

Figure 3 

DENSITY, NORMAL CURVE & FIELD TESTS 
Frequency, VA Projects, TxG + Stab 

30r----------------------------------, 
iD' _ 348. POjUJIdiCII so _ 1.21 A QL - 88.7. Mra - !13.Z1: AYJ' PiOC*I Sb - 0.91, QL - 14:6 

25 ..................................................................................................................................................... . 

l'Tl"'~ ~ Jr-'" 1 
~................... .. ....... ~ . ~ .. =-=.~ ... ~ ..... ~: ..... :.:.:~ .. :.~.~::.: .. ~.~~ .. . 
Only tests . 

:.=:er:::~~ /.. .L ................................................. .. 

I-
5 ····· .. ·················· .. · .. ··j .. ·····n~~- [·1 ... ~ ................................ . 
o 

88.4 89.6 '90.8' 92.1 93.3 94.5 95.7 96.9 98.1 
89.0 90.2 91.5 92.7 93.9 96.1 96.3 97.5 98.7 

% Dens, 0.5 SO Interv (Rt Edge Label) 

- Norm Curve, Center on Average D Distribution of Field Tests 

Figure 4 
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DENSITY, NORM CURVE & FIELD TESTS 
Accumulated Frequency, VA Projects, TxG + Stability 

~ 100 
0 1 1 1 1 1 1 1 1 1 1 1 
>- 90 
(J 

···t- est8 reported in 
_ I wbolenumbcrs 

.. 1-._· .•.. 1 .•..•... -1._._.... • ..• _.l. ..•. _ _. ... . •.. ~._ .. __ I_ •. _ .•.. I .•. 
1 1 1 1 1 1 1 1 

c: 
Q) 

80 
::::J 70 
a' 
~ 60 

U- 50 "'0 
.Sl 40 
as 

30 :; 
E 20 ::::J 
(J 10 (J « 0 

1 +-.-.+.-._.- ... r"'-+- -+_.-+ .. -+ 
1 not iru:luded here 1 1 1 1 1 1 1 1 

"'i'" . ·······-·1········.,·-·-···· .•..•. - ········t·········t··· ·-···1··········1··········1 .. ·· 
1 1 1 1 1 1 1 1 1 1 1 

._l..-... ! ...... _ .. l._ ..... l_ ........... _1.._ .. _ . .1.... .•. _ ..• 1 __ .... 1 .... ....L _ .. .1. ___ .• .L._ .... L_ 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 ··T·····-,····-T······,.···-··· ·······-·1·_··- ........ ·······..,.·····-r----r ·-···r······-T········r· 
1 1 1 1 1 1 1 1 1 1 1 1 

·+·····-·t······--t·········t·-·-·- ··········1···· . .,... . ... ·······-t·········t·-·-···t··· ·-···1···-·-·1··········1·-· 
1 1 1 1 1 1 ToleranCe 1 1 1 1 

-t .... -t--t-t-- 1 Limits -t .. ·_ .. ·t··_·-t···· 
1 1 1 I . 1 1 "I 1 1 1 ·T······T········r-·····T .. ·-·· ....... . ·····r········ ·······T·······T-· .. ·T ····T······T···- ···I·· .. 
1 1 1 1 1 1 1 1 1 1 1 

.--t-...... +._-+ ....... +.. .. · .. -1·--··+· .. ·- _ .. t-·····+_ .. ··t .. · ······1· .. · .... ·1-··· .. -/·· .. 
1 1 1 1 1 1 1 1 1 1 

89.6 90.8 92.1 93.3 94.5 95.7 96.9 
Density, 0.6 SO Interval 

- Normal Dist Around Target - Accum Dist of Field Tests 

FlQureS 

DENSITY, NORM CURVE & FIELD TESTS 
Accumulated Frequency, Voids Acceptance Projects, Superpave 

'$. 100 1 1 1 1 1 1 1 1 1 1 
?:- 90 I ... --.... -I ..... -I-.. -+--I--I--~ ......... -1-. 
.... 1 1 1 1 1 1 1 1 1 1 1 

~ 80 ·+····-+······+·····+·····1-····+·····+·· .. ·+···· ..... + ... ·1·········1 .. · .. + .. ····+··-··+·· 
:::I 70 ·+········i··-···+ .. ·-+-···+·· .. ·-i .. ·······i-·· .. · ._-. --.-.1 .... + ...... j ··· .... i··· .. ····i·······+ 
~ 60 · .. :--·~ .. ····~-····-~ .. · .. ··t··· -·-·-t- ... ~.-.... - .. ~···-·~·-·-·i ······~-·-··i···· ·····t 

LL 1 1 1 1 1 1 1 1 1 1 1 1 50 ... 1 ••••••••.• - ••••••• 1 ......... 1 •. -.............. .. •. -.. • ••••••• _.- ......... ......... 1 ••••••••• 1 ••• ·· •••••••••••. 1 .•••••• ··•· •• 
"'C 1 1 1 1 1 1 1 1 1 1 1 1 
~ 40 .+ .. + .... + .... + .... + ... _ .. 1- 1 -. -T~-"" +-+ ... + 
'" 1 1 1 1 1 • 1 1 1 "5 30 ··r··· .. -r·········I·· .. ···T···· .. T········ ·-r···· ......... ..... . ····-··1 .. · .. T··-·-r·····r· 

E 20 ... : ..... -.~ ......... : .. -..... : ........ ~ ....... ·· .. · .. ·i .. ····i········· ······ .. ~·········:·········i .. · .. ·~···-·-·:·········t··· 
::::J 1 1 1 1 1 1 1 1 1 1 1 

«
8 10 t-t-- 1 -t-.-t- -_.: : -.- -t·_--:--t-

o 1 1 
88.9 90.2 91.4 92.6 94.0 952 96.5 97.7 

89.6 90.8 92.0 93.3 94.6 95.9 97.1 
Density, 0.6 SO Interval 

- Accum Dist of Field Tests - Norm Dist Around Target 

Figure 6 
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1: 
(I) 

DENSITY, NORMAL CURVE & FIELD TESTS 
Frequency, VA Projects, Superpave 

._ ... _ .. _ ............ __ ..... !Target - 94 f···········_··· .. ········· 

--~+-== 5 

O~~~~~~~-~~~~~~-r~~ 
88.9 90.2 91.4 92.6 94.0 952 96.5 97.7 

89.6 90.8 92.0 93.3 94.6 95.9 97.1 
Interv = 0.5 SO % Dens (Rt Edge Label) 

- Norm Curve, Center on Average D Distribution of Field Tests 

Figure 7 

STABILITY, NORMAL CURVE & FIELD TESTS 
Frequency, VA Projects, TxG + Stab 

30~~==========================~ "n"=316, Pop so= 2.0& Ql100. Mean =44. Avg Proc.SD=2.D, QL = 100 

25 .. _ ...... _ .. _._ ............. _._ ........... _ .... _ .... _-........ _._ ... _ .... _ ......... _-_ .. -... _ .................. _ ............... _ .. _ ...... . 

~20 
AvgLowerTol 

............... -..... Limit = 37 
(I) 
a. 
i:S'15 
I:: 
(I) 

5-10 
~ 

u.. 

.......... _ ...... _ ..... p, ..... _._ .. _ ... _ ... _ ..... .. 

5 .......... _._ ... _ ... _._ ....... __ . __ .-

~ ~ ~ ~ ~ ~ ~ 00 ~ 
Hveem Stability Values 

1-Normal Dist Around Average D Dist of Field Tests 

Figure 8 
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VMA, NORM CURVE & FIELD TESTS 
Frequency, VA Projects, TxG + stab 

30.----------------------------------, 
.... ' - 316, Pop. so - 0.67 ~ QL 92.', t.r- - 14.0; A",!'roo so ~ 0.36, QL - 93.4 

25 ......... - .... - ..... ---.. --.. - ... - ...... J!<. ::.J.--oA.;;;T.;;;;;;;;;-;;;-:,--,.._ ...... .. -c:: 

~ 20 .LE""---L""im1~·""'t =:-;1·2.9.......--r·· .. ·· ...... ·-· .. · . 

~ 15 ........... - ...... st:'1 .................... . 
5- 10 _ ......... __ ........ . ' . 
e 
IL 

5 .. _ ......... _ ................. . 

O+-~~C¥~~~~~~~~~~~ 
11.7 12.3 13.0 13. 14.3 15.0 15.7 16.3 17.0 

12.0 12.7 13.3 14.0 14.7 15.3 16.0 16.7 
VMA, 0.5 SO Intervals (Rt Edge Label) 

- Norm Dis! Around Average 0 Distribution Df Field Tests 

Figure 9 

VMA, NORMAL CURVE & FIELD TESTS 
ActllDlulated Frequency, VA Projects, TxG + Stability 
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Exhibit 1 
Explanation of the CDOT Void Acceptance Pilot Program 

Tim Aschenbrener 
April 21, 1997 

1) Modification of the S.year plan. There have been modifications to the original 5-year 
plan. The original 5-year plan was developed based on a best guess of the time it would take 
to implement the program. The modifications to the pIan have been essential to the proper 
implementation of the volumetric acceptance program. The purpose of this section is to 
document some of these reasons for the modifications. 

Mter the first project in 1993, 3 different labs got 3 different answers. It was clear the 
implementation process would take longer. A brief summary follows documenting the 
increased time it took to ensure proper procedures were followed, operator training and 
checking was implemented, and equipment acquired. 

Repeatable Tests. 
1994/1995 A great deal of study went into the procedures to make sure that tests were 

performed uniformly. This included round robin testing. 
1996 The CP-Ls were re-written to take out ambiguities. 
Spring 1996 CAPA certification became a requirement. This step was necessary to ensure 

all testers had experience and background to perform tests. 

Equipment Acquisition. 
1991/1994 Equipment for the Texas gyratory mixes were acquired. 
1996/1997 Equipment for the Superpave mixes were acquired. 
Fall 1995 Trailers were made available to the Regions to demonstrate the volumetric 

acceptance program because projects were not always in the back yard of the 
Region lab. 1996 was really the first year all projects were field verified; 
however, this was a "shakedown" year. 

Specifications. 
1993 

1994/1997 

1996 

1996/1997 

1997 

The first volumetric acceptance specification (using test results for payment) 
was written and used. 
Provisional volumetric specifications were used that did not apply pay factors 
for routine use in HBP projects. This was to help contractors learn about the 
process without being penalized. Additionally, the provisions encouraged 
adjustments to be made to the mixes. 
A check system is now in place for quality assurance of the volumetric test 
results. This uses 10K samples and the comparisons are done with each 
Region by the Central lab. 
Superpave is a huge implementation effort. Superpave trial projects were built 
in 1996 and full implementation was available in 1997. This stalled the 
volumetric acceptance for 1 year. It would be too overwhelming to implement 
multiple specifications. 
With the arrival of the trailers and equipment, this is the first year that COOT 



1997 

Projects. 
1993 
1994 
1995 
1996 
1996 

can really use the field verification of HBP effectively for all of the projects in 
each of the Regions. 
A specification was written to allow contractors test results to be used for pay. 
Each Region was encouraged to use 2 projects. This specification was 
controversial and confusing so implementation was delayed by the Regions. It 
is estimated that it will be used on 2 pilot projects in Region 6. 

1 project: 6th Avenue. 
I project: 1-25 at Colorado City 
2 projects: US-85 at Nunn, US-36 from Sheridan to Wadsworth, 
2 projects: 1-25 at Fountain, SH-45 in Pueblo 
5 projects (Superpave): 1-70 at Colfax, 1-70 at Clear Creek, 1-25 at AFA, 1-25 
south of Pueblo, 1-25 north of Trinidad 

It is more important to implement the program correctly than to follow a preliminary schedule 
based on a best guess. Many obstacles have been overcome, and implementation is 
continuing. 

2) Reason for Implementation of Voids Acceptance. There have been many studies 
showing that the volumetric properties of the HMA relate to performance. Although 
gradation acceptance is commonly used, it does not always relate to the long tenn 
performance of the pavement. These references can be found by myself on Colorado 
pavements, John D'Angelo in AAPT, and recommendations in Superpave. NCHRP 9-7 ''Field 
Procedures and Equipment to Implement SHRP Asphalt Specifications" is also recommending 
using volumetrics for acceptance of HMA. 



EXHIBIT 2 
REVISION OF SECTION 105 

CONTROL OF WORK 

Section 105 of the Standard Specifications is hereby revised for this project as 
follows: 

Subsection 105.03 shall include the following: 

Conformity to the Contract of all Hot Bituminous Pavement, Item 403, will be 
deter.mined in accordance with the following: 

All work performed and all materials furnished shall confonn to the lines, 
grades, cress sections, dimensions, and material requirements, including 
tolerances, shown in the Contract. 

For those items of work where working tolerances are not specified, the 
Contractor shall perfor.m the work in a manner consistent with reasonable and 
customary manufacturing and construction practices. 

When the Engineer finds the materials or work'furrtished, work perfor.med, or the 
finished product are not in conformity ' with t 'he ' Contract and has resulted in an 
inferior or unsati~factory product, the work or material shall be removed and 
replaced or otherwise corrected at the expense 'of ,the Contractor. 

Materials will be sampled and tested by the Division in accordance with Section 
106 and with the applicable procedures contained in the Division's Field 
Materials Manual. The approximate maximum quantity represented by each sample 
will be as set forth in Section '106, Table 106-1. Additional samples may be 
selected and tested at the Engineer's discretion. 

Evaluation of materials for pay " factors (PF) will be done on a lot basis. Lots 
will consist of a consecutive series of random samples, one from each sublot, 
for those items and elements listed in Section 106, Table 106-1. All materials 
produced will be assigned to a lot. Each lot will have a pay factor computed in 
accordance with the requirements of this Section. : Test- results determined to 
have sampling or testing errors will not be' used ~- " : 

Whenever two consecutive test results for an element are outside the tolerances, 
the Engineer shall create an experimental one-sampie lot of each individual 
test. Each test shall be individually evaluated in ' accordance with the 
following: 

(1) A PF shall be computed for each test . 
(2) If t~e PF for the test is less than 0.75, the test shall constitute a 

lot and the material represented by the test shall be handled in 
accordance with subsection 105.03(e) . 

(3) If the PF for the test is 0.75 or greater, 'the t:est shall not constitute a 
lot, and the test shall be placed in the appropriate lot. 
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CON'rROL OF WORK 

The Engineer shall establish a new lot when there are major changes in 
materials, a change in the job-mix fODmula, extended suspension of production or 
as otherwise deemed necessary . New lots may be established fOllowing the close 
of the pay estimate period. 

Providing none of the above conditions exist, a lot may consist of any number of 
consecutive samples. 

If there are less than ·three samples in a lot, the material will be evaluated as 
one-sample lots in accordance with the procedure below. 

When it is necessary to represent a quantity by one or two tests, lots will be 
established represented by one test each, as determined by the Engineer . If the 
value of the test is within the specification limits, the lot will be assigned a 
pay factor (PF) of 1.00. 

If 

If 

the value of the test is above the maximum 

PF - 1.00 - «To - Tu )/V]2 

the value of the test is below the minimum 

PF - 1. 00 - [(TL - To) IV] 2 

Where : PF : pay factor 
V V factor from table 105-1 
To = the individual test value 

specified limit, then 

specified limit, then 

TLI Tu = lower and upper specification l~ts, respectively 

(a) Each lot of materials or work represented by three or more tes ts will be 
e valuated for Quality Level (QL) by CP 71. 

Each lot of materials or work represented by three or more tests will be 
evaluated for Pay Factor (PF) by the following formulae: 

1. When n - 3 and QL < 68, then 

PF = 0.410702 + 1.157738 (QL/100) - 0.423928 (QL/100)2 

2. When n ~ 3 and QL ~ 68, then 

PF = 0.572303 + 0.953058 (QL/IOO) - 0.475399 (QL/100)2 

3. When n - 4, then 

PF = 0.264319 + 1.566711 (QL/100) - 0.781846 (QL/I00 ) 2 

4. When n ~ 5, then 

PF = 0.232 740 + 1.557903 (QL/IOO) - 0 . 7 3 9563 (QL/100)2 



5. When 

PF = 

6. When 

PF = 

7. When 

PF = 

-3-
REVIS~ON OF SECT~ON 105 

CONTROL OF WORK 

n "'" 6, then 

0.161687 + 1.679072 (QL/100) - 0.790861 

n "'" 7, then 

0 .121571 + 1.727903 (QL/I00) - 0. 798947 

n :!=: 8, then 

0.103228 + 1. 739576 (QL/I00) - 0.792804 

(QL/I00)2 

(QL/I00)2 

(QL/100)2 

(b) A pay factor will be determined for each lot of material or work. For pay 
period"estimates, or for any interim time period, each individual element 
will have the average pay factor (PFA) for all the lots of the period, 
weighted by the quantities represented by each lot, computed as follows: 

tM 

Where: Mj Quantity of item represented by the lot. 

PFj ~ The lot pay factor. 

tM - Sum of Quantities, Ml to Mj (the total quantity for the 
period) . 

(c) When there is more than one element for the item, determine the composite 
pay factor (PFC) for the time period as follows (tM used to compute each 
element PFA must be numerically the same): 

tW 

Where: W element factor from Table 105-1. 

PFAj = element average pay factor . 

EW - sum of the element factors. 

(d) Numbers in the above calculations will be carried to significant figures and 
rounded according to AASHTO Standard Recommended Practice R-11. 
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(e) When PF for any element in a lot is between 0.75 and 1.05, the finished 
product will be accepted at the appropriate pay factor. If PF for any 
element in a lot is less than 0 . 75, the Contractor shall take corrective 
action before being permitted to continue production. If proper corrective 
measures can't be readily determined, the Engineer will suspend the use of 
such material until Laboratory tests indicate that the corrective measures 
taken by the Contractor will provide material that is in compliance. In 
addition, the Engineer may: (1) require complete removal and replacement 
with specification material at no additional cost to the Division; or (2) 
document the basis for acceptance by Contract Modification Order (CMO) and 
permit the Contractor to leave the material in place, if the finished 
product is found to be capable of performing the intended purpose and the 
value of the finished product is not affected. If the material remains in 
place, the CMO will make an appropriate price adjustment such that PF will 
not be greater than 0.75. The pay factor (PF) for the lot will be used in 
the applicable for.mulas when computing the average pay factor (PFA) and 
composite pay factor (PFC>. · 

The Contractor will not have the option of accepting a price reduction in 
lieu of producing .specification 'material. ·Continued production of non­
specification material "ill not be· permitted;. All costs related to redesign 
of the asphalt mix and subsequent ·delays shall be .borne by the Contractor. 
Material which is obviously defective may be" i solated and rejected without 
regard to sampling sequence or location within a lot . 

TABLE 105-1 
Factors for 'Various ~emeD~s 

Hot Bituminous Pavement 

Element 

Asphalt Content 
Voids in Mineral Aggregate (VMA) 
Air Voids (AV) 
In-place Density 

TABLE 105-1 
(Where stability is included) 

V factor 

0.20 
0.60 
0.60 
1.10 

"Y' And "W" Factors for Various Elements 

Hot Bituminous Pavement 

Element V Factor 

Asphalt Content 0.2 
Stability 3.0 
Voids in Mineral Aggregate (VMA) 0.6 
Air Voids (AV) 0.6 
Field on 1.3 

W factor 

10 
20 
30 
40 

WFactor 

5 
5 

20 
30 
40 



Pay 
Factor 

1. 05 
1.04 
1.03 
1.02 
1.01 

1. 00 
0.99 
0.98 
0.97 
0.96 

0.95 
0.94 
0.93 
0.92 
0.91 

0.90 
0.89 
0.88 
0.87 
0.86 

0.85 
0.84 
0.83 
0.82 
0.81 

0.80 
0.79 
0.78 
0.77 
0.76 
0.75 
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TABLE 105-2 
Approximate Pay Factors 

Required Quality Level for a given 
sample size (n) and given Pay Factor 

n - 8 
n= n= n= n~ n- TO 

3 4 5 6 7 n - X 

100 100 100 100 100 100 
90 91 92 93 93 93 
80 85 87 88 89 90 
75 80 83 85 86 87 
71 77 80 82 84 85 

68 74 78 80 81 82 
66 72 75 77 79 80 
64 70 73 75 77 78 
62 68 71 74 75 77 
60 66 69 72 73 75 

59 64 68 70 72 73 
57 63 66 68 70 72 
56 61 65 67 69 70 
55 60 63 65 67 69 
53 58 62 64 66 67 

52 57 60 63 64 66 
51 55 59 61 63 64 
50 54 57 60 62 63 
48 53 56 58 60 62 
47 51 55 57 59 60 

46 50 53 56 58 59 
45 49 52 55 56 58 
44 48 51 53 55 57 
42 46 50 52 54 55 
41 45 48 51 53 54 

40 44 47 50 52 53 
38 43 46 48 50 52 
37 41 45 47 49 51 
36 40 43 46 48 50 
34 39 42 45 47 48 
33 38 41 44 46 47 



REVISION OF SECTI ON 106 
CONTROL OF MATERIAL 

Section 106 of the Standard Specifications is hereby revised for this project as 
follows: 

Subsection 106. 03 shall include the following: 

All Hot Bituminous Pavement, Item 403, shall be tested in accordance with the 
following program of acceptance and assurance testing: 

(a) Acceptance Testing. The Colorado Department of Transportation (COOT) shall 
be responsible for acceptance testing on all items in the Contract listed in 
Table 105-1. 

1 . Frequency of Tasts . Acceptance tests will be taken at the frequency 
specified in Table 106-1. 

2. Point of Sampling. The material for acceptance testing shall be 
sampled by the Contractor using approved procedures. The location 
where material samples will be taken shall be determined by the 
Engineer. 

3. Calculations. Percent VMA in compacted paving mixtures and 
calculations of air voids in campacted mixtures will be calculated 
using methods described in the Asphalt Institute Handbook (MS-4) (1989) 
Section 4.2. 

(b) Assurance Testing. Except for asphalt content and in-place density; the 
COOT Staff Materials Laboratory shall be responsible for assurance testing . 
Check tests for Stability, Voids in the Mineral Aggregate (VMA), and Air 
Voids (AV) shall become Independent Assurance Tests. 

All materials being used are subject to inspection and testing at any time 
prior to, during, or after incorporation into the work. Assurance sampling 
and testing procedures will be in accordance with the Schedule for Minimum 
Materials Sampling, Testing and Inspection in the CDOT Field Materials 
Manual. 
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TABLE ID6-1 
TESTING SCHEDULE FOR HOT BITOMrNOUS PAVEMENT 

ACCEPTANCE TESTS 

TEST 

Determining Asphalt Cement Content of Hot 
Bituminous Pavements 
Determination of the Asphalt Binder 
Content of Bituminous Mixtures by the 
Ignition Method 

Deter.mining Percent Relative Compaction 
of Bituminous Pavment 

Maximum Specific Gravity of Bituminous 
Paving Mixtures 

Bulk Specific Gavity of Compacted 
Bituminous Mixtures 

Standard Method for Preparing and Deter-
mining the Density of Hot Mix Asphalt 
Specimens by Means of the SHRP Gyratory 
Compactor 

TESTS FOR INFORMATION ONLY 

Resistence of Compacted Bituminous 
Mixtures to Moisture Induced Damage 

FREQUENCY 

1/1000 T 
minimum l/Day 

1/500 T 

1/1000 T 
minimum l/Day 

1/1000 T 
minimum l/Day 

1/1000 T 
minimum l/Day 

l/work week 

Copies of CPL 5115 and CPL 5120 are available from the Region Materials 
Engineer. 



REVISION OF SECTIONS 401 
COMPOSITION OF MrXTURES 

Sections 401 of the Standard Specifications are hereby revised for this project 
as follows: 

In subsection 401.02, Table 401-1, delete the tolerances for Hot Bituminous 
Pavement - Item 403 , and replace with the following: 

Hot Bituminous pavement - Item 403 

Voids in the Mineral Aggregate (VMA) 
Air Voids 

In subsection 401.02 delete the tenth paragraph. 

±1.2% 
±1.2% 
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