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ABSTRACT

- In 1971, the Louisiana Department of Transportation and Development initiated a
- statistically based specification system for asphaltic concrete using historically generated
_data. A Materials Test Data (MATT) reporting system was also started to archive all
- materials and construction data. This data was used to validate the specifications in

975 and 1979 and 1o adjust the specification requirements for asphaltic concrete.
'Since 1987, major specification changes have been made and there have been
_improvements in equipment and operational control. This study was therefore
cconducted to review asphalt quality in terms of the current specifications, to evaluate the
_effectiveness of the current requirements and to propose future directions for

specification compliance judgement and acceptance procedures. A particular aspect
‘was 10 be an evaluation of the “unknown sigma” approach.

The study examines data for asphaltic concrete from the MATT system for the period
1987 10 19895. Quality was described in terms of the mean and standard deviation of the
specification parameters affecting the payment for product. The proportion defective
product to specification criteria was also estimated. This data is tabulated and graphed
for Marshall stability, gradation, antistrip, density, and profile.

The study aiso developed operating characteristic curves for each of these five
parameiers and revealed the complexity of some. On the basis of the current quality

capabilities a selection of simpler but equally rigorous new specification compliance
criteria were formulated.
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IMPLEMENTATION STATEMENT

if the conclusions and recommendations of this report are accepted, changes to the
current variability specification can be implemented immediately. Appropriate tables,
charts, and a training manual can be developed, and a training program initiated for
implementation. It is believed that a change in specification as proposed will result in
less uncertainty for supervisory and contractor staff. It will also provide incentives to
reduce variability and thus improve overall quality.

The implementation phase will:
- prepare an application manual
- prepare specification clauses, sampling charts and compliance judgement
tables
- develop and present a training package.

This follow-up stage of the project will be developed in cooperation with the LTRC
Technology Transfer and Training Section. The course wiil be conducted in at least three
regional centers for district and contractor’s staff. A separate proposal for the
implementation package will be presented and will include a trial validation program
before full introduction of the revised specification.
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INTRODUCTION

.in 1971 the Louisiana Department of Transportation and Development

’{D) initiated a statistically based specification systefn for asphaliic concrete
g{'ﬁistorfcaiiy generated data. This same system is in use today. The system was
ated in additional studies undertaken in 1975 and 1979. The specifications are
i'éated on contractor quality control and DOTD acceptance testing using

ébility known” concepts. A Materials Test Data Reporting System (MATT) was
ted at that time to archive all materials and construction data. The database has
en ﬁsed to adjust specifications but no further major validation has occurred. Since
8’7:"1.'_.najor changes have been incorporated into the standard specifications, and
’riefg'ﬁave been advances in equipment and operational control devices that can
h_e’r_._;r.educe construction and test variability. Thus now is an appropriate time for an
rall review and potential revision of the system.

- Variability known compliance judgement specifications, which are based on
f'_va!ues, were chosen because of the ease of application. The disadvantage of
oncept is that there is little incentive for a contractor to reduce variability. The
bility unknown specification, however, uses both the mean and standard

___ation values to determine a percent within limits. In such a specification, as the

i‘aﬁ_@ard deviation decreases, the lot mean can shift toward the specification limit
_: stil! be acceptable. This provides an incentive for the coniractor to reduce
iépility and thus provide the state with a more uniform product. The variability

nknown specification is more difficult to apply but with the use of personal
onj:puters or charts this difficulty can be overcome.

- Many changes have been incorporated info the current DOTD specifications
_a_gbe the last validation. The Federal Highway Administration (FHWA) has
g_estioned the appropriaieness of some of these changes. Industry has questioned
:_J':-;tjny of the specification changes with respect to uncertainty and subjectivity. Spot
ijf_ecks of criteria variability indicate some change since the initiation of Quality
}j_ntrol/Quaiity Assurance (QC/QA) specifications in 1971, because of improvements






OBJECTIVES

ThIS study will evaluate DOTD’s cu rrent {1992) statistically based
clfiéations and potential directions for improvements. Th ree specific aims

A. Evaluate the current system for quality control and acceptance criteria,
develop updated operating characteristic curves, and propose

improvements to this system.

B, Evaluate the potential of a variability unknown specification using
“percent within limits” concept, using the existing database 1o include
recommendations for appropriate tests and revised adjustment tables.

C. Present findings of research in a one-day workshop for DOTD and
contractor personnel to be held in conjunction with the FHWA Demo 89
two-day workshop entitied Materials Control and Acceptance--Quality

Management.




SCOPE

The study examines asphaltic concrete data filed in the MATT system from
t'b' : 995. The data selected was that applied to accéptaince compliance

fluence on those quality changes.



METHODOLOGY

5ackgrourad on Louisiana’s Specification

conventional specifications. Prior to 1960, DOTD used traditional method-

type specifications (also called recipe-type specifications). With this type of
specification, the methods that are generally used in production of materials and
- consiruction of pavements are defined specifically by the highway agency. in

essence, the highway agency controls the entire process. If the contractor adheres
io the defined recipe, he gets 100 percent pay upon verification by the inspector.
statistical concepts are rarely applied in such method-type specifications.
Development of statistical specifications. In the 1960, there was

considerable momentum from the FHWA 10 develop and implement construction
specifications on asphaltic concrete, which are based on statistical quality control
concepts [7]. Louisiana was one of the first states to study the variability in asphaltic
concrete and develop statistically based specifications based on the results of the
study f2]. These specifications were then simulated before final adoption in 1971 [3],
[4]. The newly adopted specifications reflected a major shift in the sampling, control,
acceptance and disposition of materials and construction. In essence, the
specifications reflected a shift in three basic criteria:

o Process control by the contractor

e Use of variability known statistical sampling plan for acceptance testing

e Price adjustment for non-conforming materials and construction

The following philosophy governed the above shifts from the conventional
specifications:

1. As in the industry, the process control should be the responsibility of the
contractor and not the state highway department, as was the case with the
method-type conventional specifications.

2. The sampling plan for acceptance should be based on what is achievable within
the constraints of the system that is used to deliver the product. The current
specifications were developed using the mean and variability parameters of the




asphaific concrete 5opulaiipn (1960’s data). Specifications based on such

population parameters are known as “variability known” specifications. Such
specifications are easy to use without going through the
variability unknown type specifications. |

computation required fg,

. Although variability known type specifications are easy to apply, there is also
some disadvantage since there is no incentive for the contractor to pay particular.
attention to the variability of the product on lot-by-lot basis. On the other hand, |
the variability unknown type specifications use both the mean and standard
deviation of each lot to determine acceptance. In such specifications, as the
variability decreases, the probability of acceptance of lot mean may still remain
high even though the mean may shift close to the specification limit. This is
generally not the case with the variability known type specifications.

4. The contractor payment should be adjusted in relation to the quality of the
product delivered. The philosophy here is that any deficiency from defined

quality may result in loss in pavement life or performance hence increasing
maintenance cost.

Post Specification Studies: 1971-1979, Since the adoption of the statistically

based specifications, there have been two separate studies to determine their impact
on the price adjustment criterion and on the overall variability of the product.’ The first
evaluation was on the data generated by the new specifications between 1971 and
1975 [5]. The second evaluation was for data from 1975 to 1977 [6].

In the initial specifications of 1971, the acceptance criterion for the production
phase of asphaltic concrete was defined by Marshall stability. Acceptance for the lay

down, compaction, and final finishing (roadway phase) was based on compaction
and surface profile criteria.

i
E
X -_;{-%

The primary thrust of the two evaluations was to determine the effect of the
specifications on the price adjustments and on the variability of the product. Aimost

8




g;_—mmber of .grbjecis evaluated during the first four years since adoption had
&ucﬁoh in pay. However, from 1975-1977, this portion decreased to 18
dicating the industry adjustment io the new concept in specifications and
D ovement in average quality, table 1 [6].

Table 1

ariability comparison--conventional and new specifications (after Shah)

ériteria Standard Deviation

¥ Eeiishoisiahisiniail 1960 | 1971-75 1975-77

| stabiiity, ib. 220 280 290

.|| Compaction, percent 1.8 1.7 1.8

Percent Passing #4 3.3 5 5.1

Percent Passing #10 3.1 4.7 4.7

Percent Passing #40 2.4 3.5 3.6

Percent Passing #80 1.6 2.3 24

Percent Passing #200 1 1.3 1.5

Percent Asphalt Content 0.25 0.35 0.4




'f."éiu"'éz,: lﬁov?éver, was not ihe case for the variability measurement of the 1971- |
5 and 1975-77 data. The jump in variability shown in the 1971 data compared to the.
1960 data was not surprising since it was derived from products produced underg
Eﬁéthods specification which generally show greater compliance with specification
requirements. The minor increase in variability between 1971-75 and 1 975-77 can be'
attributed to variability known specifications. :

Such specifications generally provide iittie incentive for the producer to reduce _
variability. As a result of this negative trend in uniformity, a major change was made
in the specification requirements. After the first full-scale evaluation of 1971-1975
data, gradation of exiracted aggregate was introduced as an additional acceptance

requirement /5],

MATerial Test Data Reporting System: MATT System. During the period of
evaluation of the statistical specifications, the DOTD developed and implemented é
Computerized system of archiving all materials and construction data generated by
construction and maintenance projects in the state [7]. One of the primary reasons
for impiementing such a system was to provide a mechanism for validation of
specifications at periodic intervals. The system was able to generate a variety of
reports to validate specifications in terms of compliance (or noncompliance),
contractor performance, process and construction variability, etc. Unfortunately, the
system has not been used to ful| advantage since the above two evaluations.
Although there have been major changes in the Specifications since 1987, there has
been no major evaluation of the data from the MATT System other than that which
was necessary support for minor meodifications to specifications.

Current Specifications. Since the adoption of the statistical specifications in
1971 there has been one major revision. In 1977 g requirement for gradation was
added to the acceptance criteria. A second change was implemented when a
requirement for anti-strip additive was added. Since then, there have been
continuing minor changes in the requirements for design, control and acceptance for
stability, gradation, antistrip, density and, profile. Another addition was the
requirement for Tensile Strength Ratio. It is clear that the specifications are

10




@éff'_ffbm the MATT database with the assistance of DOTD staff and written to
Gl[';‘f%lés_. To keep the data set a manageabile size, and to ensure a relationship
he data and the specification, the period 1987-1985 was selected for the

ry_s__e{rnple. Records were assembled covering all mix types, for all 55 plants
a‘ﬁng;i:ﬁ Louisiana during that period. Determining the appropriate processing

i (s) and attending to problems of interpretation and data integrity took longer
lc:tp'ated The impact of these problems on the analysis is described in those
ces ._w_here it was significant in the interpretation of the results. The final sample

3)-5_¢6nsisted of 16,356 records assembled by mix type, of which 8,295 had
p__{__)_s'isa_jf ébde “3% that is, they were used for acceptance compliance judgement. Of
se 411 were accepted at less than 100 percent pay.

-The pattern of production is revealed by MATT data and elegantly displayed
_,re"‘:_1_: . Clearly the use of asphalt by DOTD is intermittent. Figure 2 shows that

'c{.l“r'rence of unacceptable quality is very small, and figure 3 shows that in many

a >es data is subject to errors, in processing or because a particular requirement
levant to a particular record. Thus spurious zero values are found.

11
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Overview of the current requirements for the design, control, and acceptance of

asphaltic concrete — 1992 specification [7]

Table 2

Quality Control Testing by the Sampling Comments:
Contractor Plan
Job Mix Formula (JMF) minimum of | New JMF when changes in
1/project/mix | equipment occur.
type
Materials and their
assembly, mix production,
plant and roadway daily check | Certified technician required.
equipment, hauling, and lay
down
Correct if within 1 percent of JM
Control charts for aggregate | 2/lot fimits, 0.5 percent for #200.
gradation
Correct if outside of tolerance.
Surface profile each lot
Quality Assurance (Acceptance) Sampling Comments:
Testing by the DOTD: | Plan
Gradation, percent crushed, | 3/lot* Test 1, if it passes, no adjustment
AC content in pay; if 1st test fails, test other 2;
average 3 for #4, #40, #200 only
for pay.
Marshall stability 4/lot Must meet average and individual
test requirement.
Pavement density 5/lot
Surface profile day’s length
Anti-sirip 2/ot percent pay to be adjusted for
each sublot, then averaged to
determine adjustment for the lot.
* a lot is 1000 tons of consecutive production of the mix from the same JMF.

Adjustment to lot size may be made by the engineer based on certain conditions
defined in subsection 501.12 of the standard specifications.

12
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Table 3

Database records accessed

Description Number of | Number of Number of
records valid records | defectives (2)
(1)
type 1 wearing course 4,384 2,306 122
type 5A base course 2,815 1,434 59
type 5B base course 121 66 1
shoulder wearing course (3) 3,542 1,798 49
asphalt reated drainage 64 32 0
blanket (4)
type 7 wearing course (4) 45 18 0
20 type 8 wearing course 2,450 1,158 71
21 type 8 binder course 2,599 1,303 86
22 type 8 friction wearing course | 259 119 11
23 iype @ wearing course for 122 61 5
shoulders

(1) records with purpose 3 code, i.e. those used fo judge specification compliance
(2) records with a percent pay less than 100

(3) not analyzed in this report
(4) not analyzed because of the small number of records

13
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Figure 1
Time pattern of production stability datg

mix 20 plant 116

Percent pay

density-percent

Figure 3
Time pattern of occurrence of data errors
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: A{;géptame ‘compliance quality. Attention was concenirated on determining

ity parameters best defining acceptable quality and the converse, rejectable
‘ty The usual statistical quality control terminoiogy is adopted here

éécription of currently acceptable quality in terms of the statisfical
p e_jaﬁon of the specification compliance acceptance clauses and to relate this to
ar beilty of the product. The variability of most parameters is normally distributed
: ’c':;_ic:ai purposes. The normal distribution also permits the description of
y__é_;_singie parameter; the proportion defective to the specification limii(s).
ges;_jtb the specifications which will serve to improve quality, must recognize

ii’zént asphalt production and construction technologies can achieve and
én_tion on the quality level which the statistical descriptions of properties

The penalty ideally should be related to the significance of the particular
e‘.rty in long-term pavement performance. This is not possible at present, and an
fOEri‘_!é_é:l judgement is necessary to set these criteria. Proposals to validate the effect

15



penalty for non-compliance. These a

re:
1. Plant process criteria, for which mix type is the

a. Marshal stability
b. gradation

primary classifier (table 3)

C. antistrip agent content

2. Lay down Process criteria, for which mix use js the primary classifier (table 4)
a. density

b. profile

» @s the data setg are

16




Table 4

Mix use codes and related density requirement

Description ‘| Density specified percent
(1992)

roadway wearing course 96

patching - roadway -

leveling -

widening -

shoulder wearing course 95

turnouts -

airport -

miscellaneous -

roadway binder course 96
roadway base course 95
shoulder binder course 95
shoulder base course 95
patching - shoulder 95
joint repair -

e da_ta were written to a series of spreadsheet files, one for each mix type, for ease
analysis. Then data for any one mix type were first examined to remove unwanted
tte_ms (for example: the item “filler1”, which contained no records), and to

' 'ét_e each quality parameter (stability, gradation, antistrip, density, profile) onto a
Separate page of the spreadsheet. The spreadsheet pages then contain blocks of

17




data with common features for anal
Closely define the data, as far as
taken were:

1. Sort by purpose.

ysis. In this process it was necessary to more
practicable, into unique populations. The steps

Select only data taken for acceptance compliance judgement, i.e. purpose
code 3. Note that where verification samples are taken and listed in the dat;

the number of samples is usually less than that required for a formal
compliance judgement.

2. Sort by a population parameter.

For example, identifier or descriptor file codes (JMF or mix use), to create
blocks of common origin.

3. Sort by data value.

Delete or replace evidently spurious data, for example, where the
was recorded as “0,” replace as “1007;

recorded as “0” or “100”

percent pay
where the percent passing was

for one sieve size and a smaller size also showed
either “0” or “1 00," delete the first record.
4. Sort by data set.

Select complete sets. For example: where the specification calis for four

stability and five density results for a compliance judgment, select only sets
with the required number of fecords.
9. Sort by other data items.

With clearly spurious values; which were ejther amended or the data

discarded. For exampie: where the asphalt content was recorded as 55, this
was amended to 5.5.

Where less than 30 records remained in g category, this data usually was aiso

discarded. All analyses are available on disk.

ek

i
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Table 5

Data file codes

Descriptor Test : Derived
pLrpose fillert paycalc
mixuse Specgravi-4 Voidsi-4
daie_enier Stabi-4 (4) Vmail-4
time_enter Thickness1-5 Vial-4
termid Density1-5 {5) Ftoutside
date_delete_dist Meterscale1-2 Pctoutside
date_delete_fill Antistripi-2  (2) Weight
plantorveri Twohalfavg Theoryyield
Mixas Twohalidev Actualyield
Jmf Twoavd Portofiot
speccd Twodev Pctacavg
Ngrad Onehalfavg Pctacdev
Lotsize Onehalfdev Pctacms
Stari_date Oneandforthavg Prctpaystab
End date Oneandforthdev Prctpayden
Stations oneavyg Prctpaytot
Accepttol Onedev Prctpaygrad
Controltol Threeforthsavg Prctpayanti
Linearft Threeforthsdev Avgspecgrav
Sqyards Halfavg Avgstab
Pctacjmf Halfdev Avgvia

Threeeightsavg Avgthick

Threeeighsdev Avgdensity

Nofouravg Avganti

Nofourdev Avgprofind

Notenavg

Notendev

Nofortyavg

Nofortydev

Noeightyavg

Noeightydev

Notwohundavg

Notwohunddev

Crushavg

?_rs affer item refer fo the number of resuits which should be present for a complete record
in bold retained for analysis

19
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Preprocessing the data in this manner resulted in the selection of cohgy,

data sets for analysis but greatly reduced the number of results. Most of fhé sam

" sizes examined in this part of the study were large, tﬁus-these precautionary_ﬁ
applied to the complete data sets are not likely to have created major or sySfém

bias. However, missing and/or suspect data in some fields, (e.g. antistrip con
profite, has hampered analysis.

Compliance quality parameters

Stability. The Marshall stability of specimens compacted from fresh mis
sampled from the delivery stage is an acceptance compiiance parameter s_L_jb;ec
penalty for non-compliance. Details of the operating characteristics of thef\?a"r:
specification clauses are given beginn_ing page 35 of this report.

The compliance clause requires four Specimens to be tested for eac':h_}d

2000 1), so only data where four specimen test results were reported were an
The distribution of mean stability for each mix type was calcuiated, together-w_it
standard deviation of each set of four tests. The proportion defective to the 100
percent pay criteria of the 1992 specification for that set of results was a!sb _. “
estimated. A count of the number of lots penalized (i.e. recorded as defective)
reported in table 6.
A typical distribution of the stability quality parameters, mean, standard.
deviation, and proportion defective to the 100 percent pay criterion is given in

4-6 for mix type 09 (type 5A base course mix). The distributions for mix types 0
20,21,22, and 23 are given in appendix A.
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Table 6
Stability parameters for mix types

| total valid penalties | mean- ~ | standard | percent
| records | records recorded | Ibs deviation | defective
4,384 1,654 0 1,719 99 0.12
2815 | 2,813 4 1,673 120 3.00
121 66 0 2,307 123 0.01
2,450 652 0 2,076 108 0.16
2.,450 1,052 5 2,086 111 0.54
-‘fé.,.599 1,137 12 2,100 110 0.19
| 250 96 0 2,307 123 0.01

radation. Gradation data cannot be simply described by one mean, standard
aﬁon-'::and proportion defective because there are up to ten particle size

es Each size category has an upper and lower specification limit for design
o‘S_eS; A design gradation, the Job Mix Formula (JMF), is established within these
ification limits for each particle size. A set of upper and lower compliance limits
Ve_lﬁbed from the JMF for sizes numbered 4, 40, and 200. This JMF is provided
he plant data file, not in the pavement data file set. Thus both files had to be

ted and combined for analysis with the tolerances taken from the specification
_qulréfnents. Nor is the deviation from the JMF reported in
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'I‘I;Iﬁ figure 7a and 7b. The maximum and minimum percent passing for

ag_tl_c}:ie size category is plotted (with the nominal specification gradation limits)
7c: for mix type 20. Plots for other mix types are included in appendix A.

Thé_’é’peciﬁcation acceptance penalfy payment criteria are applied only to
imbered 4 (4.75 mm), 40 (0.425 mm), and 200 (0.075 mm). Where these
es iave been applied for mix type 20 the results have also been assembled in

qu mix type 20, the non-compliance is found across the three critical sieve

;_ot'_'_s' that do not meet the specification (on sieves numbered 4, 40, and 200)
eén_, accepted without penalty, presumably where the engineer has used
e"rflf' in interpretation of the significance of the deviation. Similar patterns are
- all mix types.

_____tjl_t_istrip. Antistrip content is also subject to a penalty payment clause but

ted to a JMF requirement that is not available in the pavement data file extract.
by checking the JMF mix file exiracts and cross correlating the data by job,
e and JMF number, the records could be partially matched so that the
sto:_.-speciﬁcation limits could be derived. Table 8 shows the mean and
standard deviation of all (matched) lots, for which a standard deviation could be
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Table 8

Antistrip content parameters

mix sets of number | weighted Weighted mean . weighted
code records of mean standard deviation | mean percent
records percent defective

01 103 1,369 0.69

01 49 821 0.71 0.07 64 0
09 81 1,842 0.70 7
09 66 781 0.07 49

10 5 25 0.62 0.03 100 0
20 89 884 0.62 0.06 43

21

22 8 64 0.79 0.05 32 0
23 3 17 | 0.60 0.52 64 0

However, the matching process for mix 9, for example, yielded only 81 sets
(1,842 records), out of 2,815 records in the pavement file for which the standard
deviation could be estimated (fig 8) and only 66 sets (781 records), for which the
proportion defective to the JMF specification limit could be calculated (fig 9). Again all
the results are given in appendix A. It is evident that there is considerable variability
in the recorded antistrip content and a very substantial proportion defective. This may
be related to practice which uses the “meterscale” reading, presumably converted to
the antistrip values recorded for specification compliance. This aspect should be the
subject of an in-depth study to ensure the data recorded is both accurate and
pertinent to product quality.

26




mix @ aniistrip stdev

' : (n= 1846, lots = 78)

100 1 I

el i

80 1 /j/ -
f =
@ -t
ﬁ 60 ,J
s /
% 40 /

20 - / /

o _‘__..an"/
[} 0.05 0.1 0.15 0.2
antistrip percent

Figure 8

Distribution of deviation--antistrip content, mix 9

mix9 antistrip / pd
n=18486, lots = 78
100 } ] i
80
g ){/
3 % ' 7/
H 4
% @ /)/
20
.4 |
0 ; ."/ :
¢ 20 40 &0 80 100
percent defective

Figure 9
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Dénséty. The density measured after lay down is subject to an acceptance
pliar}_Ce clause which incorporates a penalty payment. A penalty applies where
density is less than 96 percent laboratory maximum Marshall density, for wearing
and bln__c_i_er course; or 95 percent for base course or mixes placed on shoulders. The
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miX type and mix use. A typical distribution in given in figures 10-12, All :_éffa'

analyzed are reported in appendix A. The analyses indicate g mean stan'd_a

recorded and all results are given in appendix A,
The daia sample is too smal for robust

general conclusions. |t dbe’_'_s'
however, that 3 Sampling approach rather tha




Table 9
Density parameters
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Process control quality

The current system produces product of good quality. In terms of Marshall
stability there is no significant difference between the various regions of the state.
The variability of production within a region could be reduced by improvement of the
quality of certain producers. This lack of quality appears most evident in the high
variability of the Marshall stability of some plants, table 1 1. Note the range of
standard deviation. The low value is 122 and the high value is 411. The ratio of the
high to the low is 3.36. Although the mean value of the plant producing the high
standard deviation is also high there is opportunity for improvement.

There is also considerable variability of the mean vajues. This variability is not
serious, however, since the means are significantly higher than is necessary for good
products with reasonable values of standard deviation.

Better information can be obtained by observing data related to control limits
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¥

standard deviation indicating the out of conirol process.

- The current system is indeed producing a good quality product. If, however,
here were a major shift in the input quality to the process of production there is littie
'ha_n_ce of detection prior to the product being placed on the road. This type of system
e_adé to events where significant compromise may be made at a sacrifice of quality of

he final product. A better system would provide for a less costly rejection, i.e., one
“made prior to lay down.
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g: Qhag‘asi@nstﬁc Curves
isiana’ s standard specification (1992) describes the departmental

is for asphaliic concretes /7]. Marshall stability, compacted density,
é_r_ance, anti-strip additive content, and gradation, with limits on the number
d 00 sizes, are assessed for acceptance compliance and incorporated in
q‘.payment schemes. The specifications also inciude limits on the deviation
halt content from the JMF, the proportion of crushed aggregate, Marshall flow,

féh‘tents, These do not atiract penalties as the result of non compliance.
h_" study, the critical acceptance compliance parameters of stability,

rface tolerance, aggregate gradation, and antistrip content were examined
Iil‘i'ow the specification could be interpreted in terms of Operating

antistrip,

gradation,

density,

acceptance requirements.

ility. The stability requirement is that the mean of four samples from a Iot

drviduai results of the four meet the specification requirement appropriate to
. Should the requirement not be met then there is a dechmng scale of

) a Eamit at which the engineer is empowered to reject the lot. Note that itis

3 -"to_ assume a value for the standard deviation of the product for this

nown scheme approach.

Thésl.\/farshail stability requirement, for mix type 9, is that the mean of four tests
exceed 1200 Ibs, and no individual result should be below 1000 Ibs, for 100

35
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percent payment. There is then a declinin

9 scale of payment until the rejec
that should the mean of four fall below 10

00 Ibs, the

engineer is empowereq
Témove the materials or o pay only 50 percent of the

bid price.
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Operating characteristic for stability--interpretation of scheme
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Operating Characteristic
Asphalt stability1992

probability of acceptance

0 20 40 60 80 100
percent defective

~—&— 100 percent pay—=— 88 percent pay —=— g5 Percent pay —a— 80 percent pay

Figure 15
Operating characteristic curve for stability--mix 9, 1992 specification, sigma
assumed 200 ibs
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Gradation. The gradanon requirements are very complex: a JMF grada't:on is
determmed within the envelope specified for the mix type, and tolerances are then
es{abhshed from this JMF for each of ten aggregate sizes. The material must meet all

_en'gradmg limits. Penalty clauses are applied fo three sieve sizes, numbers 4, 40,
nd 200. Acceptance at 100 percent pay applies where the actual grading differs
rom the JMF tolerance limits by less than one percent (# 4 and 40), or half a percent
#200) A rejection fimit applies where the grading falls outside the JMF limits by

“}e than eight percent (# 4), six percent (# 40} or three percent (# 200). The worst
eficit is adopted to determine the penalty to be applied.

: A tentative interpretation of this scheme is possible, as shown in figure 16a, b,
an operating characteristic curve can only be approximated for each sieve size.

igure 16¢ shows a probable interpretation for the number 200 criterion based on an !
ﬁpkoximation of the acceptance requirement as a (1,0) attributes scheme for the | '
ngie gradation result for 100 percent pay and as a (1,0) scheme for the mean of |
ree results for less than 100 percent pay. The 50 percent/reject criterion is also

..i'sﬁown. Figure 16d shows possibie operating characteristics for the # 200 sieve using

.je-'double sided percent-within-limits approach; note that the smallest sample size for

'such a scheme is three.

Antistrip. The requirements for antistrip agent again depend upon knowledge

of the JMF, which is not in the pavement data file extracted. In mix type 1 data, out of

4384 records, only one failed to attract 100 percent pay for antistrip content, recorded

at 99 percent. Practice allows averaging of two resuits, thus a 98 percent and a 100

percent is recorded as 92 percent. The consequence of the OC is that the average

antistrip content is close to the specified minimum, even allowing uncertainties.

Analysis of this clause of the specification is shown in fig 17a,b and appendix B.
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LDOTD 1992 Gradation Specification Criteria

select JMF within
specifications .

set LSL = JMF -
tolerance set USL
= JMF + tolerance,

is
ne LSLespec_fimit_min
?

LSL=spec_limit_min.

is
USL>spec_{imit_max ?

USL=spec_limit_max.

job is NOT within
the specification.

- pay depends of how

job is within the enuch is the job out
specification. of the specifications
JL {see next diagram).

pay=100%

Qsil?.} J

40

Figure 16a
DOTD gradation specification criteria 1992
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Figure 16¢
Operating Characteristic for gradation - 1992 DOTD specification
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Figure 17a

Operating characteristic for antistrip-—interpretation of scheme
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Operating characteristic curve for density, DOTD 1992 specification, assumed
sigma one percent
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DISCUSSION®

Hié"réquirement, the specifications further define who is responsible for
ié’é’cions state that contractor shall be responsibie for design,
sportat:on and lay down of the mixtures. Likewise, the specifications
ssurance for acceptance will be the DOTD’s responsibility. Sounds
g waever, within these two broad definitions of responsibilities are
“fé_rfcontrol of various entities that makeup the process of designing,
_ COmpacting, and final finishing of the mixture on the roadway. The
efine the actions that will be taken (by the contractor) when certain
' ents are not met. Furthermore, the-15 different types of mixes
eanng course) with 14 different categories of roadway construction add
xit:es of the specification application for control and acceptance.

ixturejproduced at the plant, and
ture hauled, laid and compacted.
verview of the current specifications for the quality control (QC) and
: nb'e' (QA) plan [8]. Following sections discuss some of the quality

\ents and what actions are required when the quality requirements are not

rials, equipment and processes. All materials must be source
be’ber stockpiling is required and samples are tested for conformance 1o
___ec_:ifications for materials. Asphalt cements are tested for contamination.
n material receives reduced pay. Stockpiled and individual bins are sampled
Itis not clear from the specifications what actions are taken if the tests
piie and bin samples indicate deficiencies in the measured characteristics.
;_iddition to the materials requirement, a separate section of the specification
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Attributes OC curve for antistrip, n=2
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] Unknown sigma schemes

The use of uﬁknown sfgma schemes has the great advantage that the
consumers risk can be reduced for the same sample size, and that the schemes are
indepéndent of the value of sigma. Thus, the producer has the option of producing a
product with a high mean value and high variability or a low mean and low variability,
yet the risks are assessed on the same basis. A product with a low mean and a high
variability will be less likely to be accepted; thus this type of scheme exerts pressure
for reduction in variability of the process. The disadvantages are that application of
this type of scheme invoives caiculation of the mean and sample standard deviation
of the product, and that the result is subject to interpretation of the calculation
accuracy. Many pocket calculators are able to calculate standard deviation by the
press of a function key, which should resolve any issue related to the difficulty of
caiculation. The issue of reporting accuracy (for example, how is a vaiue of 0.6785
interpreted) can readily be determined by an appropriate reporting format.
A possible scheme, which could be applied to all asphalt quality criteria,

except gradation, for DOTD could be:

¢ Take four samples.
o If the mean of the four less the specification minimum, divided by the

sample standard deviation, is greater than k., accept the product at 100

percent pay.
o If the mean of the four less the specification minimum, divided by the

sample standard deviation is less than “k,,” reject the product (or accept

at 50 percent pay).
Any intermediate result should be accepted at 80 percent pay.
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_ _ Tabie 12
Probability of acceptance for n = 4 with different k values

k value 1 percent 10 percent 50 percent Reference
defective defective defective page
-0.145 99.9 99.8 60.5
0.123 99.9 99.0 41.1
0.443 99.9 95.0 22.0
0.924 99.0 76.0 8.1
1.081 97.6 67.6 6.0
1.419 91.0 50,0 3.3 176

Clearly any number of schemes can be developed and the risks adjusted by
judicious selection of the k values. Figure 25 gives a scheme fork =1.419 and 0.123,
with a sample size of four. Table 12 gives a selection of k values and the related
probabilities for a sample size n = 4.

Comparison of schemes

In the context of the foregoing discussion, the new unknown sigma
compliance clause is tabled for consideration. The operating characteristics of the
proposed clauses are compared with existing practice in table 13 and figure 286. It is
important to note that to retain the small sample sizes appropriate to short run
processes, it is necessary to accept higher risks for both producer and consumer. As
the general levels of quality achieved have been shown to be very high, this change
is unlikely to affect quality or performance, in the short term. The potential effects
must be carefully evaluated as described below to ensure that any relaxation of

control does not reduce quality.
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Comparison of 1992 and proposed OC curves
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eved by
ying different penaity levels. The scheme is shown with the current specification

irements in figure 26,

Clearly it is difficult to match closely the existing OC compliance requirements
tabifity with such simple schemes. However

» as the quality of current product
asured by stability is extremely high, it may be that the simpler variability unknown

cheme could be adopted with little loss of quality.

It is also possible to consider abandoning the specification acceptance limit for
stability (except as a producer quality control requirement)

The question of gradation remains to be solved. Itis proposed that
consideration be given to a radica] change, placing acceptance compiiance

requirements only on the percent passing the number 200 sieve and using only an

upper limit. With, however, four samples judged by the same unknown variability

scheme, This will need particularly careful evaluation for a trial period, as proposed
for all the parameters. A direction for change is indicated but an extension of this
study is suggested to fully explore this issue.

The requirement for antistrip content aiso requires further study to be sure that
the current data set and analysis is complete and relevant. The density compliance
clause could be changed to the same format as for stability. The profile clause
should not be changed as insufficient data were available to evaluate the effect of
any change.

Indeed, itis suggested that a simpler approach be adopted overall. The
contractor could be required to keep plant process control charts for all output on a
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CONCLUSIONS

nt quality

"rt-}: complex and in some instances cannot yet be analyzed statistically. This
that the aniicipated performance of the clauses differs from the strict
stical Nterpretation. The effects of this on quality cannot be quantified.

areasonable supposition that current quality levels have developed by

Ther than by a clear perception of the statisticai control and acceptance
‘criteria, '

onsidered, therefore, that simple schemes having closely similar
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operating characteristics to existing schemes should be adopted. Specificat
clauses must not ailow for any ambiguity in interpretation. It is ais.o cons-(ljcanon
the penalty clause application could be redyced 1o an accept at 100 per; ered thy
accept at 80 percent pay and reject/accept at 50 percent pay sequence tzn;iszy,

simpler application.

Trial of new clauses
Algorithms have been written to process ail existing data sets aqaj
revised clauses and to output the penalties decided by the unknown Sigi:nst the |
These are then compared with the current data in fable 13. Any chan js _a schemes:
rates to better match the outcomes could be applied for a second stage o:cnt penalty

validation trial. This second stage will consist of running the revised Sih he‘
paraliel with the current specification for a period, Producers would be ai?es in
advise what action they would propose in response to the acceptance co ed. to
decisions indicated by the revised schemes. mpliance
The potential impact of the schemes, and thej acceptability to prod
consumer, will thus be able to be judged before formal implementan’o: Ofucer and
the schemes may be modified as a result of the experience and o final ;‘ormC:::,eS:t,ed

for formal implementation.

Implementation of the new specification

After the trial period, a training program will be developed to introd
scheme, and o demonstrate the new procedures required in practice EB»E:;Ce the_ new
and preferably before the second stage trial outlineg above, an introdi;cti ore this,
new schemes should be prepared as a seminar. The seminar should be on to the
quality control personnel, from the DOTD and from industry, to assess th presented to
of practitioners and to clarify any issues requiring elucidation. € response
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Table 14

'specification comparison — Marshali stability data

[Standard | Minimum | Percentage | Percentage payment

deviation | stability defective 1092 Projected
Specs. new

106 1,697 1 g5 100
149 1,634 1 100 100
127 1,578 2 95 100
127 1,578 2 95 100
200 1,501 7 100 100
201 1,499 7 98 100
91 1,487 12 80 80
160 1,500 16 95 80
96 1,455 18 80 80
163 1,499 19 80 80
175 1,345 27 80 80
198 1,243 43 80 80
31 1,456 52 50 50
107 1,367 61 50 50
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78

following:

Take four samples, calculate the mean (m) and standard deviation (s).
If (m - 1.419s) > the Specified minimum, accept the product at 100
percent pay;

if (m - 1.419s) < the specified minimum < (m -0.123s), accept the
product at 80 percent pay;

If(m - 0.123s) < the specified minimum, reject the product or, at the
engineer's discretion, accept at 50 percent pay.




personnel to be held in conjunction with the
Materials Controj and Acceptance - Quality M

anagement.
The FHWA workshop was not availabi

e in the contract period and the

1.

percent pay,

If (m - 1.419s) < the Specified minimum <

(m -0.123s), accept the
product at 80 percent pay;

if(m - 0.123s) < the specified minimum, reject the product or, at the
engineers discretion, accept at 50 percent pay.
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dation acceptance requirement be replaced by the following applied to
per 4, 40, and 200 sieve sizes:

ake three samples, calculate the mean (m) and standard deviation
(s),

(imf +/- M100-m)/s] > 1.499, accept at 100 percent pay;

[(mf +/- M50-m)/s]<- 0.072, accept at 50 percent pay or reject the

_: product.

sieve size M100 M50
4 1 8

40| 1 6

200 0.5 3

effect of relying only on a requirement for the pass number 200 sieve

raction should be evaluated.
tistrip and profile requirements remain unchanged for the present.

rallel trial should be implemented for 12 months to compare the operation
proposed scheme with current practice before formal implementation.
ideration should be given to revising the format of the MATT database to
t a more user friendly relational data base format. Consideration should
be given tovreducing data capture to that most likely to be of immediate

alue in tracking and evaluating the quality of asphalt and other products.
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Appendix B

Derivation of Operating Characteristics
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