QUALITY CONTROL ANALYSIS
PART V

Review of Data Generated by Statistical Specifications
on Asphaltic Concrete

Final Report

by

S. C. SHAH
and
VETO YOCHES

Research Reporero. 94
Research Project No. 63-1G
Louisiana HPR 1(12)

Conducted by
LOUISIANA DEPARTMENT OF HIGHWAYS
Research and Development Section
In Cooperation with
U. S. Department of Transportation
FEDERAL HIGHWAY ADMINISTRATION

"The contents of this report reflect the views of the authors who are
responsible for the facts and the accuracy of the data presented
herein. The contents do not necessarily reflect the official views
or policies of the State or the Federal Highway Administration. This
report does not constitute a standard, specification or regulation."”

December 1975



ACKNOWLEDGEMENTS

The author wishes to acknowledge the cooperation of the various districts for
providing project data. Special thanks are due to Messrs. Jada Hirschmann and
Ronnie Henderson for preparation of data for computer processing.



IMPLEMENTATION

The asphaltic concrete data reported here represent those generated during

the period of implementation of statistical oriented end-result type
specifications from 1971 through the early part of 1975. The findings reported
here are anticipated to aid in the revising and/or updating of these end-
result type specifications as may be deemed necessary. Such evaluation is

expected to be continued for an additional period after revisions, if any,
are incorporated.
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1. INTRODUCTION

The Louisiana Department of Highways has been actively engaged in the development
and application of statistically oriented end-result type specifications since the
early 1960's. The initial effort of this quality assurance program was directed
towards analysis and evaluation of data for variability determination (1, 2, 3)*.
The findings from this initial effort led to the development of special provisions
for asphaltic concrete and Portland Cement Concrete. The asphaltic concrete
special provisions were simulated in the field before their inclusion as standard
specifications in 1971 (4). These specifications are included in Appendix A and
are discussed briefly in the next section.

Since the inception of these statistically oriented end result specifications,
the Department has contracted projects involving approximately four million tons
of hot mix. A portion of the data generated by this quantity of hot mix was
collected for analysis and evaluation. This report attempts to discuss some of
the findings obtained from the analysis of data representing approximately 1.3
million tons of hot mix.

* Underlined numbers in parentheses refer to list of references.



2. MAJOR FEATURES OF STATISTICAL SPECIFICATIONS
FOR ASPHALTIC CONCRETE

One of the important features of the new system of specifications (Appendix A)

is the clear definition of the responsibilities of the Department and the
Contractor. These responsibilities are listed in Table 2.1. What was previously
considered or assumed in the conventional specifications as the responsibility

of the Department or the Agency has been clearly delegated to the Contractor.
Likewise, the acceptance phase of the responsibility rests on the Agency.

Another important feature of these specifications is the definition of various
criteria for control and acceptance of the product. Table 2.2 is a summary of
the sampling plan for control and acceptance of asphaltic concrete. The
advantage of this feature is that it provides adequate information for making
equitable decisions between the Contractor and the Department.

TABLE 2.1

CELEGATION CF RESPONSIBILITY FOR CONTROL & ACCEPTANCE OF ASPHALTIC CONCRETE

CONTROL SAMPLIMG & TESTING FOR: ‘DELFGATED TNz
MIX DESIGN CONTRACTNR
JUR=MIX FueMILA CONTRACTAR
JIB-MIX APPROVAL NEPARTMIMNT
HAVE CFOTIFIED TFCHNICTAN CONTRACTOR & DEPT,
PLANT OPERATION CONTRACTOR
CONTROL CHARTS CONTRACTAOR

ACCEPTANCE SAMPLING & TESTING FOR:

o o ot e s

STASILITY NEPARTMENT
PAVEMENT SAMPLING CONTRACTOR
PAVEMENT TESTING NEPARTMENT
SMCITHNESS DEPARTMENT



The third, and probably the most critical, feature of such statistical
specifications is the inclusion of provisions for adjustment of contract unit
price for a product that fails to meet the stated requirements for 100 percent
pay. Schedules 1, 2 and 3 of the specifications in Appendix A 1ist the various
adjustments of payment for nonconforming quality characteristics. The
advantage of this feature, with respect to the legal ramifications, can not be
overemphasized.

A1l 1in all, the statistical sampling plan, as used in Louisiana for control
and acceptance of asphaltic concrete, has replaced the old acceptance plan,
which was predominantly based on the arbitrary principle of substantial
conformance and judgment.

TABLE 2.2

SAMPL ING PLAN FOR CONTROL & ACCEPTANCE OF ASPHALTYIC CONCRETE

SAMPLE . BAS1S NF
TEQUIREMENTS FOR LOT S1ZF SI1ZE FREQUENCY RANMDOMNESS
CONTROL 2
BITUYEN CONTENT § DAY'S PRNONUCTION 2 ONE IN 2M TIME
GRADATION ONE IN PM
TEMDEFRATURE DAY'S PRODUCTINN 10 FIVE IN AM NONE
FIVE IN PM
ACCEPTANCE
STARILITY DAY'S PRODUCT 1ON o* TWO IN AM TIME
TWO IN PM
fOANWAY COMPACTION DAYS PRONUCTIAN 5 (ONE FROM EACH PAVEMENT
0F FIVE EQUALLY SURFACE
DIVIDFED SEGMENTS AREA
SUSFACF TOLFRANCE DAY'S PRONUCTINN 100 FIVE 200 FT TRANSVERSF
‘ FY SECTIONS NISTANCE

e o n S e mn e - s et o o S D T W " T

FOAT v 0.3048 M

w EFOUCTION IN SAMPLE SIZF ALLOWED
IF THE PLANT DDES NOT OPERATE THE FULL DAY



3. OBJECTIVES

The primary objective of this study was to review the data generated by projects
governed by statistically oriented system of specifications for the control and
acceptance of asphaltic concrete and to recommend any revisions that may be
deemed necessary. Specifically, the major objectives can be listed

according to their order of importance:

1.

Determine the effect of the new system on the final adjusted bid
price and isolate the acceptance criteria contributing the most
to the overall reduction in this bid price.

Determine the variability of the product with respect to various
quality characteristics and compare this variability of the data
with those from which the statistical 1imits were developed.

Compare the performance characteristics of the end product
obtained from the conventional specifications with the new system
of specifications.

Make an overall assessment of these statistically oriented end-
result specifications through questionnaire response from
construction engineers.

Make recommendations on the basis of the above findings.



4. DATA COLLECTION AND ANALYSIS

Data Collection

In order to accomplish the stated objectives, data from 85 projects were
collected from all over the State over a period of four years. The selection of
these projects was on a random basis. As was mentioned before, these projects
represent only a portion of the total contracts let during the four-year period.
A1l projects were identified in coded form beginning with AOT for the first
project and ending with A85 for the last one. Four projects were deleted from
the analysis because the data represented shoulder mixes or other miscellaneous
purpose mixes. The remaining 81 projects cover all types of major mixes, except
Type 4, Expanced Clay, as defined in Subsection 502.01 of the Standard
Specifications. A breakdown of the tonnage for the various mixes is shown in
Table 4.1. The mix codes 1 through 8 represent mix types as defined in the
specifications. A1l mixes, except mix codes 3 and 4, represent sand-gravel-
filler mixes. Mix codes 3 and 4 represent shell-sand-filler mixes. The binder in
all cases was b0-70 penetration grade asphalt cement.

TABLE 4.1

MIX TYPES €& CURRESFCNOING TCANNAGE
MIXx CCLE MIX TYPE TONNACL
L 1 wWEARING €92148
4 L BINDER 2621C
3 2 WEBARING 125C2
4 2 BINDER Gle54
5 3 wEARING 1112317
& 3 BIANCER 62422
1 SA BASE 3214¢€

d 5b BASE 28ul4al
TOTAL 136372¢

For performance evaluation, objective 3, three pairs of projects were selected,

each pair consisting of one project from conventional system and one from the
end-result system of specifications. The three end-result projects were independent
of the 81 projects discussed above. Each pair of projects had basically similar



characteristics with respect to traffic and section type and thickness immediately
underneath the asphaltic concrete overlay. Performance criteria were evaluated

by means of the Mays Ridemeter, longitudinal rutting in wheel paths, and visual
surface evaluation.

Data Analysis

The data collected on the above projects were punched on cards and stored on
magnetic tape. This provided easy manipulation of data for subsequent analysis
and tabulation. Wherever applicable, standard statistical procedure were used

in the analysis. The entire analysis and tabulation was performed using the
Statistical Analysis System (SAS) package (5). In the succeeding sections

the results of the various analyses are discussed according to the order in which
the objectives were listed in the preceding section. The crux of the evaluation,
however, is contained in the next section.



5. ASSESSMENT OF PENALTIES™*

Effect of End-Result Specifications on Final Payment

Table 5.1 is a summary of data showing final adjusted payment for each project.
The table shows, for each project, the total tons, the number of lots tested,
the corresponding number of lots penalized, the tons penalized at 50 percent,

80 percent and 95 percent pay as defined in the Standard Specifications. The
Tast column represents the average percent payment for each project. Thus, for
Project A14, 20 Tots were involved representing a total of 12,086 tons. Of the
20 lots, four lots were penalized for deficiency in the quality characteristics.
The tonnage involved was 1172 at 80 percent pay and 1295 tons at 95 percent pay.
The overall payment the Contractor received was 97.52 percent of his bid price,
or a loss of 2.48 oercent.

The data presented in this table were extracted from Appendix Table B1. This
table represents the detailed output of all projects lots that had penalties.
The table also provides information concerning the acceptance criteria that
governed the final pay adjustment. Once again, for Project A14 two of the
four lots were penalized at 80 percent, and two at 95 percent pay. Table 5.1
shows only the total tonnage for each adjustment.

It shculd be mentioned that of the total lots penalized, 24 lots, although
deficient in either stability or compaction, were paid 100 percent because they
represented the first two days of operation. The standard specifications make
allowances for such adjustment period.

Table 5.2 is a frequency distribution of the final pay shown in Table 5.1.
Forty-five percent of projects had 100 percent pay. The large reduction in pay,
indicated by some of the projects, may be due to the small quantity of hot mix
involved on these projects. Furthermore, it should be noted that regardless of
the volume of hot mix involved, all it takes is one maverick lot to shift the
final pay per project out of the 100 percent interval into the lower one. It

*Throughout the report, the terms penalty, penalized, etc. are used without any legal
implication to denote reduction in pay for deficient or non conforming product.



TABLE 5.1

AVERAGE PERCENT PAY FUOR PROJECTS WITH ENO~RESULT SPECIFICAYICNS

PROJ

AOL
ACZ2
AC3
AQ4
ALY
ACG
ACT
ACS
AO09
" AlQ
All
Al2
Al3
Al%
AlS
Alo
ALT
ALS
AlS
AZQ
A2l
AZ2
A23
A4
A2Y
A6
A27
AZB
A29
A3Q
Azl
A22
A34
A35
A36
A27
A3B
A39
A4Q
A4l
ANZ
A43
A4S
A4G
A4l
A4l
A4S
Ab0
AS1
AL2
Abs
AES
ALT
Atk
Ab9

NOTF 2

TGNS

3508
9680
6008
8302
132068
20430
25864
72C4
14520
53802
13C57
1402
1423
12086
¢G5 134
1515
7C14
6637
15667
4212
109117
§1L70
5101
35148
2213
9563
1539
84817
3645
47097
321C7
43512
3283
48E5
3894
£18
4341
11802
9021
16C5
8¢CT6
4925
€662
22328
2468
2401
19040
20807
6588
26796
481172
G517
5156
17425
- 7122

NLOT
Lnre
TPS50
Tean
TPa95
pppr
1 TON

Hon u i oy

NLOT Lare

-
©
oS
(=]

1
15
11

8
23
30
31

19
45
94
21

5

4
20

o000 CcloCovwonoOoOOOO

116

-
P OOOOCSTMNNWLWNOCCCPTDCOOCNNNCOC—O

N
w
-

o2}
(Y]
-

‘\

P

[
CJC?O‘DC:O‘D&:o(}O(DC)OCDC’C(DCJC<D—JO¢DC>OC3C)O‘DCJOC}C&*C)C>D

-
~OOWNCOSCOWNNOOCOWCOUNOWW

M. OF LOTS

LNTS PENALIZED

TONS PENALTZEND AT 509 PAY
TONS PHEMALLIZED AT 807 PAY
TONS PENALTIZED AT 95% PAY
PERCENT PAY PR PROJECT
Q.91 METRIC TON

P80

217

LLy

O0COONOODOOQOoOOWDOOOCOC

TP95

PRPP

100.00
$%.73
100.00
100.00
100.00
99.58
68,32
98.19
100,00
100.00
1G6C.CQ
1¢C.00
100.00
97.52
100.00
100.00
160.00
100.00
G59.61
94.36
91.56
96 .07
99. 44
100.00
100.00
1cc.a¢
100.00
100.0¢
96.01
G5G.61
99.52
95.53
$3.90
88.93
1cC.CC
100.00
G447
100.00
1C6C.00
100.00
99.33
99,39
97.87
§9.4C
100.00
100.00
SH.41
1C0.00
6T.C5
98.73
97.12
100.00
65.16
99.16
98.36



TABLE 5.1 (CONTINUED)

AV ERAGE PERCENT PAY FOR PROJECTS WITH END—RESULT SPECIFICATIONS

PROJ

Ae0
A6l
Ab2
AL3
At4
AES
Ab6O
Ae?
A68
AEY
AlQ
ATl
AT2
AT3
Ata
A75
AL
AT7
Ald
AT9
AEQ
A8l
Ag2
AE3
AB4
AB5

TPY95

245
2480
4034

0
2341
0

0
515
¢

0

885

680
18712

ppep

99.94
93.10
97.46
100.60
99.,4C
100.00
1c¢cC.CC
99 .85
1460.00
100.00
55.65
95.74
86.65
99.017
99.79
58,58
B84.18
99.45
99,06
100.00
1¢C.CC
100.00
97.88
100.60
10C. 00
90.7¢

TOTAL

TONS NLOT Lore w50 TP8Q
20261 31 2 0 0
21411 44 10 g 345
23894 49 10 0 2023

144631 8s 0 0 ]
113172 91 7 0 2187

S174 20 0 0 0
1b8o7 25 0 () 0
18739 i3 2 0 0
34794 s 0 Q ¢
12168 3s 0 0 0
141E7 16 1 0 0
18056 25 4 955 1255

8743 17 12 1029 2807
25206 32 2 0 1077
114917 17 1 0 120
li/4 17 1 0 721

66CT 11 1 1135 2011

6816 15 1 o 189
11311 9 1 0 0
11865 15 0 0 0

6904 10 0 0 0

S782 9 Q 0 0

864 1 1 0 520
15828 15 ¢} 0 0

8149 1 Q 0 0

7841 10° 5 0 3622

1353122 1751 190 4908 46222
TABLE 5.2

FREQUENCY TABLE FGR FINAL PAY.

FEPP FREQUENCY PERCENT
90 4 4.938
91 ‘ 1 ’ 1.235
93 1 1.235.
94 2 2.469
95 3 | 3.704
56 2 2.469
ST - 6 7.407
58 6 7.407
99 19 23.451
100 312 45.619

TGTALS i 100000

NATC: pPPeo = 9 MOANS PERCANT PAY PLR

PROJECT IS

PPPP = 91 MPANS PIRCENT PAY PER PROJTICT IS

EYC,

0-90.99,
31~91.99,



was also revealing that most of the contractors engaged in large volume hot mix
operation had little difficulty meeting the stated requirements.

In order to determine the distribution of penalties with respect to the acceptance
characteristics, Table 5.3 was prepared. This summary was prepared from Appendix
Tables B2, B3, and B4, which represent a comprehensive breakdown of penalties
according to each of the acceptance criteria. Table 5.3 summarizes the
contribution of each of the quality characteristics to the final adjustmen: on the
basis of total tonnage and tonnage penalized. It is readily obvious that most of
the penalties occurred at 95 percent pay and that roadway compaction is the

major source of deficiency contributing to the reduction in pay. The low
percentage of deficiency due to Marshall Stability could be related to the
guideline values provided in the specifications for design of various mixes. These
guidelines presuppose the risk involved if the mixes are not designed and maintained
at the indicated stability values (see Table 1 in Appendix A). What happens if the
process is not maintained at the specified level is discussed towards the end of
this section.

TABLE 5.3
PISTRIBUTION AF PFNALTIES ACCORDING Tr ACCEPTANCE. CRITERIA

DISTRIBUTION, ¢

PENALTY FCCEPTANCE  CRTTFRIA

BASED NN 2 STAB  COMP SYRE TOL TOTAL
TUTA[ T”Ng 50 0 * '12 o?." .36
{1353722) R .25 1.86 1.31 3.42

95 .38 3,72 1.28 © §5.38

TOTAL 63 5.70 ?.83 9.16
TONMS S0 0 1.27 2.69 3.96
DENALIZED 80 2.77 20.25 14,26 37.28
(12393d) a5 418  40.58 14.00 S8e 16

TOTAL  6.95 6210 30.95 100.00

Table 5.4 shows a similar distribution of penalties according to mix type and
acceptance criteria. Thus, 6.2 percent of mix 5 was deficient in stability.
Similarly, 9.9 percent of mix 3 had surface smoothness deficiency. Tables 5.3 and
5.4 completely define the distribution of penalties with respect to all possible
categories and represent the crux of the entire evaluation.

10



TABLE 6.4
PERCENT DISTRIBLTIGON CF PENALVIES FCR ACCEPTANCE CRITERIA

MARSHALL RCACWAY SURFACE
ML X STABLL ITY’ CUMPA(&T[C!\ TGLERANCE TOTAL .
L 0.1 5.6 3.6 9.3
4 0 11.7 —— 11.7
3 C 3.9 9.9 13.8
4 0 3.9 - - 3.5
5 6.2 8.5 5.4 20.1
b c 2Ce4 ——— 20.4
7 2.3 T.6 ——— 5.9
8 ¢ 1.3 - 1.3

Review of data in Table Bl indicated that: of the total number of lots penalized,

none of the Tots had penalties due to deficiency in all three acceptance

requirements; and only six lots had penalties due to deficiency on two criteria.

For three of these lots, the penalty had occurred at different levels and

consequently, the Contractor was paid the lower of the two levels.

The above discussion can be summed up in the following statements.

1.

On the vasis of total tonnage, an average reduction in pay of
approximately 1.5 percent of the contract price can be expected.
Furthermore, less than 50 percent of the projects may have 100
percent payment (Tawles 5.1 and 5.2).

Less than one percent of the total mix was penalized at the 50
percent or remove penalty. 3.4 percent of the mix was involved
at the 80 percent penalty scale and 5.4 percent at the 95 percent
scale (Table 5.3).

Sixty-two percent of the mix penalized was due to deficiency in
roadway compaction, and two thirds of this deficiency occurred at
95 percent pay (Table 5.3).

More than 50 percent of the surface tolerance deficiency had
occurred on shell mixes (Table 5.4).

Ninety-seven percent of the penalty was due to single item deficiency.

There were no lots with deficiencies in all three acceptance
characteristics.

11



Relationships Between Specifications and Statistical Parameters

In order to minimize his penalty risks due to deficiency on any of the acceptance
criteria, the Contractor should maintain his process at the specified mean level
and concurrently attempt to reduce his variability. The present specificazions
clearly define the level of stability values at which he should maintain his
process and further clarify the risk involved for failure to maintain the process
level at the specified values. (See Subsection 501.02 (c), paragraph 4 in
Appendix.) What happens if this is not adhered to is illustrated theoretically
in Figure 5.1.

Min Max

Max

~A -0 ——)-—x

-

Figure 5.1: Some Distributional Aspects of Specifications

Curve A symbolizes a relationship between specification tolerance limits and
statistical parameters (mean and standard deviation) using an idealized normal
distribution curve. This stuation is untenable, and the contractor has to reduce
the magnitude of variation or sacrifice a percentage of his product, as shown

by the shaded portion of the curve.



Curve B shows a situation where the curve just clears the inside limits. Although
this might seem perfect at first, there is no allowance for operating tolerance.
The dotted curve shows how the measurements would fall outside the Timits with
only a slight shift in the mean.

The most comfortable situtation is illustrated in Curve C, where some leeway for
sampling, testing, or material variation is allowed. Under this condition
adequate conformance with specification tolerance can be expected.

The preceding idealized illustration can be applied to explain the occurrence of
some of the penalities that were discussed in the preceding section for stability
and roadway compaction. Table 5.5 shows the mean and standard deviation for
projects that had penalties due to stability deficiencies (Table B1). The data

in the table clearly indicate the reason for such penalities. In all cases, the
Contractor failed to maintain his process at the specified level for the respective
mixes. In fact, his process level was too close to the minimum requirement. This,
coupled with the large process standard deviations, increased the probability of
defective lots. Overall, the process control on these projects was poorly
maintained, as is evident from the standard deviations. These values are for
averages (n=4) and not individuals. In order to minimize the penalty risk, the
Contractor must necessarily maintain his level at the values specified in Table I
of Appendix A and also his variability at or around 125 1bs. (5464 ii).

TABLE 6.5
STATISTICS FOR PROJECTS PENALILZED FCR STABILITY DEFICIENCY

PROJECT MIX SUBGRUUP MEAN, STD DEV,

1D i N=4 Le L8

A07 S o 1662 175

A29 T 1 1176

A4 5 14 1742 78

ASH 5 1t 1850 149

Aol 5 4 1751 308

A6l 5 % 1720 285 * N=3
AB2 1 6 1380 214

1 LR = 4,.4%8 N
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Similar reasoning can be applied to the compaction penalty of Table B2. The
corresponding statistical paremeters for the penalized lots are indicated in Table
5.6. The Contractor must maintain this phase of the process at at least a 97 percent
level with variability at or around 0.7 percent. Any increase in process
variability must be balanced by shifting the mean to a higher level. Lack of
adequate control on these two parameters will increase the risk of rejection, as
is evident from the data in Table 5.6. In almost all instances, the project

mean was too close to the minimum tolerance for 100 percent pay. Likewise, the
variability was also considerably large. The combination of these levels
ultimately resulted in 5.7 percent of the mix failing to meet the requirement for
100 percent pay. (Table 5.3)

TABLE 5.6
STATISTICS FOR PROJECTS PENALIZED FCR COMPACTION DEFICIENCY

PRUJECT “LX SUBGRUUP MEAN, sTO QEV,

1o N=5 b4 2

402 4 9 92.8 1.48
AUE 1 30 96.3 .82
Al4 7 20 8544 .84
Al9 3 22 $3.6 1.38
A21 3 11 92.6 2.12
A2l 4 12 92.4 1.23
A29 5 3 93.6 .78
A3Q 8 24 46.0 .86
AL 1 3d 63 .18
As2 1 41 55.0 1.22
A34 1 b 94,2 1.2/
A42 1 63 95. 8 .97
843 L 6 5.6 .14
A4t 1 21 9644 .87
AkY 1 35 96.0 1.36
A51 1 8 94.5 .95
AS1 2 7 T .32
£52 2 12 5.7 1.10
A54 5 16 95.1 o172
AS4 6 24 95.2 .71
A58 5 25 96.3 .98
ASY 1 1y 95.8 .97
£€0 2 13 96.3 .62
AL 5 31 96.2 1.15
A62 5 L4 9644 .91
INY 6 24 56.9 .91
Ab4 1 19 95.8 .61
net 1 22 ST .55
ATU 1 15 $5.9 .65
ATL 1 25 96.0 1.64
AT2 1 1/ 95.17 .92
£73 1 31 $6.5 1.10
INTA ) 5 6.k T
Al 5 1/ 6.8 .87
AlB 1 9 96 .1 ]
ABS 1 10 Y945 S
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Effect of the New System on the Contract Bid Price

Before implementation of the new system of specifications, it was anticipated
that the Contractor's bid price would be buffered by an amount proportional to
the risk of rejection of his product and the cost of monitoring the production
phase of the contract. In order to determine if these added factors have had
any effect on the overall bid price of asphaltic concrete, quarterly bid price
data were plotted from 1970 through the first quarter of 1975. Figure 5.2 is
a plot of such data. The various symbols represent the types of mixes.

The graph does not indicate any sudden upshot in bid price during the initial
period of implementation. In order to confirm this trend, data on other items
were plotted for the same time span. These items were picked randomly from data
files. Figure 5.3 is a plot for coarse aggregate and Figure 5.4, for reinforcing
steel. Both plots indicate a trend similar to Figure 5.2. One possible reason
for almost horizontal trend in bid prices from 1971 to 1974 is the wage-price
control legislation. The sudden upshot after 1974 could be associated to the
lTifting of the wage-price control. The fact that the Contractor has to employ the
services of private testing laboratories for the design and control of mixes can
not be overlooked. Such costs amount to approximately $150 to $200 per day. This,
according to Contractors, is negligible compared to their daily returns. On

the other hand, there is a built in cost for product that may be subject to
unforeseen penalty. However, this varies from Contractor to Contractor and is
dependent upon his past project's economic returns. Therefore, any discernible
trend indicated in the plots should be viewed in light of the factors generally
associated with the normal inflationary trend in wage-price system rather than

the factors mentioned above.
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6. VARIABILITY OF DATA

Frequency Distribution

This section attempts to discuss the variability of data in various formats.
Figure 6.1 through 6.7 represent one such format in graphical form. These figures
represent histograms or frequency distribution of data grouped according to their
specification tolerance limits. Thus, Figure 6.1 is a histogram for Marshall
Stability for mixes 1, 2, and 7. A1l these mixes have 1200 1b. (5338 N) stability
requirement. Mixes 3 and 4 however, were, treated separately because of the type
of aggregate (shell) used in these mixes. Likewise, for compaction, data for all
mixes except 3 and 4 were grouped together for analysis because of similar
requirements.

The histograms indicate the close approximation of data to Gaussian or Normal
Distribution. Furthermore, the width of the distribution indicates the relative
magnitude of varijation within each group of data. Mixes 3 and 4 indicate the
largest magnitude of this variation, and mix 7 the least. Similarly, this
variability for roadway compaction is also quite pronounced for mixes 3 and 4.

Variability in Stability and Roadway Compaction

The magnitude of variation in stability for each project is presented in Table 6.1.
This table presents variability expressed as the range or the difference between
maximum and minimum values. The table provides variability information relative
to Within Lot or Within Day, Between Lots or Between Days, and between any two
individual determinations. The mean and standard deviation values (for n=1) are
also provided for each project according to mix types. The distribution of these
parameters is shown in Table 6.2. O0Of interest here are the low and high values
for each of the sources of variation. Thus, for mixes 3 and 4, the range of
values for Within Lot source varies from a low of 297 ibs. (1321 N) to a high of
1597 1bs. (7104 N). These low and high values for Between Lots source are 214
1bs. (952 N) and 2251 1bs. (10013 N), respectively. Tables 6.3 and 6.4 provide
similar information for roadway compaction.
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The data in Tables 6.1 and 6.2 indicate the lack in uniformity of the product
for all mixes in general and mixes 3 and 4 in particular. In a number of
instances, the extent of variation in a given day (Within Lot) was greater
than three standard deviations of the process. The significance of this
statement has some bearing on the definition of the term Lot. Simply stated,
a lot is considered to be a homogeneous segment of construction or production
process. The variability of data indicated by Within Lot source is too large
to have occurred due to chance and makes the homogeneity of the product
guestionable.

In order to verify the contention that a longer duration of plant operation
provides a more uniform product, Figure 6.8 was prepared from data in Table 6.1.
Mixes 3 and 4 were not included in this plot because of the large magnitude

of variation reflected by these mixes. The plot assumes the variability generally
associated with sampling and testing to remain constant. The data presented

in the figure, however, does not verify or refute the association of uniformity
with duration of operation.

Comparison of Variability Between Conventional and Statistical Specifications

Before inception of the new system of specifications, it was anticipated that
the past product uniformity could be maintained or improved. However, the

data does not bear this out with respect to the production process as discussed
above. On the other hand, there seems to be an improvement in the overall level
of uniformity in the compaction phase of construction. This inference is
reinforced by data presented in Table 6.5 and Figure 6.9. The table shows
pooled data on statistical parameters according to mix types. The figure shows
comparison of variability of data generated by the conventional (old) and
end-result (new) system of specifications. The data for conventional
specification was extracted from reference 1. Furthermore, the comparison is
for mix 1 only because of absence of data on other mixes for conventional
specifications.

The data in the figure indicate the lack of quality control of production at
the plant. This level is reflected all the way through the acceptance test
for Marshall stability. However, it is necessary to evaluate this comparison

20



in Tight of the source of the two sets of data. The variability of data
presented for conventional specifications were generated from historical
sources and such sources are normally considered questionable because of
certain amount of bias built into it. Nevertheless, the variability indicated
by the present data is surprising since, if anything, the level should have
improved. The argument stems from the fact that equipment and production
technology have improved considerably during the past decade to provide for
better control. Furthermore, the problem of excessive variation may be
compounded if there is a widespread adoption of the drier-drum concept of
mixing operation. This is because the batch proportioning has to be
accomplished at the cold feed and control at this stage may not be as easy
to maintain as with the conventional bin proportioning.

One of the primary reasons for such lack in quality control could be traced to
the contractor's failure to monitor his production process through the use of
control charts. This inference is drawn after review of these control charts
where definite trends for data moving towards the control 1imits and beyond
were observed, and yet no effort was made to correct this trend. It is firmly
believed that the purpose of these control charts is not being viewed in the
light it was intended for, namely, as a tool for taking corrective action
before the process goes outside the normal range of variation. Likewise, the
Department personnel may have been slackening in their level of inspection

for this phase, particularly if the new system has been construed to mean
freedom from obligation of the legal authority or responsibility to take
corrective action whenever results fall outside the specified job mix control
limits. However, it could be argued that the Department should be primarily
concernec with the quality of the end product, and therefore, such occurrences
in quality control inspection may not be caused for alarm, since there was no
evidence of inferior end product as a result of nonuniformity in plant
production. This may very well be true, since the compaction phase of the
acceptance procedure seems to indicate adquate level of uniformity. However,
because of lack of comparative data, the level of quality of the riding surface,
as is evaluated by present smoothness criteria, is undetermined.
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Variability of Data with Time

In order to evaluate the level of control maintained during each time interval,
data were grouped according to the year the projects were constructed. This
evaluation is based on the assumption that caution and tigher controls
generally prevail during the initial period of evaluation of any new system

and that one tends to relax his level of control as familiarity is gained

with the system. Table 6.6 shows the yearly evaluation of all data generated
by these projects during construction. There does not seem to be any well
defined trend of nonuniformity in product with the time interval studied.

Any discernible trend on individual items should be judged to have occurred

due to random causes. |

Individual data were checked against their respective tolerances to determine
the percentage of the product not meeting the stated requirements. Appendix
Table B5 shows these percentages for extraction data. Standard specifications
for aggregate gradation were used to determine these percentages. Except

for percent crushed material, no more than one percent was outside the master
range for gradation. These percentages outside the respective job mixes were,
however, in excess of five percent. Appendix Table B6 shows similar types

of evaluation for stability and compaction. For these, the limiting values
were those indicated for individuals in Table V of Appendix A.

In summary, then, the magnitude of variation indicated by various criteria
during the production phase should be associated with the relaxed attitude
towards the use of control charts for proper monitoring of production.
Likewise the magnitude of variability indicated by the stability data may have
occurvred as a result of similar lack of control on job-mix formula.



TABLE 6.1
MAX CIFFERENCE WITHIN & BETWEEN LOTS FOR MARSHALL STABILIYY

PRCJ MIX NLOY WLSY BLST BSXLX2 NS MSTAH STOSTAB
AQ1 1 1 211 263 411 22 1662 111
AQ2 3 [ 657 288 949 23 1572 241
402 4 9 707 3g¢ 1032 31 1781 234
AQ3 3 5 432 214 634 18 1622 169
AQ3 4 7 291 310 497 24 1658 133
204 3 a 903 414 S7¢6 26 1687 271
AQ5 1 23 948 997 1479 80 1793 335
AGO 1 3¢ 178 152 1253 113 1773 260
ACT 1 5 165 372 917 17 12€1 21t
AQ1 3 z1 14¢8 1401 1562 81 2301 468
AQY 5 9 1286 655 1286 29 1704 305
ACS 1 15 514 593 1102 40 1603. 234
ACH 7 4 749 358 E68 L5 1478 248
ACS 1 46 791 1079 1565 137 1891 292
Al10 4 94 1552 14G4 2218 333 1681 404
ALl 3 14 1286 576 1444 48 1782 322
All 7 7 566 210 L63 24 1686 175
Al2 L 5 451 421 679 20 1439 220
Al3 1 1 181 181 3 1372 94
AL3 2 3 661 199 6ol 9 16bs 204
Al4 7 20 662 544 870 63 1734 199
AlE 1 1 1166 691 1349 24 1782 339
Al6 1 4 781 358 828 L4 2231 286
ALY 1 16 €93 436 947 59 1631 213
AlLSB 1 2 859 256 915 8 22¢€0 311
Al £ 8 EEY 524 982 26 20158 247
ALY 6 [y 1082 368 1082 24 1159 265
Ale 3 23 1570 2251 286% 73 2186 615
220 1 7 617 454 8117 23 1579 199
A2l 3 11 5489 646 996 32 23396 267
hel 4 12 114 811 12C1 37 2306 288
A2 1 11 639 692 789 25 L4E7 ig92
Adc 5 15 Lu84 805 t42Q 5@ 259Q 303
£23 5 o L5911 104 551 L7 163] 154
A3 6 < 1073 441 1312 18 1783 324
AZ24 1 34 1159 £45 13176 128 1607 221
A25 1 5 357 374 607 16 1534 188
AZ26 1 14 1011 6G4 1131 52 L1863 260
AT 1 4 411 233 454 13 1894 165
AS i 12 154 69% 1313 39 17917 289
AZY 1 2 280 151 314 [ 1367 142
A2S 5 3 4499 606 1371 8 2306 278
42 7 5 335 252 510 12 1244 154
A3C 8 29 1191 171 1521 igl 1140 233
A31 1 38 431 i61} 10517 144 1719 220
A32 1 43 664 319 784 152 1758 129
A34 1 6 428 311 632 24 1542 152
A35 5 o 33d 461 €495 21 1770 193
A35 ¢ 2 231 80 285 8 1772 93
A3 1 o 5¢1l 244 6CQ 19 1663 181
ADT 1 4 780 406 780 13 1691 254
A38 1 3] 113 31C 858 24 175% 222
Al 1 14 64l 407 1460 48 1572 191
A4C 1 18 114 151 1327 hE 1736 208
Al 1 3 5490 194 L0406 11 L7869 Jsu
NOTE:D Wl ST = WITHIN (07 #a9 STASILITY, LAS

sy O RETWOANM 0TS gt STARTLITY, LRSS

ROXLXD2 = DTNy ST Xy 6 o x?

NS = MO OF STAYTLEITIES

MOSTAR o MEAN MAPSHALL STARICTIY, (8BS

STDST A= STANDATD DIVIATION FuR STABILITY, LBS

LA = 4449 N



TABLE 6.1 (CONTINUELD)

MAX CIFFERENCE WITHIN & BETWELN LOTS FUR MARSHALL STABILITY

PROJ MIX NLOT WLST BLST BSXLX2 NS MSTAB STOSTAB
A42 1 65 913y 1038 1572 219 1743 211
A43 1 7 1028 413 1083 26 1770 3t
A4 1 14 13¢¢ 3817 1366 49 1576 238
A4S 2 2 1306 83 1366 8 1618 403
A4 1 2¢ 12 1C24 1417 93 1966 2494
aqr 7 3 781 123 181 12 1566 249
A48 1 5 557 248 588 18 1481 161
£4S 1 364 1110 816 1455 129 1713 2717
AS5C 1 43 564 98% 1187 141 1713 201
251 1 8 386 202 483 31 1411 138
AS1 2 7 513 434 687 27 1459 206
I3y 1 10 1184 711 1617 33 1785 322
~52 2 13 929 409 1134 47 1821 254
AS2 7 12 706 455 861 40 1413 203
254 [3 16 1171 210 1171 62 1749 243
AS4 6 25 967 761 1478 96 1666 251
AS5 5 4 €5 303 841 12 1831 227
AbS 6 3 554 368 651 15 1552 207
AS7 1 S 742 243 - 142 35 1663 154
A58 5 26 440 465 1640 84 1845 300
ALS 1 18 7317 474 1055 56 1548 217
A6O 1 11 846 €66 1210 37 1729 218
ALC 2 20 1169 L0LS 1497 72 2038 X g
“Aol 1 3 1291 224 1251 10 1472 a9l
AL 5 31 1167 898 1380 89 1818 319
AL & 10 1144 678 1326 28 1776 339
Ao2 5 14 ) LY 8473 56 1588 206
A2 6 36 1251 698 1257 91 1991 238
AG3 8 89 1000 1183 14C3 325 1276 241
Ab 4 1 19 156 633 1045 66 1538 199
b4 8 12 708 768 1140 2¢h 1254 159
AES 1 20 126 487 179 57 1762 178
ALG 1 2% 139¢ 616 1671 81 1796 305
AT 1 33 739 635 1040 101 1668 216
A8 1 35 &35 496 893 129 1689 82
A9 1 39 906 534 1C43 128 1546 220
ATO | 1é 136 287 1004 61 1561 174
“All 1 25 111 186 15¢Ca 86 16€3 264
AT2 1 17 550 468 963 54 1541 161
AT3 i 32 1041 515 1450 122 1536 242
Al4 1 4 210 124 283 14 1511 90
AT4 5 15 £93 458 192 49 1996 196
ATS 5 17 1023 €53 1250 68 1938 290
ATE 3 11 551 484 825 32 1985 198
ATT I 15 284 509 7¢8 55 14C0 192
As 1 g 616 3715 710 34 1715 187
279 1 15 7175 674 1071 55 1658 271
ABC 1 10 1124 494 1124 36 1480 257
ABL 5 9 1053 731 1652 33 2176 363
FY: 1 7 11¢8 562 1154 25 1423 297
AB3 1 15 913 612 1177 57 1935 289
AbG 1 7 452 426. 47 24 1643 214
AES 1 10 605 321 111 37 1349 155
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0BS_YYPE

N
MEAN
ST
LW
HIGH
cv

GBS_1TYfPE

N
MEAN
STD
LCh
HIGH
Cv

CBS_TYPE

N
MEAN
ST0
LEwW
HIGH
Y

UBS_TYPE

N
MEAN
I
LCH
HIGH
cv

ups_tyec

N
MEAN
STD
LOW
H1GH
v

1 LR 3 4,448

WLST

12.00
T45.74
28l.56
181.C0
1396,00
31,15

wLST

12.00
903.00
448.66
257.00

157C€.C0

49.69

WLST

14.0C0
800 .64
LR v
230.00
12€6¢. ¢Q
39.48

WL ST

7.00
901.43
369.178
£31.00

1257.00
4l.02

WLSY

3.00
Se6.33
243.2%
768.00

1191.00
25.11

)

TABLK 6.2
STANDARD STATISTICS FOR MAXIMUM DIFFFRENCE TABLE FOR STABILITY

MIX 19247

BLST BSX1X2
71.00 72 .00
502.39 SB4. LG
240.12 339.12
83.C00 141.C0
1079 .00 1677.00
47. 19 14443

FIX 3,4
gLSY BSX1X2
12.00 12.0¢
TTi.17 1304.83
612.16 712.C17
2L4.00 4%7.00
2251.00 2864, C0O
79 .38 544,57

MIX 5
BLST 8SX1X2
14,00 14.00
541 .14 1693.57
206.19 353.11
164.00 561.C¢
868.00 1652.00
38.21 32.29

MIX 6
BLSTY BSXLX2
1.00 7.00
485.71 1055. €6
242 .09 431 .29
86,00 285.00
761 .00 1478.00
4%5.84 40.89

MIX 8
BLST BSX1Xx2
3.00 3,00
907.3) 13%4.467
238.714 195.04
1648.00 1140.00
1183.00 1921.CO
26.31 14 .40
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MSTASB

72.00
1645.81
Lu8.97
1244.00
2260.00
LL.48

MSTAB

12.CC
1938 .08
296.45
1572.0C
2396.00
15.30

MSTAB

14.00
1968.3¢6
245.06
1704.00
2594 .00
12.45

MSTAB

71.00
1757.00
133.12
1552.00
1991.00
7.58

MST AR

3.00
1236 .67
84.20
1140.00
1294.0¢C
6.81

SYDSTAB

72.00
231.46
710.60
$0.00
463.00
30.50

STDSTAB

12.00
300.83
136.22
133.00
615.00

45.28

STDSTAD

14.00
258. 86
58.87
154.00
363,00
22.74

STDSTAB

1.00
245.29
81.76
§3.00
339.00
33.33

STDSTAB

3.400
211.00
45.21
159.00
Z41.00
21.43



TABLE 6.3

MAX CIFFERENCE WITHIN € BETWEEN LOTS FOUR RUADWAY COMPACTICH

PRCJ MIX NLQT wLCe BLCP BCX1X2 NC MCOMP STDCCHP
AQ1 1 1 3.8 2.6 4,3 23 96 .7 1.27
202 3 6 3.0 2.3 3.8 30 95.6 1.11
AQ2 4 9 8.1 6.5 9.6 45 92.8 2.065
AQ3 3 5 3.0 1o3 4.5 25 93.9 1.09
AC3 4 7 6.3 244 6.3 35 93.4 1.63
AQ G 3 8 5.5 3.4 6.8 K} G4 .4 1.71
ALY 1 23 4.7 2.0 5.1 115 96 .6 1.48
ACO 1 3¢ b4 3.0 7.6 1%0 Yo .3 1.33
ACT 1 5 5.6 2.2 6.9 25 974 1. 98
AG? 3 21 5.5 645 8.3 60 95 .17 2.11
807 5 9 3.5 2.4 5.9 35 97.0 1.21
ACB 1 1% 5.2 2.9 6.5 15 95 .9 1.36
A0 7 4 2.6 1ol 3.0 20 47.06 a.84
ACS 1 46 6.9 3.7 1.8 192 97.1 1.4%
Al 4 94 6.1 641 8.6 4438 96 .0 1.42
ALl 3 14 4,2 4.5 1.2 65 93,7 1.39
ALl 7 7 3.0 2.0 5.0 35 95 .1 0.95
ALz 1 5 5.0 1.8 6.0 25 91.4 1.51
AL3 1 L 2.2 2.2 5 97.2 1.10
AL3 2 3 3.4 2.3 5.9 15 94.9 1.%%
AL4 1 20 3.7 3.3 6.2 100 95 .4 1.19
515 1 7 5.0 2.6 7.0 35 96 .4 1.54
Al6 1 4 4.0 1.2 4.0 20 95.5 1.23
ALY 1 16 1.5 2.5 6.0 80 97.8 1.29
ALy 1 2 2.1 C.5 2.6 10 99,7 0.83
Al 5 8 3.6 2.5 6.0 35 96.8 1.26
ALY 6 6 7.3 2.1 S. 0 30 96.8 1.93
als 3 23 4.5 5.9 7.7 114 93,6 1.55
420 1 7 4.1 2.¢C 5.8 35 95.8 1.3%
A2l 3 11 5.4 6.9 10.1 55 92.6 Z2.56
821 4 12 6.2 3.8 8.0 60 92 .4 1.80
azz i I 4.6 2.1 5.4 40 9¢6.3 1.36
AZY £ 15 6.1 3.0 8.2 70 97.3 1.59
823 5 s 6.4 0.4 6.4 22 $5.9 1.36
A23 6 5 4.7 1.1 4.7 25 96 .4 1.31
AZ4 1 34 5.1 4.9 8.2 170 91.6 1 .41
A2S 1 5 2.5 3.2 5.1 18 96.8 1,94
AZG 1 14 3.9 2.4 4.7 65 96 .1 1.10
Al 1 4 3,0 1.4 4.2 20 95.6 1.10
AZE 1 12 5.1 2.7 6.7 55 96 .4 1.40
A29 1 2 5.6 0.4 5.9 10 95.6 1.68
A2 5 3 3.8 1.5 4.6 15 93.6 1.18
229 7 5 6.0 2.9 6.8 25 SB.1 1.73
A3C 8 29 3.8 3.4 5.5 145 96.0 L.28
A3 1 38 6.4 3.3 7.3 190 96.3 1.30
A32 i 43 4.7 4.1 7.1 210 59,6 1.52
A34 1 6 6.9 3.2 4.6 30 94,2 2.27
235 5 & 4.2 1.8 5.0 30 96,8 1.10
A35 6 2 3.6 0.t 3.9 10 97.5 1.01
A36 1 6 6.3 2.2 1.2 27 96.0 1.00
A37 1 4 4.3 0.8 4.3 20 95.4 1.10
A38 1 6 3.9 1.5 5.5 30 Y6.0 1.23
A39 1 14 5.1 3.2 6ok 10 96,2 1.20
A4C 1 18 447 3.1 1.6 90 96 .4 1.38
At} 1 3 3.0 C.4 3.1 15 95,6 1.07
WLCP = WITHIN LOT FOR COMPACTION

aLcp = BETWFEN LOTS FOR COMPACTICON

ACXIX2 = SETWEFN COMPACTIAN X1 f X2

NG = N0. OF CAMPACTIONS

MCYMAP = MEAN ROADNJAY COMPACTION, 7
STDCOMP= STANOARD DEVIATION Fi0 COMPACTION, 7
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TABLE C.& (CONTINUED)
MAX CIFFERENCE WITHIN & BETWEEN LOYS FGR ROADWAY COMPACTICHM

PRCY MIX NLOT WLCP BLCP BCX1XZ NC MCOMP STDCQMP
A42 1 €S 1.6 5.C 10.6 325 95,8 1 .5%
A43 1 7 443 242 4.3 34 95.5 1.40
A45 1 14 5.2 2.4 6.9 70 96.4 1.33
A4S 2 2 3.9 Ca0 3.9 10 96.1 1.18
A46 1 28 6.0 3.4 8.1 135 96 .4 1.33
p4 7 3 3.3 1.5 3.8 15 97.4 1.20
AGE 1 5 3.4 0.5 3.8 15 96 .0 0.93
249 1 36 6.0 5.7 8.6 175 96.0 1.73
A50 1 43 6 4 2.6 7.6 215 96.3 1.30
ASL 1 8 4.2 2.7 5.9 40 94 .5 1.37
AS1 2 7 4.8 1.0 5.2 35 94 .4 0.96
AE2 1 10 7.4 1.5 T4 40 96.0 1.38
AE2 2 13 4.3 3.6 1.4 62 95. 7 L.56
AS2 7 12 6.9 2.5 7.8 60 96.2 1.54
A5 4 5 16 1.5 2.4 9.3 80 95.1 1.49
AS4q 6 25 4,6 3.l 5.5 122 95.2 1.19
ASS 5 4 3.9 1.0 4.3 20 97T .4 1.17
AYHS & 5 3.9 1.2 3.9 25 96.8 1.13
A5 1 S 542 3.0 boh 4% 9646 1.42
A58 5 26 5.2 3.4 1.4 130 96.3 L.51
A5 1 18 546 4.2 7.2 9y 95.8 1.46
ALO 1 11 4.6 3.4 5.9 %24 964 1.38
ALC 2 20 4.7 2.9 6.8 69 g6.4 t.10
Aél 1 Ej 5.8 Ca? 5.9 15 95 .4 1.52
A6l 5 3 5.0 3.9 8.2 155 96.2 1.61
A€l 6 10 4.6 2.2 Sel 50 97.1 1.20
Ab2 5 14 4.7 3.6 6.0 70 9&.5 1.37
A62 & 36 4.6 4.9 1.7 149 97 .1 1.42
£e3 8 89 4.6 3.5 1.6 445 96.3 1.22
AL4 1 19 4.1 24 6.4 . 95 95.8 1.16
Atk 8 12 6.3 3.0 6.7 357 95.9 1-.16
A6S 1 20 4.2 2.1 6.8 96 96.4 1.24
Ac¢ 1 25 4.7 4.2 8.5 120 97.0 1.5%4
a67 1 33 46 2.8 5.6 116 §6.1 1.12
A& 1 35 5.5 3.4 6.4 175 3&.9 1.28
Ab9 1 39 4.5 2.6 6. 190 9€.5 1.28
ATC 1 16 3.8 2.0 6.4 79 95.9 1.09
ATL 1 25 5.6 G4 9.3 125 96.0 1.89
AT 1 j 4 6.0 3.1 8.0 a5 95.7 170
AT3 1 32 S.4 4.7 9,8 155 16 .5 1.80
ATSH 1 4 4.2 1.4 4.7 20 it.1 1.17
Al4 5 15 3.8 3.4 1.2 75 96.4 1.28
AlY 5 17 10.2 4.1 11.5 85 96.8 1.55
Alb 3 it 3.5 1.3 4.0 55 93.48 0.99
Al 1 s 3.4 2.0 4.1 15 97.7 1.01
AlY 1 9 5.0 2.6 5.0 45 961 1.20
Aty 1 15 441 1.7 4.7 5 G644 1.07
A80 1 10 5.0 2.0 5.8 50 96.5 1.38
agl 5 9 4.3 1.0 5.1 40 96 .0 1.11
Al 1 ? 3.9 3.4 7.1 34 371.0 1.69
Au 3 1 15 4.2 2.1 4.0 15 96.5 1.11
A84 1 1 5.5 1.4 6.8 35 96.1 1.16
AES 1 10 4.2 1.4 4.1 50 95.5 1.04



TABLE 6.4
STAHNARD STATISTICS £0P MAXTMUM DIFFFRENCE TABLE FOP COMPACTINN

MIX 192¢5,6417.8

OUS_TYPE WLCP BLCP BCX1X2 MCOMP STDCOMP
N 96.00 95.00 96.00 96.00 96.00
MEAN 4.85 2.52 6.22 96. 30 1.33
STD 1.39 1.24 1.73 0.86 0.24
LCwW 2.10 0.C0 2.20 $3.60 0. 83
HI1GH 10.20 6440 11.50 99.70 2.27
cv 28.63 49.33 27.81 0.90 18.32
MIX 344
OBS_TYPE wLCP BLCP RCX1X2 MCOMP STLCOMP
N 12.00 12.00 12.00 12.00 12.00
MEAN 5.14 4.24 7.C7 93.96 1.67
STO 1.49 2.11 2.C9 1.22 0.54
LOW 3.00 1.30 3.80 92.40 0.99
kIGH 8.10 6.50 10.10 96.0¢C 2.65
cv 29.01 45.71 29.56 1.30 32.52

28
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TABLE 6.5

STAYISTICAL PARAMETERS ACCORDING TQ MLlX TYPES

UBS_TYPE MIx TONS STAB CCMP p1 % 3 773 N4 N1Q N4O N80 N2CO ACX CRSH

b 532,00 343¢€.00 48(C3.C0 224.00 690.00 714,00 7{4.00 714,00 714,00 714+00 714,00 714.00 715.00
MEAN 1 1C4.84 1675.80 $6.33 100.00 99.98 93.88 " 57.68 42425 244,49 11.25 6.13 5.01 8l.57
STe i 375,07 271442 1.52 0,00 0.21 3.43 4e99 4067 3.51 2.31 1.37 0.35 5.78
LOn 1 15.CGC 12C.C0 €8.80 100,00 97.00 81.00 44400 28,C0Q 10.00 3.00 1.0Q0 4.00 &£0.CQ
hIGH L 1855.,u0 ¢846.00 1€1.3C 1€0.00 1cCC.00 59,00 86.00 64,00 46,00 26.00 12.00 7.00 96.C0
Cv 1 53.21 l16.20 1.28 0.00 0.21 3466 8e05 11.08% l4.34 20.54 22.41 6,91 7.08
K 2 45.L0 163,040 15C. 00 38, "0 74.00 76.00 76.00 76.00 716400 76,00 16,00 16,00 16.00
ME AN Z 650.44 1835.306 95.65 99.77 CE.49Q 85,60 54,92 40,08 23.47 10. 68 5.23 4.23 12.11
STL 2 3322.16 376441 l.46- C.58 1.86 5459 5.64 4.54 3.40 2.21 1.41 O.08 .28
Llnw 2 155.00 1027.00 SC.5¢ §7.00 g3.00 73.C0 42.0¢C 29.00 ' 15.00 6.00 1.10 3.30 914G
HiGH 2 {490,000 Q733.C0 99.60 100.00 100.00 97.00 65.00 51.C0 32.00 18.00 la.60 5.50 §7.C0
Cy 2 51.22 20.606 1.53 0.58 1.86 6:51 10.66 1L.33 l4.47 21.25 26.79 10.8¢6 11e43
N 3 S9.U0 333.00 442.C0 0.00 0.00 0.00 0.00 .00 .00 0. 00 c.Co 0.00 0.00
MEAM 3 7322.34 2C44.81 $3.99 .00 .00 C.CO 0.00 0.00 0.00 0.00 0.00 0.00 ¢.Co
St 3 438.82 458.01 1.92 .40 Q.00 C.00 .00 0.00 0.00 0.00 0.00 0.00 0.00
Liw 3 3¢.00 10174.CQ £5.4C 0.00 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00 6.00 .00
HIGH 3 244U.00 3679.CC §5.60 0.00 Q.00 ¢.00 0.00 c.C0 0.00 0,00 0.00 0,00 0.00
Cv 3 99.92 24.3¢8 2.04 0.00 Q.00 0.00 0.00 0.V0 0.00 0.00 0.00 0.00 .00
N 4 121.00 425.00 5ge.c¢0 0.c0 0.C0O 0.C0 0.00 0.00 .06 0.00 0.00 0.00 0.00
MEAN 4 559.12 1976441} $5.25 0,00 0.30 0.00 0.00 0.0¢ 0.00 0.CO 0.C0 d.qaq ¢.C¢
STo 4 311.58 3SE.14 2.13 c.Caq C.Ca €.CO 0.00 0.00 0.00 ¢.00 0.00 0.00 0.C0
Lud 4 40.00 7C4 .00 87.40 0.00 0.C0 0.00 0.00 0.00 0.00 0.00 0.C0 0.00 .03
kiCH 4 1174.00 <J6€2.C¢C 1¢C. 20 0.C0 C.CQ ¢.00 0.00 0.00 0.00 0.00 ¢.09 g.4¢ .20
Cv 4 55.80 20.07 2.23 0.00 0.Cu C.t0 0.0e 0.00 Q.00 0.00 0.00 0.00 0.00

NOTE: Ply P3/4y.0a ETC PERCENT PASSING INOICAYEQ SISVES

SYAS = MARSHALL STABTLITY, LBS

COMP = ROANWAY COMPACTION, 2

ACX = ASPHALT CONTENT, %

€oSH = ¢ CRUSHED

STD = STASIDARD NEVIATION

A = COCFR, OF VARTATION, 2
118 = 4,428 N

1 TON = 0.9) METRIC TON



0¢

UBS_TYPE

MEAN
579
Linm
Nt
Cv

ME AN
S10
LCw
hiGH
cv

ME AN
STY
Lln
+1GH
cv

N
MEAN
STO
LGn
K1G
Cv

MIx

AR U U

oo 0o

NN N~

o owm

TONS

175.0C
631,06
315.28
45400
17182.GC0
56.417

b8.00
71E<44
401635
32.CC
1L760.00
4.2

51.0C
634.21
292,46
140.00
1185.CC
46,27

150.0¢C
1506.C1
5063.71
145.00
25C8.00
37.43

STAB

6C4q.CC
1949.617
3£5.55
806,00
3332.00
18.23

28L.00
1794478
2G4 .56
1€22.C0
2690.C0

lea43

1¢6.C0

.1578.90

257.2
983.00
22217.CC
16.20

651.CQ
1262.92
217.79
3C8.00
20C65.u0
17.25

STATISTICAL PARAMETERS ACCORDING TQ MIX TYPES

cCrp

8€2.CC
§€.35
1.57
£7.2C
1cl.co
1.63

411.00
%641
1.59
5240
101.7¢C
L.b64%

285.CC
56.09
lat2
91.60
1Cl.7C
1.68

541.00
5¢c.08
1L.22
§52.40
100.40
1.27

Pl

$3.6¢C
1C0.C0
0.00

1€0.C0

160.00
. C.CO

1C2.0¢C
1Cu. s
Q.00
1CC.00
1C3.¢CcC
.00

18.C¢0
100.00
C.GO
1€C. 00
1¢C.CC
C‘LCI

306,00
5G. 38
1.75
€1.CC
100,00
1.79

TABLE 6.5

P34

143.00
‘99086
0.58
G6.C0
100.00
0.5¢

1C5.C0
99.10
le€4
92.00
1CC.CO
l.b6

20. €0
91.60
2.67
85.C0
56.00
3.23

263.00
S4.10
3.45
83.C0
160.00
3.66

P12

188,00
G3.2S
2.82
86.C0
99.00
3. 02

128500
87.u7
3.58
16.00
$7.C0
4.57

20.00
16 .40
4.49
t6.C0
84.00
5.88

293.00

€0.15 7

4441
72.u0

56.00

517

N4

188.00
£8.28
4.96
44.0Q
10.00
8a51

128.G0C
50432
5.33
39.00
63.00

- 10.49

2C.00
44,45
ba4 4
36400
54.00
9459

305.00
52.02
3.44
43.00
62.00
6.61

N10O

188 .00
42.63

4.72
30.60
55.0C
11.08

125.¢C0
38.10
4, 74
29.00
49.00
12.44

20.00
33.60

3.63
23.GC
40.40
10.81

N4O

183.00
24.21
3.18
16.00
33.¢C0
13.14

123.008
22448
3406

'15.00

32.00
15.82

20.00
2l1.C5

2.638
13,00
25.00
14417

305.00
26.06
2.117
20,00
22.00
«34

N8O

188.00
11.56
3.42
4.00
21.0C9
29«36

128,00
9.43
l.07
6.00

15.0u
17.6C

20.00
5.60
3.49
4,03

16.00

36.31

232.00
11.07
1.59
7.00
16.00
14.39

N2CQ

188.G60
5.92
1.56
2.00
11.00
26436

123,CC
5,32
1.33
2.C0
16.00
25,C0

20.00
4.25
1.48
L.00
7.50

34,63

305.C0
T.51
1.217
4.00
11.60
16.69

ACX

168.G0
5495
C. 29
4,00
6.20
7.63

128.00
4438
0.45
3. 40
6.00
10. 27

20.00
4,45
Ce20
4.1
4.80
5.02

30¢6.00
4.30
0.22
3.C0
5.10
5.04

CRSH

187.G0
82.20
Sall
63.00
97.00
6.2¢

1¢8.00
16.11
8.29
53.00
52.00
10.89

C.CO
0.00
G.C0
0.00
G.C0
0.00

C. GG
.00
G.00
C.C0O
0.00
0.00
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TABL. 8.6

YEARLY ANALYSIS OF VARIABILITY FCR CONTRCL & ACLERTANCE CRITERIA

STANDARD DEVIATIONS FOR COMPACTICNM

STANDAST TourtTIONS ETR MARSIIALL STABILLITILES
MIX  YE2aTL YEZ2TZ2  YEAKT3  YEART4  YEARTS MIX - YEARIL  YEARIZ  YEART3  YEARVA  YEARTS
: 208,40 271.35 254,72 261.52 213.53 1 1.59 1.56 l.41 1.47 1.16
2 371413 253.20  462.85 2 1.10 Lo 53 118
2 322,08 311.72 3 l.a1 2,33
4 3151.62 297.54 “ 1.90 1.80
5 292,34 432.05 333.36 195,81 5 1.54 la6o l.46 1.28
6 273.81 2543432 6 1.37 154
7 255.03 245,39 7 1.62 1.20
8 205.14 232,66 8 1.21 1.28

STANCARN JEVIATIONS FQOR ‘Z PASSING 1 INCH SIEVE STANDARD OEVIATICMNS FOR % PASSING 374 INCH Sl1EvE
MIX YELRTY YEAR (2 YEART3 YEAR T4 YEARTS MIX YEAPTL YEAR T2 YEART3 YEAR T4 YEARTS
1 .00 0.00 0 0 1 £.00 0.33 0 .15
2 .53 2 1.97 118
2 3
& 4
5 0.00 0 5 2.61 064 .00
6 .00 0.00 6 0.82 1.94
7 0.00 7 2.97
8 1.78 8 3.45
STANDARD [DEVIATICONS FOR % PASSING 1/2 INCH SIEVE TANDARD 'DEVIATIONS FOR % PASSING NO & SIEVE

MIX YEARTL YEARZ2  YEART3 YEARTS YEARTS MIX YEARTL YEAR 72 YEART3 YEARTS YEARTS
1 2,10 2.89 2.61 3.51 1 424 bal6 4a.T4 5 .06
2 3.61 6418 2 3.08 5.70
3 3
4 4
5 2.54 2.73 2.65 5 4071 4426 3.17
5 3.25 4,70 6 4.24% 5.92
:‘ 449 7 4abe
8 8 3444



TABLE &.¢ (CONTINUED)
YEARLY ANALYSIS OF VARIABILITY FCR CUNTRCL & ACCEPTANCE CRITERIA

STANDA2Y DEVIATIONS FOR 2 PASSING NO 10 SIEVE STANOARD DEV[ATIOMS FNR 2 PASSING NO 4D SIEVE
MIX YEAR/] YEAR 72 YEART3 YEART4 YEARTS MIX YEARTL YEAR T2 YEART3 YEAR T4 YZAR?S
H 3.50 " 3.85 6.05 3.98 1 2.35 2.56 - 4,28 3.23
2 2.20 5.83 2 1.66 4,32
3 3
4 4
5 4.30 3.72 2.50 5 3.40 2.75 1450
6 4.11 4.91 S 3.21 3.61
7 3.63 7 298
8 3.24 3 2.17

STANDARD "DEVIATICNS FOR'z PASSING NO 80 SleEvVE STAMDARD DEVIATIONS FOR Z PASSING N9 200 SIEVE
“lixX YEART] YEART2 YEART3 YEART4S YEARTS MIX YEART] YEARTZ2 YEAR T3 YEARTGL YEARTS
1 2.65 1.77 2.17 2.12 1 1.17 1.47 1.43 1.19
2 l.64 2.78 2 1.13 1463
3 3
¢ 4 .
5 1.63 277 1.29 5 1,02 l.48 D.938
& 1.49 1.85 : 6 0.85 1.33
7 3449 7 l.48
8 1.59 8 1.27

STANDARD DEVIATIONS FOR Z ASPHALT CEMENT \ STANDARD DEVIAYIONS FT2 3 L2 SYID A353IHATE

vIX YEART1 QEAP?Z YEART73 YEAR74 YEARTS M1 X YEARTL YEARTZ2 YELRTD YELI TS YEARTS
i «27 .35 31 «36 1 Yeh4 6e31 4,28 5.11
2 W21 45 2 6.66 845
3 3
4 4
5 e25 a4l «28 5 hebH 3.90 3.04
6 42 49 6 9.40 6.60
7 «25 7
8 W22 8
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FREQUENCY,

STATISTILS TABLE AND HISTCGRAM FCR

NC. CF VALUES= 2765
SUN= 6316320
URCORRECTED S$5=10899542720.¢C
VARTANCE= T70820.8¢
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Figure 6.1:  Frequency Distribution of Marshall Stability Data

Jor Mixes 1, 2 and 7.
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CYs

FRENUEN!

STATISTICS TABLE AND HISTOGRAM FLOR STAQ

NO, OF VALUES=

SUM= 15208
UNCORRFCTEN $$232017
VAR TANME = 19813%

COFF. VAPIANCE=22,19
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Figure 6.2: Frequency Distribution of Marshall Stability

Data for Mixes 3 and 4.
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FOEQAUENTY,y

STATISTICS TABLE AND HISTCGRAM FCR STAB

NC. CF vaLUES= €04 NUO. MISSING=
SUM;= 1177181 MEAN= 1949.5¢
UNCORRECTEL S$5=2372864525.C0 CURRECTED 55= 26228628440
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Figure 6.3: Frequency Distribution of Marshall Stability
Dala for Mix 5.
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STATISTICS TABLE AND HISTOGRAM FOUR STAD
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FREQUENCY,

STAYISTICS TARBLF AMD HISTOGRAM FOR STAB
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7. PERFORMANCE EVALUATION OF CONVENTIONAL AND END RESULT SPECIFICATIONS

The end result of any system of specifications should be evaluated in terms of
performance of the finished product. An acceptable level of performance had been
obtained from the conventidna] system. The new system should likewise be

expected to provide similar quality product. However, such evaluation should

only be considered cursory, since the new system of specifications has not replaced
any of the former basic equipment, materials, or procedural requirements.

Projects let under both the old and new system of specifications were selected in
order to evaluate the overall characteristics of the finished product. Although
the plant data were also analyzed for uniformity, major emphasis was placed on
performance relating to riding quality and longitudinal rutting, since both
characteristics are evaluated during the acceptance phase of the inspection; the
former by smoothness criteria and the latter by compaction requirements. The.
evaluation is confined to a type 1 wearing course mix.

Table 7.1 is a listing of statistical parameters for the three sets of projects.
The letter "C" and "E" preceding the numbers in the first column denate
"Conventional" and "End-Result", respectively. Each pair is grouped according to
the traffic and section characteristics. These projects had approximately six
months of traffic on them. The trend in data reinforces some of the trends
discussed in the preceding section for production process. The magnitude of
variability data for compaction should be judged in the Tight of the number of
projects in this evaluation as compared to the number discussed eariier.

Although the longitudinal rut depths on all projects should be considered
neqligible in Table 7.2, the end result projects show considerably Tess rut depths
than the corresponding conventional data. However, the riding quality of the

end result projects does not seem to reflect the data obtained on these projects
during acceptance measurements, since none of these projects had any penalties

due to smoothness deficiency. One possibie explanation is the sample size for
measurement of this criteria. The Mays Ridemeter readings as reported here were
obtained on the entire project, whereas the measurements with the rolling
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straightedge during the construction phase requires five segments, each 200

feet in length, for a day's operation. The point here is that the present sample
size for smoothness measurement is too small to provide the true smoothness
profile of the finished pavement. This was evidenced in a separate study (6)
where the discrepancy in the smoothness data was observed due to sample size.

This, coupled with the data presented here, may necessitate some revision in this
phase of acceptance sampliing.

TABLE 7.1
STATISYICAL PARAMETERS FROM CONVENTIONAL & END RESULT PROJECTS
MEAN STD DEv MEAN STD DEV
PROJECT TOTAL NO. QOF STAB, STA8, NO. OF comMp, COMP,
IDENT,. TONS STAB. Ls L8 ROWYS 4 %
co3 24313 130 1403 161 61 97.3 le 45
EQT 32798 111 1389 111 162 98.4 1.32
cas 42883 254 1677 210 «8 97.5 1.66
EOQ9 29885 185 1618 31715 218 9643 1.99
co2 28985 93 1456 167 125 95.5 1.16
€12 66242 253 1734 268 395 96.5 2.05
TABLE 7.2
COMPARISON OF PFRFORMANCE CRITERIA FOR CONVENTIONAL € END RESULT PROJECTS
PROJECT PAVEMENT EWL, MAYS, RUTTING:,
IDENT,. SECTION TOTAL 1PM ) MM
co3 8.0"PCC 79 12 3.6
EQ7 7.0"PCC 50 96 2.8
€05 T.3"PCC 279 84 4.6
€09 6.5"PCC 213 T4 2.3
ro2 8.0"SCG 29 62 3.6
£12 8.0"S5CG 40 93 2,8
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8. OVERALL ASSESSMENT OF STATISTICAL SPECIFICATIONS

In order to make a more objective assessment of the overall usefulness of

these statistical specifications, it was deemed necessary to determine the
concensus of those who had gained the expertise through their daily assignment
of responsibilities for enforcing these specifications. This gauging was
accomplished by distributing questionnaire to construction engineers throughout
the State. The results of the findings are presented herein and are of interest
in the overall evaluation of the quality assurance program within the State.

The response summaries,however, are presented without any critical comment.
Sixty, or 79 percent, responded out of the total of 76. The results of the
questionnaire follow:

Question 1 How would you compare the present end-result oriented system
of specifications with the old conventional system of
specifications with respect to:

(A) The effort required in monitoring construction
projects?

(B) The effort required at final certification time
(2059)?

(C) Overall end product (pavement)?

Response (A) More Effort 10%
Same Effort 35%
Less Effort 50%
No Comment 5%

(B) More Effort 15%
Same Effort 38%
Less Effort 37%

No Comment 10%
(C) Better Product 22%
Same Product 50%
Inferior Product 25%
No Comment 3%
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Question 2

Response

Question 3

*

Response

Question 4

Response

Question 5

Response

Question 6

Do you consider these specifications easier to
enforce than the old specifications?

Yes 62%
No 33%
No Comment 5%

From your review of data for final certification, approximately
what percent of the time have contractors received 100 percent
pay for the entire project (it should be remembered that all

it takes is one failing 1ot to decrease his chances of getting
100 percent pay for the project)?

(A) 100% of the time 8%
(B)  95% of the time 60%
(C) 90% of the time 12%
(D) 75% of the time 7%
(E) 50% of the time 0%
(F) Less than 50% of the time 12%

No Comment 1%

One of the intended features of the new system of specifications
is the clear definition of the responsibilities of the
Department and the contractor. This feature was lacking in the
old specifications. Do you believe this feature has helped

in making equitable decisions between the Department and

the contractor?

Yes 80%
No 17%
No Comment 3%

Do the contractors you have worked with review the control
charts for which they are intended, viz. to check whether
the process is in control or not?

Yes 27%
No 65%
No Comment 8%

Do you review these control charts?

Daily 17%
Occasionally 75%
Never 7%
No Comment 1%

* The response should be interpreted thus:

For B, 60 percent of those reponding indicated that the contractors
received 100 percent pay 95 percent of the time, and so on for

C,u, etc.
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Question 7 In your opinion do these control charts serve the intended

purpose?

Response Yes 33%
No 64%
No Comment 3%
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9. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

The preceding sections discussed some of the data generated by asphaltic concrete
end-result specifications. These data represented the placement of approximately
1.3 million tons of hot mix over a perijod of approximately four years. The
primary analysis was directed towards the determination of distribution of
penalties with respect to various acceptance criteria and types of mixes and the
effect such penalties had on the overall final payment to the Contractor.
Additionally, variability of the data was compared with the data that was used in
the development of these end-result specification tolerance limits. As a final
step in the analysis, a cursory evaluation of the old, or conventional system, and
the new end-result system of specifications was made in terms of performance of
the end product. The conclusions and recommendations that follow are based on
the results of the various analyses discussed in this report.

Conclusicns

1. Implementation of end-result specifications has resulted in a
reduction of pay to the Contractor of approximately 1.5 percent
of the contract unit price.

2. The criteria contributing the most to the above reduction was
roadway compaction (62%), followed by surface smoothness (31%)
and Marshall Stability (7%). Likewise, most of the penalties
occurred at the 95 percent pay level, and Tless than four percent
at the 50 percent or remove penalty scale.

3. On of the major reasons for such penalties in compaction and
stability is the Contractor's failure to maintain his level
of compaction or stability at a specified level with respect
to the mean and the standaru deviation.

4. Of all the surface course mixes that have a smoothness cri;eria
requirement, shell mixes seem to have a major problem meeting
the stated requirements for 100 percent pay.

5. In light of the improved production and equipment technology
incorporated into hot mix production during the last decade,
there is a decline in uniformity with respect to the production
of all asphaltic concrete mixes in general, and shell mixes in
particular. The latter mixes indicate a greater degree of
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of nonuniformity in the production, compaction and finishing
stages of construction. However, the magnitude of variation
indicated by the production phase showed no evidence of
reduction in the quality of the end product, and therefore,

may not be cause for alarm. Likewise, monitoring of production
through proper use of control charts is apt to improve the
uniformity of the production.

A Timited evaluation of the performance of new construction let
under end result and conventional systems of specifications did
not indicate any recognizable differences in the quality of the
finished product with respect to rut depths. However, the

rougher riding surface indicated by the end-result construction
projects necessitates a review of the present sampling and testing
procedures for surface tolerance measurements.

A1l in all, the statistically oriented end-result specifications
have been satisfactory. The system was not intended as a panacea to
the material and construction problems. However, questionnaire
response from field personnel has indicated certain advantages to
have resulted from implementation of these specifications over the
arbitrary conventional specifications.

Recommendations

1.

First and foremost, the use of control charts should be made mandatory
for maintaining the uniformity of production. The Department should
review these charts daily to determine whether the uniformity is
disturbed. Any unusual trend in data shifting towards and beyond the
control limits must necessarily be viewed as a warning that the
process is getting out of control. Every effort should then be made
to bring the process back under control.

The large magnitude of variation in Marshall Stability, which may
have occurred as a result of lack of adequate control on job-mix
formula, indicates a need for specifying requirements that would
assure better uniformity than presently achieved.

The present sample size of 1000 feet for measurement of surface

smoothness criteria should be revised to reflect measurements over
the entire length of the pavement lot (day's production).
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Section 501

Plant Mix Pavements—General

501.01 DESCRIPTION. These specifications include gen-
eral requirements that are applicable to all types of bitu-
minous pavercnts of the plant mix type regardless of the
gradation of aggregate, kind and amount of bituminous ma-
terial or pavement use. Deviations from these general re-
quirements will be indicated in the specific requircments for
each trpe.

This work shall consist of one or more courses of biti-
mincus mixture constructed on the prepared foundation in
accordance with these specifications and the specifie ve-
quireme*xt: of the type under contract, and in re haor“"
close conformity with the lines, grades, thickness, and yp
cal eross ”Ctlons shown on the plans or cstabiizshed oy th
enginecr. "Work will be accepted on a lot basis as deserit
in Subszcetion 502.04.

501.02 COMPOSITION AND QUALITY CONTROL OF
MIXTURES. The bituminous plant mix shall be compozcd
of a mixture of aggregate, filler, if required, and bitumi
nous miaterial with silicone blended together. The sever
aggregate fractions shall be sized, graded and combined in
such proportions that the vesulting mixture meets :
cal characteristics of these specifications.

{a2) Quclity Control of Mixes: The contractor will assume
full responsibility for the quality control of the mixe

upplicd to the Department. He will assume responsibility
for the initial determination and all necessary subsequent
adijustments In proportioning of materials used to vro-
mve the speeified job mix and other physical charact:
Js ¢s. The contractor will have available at all times dur

ng the plant operation, the testing equipment necessary
to perform the requlred tests and analyses.

The centractor shall be required to have a Certiied
phaltic Concrete Technician present at all times when :
plant 1z in operation, A Certified Asphaltic Concrete Tech-
nician is that person who is capable of designing the as-
phaltie concrete mixes at the plant. He will also be ca-
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501.02

pable of conducting any test and/or analyses necessary to
put the plant into speration and to nroduce a mixture
within the requirements of the specifications. The certi-
fication will be awarded by the Department upon satis-
factory completion of an examination.

The Department’s inspector will also be a Certified As-
phaltic Concrete Techniecian and wiil not be authorized
to assume by act or word the responsibility of testing
and analysis of the mix for control purposes, calculations
or the setting of dials, gages, scales and meters. Such
dutics are to be assumed only by the contractor.

In the event the contractor is not in a position to provide
a Certified Asphalitic Concrete Technician as specified in
the previous paragraphs for guality centrol of mixes, then
the Department shall be so notified in writing prior to
operation of the plant. Upon request from the contractor,
the Chief Engineer may furnish a Certified Asphaltic
Concrete Technician from within the Department’s per-
sonnel, at a cost of $75.00 per day charge to the contrac~
tor., Additionally, the Department may also furnish an
asphaltie concrete tester for $§50.00 per day upon request.
A day will be charged to the contractor whenever the
technician reports to the plant to perform his duties in
behalf of the contractor regardless of whether the plant
runs several hours or not at all. Fuirnishing of an as-
phaltic conerete technician by the Department will not
relieve the contractor of the responsibility of controlling
the mix. The Chief Engineer may also authorize rental of
the Department’s laboratory testing equipment at g rate
of $5.00 per day of possecssion.

(b) Job Mix Formula: No work shall be started nor any
mixture accepted until the contractor has submitted in
writing for approval, his job mix formula for the mixture
he propeses to furnish. The formula so submitted shall
indicate a single definite percentage of aggregate passing
each required sieve size, a single percentage of bitumi-
nous material to be added to the aggregate, a single
temperature at which the mixture is to be produced and
the wet and dry mixing time.

(c) Approval of Job Mix Formula: The contractor will
be given 2 days operation at the start of the projeet in
order to make any necessary adjustments or corrcctions

501.02

in the proposed job mix formula and establish his cen-
struction procedures and sequences. A day’s opératien
yill be considered to be any day on which the plant is
in operation for a period greater than 2 hours.

The contractor will be given an additional adjusiment
period whenever a change in mixture type or course is
required by the specifications or plans and a change in
the proportions of the various componcnts is reguired o
accompiish this. When the contractor elects to substituze
a wearing course mixture for binder course, he will not
be allowed the adjustment period when he staris the
wearing course operations., However, in cases whcere the
mixture being produced is used for patching or cther
incidental work, an additional adjustment period will be
allowed, even though the mix is not changed.

The material produced and placed during this time shall

be paid for at 100 percent of the contrael unit price,
provided it (1) meets the minimum requirements Jor &9
percent payment given in Schedules 1 and 2; (2) meets
minimum requirements for 100 percent payment given in
Schedule 5. If it does not meet this reguirement it
ba paid for as provided in the schedules. In the evernt the
job mix formula cannot be established during the adjus:-
ment period, then all the material produced after thre
second day shall be paid for in accordance with Subsce-
tion 502.12. Following the initial set up of the asphzaltl
conerete mix according to the contractor’s submitied ;
mix formula, the plant shall operate at least 20 mi
prior to sampling of the mix by the engincer. Four wruck
shall be sampled at random for determination ¢f Mars!
Test propertics as based on one briquette
Only two of these samples shall be analyzed
content and extracted gradation.

v e

Tt is recommended that the average of four Marshall Sia-
bilities, for approval of the job mix formula, con
the desirable values given in Table I. The Contracts
have the option of submitting the job mix forimuls
does not meet these values, as long as the average of
four stability results meets the minimum reguis
given in Table I. However, the contractor should
aware that if the design stability values are belcw
desirable values he is assuming a greater risk tha

pr
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.. Stabilities for acceptance obtained throughout
roicet will fall below the required value for 100
=t ¢f the contract unit price.

ol

Table |
- ) Marshall Stahility
Trpe of Mix @ 143°F, lbs.
Desirabie Minimum Flow
Values Requirements 1/10¢6”
2 1650 1200 15 Max.
EX ...1500 1100 15 Max.
A 1850 1400 15 Max.
a2 ...2150 1760 15 Max.
...1850 1200 15 Max.
1200 S00 23 Max.
...1400 1000 &-18

nd wet mixing time shall be such as to give a mini-

cozting of 95 percent of the coarse aggregate par-
when tested in accordance with AASHO Designa-
: T 10:) Other pertinent design properties shall be as
i by the Departrient’s Laboratory. The bitumen
a;.d extracted gradation shall be within the toler-
arnces applied to the job mix formula initially submitted
ov the contractor.

er:gmﬂer may permit the contra ctov' to c‘r.anf:e the job

te made in writing.

(d) Application of Job Mix Formula and Allowzble Tol-
erances for Centrol of Mixes: Maintenance of adequate
‘rol on the quality of bituminous mixes shall be the
vorsibility of the contracter. In order to check this
\k.l.-m, the centractor shall obiain a minimum of two
i f the mixture from ecach lot. A lot shali be con-
s one day’s production of a given mixture. He
in theze samples using a stratified random sam-
riing plan. One of the samples shall represent the morn-
cm.trol and the other indicative of the afternoon
trol. The time at which to obtain these two samples
¢ sct by the contractor using random number
tables in accordance with LDH Sampling Manual.

..
O

re contractor shall conduct his operations so as to pro-

501.03

duce a mixture conforming to the approved job mix
formula except that variations shall be permitted within
specified control limits for individual and average of two
samples. Results of each lot shall be charted on the Con-
trol Charts for Individuals and .-\vcrages. The upper and
lower control limits for individuals and averages shall be
set at the following values from the specified job mix
formula.

Table I1
U.S. Sieve Control Limits

Individual Average of 2 Tests
3 inch and larger +6
14 inch :*_59
3% inch =17
No. 4 :0_;1
No. 10 =6
No. 40 +5
No. 8¢ :,3
No. 200 @2
% Bitumen .4

cre ey

Temperature of Mix " )
Percent Crushed m Value as Specified in

n 903.07, Table VI{

*As based on the approved mixing temperature measured after dis-

charge.
When the terdency of the indivicual test results on the
charts indicate that the mix falis outside of the control
limits for individuals, then the contractor shall make ad-
justments to bring the mix into the job mix formula.
Individual m tc*xals from more than one source shall not
be used alternately nor mixed when used in surface
courses wit the written consent of the engineer.

Where addl cnal sources of matericls are approved, a job
mix formuia shall be establisted and approved before the
new material is used, When unsatisfactory results or
other conditions make it necesszary, the contractor may

.

be required to cstablish a new job

In the even: a change in the job mix formula for the
nixture being used is necessary, there will be no addi-
tional adjustment period and the mix produced during
this period shall be paid for in accordance with Subsccetion
l)0‘) 12.

501.03 AGGREGATES. A.g egates shall mect the re-

quirements of Subsection 903.07

mix formula.
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naving normal capacity in excess of the full capacity
ol tne mixer or the drier, shall be provided. The con-
tractor shall expose the screens for inspection at the
reguest of the engineer.

() Birs: The bin sizes shall be adequate for con-
tinuous operation of the plant at rated capacity. Bins
snall be so arranged to insure separate and adequate
sworaze of appropriate fractions of the aggregate. Ade-

filer and provisions made for proportioning the filler
for each bateh of mixture. Each hot bin shall be pro-
vided with a overflow pipe or chute (except the min-
eral filler bin) to prevent contamination of materials.
Each size of aggregate, as required, shall be stored in

separate bins,

(7) Asphalt Control Unit: An approved means of
weighing or metering shall be provided to obtain the
recuired percentage of asphalt in the mix within the
toierances specified. Suitable steam-jacketing or other
insulation for maintaining the specified temperature of
asphait in pipe lines, weigh buckets, flow lines or other
containers shall be provided. Where the quantity of
asThalt is controlled by metering, provisions shall be
mzde whereby the amount of asphalt delivered through
the meter may be readily checked by weight when
ceemed necessary.

(8) Thermometric Equipment: An armored thermome-
ter of adequate range shall be fixed in the asphalt feed
line at an approved location near the discharge valve
at the mixer unit. The plant shall also be equipped
with an approved mercury-actuated thermometer, a re-
cording electric pyrometer or other approved thermo-
metric instrument having an accuracy of *=5°F and a
sensitivity which will provide an indication of tem-
perature change at the rate of not less than 10°F per
minute. It shall be so placed at the discharge chute of
the drier to register automatically the temperature of
the heated aggregate. The engineer shall have the vight
to test the efficiency of thermometric instruments for
better control of asphalt, aggregate and mix tempera-
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tures. The immediate repair or replacement of any
defective or unsatisfactory instrument by sowe ap-
proved temperature recording apparatus will be re-
quired. . '

(9) Dust Collector: The plant shall be provided with a
dust collection svstem meeting ail federal,. state and
local requirements. All plants shall have mixer covers
and sucﬁ additional housing as may be ncecessary to
insure the proper collection of dust.

(1) Plant Scales: Scales for any weigh box or hopper
shall be the springless dial type and shall be of a stan-
card make and design, accurate to Y percent of the
indicated load.

Dial scales shall be springless and of standard mak.e.
They shall be designed, constructed and installed. in
suc}; a manner as to be reasonably free from vibratan.
They shall also be of such size that the numcrals on Fhe
dial can be read at a reasorable distance. All dials
<hall be so lccated as to be piainiy visible to the opera-
tor at all times. The end of the pointer shall be set
close o the face of the dial and shall be frec from
excessive parailax. The accumulative weights shall be

marised on scales.

Seales for the weighing of asphalt shall conform to
the requirements for aggregate scales. Dial scales for
weighing the asphalt shall read to the nearesi peund.
All scales for weighing the asphalt shall have a capac-
itv which will insure accuracy within the tolerances
sl;eciﬁed elsewhere herein.

Scales shall be tested as often as deemed necessary to
insure their accuracy. All weighing equipment shall be
substantially constructed and of a design which will
permit casy realignment and adjustment. Weighing
equipment that casily gets out of adjustment shall be
replaced when so ordered. The Department shall pro-
vide and have on hand at least ten 50-pound standard
weights for frequent testing of all scales or provide
other adequate wieans.

The test weirhts shall be kept clean and near the
scales. The contractor shall provide for each scale a
suitable cradle, or platform, for applyving the test load
so that the load is uniformly disiributed. The contrac-
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tor shall also provide an approved printer system which
will print separately the weights of the aggregate and
of the asphalt. The total of the printed weights, de-
livered to a truck, shall be the verification for issuing
haul tickets for each load.

In the event of a breakdown of the printing mechanism,
the contractor will be permitted to operate through a
maximum period of 43 hours (two consecutive calendar
days) from the time of the breakdown. During the
breakdown period, the pay quantity will be determined
by visual observation of the weighing operation by an
authorized representative of the Department.

(11) Weigh Box or Hopper: Equipment shall include
a means for accurately weighing cach bin size of aggre-
gate in a weigh box or hopper suspended on scales
ample in size to hold a full batech without hand raking
or running over. The weigh box or hopper shall be
supported on a fulerum; knife edges shall be so con-
structed that they will not easily be thrown out of
alignment. Gates on both bins and hopper shall be so
constructed as to prevent leakage when they are closed.
Proportioning of aggregates and charging of mixer
shall be performed so as to blend the aggregates
thoroughly and prevent segregation in the mixer. Au-
tomatic plants may proportion and discharge all aggre-
gate sizes simultaneously if provision is made to estab-
lish or control individual bin proportions by weight.
(12) Asphalt Measuring Equipment: Asphalt measur-
ing equipment provided on the plant shall be capable of
accurately measuring into each batch the required
amount of asphalt within the tolerance of =3 of one
percent of the weight of asphalt.

The asphalt bucket shall be a non-tilting type provided
with a loose sheet metal cover. The capacity of the
asphalt bucket shall be at least 15 percent in excess
of the weight of asphalt required for a one-batch mix.
The plant shall have a steam or hot oil jacketed, quick
closing, non-dripping, charging valve. The length of the
discharge opening or spray bar shall not be less than
3, of the length of the mixer, and it shall discharge
directly into the mixer. The discharge system shall be
designed and arranged to deliver the asphalt the full

(b) Continuous }Mix Plants: It ghzll
responsibility to furnish equipment treo:

satisfactory paving mix. The piant shall ricet tne Jollow-
ing minimum requirements.

length of the mixer in a thin, uniform sheet cr in
multiple streams or sprays.

(13) Mincer Unis: The plant shall include a bateh
mixer of an approved pugmill containing twin shafts
and shaill be stcam or hot oil jackeied. It shail be ca-
pable of producing a uniform mix within the specified
tolerances,

During mixing at full capacity, t
mixer shall remain exposed at the op of 1

~ PRET]
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ery. In cases where the pugmill is designed to accom-
modate more mix than this, then the pugmill will be
inspected by the engineer to determine Its mixin

capacity,

Deviation in size of batches will be permitied to pro-
vide for mixing batches 20 percent below the full ca-
pacity of the mixer, thus established, provided the
quality of the mix is not impaired.

The clearance of the blades from all fixed and moving
arts shall not exceed ¥ inch. The 1,a—'d‘: 3 snall be set
in such a manner to insure a completsiy uniform mix,

If not enclosed, the mixer box shall te equipped with
a dust hood to prevent loss of dust. Tre mixer C‘a‘l He
so constructed as to prevent leakage ¢ contents until

the bateh is to be discharged.

(14) Control of Mixing Time: The mixer shall have an
approved accurate tiriing device to prevent the en-
trance of additional material while the rixing cpera
tion is in progress, and the discharge gatss y
locked to insure proper mixing. The cev;ce shal
lock the asphalt bucket throughout the diy
period. The dry mixing period is the i::jr-‘l
between the opening of the weigh bex
application of asphalt, The wet m
intarval ¢f time belween the start of thz zp;
asphall and the opening of the mixer gate for dis-
charge.

(1) General Requirements: The reguirements as set
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fortn under paragraphs 1 through 6, 8 and 9 for batch
piants shall apply for continuous mixing type plants.

{2) Mixer Unit: The plant shall include a continuous
mixer of an approved pugmill containing twin shafts
capable of producing a uniform mix within the job mix
toierarnces specified. The paddles shall be of a type
acjusta®le for angular position on the shafts and re-
versiple to retard the flow of the mix. The clearance
of the blades from all fixed and moving parts ghall not
exceed *; inch. The mixer shall carry a manufacturer’s
piate giving the net volumetric contents of the mixer
at the several heights inscribed on the permanent gage.

{8) Asphalt Control Unit: Means shall be provided to
obtain the required percentage of asphalt in the mix
wherein the tolerances gpecified either by metering or
volumetric measurements. Where the quantity of as-
phalt is controlled by metering, provisions shall be
made whireby the amount of asphalt delivered through
the mecter may be readily checked by weight., Steam-
jzcketing or other insuiation which will maintain the
specified temperature of asphalt in pipe lines, meters,
spray oars, flow lines or other containers shall be pro-
vided. A continuous recording device will be required
on the discharge side of the asphalt pump to the pug-
mill, This deviee will record the amount of asphalt in-
troduced into the mix.

(4) Gradation Control Unit: The plant shall include a
mecans for accurately proportioning each bin size of

spariment having an accurately controlled individ-
ual gate to form an orifice for volumetrically measur-
he material drawn {rom it. The orifice shall be
reetansular, with one dimension adjustable by positive
mochanical adjustment, and provided with a lock, In-
dicaters shall be provided on cach gate to show the
gate oponing in inches. Mineral filler, if specified, shall
be proportioned separately from a hopper equipped
with an adjustable feed which may be accurately and
conveniently calibrated and which ¢hall be interlocked
with the aggregate and asphalt feeds, The feeder equip-

501.07

ment for the mineral filler shall meet the approval of
the erczinger.

(5) Weight Calibration of Aggregate Feed: Samples
cshall o taken and weighed as a means of calibrating
gate openings. Material shall be fed out of a bin
througi the individual orifice and bypassed to an ap-
proved test box. The material from each compartment
shall he taken separately. The plant shall be eguipped
to kandle conveniently such test samples weighing not
less than 200 pounds. An accurate platform scale shall
be provided by the contractor to weigh the test samplcs.

(6) Synchronization of Aggregate and Asphalt Fced:
Satisfactory means shall be provided to assure positive
interlocking control between the flow of aggregate
from the bins and the flow of asphalt from the meter
or other proportioning device, This shall be accom-
plished by interiocking mechanical means or by any
positive method appreved by the enginecr. The aggre-
gate bins shall be provided with signal devices and con-
trols which will warn of low levels and which will
automatically stop the flow of all aggregate and asphait
to the mixer when the aggregate in any one bin is so
low that the feeder will not operate at set capacity.
The asphalt storage system shall be provided with sig-
nal devices and controls which will warn of low levels
of asphalt and which will automatically stop the entire
plant eperation when the asphalt storage level is low-
ered to the point of exposing the fecd end of the as-
phalt suction line.

If mineral filler is specified, the plant shall include
separate equipment to accuratcly proportion the min~
eral filler sufficiently in advance of the addition of the
bitumen to give a proper dry mix time. This cquipment
shall be of such design as to give a constant flow of the
material and shall include a storage bin of sufficient
capacity and an adjustable calibrated gate. The filler
feed system shall be interlocked with the aggregate
control system and feed the material by mechanical
mceans, A gravity type feed will not be permitted.

(7) Control of Mixing Time: The plant shall be
equipped with a positive means to govern the time
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of mixing. Mixing time shall not be altered unless so
ordered by the engineer,

The determination of mixing time shall be by a weight
method under the following formula unless otherwise
instructed by the engincer:
Pugmill Dead Capacity, 1bs.
Pugmill Output, 1bs. per sce,

The weights shall be determined for the job from tests
made by the engineer.

(8) Discharge Box: The plant shall be equipped with a
discharge box of sufficient size to collect the mix as it
corzes out of the pugmill to prevent segregation. .
(9) Truck-platform scales will be furnished by the
contractor for the purpose of determining the pay
weights of the mix when using a continuous mixing
type plant. The scales furnished by the contractor shall
be of sufficient length to weigh the entire unit trans-
porting the mix and shall be the product of a reputable
manufacturer and of a simple rugged design with the
minimum number of adjustments consistent with the
accuracy required, all as approved by the engineer,
Suitable provisions shall be taken to protect all mov-
ing parts and to level the cquipment. The scales shall
be accurate to %% of one percent of the loads applied.
The contractor shall have the scales certified by the
tate Bureau of Weights and Measures prior to their
use and in the event there is cause to believe that the
scales are performing incorrectly, he shall furnish ad-
ditional certification,
The scales shall bhe equipped with an approved auto-
matic printer system which will print the weight of the
unit transporting the mix.
The printed weight of the loaded truck less the printed
weight of the truck when empty shzll be used as a
basis for issuing haul tickets for cach load.

Mixing Time, sec, =

(c) Storage Silos and Surge Bins: The contractor may
use storage silos or surge bins for storing asphaltic con-
crete mixtures with the approval of the Department and
provided it is not detrimental to the mix.

(1) Heated Storage Silos: The bins shall be such that
mix drawn from the bin meets the same requirements

as mix lo

mill for deliver

The system shall be capable of converinz the hot mix
Cthe ; . ns of i -slaf
{rom the plant to the silo by means of a drag-sia
"

conveyor system or other approved srstems. The con-
\'0‘-.'01“111:15; be enclosed and heated to p.revent a drop
inythe rix temperature; however, hot air shall not be
blown on the mix. The conveyor shall be' of a con-
tinuouvs type designed to prevent spiliage ard to remove
the mix frora the plant as fast as it is preduced.

a. Heating: The silo shall be insulated and may

heated eiectrically, or with hot oil or kot air

The atmosphere within the silo may be 'air or inert

cas. The storage silo neating system shall be cag;ble

zf meintaining the mix temperature without localized

heating (hot spots). If inert gas is. usec:l, thﬁ

gas system must be capable of purging tie

an oxvgen free (insert) atmosphere arn

the silo to prevent the loss of the iner: gas.

be

¢
1]
o
e
o

b. Maximum Allowable Storage Txmg:
v ot

allowable storage time of the hot mii
sterage silo shall be as follows:

Storaze Time-X!

Fine Mix Coarse Mix
.

(3,4 max. (1 1/2" max.

agg. size) agyg. size)

1. Silicone treated )
asphalt, air in bin ... 36 18

2. Silicone treated
asphait, inert gas ...

After the storage silo is in use fcr some tjlmjc, the
Departmient may grant the contracior pernxxsg?n to
exceed the ubove storage times, providad test re-
sults and other data indicate t'ns.f thev additional
storage time Is not detrimental o the mix

(2) Unheated Surge Bins: The birs s.‘r.a“ be such that
the mix drawn from the bin meetsl Lne a‘metreqmre-
ments as mix loaded directly into the trucks from the
puzmill for delivery to the job.

7]

veying the hot mi
The system shall be capable of conveying tne kot p X
from the plant to the bin by meas ol a dra

conveyor system or other approved systems. The con-
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veyor shall be of a continuous type designed to pre-
vent zpillage and to remove the mix from the plant as
fast as it is produced. The maximum allowable storage
time for unheated surge bins shall be two hours.
(3) General Requirements for Storage Silos and Surge
Bins:
a. Transporting the Mix from the Pugmill: The mix
may be transported directly from the pugmill to the
storage silo or surge bins by means of the conveyor
system or it may be trucked from the pugmill to the
site of the storage silo or surge bin and then trans-
ported into the bin by means of the conveyor sys-
tem, as long as the mix remains within =15°F of the
pugmill discharge temperature.
b. Unloading: The storage silo or surge bin unload-
ing gates may be clam gates operating under gravity
feed, or any other type gate which will not cause
segregation or be detrimental to the mix in any way.
(4) Weighing Scales: Truck-platform scales shall be

i{urnished by the contractor and positioned near the
discharge gate in order that the total weight of mix
discharged into the truck may be recorded. The scales
shall be of sufficient length to weigh the entire unit
transporting the mix and shall be the product of a
reputable manufacturer and of a simple rugged design
with the minimum number of adjustments consistent
with the accuracy required, all as approved by the
engineer. Suitable provision shall be taken to protect
all moving parts and to level the equipment. The scales
shall be accurate to % of one percent of the loads
applied.

The contractor shall have the scales certified by the
State Burcau of Weights and Measures prior to their
use and in the event there is cause to believe that the
scales are performing incorrectly, he shall furnish ad-
ditional certification.

The scales shall be equipped with an approved auto-
matic printer system which will print the weight of the
transporting unit both unleaded and loaded. The print-
ed weight of the loaded truck less the printed weight
of the truck when empty shall be uscd as a basis for
issuing haul tickets for cach load. The printed weights
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from the automatic printer system at the batch plant
shall be used for vertificatisn only.

§01.08 HAULING EQUIPMENT. Vehicles used for the
transportation of hot mix asphait from the plant to the site
of the work shall kave tight metal bottoms and shall be
free from dust, screenings, petroleum oils and volatiles of
other mineral syirits which may afect the mix being hauled.
The truck beds shzll be painted or sprayed at least once a
day or as often as required with lime-water, soap solution
or other approved matcrials. After this operation, the truck
bed shall be elevared and thoroughly drained; no excess
golution shail be permitted.

The trucks uscd for transporting of the mixture will be

“e lay-dewn machire or the paver being

of such size tha

them with ease without

used will be Tz :
affecting the s wce or the edge of the material,
Any distortions in the surface frish resulting from ilmproper

removed and reniaced. During plecement of the final or top
surface course, &ncd when the mixture is being placed di-
rectly on the apron of the sypreader, the trucks used for
transporting the mixture shall be liniited to leads of 15 tons
or less.

Trucks sbhall be provided with covers of canvas or other
weizht to proteet the load

¢
material of suifizieut size
during adversc weather conditions.

When variations in size, speed and condition of trucks

are such as to Zere with erierly operation, the engi-
neer may order suitable substitutions to be made.

501.9 DBiTUMNINOUS PAVERS. Bituminous pavers shall

© (1) the conventional self-powered

be one of two
spreading  and g machine. (2} the setf-powercd
spreading and frn « machine with electronic screed and
slope control devices wsed in conjunction with a 30-foot
traveling stringline or with an ereccted stringline as speci-
fied by the plans, special provisicns or as directed by the
chzineer.

e ed

437

(a) Croaventional Pavers: Bitwminous pavers shall be ca-
pable of laying mixtures within the tolerances specified.
A screed or sirike-off assembly shall be used, distributing
the mixture cither over the ontive width or over such par-




79

501.09

tial width lanes as may be practicable. The assembly shall
be adjustable to give the cross section shape as indicated
on the plan typical sections. The screed shall be equipped
with a heater.

Pavers shall be equipped with hoppers and distributing
screws to place the mix evenly in front of adjustable
screed. They shall be equipped with a quick and efficient
steering device and shall be capable of traveling both
forward and in reverse.

Pavers shall be capable of spreading mixes to required
thickness without segregation or tearing.

Unless otherwise specified, when leveling is required by
the plans, a blade grader may be used when approval is
given by the engineer,

In shoulder construction, modified conventional spreaders
or widener spreaders shall be provided.

(b) Bituminous Pavers with Electronic Screed Control:
This type paver shall meet the same requirements as
described above for conventional pavers and shall be
equipped with automatic screed and slope conirol devices
capable of laying the mixture to grade within the toler-
ances specified, distributing the mixture over the entire
width or over such partial width lanes as may be practi-
cable. Pavers shall be equipped with two sensors when
specified.

The pavers shall be cquipped to work from an crected
stringline or a traveling stringline that will accurately
reflect, for a 30-foot length, the average grade of the
surface on which it is to be operated. Pavers shall also
be equipped with a shoe attachment to control the grade
of a lane being placed adjacent to a previously placed
lane.

If a malfunction occurs in the electronic screed control
device during lay-down operations, work may continue for
the balance of that day on any course other than the
final surface course. Any overrun resulling from placing
material without the electronic sereed control device shall
be borne by the contractor. If a screed control device
malfunctions during final surface course paving opera-
tions, plant operations shall be discontinued immediately
and shall not be resumed until the secreed malfunction has

been remedied. Material in transit may be placed, pro-
vided all surface and grade tolerances are met.

501.10 ROLLERS. Rolling equipment skall consist of
10 ton three-wheel vollers, 10 ton tandem rollers, high in-
tensity self-propelied pneumatic-tire rollers unless cther-
wise approved. Approval of other rollers wiil be at the dis-
cretion of the Department. A second tandem rolier may be
used in lieu of the three-wheel roller.

All rollers shall be capable of reversing without backlash.
When nccessar

shall be furnished.

ry, a

Steel whﬂel roliers shall be eguipped with adjustable
serapers to keep the vollers clean and with effcient mearns
of keeping the wheels wet fo prevent the mixture from
sticking to the rollers. Rollers shall also be free of flat areas,
openings or projections which will mar the surface of the
pavement,

High intenzity prnecumatie-tire rollers shall be self-pro-
pelled and shail have 2 axles. The roller skall be capable of
applying a range of contact or ground pressure from 590 to
90 psi. Tires will be smooth without any treads. All tires
of the same roller shall be of equal size arn d diaimeter and
shall be arranged in such a manner that the gap
tires of one axic will be covered by the t"res of the other.
The prneumatic rollers shall be eguipped with cocoa mats or
suitable scrapers to prevent pickup. Suitable devices will
also be provided to keep the mats damp.

Setween the

When Type 3 or 5 mix is specified, in addition o the
requirements given above, the high intensitvy pneumatic-
tire rollers shall be capable of exerting & wheel load of
4,000 pounds.

501.11 INCIDENTAL EQUIPMENT AND HAND
TOOLS Power revolving brooms or power blowerz and

istributors shall be provided and maintained in a satisfae-
tory working condition.

the binder
and wealmg courses shall be of suficient weiztt to com-
pact the edges to the same degree as the body of the pave-
ment, Satisfactory mechanical equipment may be used in-
stead of tamping 1rons.
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‘ The asphalt distributor shall be equipped with pneumatic
tives of such width and design so that the load produced on
the road surface shall not be detrimental to the previous
course. The distributor shall be equipped with suitable
manifold and appliance so designed as to distribute evenly
hea'tc,?d material within the temperature range specified with
positive controlled heat and temperature at all times, and
shall be equipped with thermometers to indicate the,tem-
perature of the material in the tank. The distributor shall be
0 designed as to maintain a constant and uniform pressure
upon the biturminous material as it passes through the
nozzles.

Sufficient and proper screens shall be installed between
the tank and the nozzles, and the screens shall be cleaned
{requently to prevent clogging of the nozzles. The distribu-
tor shall be equipped with devices and charts to provide for
accu.rate and rapid determination and control of the amount
of bituminous materials being applied per square yard of
surface under the operating conditions, 2nd shall have a
ta_chometer, reading speeds in feet per minute. The dis-
tl"xbutor shall be so designed as to apply bituminous mate-
rial at the specified rate.

501.12 CONDITIONING OF EXISTING SURFACE. The
surface to be covered shall be swept clean and free from alI
dust and dirt, caked clay and loose foreign inaterial by
means of revolving brooms or other approved mechanical
sweepers supplemented by hand brooms, as directed.

. When the bituminous mixture is to be placed on an exist-
ing pavement, the contractor shall, in addition to cleaning
the surface as required above, remove excess joint filler
fro.m t!'le surface. This does not relieve the contractor from
maintaining, at his expense, the existing pavement.
.Confcact surfaces of curbs, gutters, manholes longitu-
du‘lal Jo.ints and other structures shall be painte,d with a
th}n uniform coating of tack coat before the bituminous
mixture is placed against them.

The condition of the base sh i
placing of the b of the shall be approved prior to the

501.13 PREPARATION OF BITUMINOUS MATERIAL
The .bituminous material shall be heated to the temperature'
specified in the job mix in a manner that will avoid local
overheating and provide a continuous supply of the bitum‘i-

501.17

nous material to the mixer at a uniform temperature at all

times. .
501.14 PREPARATION OF AGGREGATES. The ag-
gregates for the mixture shall be dried and heated to the
temperature required in the job mix. Flames used for dry-
ing and heating shall be properly adjusted to avoid damage
to the aggregate and to avoid soot or oil coating on the
aggregate.

The aggregate, immediately after heating and drying,
shall be screened into 2 or more fractions as specified and
conveyed into separate compartments ready for batching
and mixing with bituminous material.

501.15 MIXING. The dried aggregates shall be com-
bined in the mixer, in ire amount of cach fraction of aggre-
grates required to meet the job mix formula. The bitumi-
nous material shall be measured or gaged and introduced
into the mixer in the amount specified by the job mix
formula.

After the required amounts of aggregate and bituminous
material have been introduced into the mixer, the mate-
rials shall be mixed until a complete and uniform coating
of the particles and a thorough distribution of the bitumi-
nous material throughout the aggregate is sccured. Dry and
wet mixing time shall be submitted by the contractor on the
basis of a single determination and will conform to the
minimum requirements given in Subsection 501.02(c).

501.16 JOINTS. The longitudinal joints in one layer
shall offset that in ihe layer immediately below by approxi-
mately 3 inches; however, the joint in the top layer shall
be at the centerline of the pavement if the roadway com-
prises 2 lanes of widih, or at lane lines if the roadway is
more than 2 lanes.

Transverse joints shall be formed by cutting back on the
previous run to expose the full depth of the course. Trans-
verse joints in succeeding courscs shall be offset at least
2 feet. When dirceted, a brush coat of bituminous material
shall be used on contact surfaces of transverse joints just
before additional mixture is placed against the previously
rolled material.

501.17 PAVEMENT SAMPLES. The contractor shall
furnish for testing, when required, samples cut from the
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completed work. The area of pavement so removed shall
be replaced with new mixture and refinished. No additional
compensation will be allowed for furnishing test samples
and replacing the arcas with new pavenient.

Samples of the finished roadway will be taken by the
contractor in presence of the engineer’s representative from
areas selected by the engineer. Saws or core drills of an
approved type will be required. The size of each sample
shall be approximately 4 inches by 4 inches square or 4
inches in diameter,

501.18 REQUIREMENTS AND TOLERANCES FOR
ACCEPTANCE.

(2) Job Control Testing: The control testing for surface
tolerance will be the responsibility of the Department.
The control testing will be required only on the binder
course or shoulder mixes. The binder course will be de-
fined as the last course to be laid prior to the wearing
course.

The allowable variation in surface finish, cross slope and
grade of the binder or shoulder mix shall not exceed the
applicable values shown in Table HI. If the plans and/or
special provisions require the use of an automatic screed
control device, then the allowable variation shown in
Part A of Table III shall apply. If the use of an auto-
matic screed control device is not required then the al-
lowable variation shown in Part B of Table IIT shall
apply.

The finished surface shall be tested by the engineer in
both the longitudinal and transverse directions for con-
formance to the specifications for surface finish. The
contractor shall furnish a 10 foot rolling straight edge
acceptable to the engineer for testing in the longitudinal
direction and a 10 foot static straight edge for testing in
the transverse direction.

In the longitudinal direction, one path in each lane will
be selected at random in accordance with LDH Sampling
Manual. The lot will be divided into five equal sec-
tions and 200 feet of each section will be randomly
selected and tested with the 10 foot rolling straight edge.
The engineer may decide to test the entire lot. If the lot
is less than 1,000 linear feet, then the entire lot wili be
tested.

$01.18

The variations in the surface when tested for the toler-
ance shown in Table III shall not show more then 3 peor-
cont outside of the tolerance for a givern loi, In the event
that greater than 3 percent is outside the tol\‘zralnce hen
the entire lot will be checked and the de\'mt’.ons"cor-
reeted. In the transverse directiom, randem sites wiil be
sclected for testing. The variations of the sur f
the testing edge contacts with the surface shall not ex-
ceed the applicable values shown in Table IIL The v
ation in surface finish allowed by Table III shaii appiy
to a 10 foot length.
(1) Cross Slope: When the plans or typical s.ection re-
quire the section to be constructed to a specified cross
slope, tests for conformance shall be run at selected
locations, using a string line, slope board or cther com-
parable method. The variation of the eross siope shall
not exceed the applicable values shown in Table III. The
variation in cross slope allowed by Table III shall apply
to the width of one lane.
(2) Grade: When the plans require the pavement t0 be
constructed to a grade, tests for conformance shzll be
run at selected locations, using a string line or other
comparable mecthod. Maximum deviation from grade
shown on the plans, or as zltered by the engineer, shall
not exceed the values shown in Table IIL If the en-
gincer finds that the pavement as constructed is consis-
tently above or below the preposed finish grade for a
reaconably long segment, he may, for the sole purpose
of determining conformance to the grade tolerance spe-
cified in Table III, use a new grade approximately
parallel to and above or below the established grade'; in
which case, any required transition in grade or vertical
curve at each extremity of the segment will be in ac-
cordance with the best design requirements. The varia-
tion in grade allowed by Table III shail apply to or'xly
one longitudinal line such as the center line, oulside
edge of pavement, ete. The engineer shall designate the
longitudinal line to which this variation shall apply,

rhoo
N wm
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Table 11l
Allowable Variation
Part A Part B
Type With Autematic i
1 : i w R i
Mix Screed Control lstgac;t‘l %l;;?tr:(ﬁnc
Surface Efiﬂ‘.sh Surface Finish
Longi- Trans- Cress Grade Lonci- T
Az Tra: re ngi- Trans- Cros
tudinal verse Siopa (1) tudinal verse Slopes G(r;\;le
1 1 140 30 g I 15
10 A 10 1% 170 3 ’ 1407
o 2 = u/wu 3718 agu .\.;i,.
3/16" = “"o3/18" 3,16 8 B
(1Y Arplizable only when grade is specified.
Tze intent of this specification is that 97 percent of all

surface ~0'erance measurements per lot conform to this
srcc.“w.txon and that no single surface tolerance mea-
uremernt exceed the specification requirements by more
t‘:an %2 of the tolerance specified. If less than 97 per-
cent meet these tolerances, all deficient arcas shall be
corrected.
(3) Correction of Deficicnt Areas: Any irregularities
in the hot mix binder, shoulder course or base course
may be corrected by either skin patching, feather-
edging, wedze course construction, or full depth patch-
ing, where appropriate, and where it can be completed
in a satisfactory manner ai no additional expense to
the Dzpartment.
(b) Acceptance Testing: The acceptance testing will be
required enly on the wearing course. The surface shall be
teste b}, the engircer, with a 10 foot rolling straight edge
at siratificd randomly seleeted longitudinal and transverse
loc:mon: in accordance with LDH Sampling Manual,
‘:,. Lh(; ;;‘ lt: ;I;'&Chhpl oject the rolling straight edge shall
se callbrate 7 the
o De&gnmlog. han G(I‘)sttrlct Laboratory according to
Al testing will be made in a longitudinal dircetion,
A iot shail constitute onc day’s production of bituminous
nix. The lot will be divided into five equal segments.

In each segment a 200 foot seetion will be randomly sc-

lected and tested with the rolling straight edge The per

cent neon-compliance shall be computed by addin
lincar fect of each of the 200 foot scetions of the lot that
do not conform to the applicable tolerances given in Table
1V, dividing that suin by 1000 (or the length of the lot i
the lot is less than 1000 feet) and multiplying by 100 to
convert to percent. If the lot is less than 1000 lincar fect
then the entire lot will be tested. The enginecr may decide
to test the entire lot for surface smoothness.

The surface tolerance for the wearing course shall be as
cshown in Table IV. When the total depth of mixture con-
structed consists of a single lift then Part B of Table IV

shall apply for acceptance.

Table IV
Part A Part B
Vith Automatic Without Automatic
Screed Control Screed Control
Type Surface Finish Surface Finish
Mix Longitudinal Leongitudinal
——;r:wb_ T 1/8” T 34/ l—G:I I
1/8” 1/8”

Wkhenever sections of pavement do not meet the require-
ments for surface tolerance, an adjustment in the unit
price for the Yot of the mixture shall be made as cutlined
in Subsection 502.12.

(¢) Tolerances for acceptance of Type § base course or

shoulder mixes when measured and paid for by cubic yard

(net seclion):

(1) Surface Tolerances: The Type 5 base course wlhen
placed dircctly under Portland cement concrete pave-
ment shall be finished in such manner that the Tortland
cement concrete pavement shall conform to the accept-
ance requivements of Section 601.

Type 5 base course other than under Portland cement
conerete pavement and shoulder mixes shall conform te
the surface tolerances as specified under Table III, and
the material shall be placed in such a manner that the
surface tolerances of the succeeding layers will be met.
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(2) Thickness and Width Tolerances: Thickness and
width of completed sections will be determined in ac-
cordance with LDH Designation: TR 602, except that
acceptance measurements will be made at random loca-
tions to represent 1,000-foot sections in lieu of 500-foot
sections.

‘Width of base course shall not vary from plan width in
excess of minus 3 inches on each side of the roadway
center line, Thickness measurements made at 3 loca-
tions in each section shall not vary in excess of the
following tolerances for any individual test. Over-thick-
ness will be waived.

Plan Thickness Under-Thickness
4” and under wB”
Over 4" ... . e

If an individual test for thickness or width exceeds
allowable tolerances, 2 additional tests will be made
within 5 feet of the location of the failing test, and the
average of the 3 tests wiil be used as the value for that
location. Areas showing deficiencies beyond allowable
tolerances shall be corrected at the contractor’s ex-
pense.

501.19 METHOD OF MEASUREMENT. The asphaltic
concrete will be measured as prescribed under Subsection
502.11,

501.20 BASIS OF PAYMENT. The accepted quantity
of asphaltic concrete used in plant mix bituminous pave-
ment will be paid for as provided in Subsection 502.12.

Section 502
Asphaltic Concrete Pavement

502.01 DESCRIPTION. This work shall consist of a

base course, binder course and a wearing course or a com-
bination of these courses, cach consisting of a mixture of
mineral aggregate and bituminous material with silicone
added, applied hot on the prepared base in accordance with
these specifications.
The type of mixture furnished shall be as indicated on the
plans or if more than one type is indicated, whichever type
the contractor elects, but in any event shall be one of the
following 5 types:

(a) Type 1 mix shall be composed of the following:

(1) Wearing Course: Crushed gravel, crushed slag,
crushed granite or a combination of these materials,
sand, mineral filler and bituminous material.

(2) Binder Course: Crushed gravel, crushed stone,
crushed granite, crushed slag or a combination of these
materials, sand, mineral filler and bituminous material.

b) Type 2 mix shall be composed of crushed clam shell,
Yp I

crushed reef shc!l or a combination thereof, sand, mineral

filier (when neceded) and bituminous material.

(¢) Type 3 mix shall be composed of the following:

(1) Wearing Course: Crushed gravel, crushed slag,
crushed granite combined with crushed gravel, slag,
granite, stone or other approved types of screenings,
sand, minerzal filler and bituminous material.

(2) Binder Course: Crushed gravel, crushed slag,
crushed stone, crushed granite or a combination of
these materials, sand, mincral fiiler and bituminous
material,
(d) Type 4 mix shull be composcd of cxpanded clay ag-
gregate, sand, mineral filler and bituminous material.
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(e) Type 3 mix—Basc Course:

[

(1, Mix 5A shall be composed of gravel, <lag, granite
ga reef shell, clam shell or cxparded c}a; sandl
nineral filler (when needed) and bituminous mz,xterial.’
(2} Mix 5B shall be composed of gravel, slag, granite
t_c»r.e,'reef shell, clam shell, expanded clay, sand ané
?;tumfnous material; or pit run sand clay gravel and
iiuminous material.

1n
Q
3

T - 1

oy

‘ Th.e thickness of courses shall be in approximate con-
-Icrz.mty with the plan typical sections unless otherwise spe‘c-
‘fcclr ‘the event the plans and/or proposal provides for
cgfix bincer gnd wearing courses, the contractor will be per-
img,e:d, at his option, to substitute wearing course material
for binder course material at no change in unit price. Should
tl:.:e c‘on:rf.ctor elect to make such substitution, the mixture
wiil be laid in layers of such thickness that the compaction
and surface requirements are met, No substitutions are al-
lowed for Types 8 and 5 mixtures.

:'I-'Lhe mineral aggregate and bituminous material in the
mixtures ‘shall be combined in such proportions that the
mixiure shall meet the following requirements by weight:

%o Mincral

Bitumen, . .
Percont Mherest FoSrushed L Filler |
3.5t0 7.0 93.0to 96.5 75 Min, 3
BC........... -3.0t0 6.0 94.0 to 97.0 60 Min. 2
Type 2;
WC & BC...4.5t0 7.5 92.5 to 95.5 As Necded
Type 3:
WC.........35t0 7.0 93.0t096G.5 80 Min, 2
BC.ooo . 3.0 to 6.0 94.0 to 97.0 60 Min, 2
Type 4:
WC & BC...6.0 to 8.5  91.5 to 94.0 2
Type 3:
Base Courses
{(A)... 3.0to 8.5 91.5t007.0 Az Necdad As Nceded
(B)......... 3.0to0 8.5 91.5t097.0 ’ s

% S h -3 [3 3 3
When hydrated lime is used only Y% as much filler will be required

502.04

502.02 MATERIALS. The materials and their use shall
conform to the requirements of Subsections 501.02 through
501.05.

CONSTRUCTION REQUIREMENTS

502.03 GENERAL. The construction requirements shall
be as prescribed in Subsections 501.06 through 501.18.

502.04 PHYSICAL PROPERTIES OF MIXTURE. The
contractor shall design his mix with the intent that com-
pacted specimens of the mixture shall conform to the prop-
orties in Table V when tested in accordance with LDI
Designation: TR 303, for an average of four samples taken
from ecach lot after it is placcd in the trucks using random
sampling procedures. A lot shall be censidered as one day’s
preduction of bitumirous mix. A stratified random sampling
plan shall be utilized such that two of the four samples are
obtained during the morning and the other two during the
afterncon using LDH Sampling Manual. The time at which
these acceptance samples are obtained from the trucks shall
be set by the engineecr using random number tables.

Compaction of mixtures for Marshall Stability and Flow
determination shall be conducted by the engineer’s person-
nel at the plant. The testing and final approval of the mix-
ture will be done by the Department personnel.

When the average of four tests is outside of the aceep-
tance limits specified for the average of the four test results
for Marshall Stability, an adjustment in the unit price for
the lot of the mixture shall be made as further outlined. No
adjustment in the unit price will be made for mixture being
outside the limits on the individual results except as noted
below,

When it is not possible to sample the whole lot (four
samples) due to unfavorable circumstances caused by plant
breakdown ov inclement weather or other causes, then the
acceptance limits will be as shown in Table V as based on
the number of tests made during the time the plant was in
operation. In no event will the number of tests or samples
be less than four for eight hours of plant operation and less
than two for four hours of operation.

In the event the plant operates for less than four hours
and only one sample has been obtained, then the mix will
be accepted on the basis of limits for one sample.
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TWhen i1e average of the number of tests representing the
period the rlant was in operation for the day is outside the
acceptance iimits for Marshall Stability shown in Table V
for the average of the number of samples tested during the
day, an adjustwent in the unit price for the lot of the mix-
ture represented by the number of samples shall be made as
further outlined in Subsection 502.12, No adjustment in the
unit price shall be made for mixes heing outside the limits

on the Jow for the average of the lot or the individual test
result.
502.05 HANDLING OF AGGREGATES. Coarse and

fine aggregates shall be stored at the plant in such a manner
that the separate sizes will not become intermixed.
The aggregate screenings shall be stored at the plant in
separate stockpiles.
When stockpiling, the material shall be placed in such a
manner as to minimize segregation of aggregate sizes,
Blending of aggregates in stock piles or on the ground at
the plant site shall not be permitted. .
(a) Drying: The aggregate shall be heated and dried to
provide 2 paving mix meeting the requirements of these
specificztions.
The ¢uartity of the material fed through the drier shall,
in all cases, be held to an amount which can be adequately
heated and dried. In the event proper drying is not

achicved and the quality of the mix is impaired the con-
tracter shall adjust the rate of production of the drier, as

requirec to obtain satisfactory resuits. The discharge
chute of the drier and the discharge end of the asphalt
iine skhal be equipped with pyrometric or thermometrice
devices, acceptable to the engineer, to assure that proper

temperatures are being maintained.

(b) Screening: Aggregates shall be screened into sizes
such tta:i they may be recombined into a gradation meet-
ing the requirements of the job mix formula.

(c) Hot Agvregate Storage: Hot scrcened zggregate shall
in bins as required in Subsection 501.07. Stor-

ccomnhshed in such a manner as to minimize
nd loss o

f temperature of the sgovepata. In

va WCINpLI

the event the plant operation is interrupted and the tem-
perature of the material in the hot storage cools to 25°F

Type of
Mix

Typos 1, 2, 4 o
AC-3, BC & WC
AC-5,

Type 3
AC-3 BC .
AC-3 WC

BC & WC

Type 5

Buse Course
AC-5 (A L
AC-3i{R)
*AC-5(B)

**Shoulder, EC & WC
All types

Table V

Acceptance Lintits for Marshall Stability Contrel Limits for Flow

verage of: (S **r\lﬂs) Average of: (Sarples)

4 3 2 1 4 2 2 1
1260 Min. 1150 Min 1050 Min 5300 Min. 13 Max 15 Max 15 Max. 18 BMax.
1100 Min. 1630 diina. 1000 Min 200 Mia. 15 Max. 15 Max. 15 Max. 18 Max.
1400 NMin. 350 2lin 1250 Min. 1939 Min. 13 Max. 15 Max. 15 AMax. 13 Max
1700 Min. 1600 Min 1560 Min. 1250 Min. 15 Max. 15 Max. 15 Max 13 Max,
1200 Min. 1039 3in. 9Ny Min. i3 3ax. 15 15 Aax. 1S Max
800 Min. 709 Min 630 Min. 15 Max. 15 15 Max. 18 Max

800 Min. 100 Min. 600 Min. 15 dax i5 15 >iax. 18 2Max
1000 Ilin. §5C M 299 Min. 800 Min. §-13 8.18 8-18 6-20

*AC-3 When use!

under conay

*#*Shoulicr mixes will be tested vy SUE s

cof the

=71 the mix wiil be testod using
compaction hammer.

w

of

the c¢ompaction hammer.
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or more below the specified mixing temperature, the bins
shall be pulled and the material discarded.

502.06 PREPARATION OF ASPHALT AND AGGRE-
GATES. The asphalt and aggregate at the time of mixing
shall be heated to a temperature of not less than 275°T and
not more than 350°F.

The temperature of the bituminous mixtures, when dis-
charged from the mixer shall be within the limits pre-
scribad in Table IT of Subsection 501.02,

Tre dried mineral aggregate for any of the various type
mixtures shall be combined in the plant in the proportionate
amount of each fraction of aggregate required to meet the
job mix formula, The bituminous material shail be measured
and introduced into the mixer. Prior to adding bituminous
material, the combined mineral aggregate shall be thorough-
iy mixed dry, after which the proper amount of asphalt shall
be sprayed over the mineral aggregate and mixed to produce
2 homogeneous mixture in which all particles of the mineral
aggregate are uniformly coated. The mixing time shall be
submitted by the contractor in the job mix formula and
approved by the engineer. Suitable locking means shall be
provided for this regulation.

Aggregate contaminated with carbon or oil will be re-
jeeted.

502.07 TACK COAT. Before constructing each course,
a tack of the width indicated on the plans shall be applied
if needed at the rate specified by the engineer, but not to
exceed 0.05 gallon per square yard. When the bituminous
mixture is placed on an asphalt surface, the tack coat may

be eliminated if directed. The responsibility for the protec-
tion of the tack coat shall rest with the contractor, and spot-
patching required shall be made at no extra cost.

The tack coat shall meet the requirements of Section 503.

Asphnaltic concrcte shall not be applied on the bituminous
surfaced or primed base until the surface or tack coat has
completely cured to the satisfaction of the engineer.

In the event asphaltic concrete is to be placed on an ag-
gregate iype base course, the contractor shall use bitumi-
nous primer as described in Section 504 in licu of the tack
coat required herein.

In the event the primer has dried out or is otherwise

502.08

insufficient prior to laying the asphaltic concrete, the con-
tractor shall, at his experse, re-prime the base or apply a
light tack coat as dirccicd; hewever, in any event, the
primed surface shall be conipletely cured to the satisfaction
of the engineer.

502.08 SPREADING AND FINISHING. Bituminous
mixtures, heated and preyared as specified, shall be trans-
ported from the mixing plant to the site of the work as spcei-
fed in Subscetion 501,08, No loads shall be sent out so late
in the day as to prevent com:pletion of the spreading and
compaction of the mixtiure during daylight, unless artificial
light is provided. The mixture shall be delivered at a temper-
ature of not more than 25°F below the minimum allowable
temperature of the mixture when discharged from the mixer
as specified in Subsection 572.08.

The laying operations shall be conducted in the following

manner:
(a) Coordination of Precduction: The contractor shall co-
ordinate and manage the plant production, the transporta-
tion of the mix and the iaving operation to achicve a high
quality pavement. He :kall have sufficient transporting

N

ess continuous plant and road-

irmam idle time between loads.
The Department reserves the right to order a halt to oper-
ation in the event sufficient hauling vehicles are not avail-
able. It less than the optinmum number of hauling vehicles
are available and it is detormined that satisfactory qual-
ity can be obtained, the contractor will be permitted to
work provided the plant production and the hauling ve-
hicles are coordinated to minimize the effect of idle time
between loads.

vehicles to insure more or
way operation with a mi

(b) Mechanical Spreadars: The spreaders used shall be
approved self-powered and propelled spreading machines
and shall be one of the two types: (1) the conventional
mechanical spreader or (2) mechanical spreader with
electronic screed and siepe control devices used in con-
junction with a 30-foc: traveling stringline or with an
erected stringline as specified by the plans, special pro-
visions or as directed by the engineer.

The approved spreading machine shall be capable of

spreading and finishing the base, binder and surface
courses to required line, grade and cross section without
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the use of forms or side supports. Finishing machines shall
be operated so that material does not accumulate and re-
main along the sides of the receiving hopper. Sereced shall
be equipped with a suitable, conirelled heating device to
be be used as required.

In the event the spreading and finrishing operation is in-
terrupted for a period of time and some of the mixture
remaining in the trucks, spreader, spreader hopper, and/or
on the roadway cools to wkere it cannot be Iaid, finished
and/or compacted to the same degrec of smoothness and
with the same texture and density as the un-cocled mix-
ture, the cooled mixture shall be removed and replaced
at the contractor’s expense.

Heading (b) is expanded to include the following addi-

tional requirements for mechanical spreaders when elec-

tronie sereed control is required,
(1) Electronic Screed Control with 30-Foot Traveling
Stringline: The initial lane of each course to be laid,
whether it be wearing, leveling, base, binder, or a com-
bination of any of these courses, shall be constructed
in the approximate lifts shown on the pians using the
traveling stringline method; however, if field conditions
warrant, the portion of the leveling course required to
level isolated depressions may be placed without the
electronic screed control device.
After the initial lane of each course is finished and
compacted, the adjacent lane or lanes on that course
shall be laid to the grade of the initial lane, using a
small (approximately 6”) shoe to control grade and
controlling the cross slope with the slope control device,

If field conditions warrart, the traveling stringline may
be used to control the grade of any adjacent lane on all
courses with the exception of the final wearing course,

In cases where both of the outside edges of the lane
being placed are flush with previously placed material,
the slope device shall not be used.

When three or more contiguous lanes are to be con-
structed, the order of construction shall be as directed,
and courses placed in lanes which are not adjacent to a
lane previously placed with the traveling stringline shall
be constructed using the traveling stringline,

502.08

] : 1 hanged
In suporeievated curves, the cross slope shall be .?argfor
i sonts to th ceified
from that specified for tangents to that speoci

T § s the maver is in
superelevation in gradual increments as :A Rl

motion »u ihat smeooth transitien in grade is ouut‘:ne;d.
This change in cross slope shall be accomplished within
the transition distance specified. o

(2) Electrenic Screed Control with Erectgd.Stn?\gljﬁiz
The initial lane of the first course to-be .Lald, whet ,z
it be leveling, base, binder or a combination of fmy:-c.u
the three, shall be controlled by an erected strlr.xignn“e.
refercnced to grade stakes established by the‘ez:gxueek;.
however, if ficld conditions warrant, the pf)rtlon of tbe
leveling course required tq level depressions r.r_\ay e
placed without the electronic screed control device. ’
The paver shall be positioned and operated to closg};y
follow the established line. Only one sensor and the
slope ccentrol device are necessary.f‘m' nox:mal c:ox:m c;rj
tangents. Superelevated curves wﬂ.x require t}'f" Ls.e :
two sensors and two erected stringlines to 'obtam proper
grade and siope; however, if the electrgmc s‘creed co'fx-
trol device furnished by the contractor is equ.xpped an:}
a dial or other device which can be 'convemently used
to change the cross slope in small mcr-emeflt's, super-
elevated curves may be constructed using tkis device
and one erected stringline. . -
After the initial lane of the first course is ﬁms}‘xcd‘an_c;
compacted, the adjacent lane or 1{mes on the ﬁrs; coarj:
will be laid to the grade of the inital lane, usm‘g a S?“:L
(approximately 6”) shoe to control grade anc}' contro.-
ling the cross siope with the slope control d‘enc‘e.

If field conditions warrant, the traveiir}g stringline mag
be uzed o control the grade of any adiacent .lane on ail
courses with the exception of the final wearing course.
In superelevated curves, erected stringline:s will bg us;d
to control the grade of the edge opposite vth? Ar -
lane; however, if the electronic sc;reed control ‘(fe:.m-;
furnished by the contractor is equipped with a dia: or

§it
Sivi0

other device which can be conveniently used to ~cha“
the cross clope in small increments, su“pere‘evat
curves may be constructed using this device and o=
erected stringline, Subsequent courses may be co':-
trolled by use of the traveling stringline attached to tze

ce
o

[ I SN
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raver, provided all surface and grade tolerances are
nmiet on the previous course.

’In'ca:ef where both of the outside edges of the lane
being p.aceq are flush with previously placed material
tre slope device will not be used. ?
In cases where only one course is to be constructed in
one lift, the first lane laid will be controlled by use of
:}'x erec".;:}i} stringline referenced to grade as described

bove. e adjacent 1 i

B e abjov& t lane or lanes will be controlled
When three or more contiguous lanes are to be con-
structed, the order of construction shall be as directeci
zmdt stubsequent first course lanes which are not adia:
cent to a previousl s initi i
cent to mﬁial 1;me'y placed initial lane shall be consid-
Tra‘r'lsfer cf the asphaltic mixture from the haul truck
to tie spreader may be made by direct unloading into
the .spreader hopper, by use of approved mechanical
IOfdlng devices or by direct dumping on the pavement
When the misture is dumped directly on the paVement.
ap_ptoved_loading equipment will be used to transfer the,
muxture into the finishing machine, and the equipment
shall be _ccnstructed and operated in such a manner that
subs?ant.;ally all of the mixture deposited on the road-
beq is picked up without contamination by foreign ma-
terial. In any case, the equipment will be so d:signed
and operated that the finishing machine will place the
nuxtuz:e to the required line, grade and surface without
resorting to hand finishing. Any operation of tha equip-
men‘t“resulting in the acecumulation and subsequent
sh’ecdmg of this accumulated material into the asphaltic
mixture will not be permitted,

Eguipment which leaves tracks or indented arcas which
cannot be corrected in normal operations, or which pro-
duces fushing or other permanent blemishes or fails to
produce a satisfactory surface shall not be used.
Longitudinal joints and cdges shall be constructed to
?.easonably true line markings. Lines shal] be estab-
iisked by the engineer paralle] to the centerline of the
px'op?sed roadway, and siringlines or other devices will
bf p.lace.d b-y the contractor for the paver to follow in
piacing individual lanes. The paver shall be positioned

502.08

and operated to closely follow the established line. In
backing trucks against the spreader, care ghall be taken
not to jar the finisher out of its proper alignment. De-
livery of material to the paver chall be at a uniform
rate and in an amount well within the capacity of the
paving and compacting equipment.

As soon as the first load of material has been spread,
the texture of the unrolled surface shall be checked to
determine its uniformity. The adjustment of the sereed,
tamping bars, feed screws, hopper feed, etec., shall be
checked frequently to assure uniform spreading of the
mix to the proper line and grade and adequate initial
compaction. Segregation of materials shall not be per-
mitted. If segregation occurs, the spreading operation
shall be immediately suspended until the cause is de-
termined and correcied.

Longitudinal and transverse joints shall be formed as
provided in Subsection 501.16.

Any irregularities in alignment left by the paver shall
be corrected by irimming directly behind the machine.
Immediately after trimming, the edges of the course
shall be thoroughly compacted by tamping. Distortion
of the pavement during this operation shall be avoided.
Edges against which additional material is to be placed
shall be rcasonably formed to lines and approximately
vertical. Any irregularities in the surface of the pave-
ment course shall be corrected directly behind the pav-
er. Excess material forming high spots shall be removed.
Indented areas shall be filled with hot mix and finished
reasonably smooth. Casting of material over the sur-
face shall not be permitted whenever wearing course is
being 1aid.

The outside edge of the freshly laid mixture shall he
tamped behind the spreader prior to volling to reason-
ably vertical edge whenever base or binder courses are
being laid, and to approximately 45° beveled edge when
{he wearing ccurses are being laid.

In the event the spreading and finishing operation is in-
terrupted for a peried of time and some of the mixture
remaining in the trucks, spreader, spreader hopper,
loading equipment and/or on the roadway cools to
where it cannot be laid, finished and’/or compacted to
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the same degree of smoothness and with the same tex-
ture and density as the uncooled mixture, the cooled
nixture shall be removed and replaced at the con-
tractor’'s expense.
(¢) Hand Spreading: In small arcas wherc the use of
mechanieal finishing equipment is not practical, the mix
may be spread and finished by hand. Approved wood or
stcel forms, rigidly supported to assure reasonably correct
grade and cross section, may be used. In such instances,
measuring blocks and intermediate strips shail be used to
aid in obtaining the required eross section. Placing by
hand shall be performed carcfully; the material shall be
distributed uniformly to avoid segregation of the coarse
and fine aggregates. During the spreading operation, all
material shall be thoroughly loosened and uniformly dis-
tributed. Material that has formed into lumps 2nd does
not break down readily shall be rejected. Following plac-
ing and before rolling, the surface shall be checked and
all irregularities corrected.

502.09 COMPACTION. After spreading and striking off
and while still hot, each course shall be thoroughly and uni-
formly compacted by rolling.

The highest contact pressure that will give the required
density will be used for the pneumatic roller,

The pneumatic-tire roller shall be kept approximately 6
inches from the unsupported center line joint when only one
lane is in place. However, when both lanes are down, it shal]
be overlapped at least 6 inches to get additional sealing of
the joint.

Additional rollers may be required as necessary to meet
the compaction and smoothness requirements.

Roliing shall be conducted in such sequence and by meth-
ods that will obtain the specified density and smoothness re-
quirements. Each roller shall be operated by a competent,
experienced operator and, while the work is under way, shall
be kept as nearly as practicable in continuous operation.

The motion of the roller at all times shall be slow enough
to avoid displacement of the hot mixture. Any displacement
occurring as a result of the reversing of the direction of the
roller or from any other causes shall be immediately cor-
rected. To prevent adhesion of the mixture to the roller, the

wheels shall be kept properly moistened, but excess water
will not be permitted.

Along forms, curbs, headers and. wall
not accessible to the roller, the n:zxtur? nim‘ 1 Ly
compacted with hot hand tanxpe}‘s or with moechanical tamp
ers to obtain o satisfactory density.

The surface of the mixture after compaction «Snaf;h.-}.-‘e
smooth and true to the established crown and gra:e‘ \:‘L_l,n
the tolerances specified. Any mixture tl‘:at~beco‘irh.?1: “.oobe,
broken, contaminated or in any way Eie;ec:we shail be r‘e-
moved and replaced with fresh hot mxx:t;;re which .\,“ :;;:,e
immediately compacted to conform with the surrounding
area.

Rolling shall continue until all‘roller mfsr‘.{s aj:s?_ ehr;x(::
nated. Upon completion of the rolling procedure, {xxf !pzz -
ment samples shall be obtained from gach com‘pac_.eq lot at
locations determined in accordance with th? s.ranﬁecfr:}:
dom sampling plan within 24 hours after p‘zicenien? 0 e
mix. In the event this falls on a day .the convrac.‘ox: s}c:ew:
are not working then the sampling will be done tnc;fi“ow;
ing day. A lot shall be considered as thg nurx:‘;bsz:f;:rieal
feet of mix laid during the day's operat_xon. The wt“ ‘ce:
laid during the day shall be subdivided 1:1to ﬁ\;g sec.;.:vjx: Oé
approximately equal length and one sample shall ’:)e ci ::T}f-
from each of the five sections using random numb_e. um;x?i
In no event will the number of samp} s roprc»s‘entn;j?" 2 %;1‘1
day’s production or a fraction thercof b:: less )tr;ar.x‘ :i:e.q ' re
density reguirement for individual samples and "? the ‘,.\beu
age of five samples shall be as prescr:bef‘; in Table 3 IO “'..en
d;:termincd in accordance with LDH Designation: TR 2C4.

i

Payment will be made as ou‘dined.in ?ubse;}ion. 5’32...-1';;. gf
thesc specifications. No adjustment }n.tne unit price ‘;ll. ‘e
made for density tests outside the limits for indivicual test,

In the cvent the sampling location a3 deter‘ntn:c—: b) ‘r:.n-
dom sampling proceduves indicates obvious ba‘c spoFs :r.a; a;e
to be replaced or falls within two .:'ee-t of '.'nc e:{f:‘ o t: e
pavement, then an additional samphng_loc‘atx.cn s‘;.a:._r{e "<:e’—
termined and used. Any section that is ‘co\‘zous:y L';;c and
may be detrimental to the roadway shal‘. oLc co.rf"ectﬂei i:»r re:
placed regardless of whether it was sclecied by random or
visual observation.
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Table VI
Acﬁephnce Cont: ol
imits Limit
Type of Mix ' e
Average Isdividual
6 Samples Samples
Trafic Lanes..........._ 1 and 4 969 min. of 92 % min. of

briq. density

briq. density
{75 blows)

Trafic Lanes.................. 2 92¢, min. of 89 % min. of
briq. density briq. density
(75 blows)
Trafic Lanes............ 3-WC & BC 959% min. of 92¢, min. of
briq. density briq. density
(75 blows)
Trafic Lanes. .oweeeereeee, 5A 95% min, of 929 min. of
briq. density briq. density
(75 blows)
Trafic lares..............._. 3 B 959 min. of €329 min, of
briq. density briq. density
{75 blows)
Shoulders ..cccceieeeee. 1, 2, 3 & 4 94 % min, of 91% min. of
briq. density briq. density
(50 biows)

;Wf-e‘n TS.“DG‘5 B is to be placed under concrete pavement, briquette
ensity wiil be obtained by 50 blows of the compaction hammer.

502.10 PROTECTION OF PAVEMENT. Sections of
newly finished pavement shall be protected from traffic until
the pavement has sufficiently hardened.

532.11 METHOD OF MEASUREMENT. Measurements

will be made by one of the following methods as indicated.

(a) Wecight Measurements: Aggregates inclusive of min-
eral filler, and asphalt will be measured by the ton of
2,000 pounds.

Wher. the mixture is produced in a batch plant, measure-
m.er.t ol aggregates and asphalt total weight will be deter-
mined from the printed weights as provided in Subsection
501.07, Part A, Paragraph 10.

‘:'f".en the mixture is produced in a continuous mixing
pxgr_t. measurcement of the composite mix will be deter-
mined from the printed weights as provided in Subsection
501.07, Part B, Paragraph 0.

V?'hen the mixture is supplied from storage silos and surge
bins, measuremen: will be determined from the printed
weights as provided in Subsection 501.07, Part C, Para-
graph 4.

502.12

Haul tickets will be issued for each truck load of material
delivered. Material lost, wasted, rejected or applied con-
trary to these specifications will not be measured for
payment.

The estimated quantities shown on the plans and in the
proposal are based on Type 1 or Type 3 mixes. Should the
contractor elect to usc any of the other allowable mix
types, as shown on the plans, the quantity actually used
will be measured and such quantity multiplied by the
factor given below for the type used to obtain the quan-
tity for payment.

Type 1, 2 (Clam Shell) and 3 ... 1.000
Type 2 (Reef Shell) i 1.03
1.325

.............. The appropriate factor for the
type of aggregate selected.

The aggregate components for each type mixture may
vary due to possible variations in specific gravity. No ad-
justment will be made for aggregate quantity variation
inside the type mixture used.

When a combination of clani shell and reef shell are used
for the Type 2 mixture the factor used will be 1.0C0.

(h) Net Section Measurements: Aggregates inelusive of
mineral filler and asphait will be measured by the cuble
yard (net section) as indicated on the plans. Mcasure-
ments wil] be based on the typical sections shown on the
plans and the length will be measured along the surface
at the center line of cach roadway. Bituminous mixtures
for turnouts, ramps, and other irregular sections, if re-
quired on the plans, will be calculated volume as con-
structed and dectermined by the engineer.

Shoulders, when shown on the plans to be separate from
the roadway, will be measured by the eubic yard (net sce-
tion) from dimensions shown on the plans: however, the
actual length of the completed shoulders will be nicasured
along the edge of shoulder adjacent to the roadway travel
lane.
502.12 BASIS OF PAYMENT. The accepted quantity
of asphultic concrete will be paid for at the contract unit

na

price per unit of measurement on a lot basis,

Whenever the mix does not conform to the requirements
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for aceeptance of mixes as provided in Subsections 501.18,
37204 and 302.09, payment will be made at an adjusted
usit vrice per unit of measurement of asphaltic concrcte in
acecrdance with the following.
{2) Adjustment for Stability:

When the mix is to be ac-
cepted on the basis of the average of four, three, two or
one ‘Iirshall Stability test results, then the payment por
< price shall be made as outlined in Schedule No. 3-8
1-C, or 1-D respectively for the lot.

Adjus

ant fo
ent io
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Ra a r]w;\v nphcx’}v- Fn'f‘ TO

Sfoagw

the payment per nnit price shall be adjusiac
hedule No. 2 for me nverage of five sampies in o !
(c) Adjustment for Surface Tolerance: For sarfuce tnlery
aaces, when measured by a 10 foot rolling = ﬁ}ght edge
“ae payment per unit pric - shall be adjusted as in & rled-
zle \o 3 for the lot.
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censxty ood surfsece tolevances.
(2) Base, Binder ant ChoL,ner K
cent of contruct »
in unit price for mixes
and roadway density
Surface tc
will be cur

LoBhie

ances ar base, bindsy
ivolled in accordance winn
trot testing.
¢ .ement: in addition to the
¢, if the a~nhalt cement furnisi
srm to the specificstions, then the findd
: ‘na“ cemaent will be applied &0 the 2
302 for Bituminous Muterial
and an adjustment in unit nrice

snall 'm' :;.tqde as

zyment will be made under:
Pay Item
Asphaltic Concretfe
-3
Aspaaitic Souctele
(Net Section)} (Type — )
Course Cubie Yard

{Type Coursa) Ton

Schedule No. 1

ADJUSTMENT IN BID PRICE PER UNIT OF
MEASUREMENT FOR MARSHALL STABILITY

Type 1, 2, 4 Type 1,2, 4 Tyne 3 Type 3 Type 5B Stoulder Mix Fercent of
Contract Uni
WwC, BC WC, BC Biader Wearing AC-3 or Price/Per Lg
Type 5A AC-5 AC-3 AC-3 AC-5 AC-S
HBase AC-3
A Average of Four Marshall Stability Results

1163 & higher

1034t 1039
900 o 999
Relew 900

1406 & higher

13040 to 1599

1150 to 1299
Below 1150

1700 & higher

1530 to 1649

1350 to 1549
Below 1350

or Remove

Averaze of Throe Muarshall Stability Resulis

37 & higher 1330 & higher 1600 & higher 750 & hig G939 & 10577 Pavment
to 1049 1300 to 15490 5 to 1599 T00 to 7 350 to ‘?‘9 9
to H0Y 1139 to 1288 250 to 1524 650 to 633 850 to 599 S
Pelow 1004 Below 960 Below 1150 Below 1350 Below 650 Beiow 850 5
C Average of Two Marshall Stability Resultls
1"") l' sher 1500 & hizher 709 & hizter B0 & ]’nr}m" 1605 Tu
1200 ¢ ] 1425 to 1449 659 to 629 = G50,
N G4 1())" :.x 310’) 1250 to 1404 600 to 543 85
z S Below 1050 y Delow 690 Sl
G Marshiodl 8iability Test Resu

560 & L
Below

Schedule Mo, 2

ENT IN BID PRICKE PER UNIT OF
TENT FOR BOA YW'VAY DE\'SKTV

Type I, 4, & f,,) 4 Shoulder

WC & BC Mix

92 & hizher
90 to 91.9%
9 ty ¥9. 9"

9 & higher
D4 to 94t
92 g 034
Below 9 ~

Schedule No. 3

ADJUSTMENT IM BID PRICE PER UNIT OF
MEASU:‘{EJ FCR SUR?.ACE TOLERANCE

ENT T

ear Pe cent of Samgle Exceeding St

3/1(" TcA;

0.0 to 1.0 0.0 to 0.50

1.1 to 1.5 0.51 to 075 nt
1.6 to 2.8 0.7 Puayment
2.6 or More 1.6 or Mere or Remone

®The individus!l surface tolerunce requiremen's for various types ofric

L.oare gioen in
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TABLE B1

PENALTIES FOR VARINAUS ACCEPTANCE CRITERLA ANO MINIMUM PAY

TONS paYS PAYC PAYT PAYE

PROJ MIX Lor

AD2 4 3 525 95 95
AnNG 1 16 1056 95 5
A06 1 19 655 95 95
ADT 5 26 1448 80 80
X: %4 5 29 12% a0 a0
A08 1 12 223 50 50
AOQ8 1 14 384 " 95 9%
Al4 7 11 185 95 a5
Als 7 17 910 95 95
Al4 7 19 898 - 80 80
Al4 7 20 274 8q 80
A19 3 15 578 95 95
A19 3 16 654 95 95
A20 1 2 714 95 95
A20 1 4 700 95 9%
A20 1 6 51 A0 80
A2l 3 13 872 80 AQ
A21 3 14 375 95 93
a21 3 15 555 95 95
A21 3 i6 622 95 98
AZ1 3 17 623 50 50
a21 3 18 540 50 50
A21 3 19 265 95 95
a21 3 23 552 95 95
A21 & k) 540 95 9%
A21 4 5 415 95 95
A21 4 8 690 95 95
A21 4 10 471 95 95
A22 5 36 405 95 9%
A22 5 18 562 80 80
A22 5 39 637 80 80
A22 5 40 307 80 80
A223 5 23 574 95 95
A29 5 8 125 80 80
A29 5 9 293 80 80
A29 5 1D 5n2 : 95 95
A29 7 3 740 95 95
A30 8 10 1254 95 95
A30 8 12 414 95 as
A30 8 21 2041 95 95
A3l 1 3 11n1 a5 95
AL 1 15 1098 . 95 95
231 1 24 970 95 95
A32 1 6 1310 95 as
A32 1 9 605 ' 95 95
A32 1 10 1385 80 RO
A32 1 11 1483 80 80
A32 1 12 1411 a0 80
A3? 1 12 1454 89 8N
A3? 1 14 973 80 80
A32 1 15 1291 80 80
A3? 1 16 8Y2 81 a0
A3? 1 17 392 80 80
A24 1 4 $36 80 80
A34 1

6 466 80 80

NOTF:  pays ¥ PAY FOR MARSHMALL STABILITY

3
PAYC = ¥ PAY FOR ROANWAY COMPACTION
PAYT = ¥ PAY FNR SURFACE TOLFRANCE
PAYE = FINAL PAY (MINIMUM OF PAYS,PAY(,PAYT)
1 TON = 0.91 METRIC TNN
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TABLE B1 (CONTINUED)
PENALTIES FOR VARIOUS ACCEPTANCE CRITERIA AND MINIMUM PAY

PROJ MIX Loy TONS PAYS PAYC PAYT PAYF
A35 5 2 446 95 95
A3S 5 4 186 95 95
A3S ] 5 407 50 50
A35 5 6 566 80 80
A3S 5 7 301 80 80
A38 1 3 A4GD 80 a0
A38 1 4 795 95 95
A38 1 5 645 95 95
A42 1 14 1300 95 35
A2 13 21 904 .95 95
AG2 1 22 285 95 95
A4 1 34 574 95 95
AG?2 1i ef:] 375 95 95
A42 1 4n 4u 95 95
AG2 1 45 512 80 80
A42 1 48 645 95 95
AG2 1 51 625 95 95
Ag42 1 52 174 95 95
A%3 1 5 412 95 95
Ae3 1 7 190 95 95
A4S 1 5 294 80 a0
A4S 1 14 416 80 80
A4H 1 14 891 95 95
A4b 1 19 1100 95 95
A4l 1 25 675 95 95
A4S 1 3 522 95 95
A49 1 5 604 as 95
A49 1 6 524 80 80
A4 1 7 510 95 95
A49 1 10 550 95 95
ALY 1 13 614 95 95
A49 1 14 556 95 95
A49 1 15 612 95 95
AS1 1 |31 564 95 95
AS1 1 12 4R? 0 80
ASY 2 3 432 95 95
AS1 2 5 438 95 95
A51 2 6 354 98 5
AS1 2 7 404 95 95
AS? 2 28 1371% 80 80
AS2 2 29 1317 95 95
A5 4 5 32 1169 95 95
AS4 5 37 1155 ‘ 80 A0
AS4 5 34 1448 ' 95 95
A54 5 41 1219 a5 95
ASG 6 3 1131 80 20
AS4 6 4 -, 560 80 an
A54 6 5 - 956 80 RO
AS4 6 13 13469 95 95
A5 4 6 17 1510 95 95
ASY 6 25 1025 95 95
AS4 6 26 629 95 95
AS4 6 27 755 80 80
AS54 6 28 1133 95 95
AST 1 1 624 95 95
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TABLE B1 (CONTINUED)

PENALTIES FOR VARIOUS ACCEPTANCE CRITERIA AND MINIMUM PAY

PRNJ MIX LOT TONS PAYS PAYC PAYY PAYF
AS7 1 4 544 95 95
AST 1 [ 448 80 RO
AST 1 T 624 95 95
AS7 1 8 0N ) 95 95
AST 1 9 512 95 95
AS8 5 14 Q4 95 95
ASB 5 16 324 95 95
A58 5 17 345 95 ‘ 95
A58 5 19 348 95 95 95
ASR 5 20 371 95 95
ASS 5 30 - 281 95 95
ASH 5 32 367 95 95
A9 1 3 585 80 80
A0 1 43 90 95 95
A0 2 27 155 95 95
A6 1 5 11 280 95 as
A6 5 15 | 210 80 80
A61 5 24 150 95 95
A61 5 25 135 ‘ 95 95
A&L 5 13 10% 95 95
A6l 5 34 150 95 95
A6l 5 35 135 80 95 8n
A6l 5 38 61% 95 95
AL 5 40N 210 95 95
Ab1l 5 41 75 95 95
Ab2 5 43 510 95 95
Ab2 5 b4 567 95 95
A62 5 46 540 80 a0
Ab2 5 49 237 95 95
Ab2 5 50 303 80 a0
Ab2 6 16 128 95 95
AG2 6 19 272 95 95
Ab2 6 23 880 95 95
AH2 6 24 1180 80 80
A6K2Z 6 28 11389 95 95
Ab4 1 TR T05 80 A0
A64 1 8l 1216 95 95 95
.Y.1 1 g2 1921 80 80
Ab64 1 83 810 95 as
A64 1 89 616 80 80
Ab4 1 90 315 95 95
Ab4 1 91 445 ] 80 80
AGT 1 10 234 95 95
AT 1 25 - 341 95 95
ATO 1 11 885 95 95
ATl 1 4 150 80 80
ATl 1 6 955 ‘ 50 50
AT 1 7 505 80 80
AT 1 18 6830 95 95
AT2 1 5 211 9% 95
AT? 1 7 485 50 50
AT2 1 3] inon 95 RO 80
A2 1 9 199 98 0% 9%
AT2 1 11 513 80 80
AT2 1 13 720 95 98
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TABLE 51 (CONTINUED)

PENALTIFS FOR VARITDHS ACCFPTANCF CRITFRIA AND MINIMUM PAY

PROJ MIX LOT TONS PAYS PAYC PAYT PAYF
AT2 1 14 113 80 80
AT2 1 16 387 25 25
AT2 1 18 Z 80 L1¢]
AT2 1 is 50 50
A72 1 20 8C 80
AT2 1 2% 95 95
AT 1 6 95 95
AT3 1 12 80 80
AT4 5 23 a5 R0
ATS 5 4 53¢ a0
ATE K} 3 80 80
AT 3 4 80 80
AT6 3 5 50 50
AT6 3 6 95 95
AT6 3 7 95 95
AT6 3 a 50 50
AT6 3 9 50 50
AT? i 8 80 80
ATR i1 7 g% 95
AR2 1 E a1 80
A8S5 1 # 95 80 80
AR5 i 4 8 80
A85 3 5 80 80
ABS 8 <] 80 80
ABS i 9 80 ' 80
Fie S0
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TABLE B2
NO. UF LC1S & CORRESPUNDING PEhALYItS FOR MARSHALL STABILITY

PROJECT NLCTY_S5C TCNS_50 NLOT_80 TONS_80 NLOT_95 TONS_95

S 2 2173
st 1 740
A6l 2 345 1 980
AE2 1 920
TNTAL 0 0 -8 3438 a 5177
TABLE B3
NQ. OF LOTS & CORRESPUNDING .PENALTIES FOQR COMPACTICN
PROJECTY NLOT_50 TONS_50 NLOT_80 TCNS_80 NLQT_95 TANS_95
AC2 1 525
ACo : 2 L711
Al4 2 1172 2 1295
AlY 2 1232
A2l 1 623 1 572 5 2511
A29 2 418 1 502
A30 3 3709
Azl 2 2071
A32 8 9251 2 1935
A34 2 1002
A42 1 512 9 5924
A43 2 602
A4t 2 1566
A49 1 £24 1 3568
ASl 1 482 s 2192
AS2 1 137% 1 1317
AS4 5 45517 7 8333
A58 3 1000
ASY : B | 585
AeQ 2 245
Aol 8 1635
AL2 2 1483 7 4034
Ab4 2 2026
ALT 2 575
AlG , 1 885
ATl 1 955 2 1255
A2 : 5 1785
AT3 1 1077 1 367
Al : 1 120
Aty ‘ 1 721
Al8 1 768
AES 1 196
TRTAL ? 1578 32 25106 86 53509

NOTF: NLOT_S50 NO. OF LOTS PENALIZED AT 50%

x
NLNT_H80 = NO, NF LNOTS PENALIZED AT 8Q%
NLAT_95 = NN, NF LNTS PENALIZED AT 95%
TONS_50 = TONS PCRALIISD AT 502
TONS_80 = TNNS PENALIZFD AT 40%
TONS_95 = TONS PONALIZED AT 95%
1 TON = 0491 MFTIRIC TN
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TABLE B4

NOo. OF LOTS & CORRESPONDING PENALTIES FOH SURFACE TOLERAANCE

PROJECT NLOT_50 TONS_50 NLOT_8¢ TULNS_80 NLOT_95 TONS_95

ACS 1 223 1 384
420 1 851 2 1614
A2L L 540 4 1994
A22 3 1506 1 %05
A23 1 514
A3l 1 1098
A35 1 407 2 1367 2 1232
A38 1 840 2 14%0
A4S 2 710

A46 i 1100
A57 1 44 s 3204
Ae2 1 540 : ,
AtYG & 2787 2 1531
All i &89
AT2 2 1025 5 280 2 86
Ale 3 11385 2 20%% 2l L5l6
Al 1 Tay

AES 5 T

TOTAL 8 3330 28 17678 27 17358

TABul Bb

PERCENT i 5ipE STANDARD SPECIFICATIONS FOR AGGREGATE
us HEARING CDURSE BINDER COURSE
SIFvE HIGH L OW HIGH LOW
i L¢) I'e 0 0
3/4n o) G 0 8
172% (s} b ¢.55 1]
NO& 0«58 0 (4] 4]
NOLO HE 4] Dell 0
NO4AQ Qe ¥V 4] D hb 4]
NORO 0«33 0. 11 G D
NUZOO 0a55 0.55 4 G.28
% AC ] ] S 4]
2 CRUSHED 4 15.96 G dulel
TABLE B6
PERCENT NUTSINE THE SPECTIFIED MINIMUM FOR STABILETYY £ COMPACTION
YEST | MIX
i 1 P 3 4 % & 7 8

MARSHALYL STABILITY,
L3

]
!
ROADWAY COMPACTION, | 0.85 1.05 1.58 1.36 0.92 D G.39 &
7 |

|
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