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Problem Statement

The Federal-Aid Highway Program Manual, Volume 6, Engineering and
Traffic Operations, Chapter 4, Construction and Maintanence,
Section 2 Construction; Subsection 7, Sampling and Testing of
Materials and Construction (referred to as FHPM-6-4-2-7) dated
January 22, 1987 establishes general requirements for the
sampling and testing of materials and construction on Federal-aid
highway projects. Arizona Department of Transportation in an
effort to update its Quality Assurance program to meet these
requirements has formulated this research project. This program
consists of extracting materials from projects in the form of
samples and performing a battery of tests on each of these
samples. The number of samples and the appropriate value or
values resulting from these test is the center of this research.

There are three types of samples drawn: project acceptance
samples, correlation test samples and independent assurance
samples. The number of project acceptance samples drawn are a
funetion of the project type and size. Each of these project
samples are selected and tested by the Department to determine if
the project is conforming to specifications. Correlation test
samples are selected from the acceptance samples by choosing
every fifth acceptance sample and splitting it into two samples,
one for the project accepatnce and one for the correlation test.
This sample is also called a split sample.

The independent assurance samples are drawn by individuals
unrelated to the contractor or the state. Test results obtained
from these samples are meant to check on the reliability of the
results obtained in the acceptance sampling and testing. The
number of samples drawn for the assurance test is directly
proportional to the number of acceptance samples drawn.

According to FHPM-6-2-7, the frequency for independent assurance
tests should be approximately 10 percent of the frequency of the
project acceptance tests. ADOT, however, has been allowed a 2.5
percent frequency rate due to the split sample correlation
program. One central question to this research is does this
sampling rate for assurance tests provide the information
necessary to make an independent check on the reliability of the
results obtained in the acceptance sampling and testing. In
other words, are there enough samples to make this determination
and how "close" must the sample test results be in order to be
considered "the same?"

There are several tasks that lead up to the overall objective of
this research as outlined in the communication authored by Mr. S.
Tritsch (see Appendix A). These include a review of the
literature, ADOT's present acceptance test program and
identification of what constitutes a measure of comparison
between (1) the split sample test results obtained in the
Distriet lab and those obtained in the Project 1lab, and (2) a
population of acceptance tests results and independent assurance
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tests results. 1In addition, a criteria needs to be identified
for determining what constitutes an independent test result.
This would include examining both the Federal and ADOT sampling
rates of 10 and 2.5 percent, respectively.

Activities During Phase I

The primary focus of this first phase has been to determine the
adequacy of the historical test data in answering the fundamental
statistical problems of this research. These center around the
identification of a measure of comparison and independence in
sampling and testing results. A research team of Dr. Norma Hubele
(Industrial and Management Systems Engineering) and Dr. John
Zaniewski (Civil Engineering) and a graduate student, Mr. Chin-
Yuh Lin, worked together for a two month period in Phase I. This
work 1included the creation of data files on the University
computing system that contained the historical test results
provided by Mr. John Eisenberg. These files included coded
information on projects, samples, test results and related data.
Coples of the layout of the records in these files is shown in
Appendix B. There are 863,380 records in this file. Table 1
gives a breakdown of the types of records, identified by their
first two columns of the record.

In order to determine the adequacy of the data for this research
objective, it was necessary to study the "Sampling Guide
Schedule™ contained in Appendix C. This, in essence, defines the
tests and sampling procedures for the various materials. An
important prerequisite to analyzing the data was finding the
location of results of these test stored in the individual
historical computer records. Appendix D gives the necessary
logic and field location on the different records for each of the
different tests, This proved to be a fairly intensive task and
still there remains a few test results that have not been
located. The primary deficiency of the preliminary review of the
data base was a failure to define the logic for selecting the
data for the coarse aggregates for concrete. The ASU team will
need further assistance from ADOT personnel for identifying these
data during the next phase of the project.

Once the test results for the various materials were located on
the computer records, summary statistics were compiled. Again,
the objective was to provide information to understand the nature
of the data and to judge the adequacy of the data in answering
the central research question. Appendix E (continuing over many
pages) displays the findings of this effort. The information is
organized in roughly the same order as the Sampling Guide
Schedule. ("Abbreviated Version"™ contains only a subset of the
contents of Appendix E.)

Since it was assumed that the testing laboratory and the purpose
of the test may influence the results, most of the data is
subdivided by "lab"™ and "pur" (purpose). For example, in the
tables the first entry is for subgrade material, coded SG, with
proctor density test results found in columns 39-42 of a "p2"




Table 1

Listing of Types of Records Found in Historical Data File

First Two
Characters

Number of
Records

181,281
158,276
140,490
140,008
18,408
13,369
11,290

10,660 -

10,171
9,288
8,900
8,886
8,885
8,764
8,620
8,234
8,037
7,834
7,313
7,309
7,308
7,290
6,956
6,855
6,535
6,180
5,958
5,778
5,125
5,098
4,630
3,246
2,938
2,722
1,857
1,844
1,049
1,028

940
940
681
508
309
305
283
254

" Percent of

Total
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Table 1 (Cont.)

First Two Number of Percent of
Characters Records Total
iN 154 0.0
1E 139 0.0
1B 124 0.0
1 90 0.0
D 68 0.0
S5 45 0.0
c 42 0.0
SP 38 0.0
NB 14 0.0
S4 9 0.0
258 8 0.0
2M 3 0.0
A8 1 0.0
co 1 0.0
EN 1 0.0
MW 1 0.0
T™ 1 0.0
1P 1 .0




card numbering 6,846 observations. These observations subdivided
by laboratory are 6,221 were recorded at the project lab, 58 at
the district lab, none at the central lab and 567 entries had a
'blank' in the lab field on the computer record. Alternately,
the 6,846 may be subdivided by "pur" (purpose) with 391 having a
purpose of "P" represently proctor and 6,455 having a purpose of
nD® representing density. With these counts a fairly good
picture can be formed of the volume of data available for
analysis.

The second half of the table contains a finer count of the
records by a cross of laboratory and purpose labelled "lab/pur®
and "#". For the 6,846 proctor density test results on subgrade
material there are 343 computer records from the project lab when
the purpose was proctor density, whereas there are 5,878 records
from the project lab when the purpose was recorded as density
test, 48 records from the district lab when the purpose was
proctor, and so forth.

When these counts exceeded 100 records, then summary statisties
were computed and a histogram was drawn. The statistics

given are estimates on the mean, the standard deviation ("std™),
the minimum, the maximum, the 25th percentile and the 75th
percentile. The estimate of the mean and standard deviation
("std") give the location and spread, respectively, of the data.
These numbers are heavily influenced by the minimum ("min") and
maximum ("max") values found in the data. Some of these extreme
values, 1in fact, are not theoretically possible (e.g., the
largest proctor test value of 412.3), thus indicating some
problems with the quality of the data. The 25th percentile
("25%") and the 75th percentile ("75%") locates 50 percent of the
data between these endpoints, therefore eliminating the extreme
values. i

The histogram for most of the materials and test follows the
statistics. These graphs are labeled "frequency bar chart" with
a short cryptic title of the material and test identifiers. The
scaling of these plots is heavily influenced by the extreme
values. However, the frequency does provide some information as
to the number of very low and very high values in the data.

Conclusions

There are two basic conclusions formed as a result of this data
analysis:

There are some test results that need to be identified angd
possibly disregarded. Data from nearly “every test show the
existence of extreme values that are theoretically impossible,
The tendency is to label these "outlier® or "mistakes"™ and to
disregard them. It is recommended that each of these instances
be examined and a well~founded appropriate action be taken,
either to disregard them in the analysis or to include them.




For certain tests and materials it will be necessary to use

project specific i{nformation, thus reducing e amount of
data avallable and Increasing the effort necessary In the
analysis. One of the objectlIves of Phase I was to determine 1T

ere 13 enough data in the historical files to answer the
statistical research questions. Answering this question required
somewhat of an iterative procedure of understanding the problem
statement and examining what exists in the data files. The
tables and figures shown in this report reflect some of the
information uncovered during this procedure.

This procedure also has uncovered the realization that there are
some categories of tests and materials in which the historical
data should not be combined across projects. For example,
consider the analysis of mineral aggregate for asphalt cement.
It is well known that different projects adhere to different
specifications, in this example, it may be 3.6 to 4.2 or 6.0 to
6.6. One would expect that the distribution of the test results
between specification limits would be somewhat normally
distributed, each with their own location and spread statisties
related to the specification limits. This concept is represented
in Figure 1a. When the data 1s combined across projects such as
that shown in Figure 1b then an estimate on the mean and standard
deviation is a combined estimate not revelant to any one set of
specifications., These statistics would probably not be
representative or useful. For those tests and materials that are
closely tied to very different specification limits, a project by
project analysis may be necessary. Clearly, this increases the
effort required to carry out the research objective.

Proposal for Follow-on Phases

We recommend that we adopt an inecremental approach to reaching
our research objective, Phase I was very successful in
illuminating the requirements and constraints surrounding this
effort. Consequently we recommend the following:

Phase II:
Statement of Work

The research objective outlined in Mr. S. Tritsch's
correspondence and included in Appendix A of this report will be
performed for the following materials and tests:

(F) Aggregate Base
proctor density
field density
crushed faces
PI
gradation 1.,5"
gradation 1"
gradation #8
gradation #200.
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(L) Mineral Aggregate for Asphaltic Concrete

gradation 1"

gradation 3/4n

gradation 1/2"

gradation #8

gradation #40

gradation #40

gradation #200

(W) Fine Aggregate Portland Cement Concrete
P, 8, b, u

gradation 3/8"
gradation #4

gradation #16
gradation #50
gradtion #100
gradtion #200

(Y) Portland Cement Concrete Pavement
comp. str. 28
slump

entrained air

(2) Portland Cement Concrete Structure
comp. str. 28
slump
entrained air

(A5) Asphaltic Concrete Materials Gradation Tabulation
asphalt content
gradation 3/8"
gradation #8
gradation #40
gradation #200

(A6) Asphaltic Concrete Pay Factor Tabulation
asphalt content
gradation 3/8"
gradation #8
gradation #40
gradation #200

(A9) Asphaltic Concrete Friction Course
asphalt content
gradation #4
gradation #8
gradation #200
moisture content

This subset of materials was chosen with the understanding that
its analysis will lead to the development of a methodology that
may be extended to other materials and tests. The numbers in
the parentheses preceeding the materials reference the table
location of statistics reported in Appendix E. The "Abbreviated
Version® of this report contains only a limited number of these




tables, (Mr. S. Tritsch has a copy of the full appendix which
numbers 196 pages.)

All these materlals will require a project-by-project analysis,
as discussed above. Consequently, the first step in the analysis
of Phase II will be to determine if there exist a large enough
sample size for the project-by-project analysis. Furthermore,

As part of Phase II, if it is deemed appropriate by both the
researchers and ATRC, a proposal will be made to extend the
research to other materials and tests in Phase III.

Deliverable

A final report containing the documentation of the findings of
this study, a description of the methodology of the research and
the recommended procedures and measures of comparison to be used
in the acceptance and independent assurance testing of the above
materials. Also, if appropriate, a proposal for follow-on phases.

Timetable and Budget

The following requirements need to be supplied by ATRC for the
1988 calendar year:

TOtal faculty man-months .......-...........4.75

Industrial and Management Systems Engineering....2.5

Civil Engineering ...C.0.0...!l.l..‘..l..'..’l.ltzoas
Graduate Student Support .cieeecees.e 20 hours/week for 36 weeks

The work has an expected completion date of December 31, 1988.

10




Appendix A
Original Proposal

HPR-PL-1(31)tem273
QUALITY ASSURANCE PROGRAM FOR MATERIALS TESTING METHODS AND PROCEDURES

PROBLEM STATEMENT

The Arizona Department of Transportation Is updating its Quality Assurance Program in order

to meet the requirements of FHWA Federal-Aid Highway Program Manual (FHPM); Volume 6,
Engineering and Traffic Operations; Chapter 4, Construction and Maintenance; Section2,
Construction; Subsection 7, Sampling and Testing of Materials and Construction; dated
January 22, 1987. FHPM 6-4-2-7 establishes general requirements for the sampling and

testing of materials and construction on Federal-aid highway projects.

Three major revisions to the previous manual deal with the Letter of Certification. The letter

now states:

1. The rasults of the tests on acceptance samples indicate....were in conformity
with the approved plans.... The previous statement was “reasonably close”

conformity....

2. The results of sampling and testing for acceptance compare favorably with the
resuits of the independent assurance sampling and testing. This statement
implies that an independent assurance sampling and testing program is functloning
as intended; however, what do the results of the independent assurance tests really
mean in regard 10 acceptance and overall quality of the materials incorporated into

the project?

3. Exceptions to the plans and specifications are explained on the back or an
attached sheet. An exception is considered to be any material represented by an
acceptance test that is shown to not meet the criteria contained in the plans and

specifications.

Per FHPM 6-4-2-7, the frequency for independent assurance tests should be approximately 10
percent of the frequency of the acceptance tests. ADOT's acceptance test criteria (including
the Sampling Guide Schedule maintained by the Materials Section) has been approved by the
FHWA. Additionally, approval has been granted to ADOT to allow a 2.5 percent frequency rate

for Independent assurance samples versus acceptance samples.

FHPM 6-4-2-7 states the resuits of the independent assurance samples and test are used
for the purpose of making indepsndent checks on the reliability of the resuits obtained in
acceptance sampling and testing and not for determining the quality and accaptability of
the material and workmanship directly. The question then becomes, what is an acceptable
independant assurance test result in refation to the acceptance criteria? Is there a range for
the independent assurance test, or is it simply pass or fail, based on the statistical framework

of the acceptance test program? If there is a rangs, what should it be?

In Federal Register, Vol. 51, No. 216, November 7, 1986, p. 40416, a comment was made in
regard to precision statements for independent assurance sampling and testing. The response
was that the assurance tests are to check the reliability of the acceptance test results; therefore
it is not necessary to have statistically proven precision statements to perform this function.
The FHWA has recommended, and continues to believe, that a range should be used as

a guide when precision statements do not exist.
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RESEARCH OBJECTIVE

The objective of the research project is to determine a statistical range of acceptable values
when comparing an independent assurance test resutt (based on a frequency of 2.5 percent
and 10 percent of the frequency for acceptance tests) to the resuits of the acceptance tests.

In order to meet the objective, the following tasks shall be addressed:

1.

Perform a literature review to ascertain what information is available on comparing
independent assurance test results to acceptance test results.

Review ADOT's acceptance test program in sufficient detall to fully understand the
amount of testing required for the individual materials being sampled.

Determine what constitutes a measure of comparison between:

a. Split samples, I.e., the fifth sample is divided into 2 portlons to be tested in
the District lab and in the Project Lab.

b. A population of acceptance tests results and independent assurance tests
results.

Determine what an acceptable independent test result would be, based on the
sample size and criteria used for acceptance, for 26 materials (with characteristics
ranging from 1 to 15 for each material) selected by the Department and found in
the Sampling Guide Schedule. Elaborate as to whether a range of values is
acceptable or if simply pass, fail is sufficient. Base the analysis of the indspendent
assurance tests on a frequency of 2.5 percent and 10 percent of the frequency for
acceptance tests.

Prepare & final report containing a thorough documentation of the findings of this
study and include all conclusions and recommendations.

The Department will provide approximately 1200 historical files on a computer tape and the
appropriate documentation to sort and retrieve the data as needed. The historical files should
provide the necessary test files from which a statistician can develop a program to use for
testing a confidence level and determining what a favorable comparison would be.

EXPECTED IMPLEMENTATION

The results

of this project will be incorporated into ADOT's Quality Assurance Program in order

to comply with the requirements as outlined in FHPM 6-4-2-7.

FUNDING LEVEL
$75,000
STUDY DURATION

12 months



PREPARED BY
Steven L. Tritsch
SUBMITTED BY

Don Green
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Py 73 FINAL w/C Z4] 23 ConcRETH 28] 27 Plant
ENTRAINED AIR CONTENT . |RATIO LB/LB|TEMP o lsw_nlx_Rav. at
33 34| 3% AR D) ED) ’ e
SLUMP SPEC i 1?0 MAX W/C RATIO TEMP Total No. of
30 rrTh LB/LAB °F. Mix Rev. at »
MEASURED SLUMP . FIELD INSPECTOR'S SIGNATURE Plant & Site
_ NOTE:
LAB NUMBER AT L A B FOR SCHMIDT HAMMER TEST INPUT THE REQUIRED VALUE
| | l P T | I i IN 6465; INPUT THE TEST VALUE IN72-73 -
L
Ki5j [MONTH DAY ) AGE D ZDSYS®  aEAM OR CYLINDER ©_LOAD STRESS
I vy 3 21 23 AVE. WIDTH | 2% 27 28 33 34 38
REC'D DATE E OR DIA. - o ) o1
TIME 2E='D 1N EX) 42 43 F1} 3 EX] 2 56
Lae REQUIRED STRENGTH |AVE:. DEPTH N . st
87 60 l 61 l as u51 [ (Y] a9 J3] 73
TEST DATE J T LENGTH l
L. IN. AVERAGE PS1
NOTE:
=48 NuMBER USZ FCR — FOR SCHMIDT HAMMER TEST INPUT THE REQUIRED VALUE
y IN 6465; INPUT THE TEST VALUE iN 72.73
LI asoars AT LAB
| ~ =
K ! 6 J MONTHI DAY | AGE = SAYS BEAM CR CYLINDER LOAD STRESS
‘ ﬁ1’ 20 21 “| AVE. ¥IDTH 23 27 28 a3 34 EX)
REC'D DATE . l L l OR DiA. . o o5t
TIME REC'D IN a9 42 43 40 8 ] EX) 32 86
LAB | i i l REQUIRED STRENGTH | NVE: PEFTH N, J l La. 4 PS|
37 (1] -3 84t 38 (X} [1] 9 7 73
TEST DATE | | 1 LENGTH o l
__PS} IN. AVERAGE : PS)
— & LAB CODES: P~ PAOJECT USE CAPITAL LETTERS! USUAL TEM Ko
K7 | B ' ¢ = CENTRAL REMARKS FOR STRENGTH CODE
17 19 l’ ]’ I { 48 5=z mps,
| 6 = 3500 PSI
) - 74 7 = 4000 PS|
E - l l L 8 = 4500 PS!
LABMAN (7-DAY) SIGNATURE - NOTE: SPACES 3 THROUGH
16 MUST BE COMPLETE ON
K1 LIRE

LABMAN (23-DAY) SIGNATURE

ORIGINAL COPY TO LAB
1 CARBOW COPY TO PROJECT FILE
@ 449227 RI2-81 NO COPIES SHOULD BE KEPY AT BATCH PLANT
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SAMPLING GUIDE SCHEDULE

The purpose of including the sampling freguency
schedule in the Materials Testing Manual is to
bring together in one reference source the
guidelines for the sampling and testing procedures
necessary to assure materials quality.

This sampling schedule supersedes all previous
Sampling Guide Schedules and directives.

The sampling frequency has been established to
relate - to current production capabilities,
staffing abilities and FHWA regulations.

It is the intent of this schedule to give guidance
to personnel responsikle for sampling and testing
materials, yet allow them reasonable latitude for
adapting to specific project needs. The fregquency
may vary for individual projects or phases of
projects in accordance with job conditions such as
the uniformity of materials at the source, the
methods and equipment used, and weather
conditions. The number of samples and the
distribution of the locations from which they are
taken should be such as to adequately assure or
verify that the materials incorporated and
construction produced are acceptable in accordance
with the plans and specifications. The Engineer
may direct that 1less acceptance sampling be

accomplished in particular cases of 1limitecd
guantities of materials on the project, or for
small projects. Conversely, he may direct that a

greater amount of acceptance testing than that
shown as "minimum sampling frequency" be done when
he deems necessary for adequate materials quality
control.

Reliance should not be placed wholly on the
results of sampling and testing in determining the
acceptability of the materials and construction
work. The sampling and testing should be
supplemented by sufficient visual inspection of
the materials as a whole to determine whether the
samples and tests are reasonably representative of
the entire mass of materials. In addition, there
should be sufficient observation of the actual
construction operations and processes to ascertain
whether they can be expected to consistently
produce uniformly satisfactory results.

Cl
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2.

ACCEPTALCE SAMPLING AND TESTING

2.1

INDEPENDENT

3.1

3.1.1

The following tables for sampling frequency apply
only to acceptance sampling and testing. Table 9
is an index of the materials referenced to in
Tables 1 through 8. Also given in the index is a
listing of the corresponding abbreviations when
applicable. "Independent Assurance Sampling” and
correlation sampling (splits with project and
District) are discussed later in this document.

Acceptance by manufacturer's material
certification, will be in accordance with Secticn
106.05 of the Standard Specifications.

Small quantities may be accepted on the basis
manufacturer's material certification or based
upon visual observations of the Engineer. Small
quantities may be considered to be approximately
500 cubic yards or 1less of processed aggregate
material or approximately 20 tons of bituminous
or portland cement and flyash. A small quantity
of portland cement concrete should be considered
to be 5 cubic yards or less. The Engineer should
exercise careful Jjudgement in the acceptance of

small quantities. These consideraticons must
include the significance of the product to the
construction as well as the quantity. The

recommended sizes of small quantities are to be
considered approximate, not maximums.

Some materials are pre-sampled and pre-approved at
the supplier's yard by the District or Central
Laboratory and tagged with an ADOT green sticker
with the project number, date sampled and lab

number on it. For materials that are green
tagged, it 1is not necessary to do any further
sampling. However, the proper laboratory should

be notified for verification of the materials
acceptability.

ASSURANCE SAMPLING AND TESTING

Independent assurance sampling and testing will
normally be limited to:

Naturally occurring materials such as soils and
aggregates, and mixtures containing naturally
occurring materials.
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Processed aggregates and mixtures containing
processed aggregates. N e

The independent assurance sampling and testing
program is to be separate from acceptance and

correlation sampling and testing. Whenever
practical the independent assurance sample will be
split with the project laboratory. This will

provide information relative to the sampling and
testing variance.

Independent assurance samples are to be taken and
tested by the District Materials Engineer or a
designated representative. Should this laboratory
be involved with acceptance testing, the
independent assurance samples must be tested by
the Materials' Section Central Laboratory. All
testing must be accomplished with equipment that
is not wused for project acceptance testing. The
results of the independent assurance sampling will
be compared by the District Materials Engineer, to
the project level splits and acceptance tests to
determine if the comparison is favorable.

The results of tests on independent assurance
samples are to be promptly compared with those
obtained from acceptance samples representing
similar materials and an evaluation made as to the
dependability and accuracy of the acceptance
sampling and testing. To obtain similar
materials, those taking independent assurance
samples may take samples at the same time the
project takes acceptance samples or split the
samples, if desired, but correlation samples are
not to be used as independent assurance samples.
The results of tests and evaluations made with
other comments are to be reported on the "Report
of Independent Assurance Sampling and Testing"
form (copy attached). As indicated, copies of the
completed form shall be sent promptly to the
Resident Engineer, Area Engineer, District
Engineer, and Materials Section, with a copy
retained in the District lab file.

Independent assurance samples should be obtained
early in the production of any particular material
type or as soon after processing mixtures as is
practical for the particular testing purpose.

The number o¢f independent assurance samples are

indicated on the Sample Check List. The frequency
is established as at least one for each material

Cc3
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CORRELATION

4.1

type per project but in no event should the
frequency be less than 2.5 percent, as a
percentage of the number of acceptance tests.
Therefore, if the sample check 1list does not
indicate a material that requires independent
assurance sampling, it should be added to the
sample check list and tested accordingly.

Independent assurance samples will not be required
on small quantities. This decision will be made
by the Quality Assurance Branch of the Materials
Section and presented on the "Sample Checklist".
The Quality Assurance Branch should be contacted
regarding any small quantity item not appearing on
the "Sample Checklist"®.

Additional independent assurance samples shall be
taken 1f the results of the acceptance tests and
the independent assurance tests vary
cignificantly. As a basis for evaluation, the
Materials Section has prepared a Policy and
Procedure Directive on the subject of Independent
Assurance Sampling and Testing. This P. P. & D.
provides ranges for acceptable correlation.
Should the results of any comparison exceed those

ranges additional investigations must be
initiated. The investigations may include the
inspection of Project Laboratory facilities,
equipment and procedure. In any event, an

additional sample must be taken to verify the
source of the variance has been eliminated. All
measures taken to mitigate a deficiency shall be
documented on the "Report of Independent Assurance
Sampling and Testing".

SAMPLING AND TESTING

The following supersedes Policy and Procedure
Directive 81-5, "Correlation of Sample Test
Results".

Correlation sampling and testing is a separate
program from the independent assurance sampling
and testing program.

Two way splits of acceptance samples shall be
cbtained for testing by project and district
laboratory on a reqular basis. It is recommended
that approximately every fifth sample be split. A
prompt comparison and evaluation should be made of
test results so that any necessary corrective
action may be taken.

C4
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TABLE 1 - ACCEPTANCE SAMPLING GUIDE FOR SOILS

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
203 SG Proctor P¢/ Roadway One per soil type
Subgrade Density
fpetes  cmem— e—— —— — e e ome | — c— ae— ottt —— — —
ool 7-5 Compaction, | Roadway One per 1500°
Gradation,/’ Roadway One per 150C' or
Pl N change in material
203 EM Proctor In-Place One per soil type
Embankment Densityp V/ )
Compaction In-Place One per 1500'per
f/ lift
203 NG No tests
Natural if EM>5!
Ground p— — — — —_——_——————_— — — — — —
Proctor In-Place One per soil. type
Density
Compactionp ~In-Place One per 1500
854 TS GradationM | In-Place Certification and
Top Soil PI 51 or one per scil type
£so pl Source

e
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TABLE 2 - ACCEPTANCE SAMPLING GUIDE FOR AGGREGATES
STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
203 SB or BF Proctor Stockpile One per Ssource
501 Structure Density
Backfill orr- _——] —— — ——_— —_—— — — — —
Backfill Compaction In~Place One every 50 CY
Resistivity, | Source or One per source
pH Stockpile
L — — et ey — | — —— — ——  tmtmm— —i— ——
Gradaticon On Job Site| One per 300 CY per
PI source
I 303 AB Abrasion#* Source One per source
i Aggregate — — — — 4 — — — —|— — — — — —
! Base Proctor Crusher At start of
| 1,2,3 Density Belt or production, then as
l Stockpile Material changes
] e T U — — o —— — | —— — — ——— —— — —
! Compaction | Roadway One per lift per
J 1000
Crushed Windrow Cne per 2000 T. or
Faces, PI, one per shift
Gradation

* If historical values are acceptable, no tests

are required.

cé
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TABLE 2 ~ ACCEPTANCE SAMPLING FOR AGGREGATES (Cont'd.)
STANDARD MATERIAL TYPE COF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
303 AS Proctor Crusher At start of
Aggregate Density Belt or production, then as
Subbase Stockpile material changes
4,5,6 -——— ] — — — —|— —_——_—— — — —
Abrasionx* Source One per source
Compaction Roadway One per lift per
1000"
4 Crushed Windrow One per 2000 T. or
Faces, PI, one per shift
Gradation
e e ] — | — —— — e —— e — —
5,6 Gradation, Windrow One per 2000 T. or
P1 one per shift
303 AG Gradation, Stockpile One per 2000 T. or
304 Aggregate PI, Crushed one per shift
305 for CB and Faces
Lc e cows m  cvwwe et memee  meveas  e——— e | e e Se— S— n—— eme— ———
Abrasion¥* Source One per source
404 BL Gradation . | Final One per source
Blotter Stockpile
Material
404 CM Gradation Final One per 300 T
Cover Stockpile
Material — — — — ] —_——— —— — — — —— — —
Crushed Final One per source
Faces, Stockpile
Flakiness
Index
$Carbonate,| Source One per Source
Abrasion*
Moisture Trucks at One per 200 T.
Content, Scale
Unit Weight
* If ?istorical va}ues are acce?table, no te?ts are required.
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TABLE 2 - ACCEPTANCE SAMPLING GUIDE FOR AGGREGATE (Cont'd.)
STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
405 AG See
Aggregate Special
for RM Provisions
406 MA Abrasion¥*, Stockpile One per source
Mineral Combined
Aggregate Specific
for AC Gravity,
%¥Absorption
Crushed Stockpile One per 5000 T.
Faces, Sand minimum of 2 per
Equivalent project
e e ——— — ] e— —— — — | — — — e —— — ——
Gradation Cold Feed One per 500 T. cf
or Bins Asphaltic Concrete
Production
406 Sand Stockpile Discretion of
Alternate Equivalent or Crusher Engineer during
Acceptance Belt Production of
Mineral Aggregate.
Minimum of 2 per
project.
407 MA ¥Carbonate, | Source or One per source
Mineral Abrasion, * Stockpile
~ Aggregate Specific
for FC Gravity
Sand Stockpile One per 5000 T.
Equivalent, ninimum of 2 per
Flakiness project
Index,
Crushed
Faces
Gradation Cold Feed One per 500 T. of
or Bins Asphaltic Concrete
production
* If h;iporical valu?s are accept?ble, no testf are required.
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TABLE 2 - ACCEPTANCE SAMPLING

GUIDE FOR A

GGREGATE (Cont'd.)

STANDARD MATERIAL TYFL OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
408 MA Abrasionx* Source One per source
Mineral |~ — — — — —_—_————_———_— — — — —
Aggregate Crushed Stockpile Each days production
for RC Faces, Sand of MA
Equivalent,
Gradation
Gradation Cold Feed One per 1000 T. of
or Bins Recycled Asphaltic
Concrete production
409 MA Abrasion¥* Source One per source
Mineral — — — — — —_——— e ——_—— — — — — —
Aggregate Sand Stockpile One per source
for AC Equivalent
Mise,. @ | — — — - —_—,—e———_— — — — — — —
Structural Gradation Cold Feed At the discretion
or Bins of the Engineer
411 MA Abrasion* Source One per source
Mineral et — — — ] — — — —— [ — —— — —— — —
Aggregate Sand Stockpile One per source
for FC - Equivalent,
Misc. Flakiness
Index,
Crushed
Faces
e — —_— - ] — — —_ | — — — — —— —
Gradation Cold Feed At the discretion
or Bins of the Engineer

* If historical values are acceptable, no tests are required.
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TABLE 2 - ACCEPTANCE SAMPLING GUIDE FOR AGGREGATE (Cont'd.)
STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
416 MA Abrasion¥ Source One per socurce
Mineral | — — — — _——— e e——————— —
Aggregate Sand Stockpile One per source
for AC - Equivalent,
End Product| Crushed
Faces,
Combined
Specific
Gravity,
%Absorption
Coating Stockpile One per source or
Index at the discretion
of the Engineer
417 MA Abrasion* Source One per source
Mineral - —— — — ————— — —— — — —
Aggregate Crushed Stockpile One per source
for FC Faces,
Flakiness
Index, Sand
Equivalent,
¥Carbonate,
Specific
Gravity
501 Filter Gradation Source or One per 300 C.Y.
Material Stockpile per source
for
Perforated
Pipe
501 Plating Gradation, Source or One per source
Material PI Stockpile
501 BM Gradation Source or One per 300 C.Y.
913 Bedding Stockpile per source
Material —_— —— ] —_——_———— — —— — — —
for Pipe Compaction In-Place One every 50 C.Y.
and Bank
Protection
* If h%storical valfgs are accep?able, no tes}s are required.
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TABLE 2 - ACCEPTANCE SAMPLING GUIDE FOR AGGREGATE (Cont'd.)

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
913 RK Specific Source One per source
Rock for Gravity
Wire Tied
Riprap, @+~ — — — — _—————_——_—_—_ Y — - —
Gabions, Gradation Source One per source
Riprap, (Visual)
(Slope
Mattress)
For Grouted|Specific Source One per source
Riprap, Gravity
Dumped _————_—1 —— — ——— — —— — — —
Riprap, Gradation Source One per source
Rail Bank and other
Protection |Requirements
See Special
Provision
1006 FA Gradation, Batch Plant| One every other day
Fine Sand Conveyer
Aggregate Equivalent Belt or
for PCC Stockpile
Classes ———— ] — — — —|—_———— — — - —
p,s,B,U Mortar Stockpile One per source per
Strength year
Soundness Source One per source per
when over year
4500' Elev.
1006 CA Gradation Batch Plant| One every other day
Coarse Conveyer
Aggregate Belt or
for PCC Stockpile
Classes ———— ] — — — | — — —— — — — —
?,8,B,0 Abrasion#* Stockpile One per source
Soundness Source Cne per source per

when over
4500' Elev.

year

* If h%storical val?es are accep?able, no tes?s are regquired.
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TABLE 3 - ACCEPTANCE SAMPLING GUIDE FOR BITUMINOUS MATERIAL
STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
1005 Asphalt Per Tables * *
Cement 1005-1 or
}— — ~— — — 1005-1a, ———— ] — ——— — — -
406,407, For AC, and 1005-5 Circulation| Certificate Required
408,409, FC, RC Line and Duplicate Sample
411, 416, Recommended{ per 1/2 Shift
417 : (Recommended)
. — —— — e e emam  ———— o —— ——— —— m— o— — —
404 For Tack Certificate Required
1005 Liquid Per AASHTO * *
Asphalt M 82 and Distributor| Certificate Required
Type MC Table Recommended| and Duplicate Sample
1005-5 per Delivery Unit
405 For RM, (Recommended)
404 Prime
1005 Emulsified DPexr Tables Supplier See PPD.
Asphalt 1005-2 and
Type RS-1, 1005-5
- CRS-1,R5-2,
CRS-2,S85-1
css-1
404 For Chip
Seal, Tack
1005 Emulsified Residue * *
Asphalt Distributor| Certificate Regquired
Special Type Recommended| and Duplicate Sample
Diluted SS-1 per Delivery Unit
or CSs-1 {Recommended)
See PPD.
NOTE: SAMPLES OF BITUMINOUS MATERIAL SHALL BE TAKEN BY THE CONTRACTCR
AND WITNESSED BY THE ENGINEER
* Pointlof Sampling ?nd Number ofISamples Spec%fied by Engineer.
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TABLE 3 - ACCEPTANCE SAMPLING GUIDE

FOR BITUMINOUS MATERIAL (Cont'd.)

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST (S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
1005 RA Per Tables * *
Recycling 1005-3 and [Circulation |Certificate Required
Agent Ra-1,| 1005-5 Line and Duplicate Sample
RA-5, RA-25 Recommended |per 1/2 Shift
RA-75 (Recommended)
1005 ERA Per Tables Supplier See PPD.
Emulsified 1005-4 and
Recycling 1005~-5
Agent ERA-~1
ERA-5,
ERA-25,
ERA-75
*Distributor|*For diluted ERA
Recommended |Certificates reguired
and Duplicate sample
per Delivery Unit
(Recommended)
See PPD.
1005 Asphalt Per Tables | Circulation|Certificate Required
Cement 1005-1 and Line Duplicate Sample for
410 for Asphalt| 1005-1A Delivery each shipment - not
Rubber Unit less than 1 set of
samples for each
40 Tons.
NOTE: SAMPLES OF BITUMINOUS MATERIAL SHALL BE TAKEN BY THE
CONTRACTOR AND WITNESSED BY THE ENGINEER.
* Point of Sampling and Number of Samples Specified by Engineer.
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TABLE 3 - ACCEPTANCE SAMPLING GUIDE

FOR BITUMINOUS MATERIAL (Cont'd.)

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY

410 Extender Saybolt Circulation [Certificate Required
0il for Viscosity, Line duplicate sample for
Asphalt Flash Point, [Delivery each shipment - not
Rubber Molecular Unit less than 1 set of

Analysis samples for each
40 Tons.

410 Kerosene Boiling Circulation [Certificate Required
for Point Line Duplicate sample per
Asphalt Delivery shipment.
Rubber Unit

410 Extender Absolute Circulation |Duplicate Sample per
oil - Viscosity Line Batch
Asphalt Mixing Tank
Cement
Blend for
Asphalt
Rubber

410 Rubber for |[Sieve Stockpile Certificate Required
Asphalt Analysis Project 1 Bag per lot per
Rubber Type.

C14
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TABLE 4 -~ ACCEPTANCE

SAMPLING GUIDE FOR PORTLAND CEMENT CONCRETE

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
401 Portland Compressive| At Four sets per day
1006 Cement Strength, Discharge when using slip form
Concrete slump, | == — —
Pavement Entrained 1 set per day using
(PcC Air other than slip form
Class P)I—m— — — —f == — —= —|— /= — — —— — —
Thickness* Roadway See Std. Spec
601 Structural Compressive| At One set per
1006 Class S & B| Strength, Discharge**| consecutive 50 CY or
Slump, fracticn thereof per
Entrained day
air ! p_-——_—— — = —
For less than 20 CY
at the Discretion cf
the Engineer
601 Prestressed;, Compressive| At One set per member
1006 and Post- Strength, Discharge**| or for each days
tensioned Slump, production.
Entrained
Air
601 Portland Rebound At one set of readings
1006 Cement Hammer Fabrication| per precast unit
Structural Yard
Concrete
for Minor
Precast
Structures

* THICKNESS MEASUREMENTS TAKEN ON CORES SHOULD BE SUBMITTED TO
MATERIALS SECTION TO SERVE AS DATA FOR FINAT RECORD SAMPLING

AND TESTING REPORT TO FHWA.

** WHEN CONCRETE IS PUMPED,

MENT RESULTS.

RETESTING FOR CORRELATION.
L 1

SAMPLES SHOULD BE TAKEN AT BOTH THE
TRUCK AND HOSE DISCHARGE TO DETERMINE THAT THE SPECIFICATIONS
ARE MET IN THE STRUCTURE AND TO CORRELATE SLUMP AND AIR-ENTRAIN-
IF CORRELATION IS SATISFACTORY SAMPLING MAY
CONTINUE FROM THE MOST CONVENIENT LOCATION WITH OCCASIONAL
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TABLE 4 - ACCEPTANCE SAMPLING GUIDE FOR PORTLAND CEMENT CONCRETE(Ccnt.)

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
912 Shotcrete Compressive| Test As per Engineer.
Strength Panels
922 Utility, None
1006 Class U

Cl6
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TABLE 5 - ACCEPTANCE SAMPLING GUIDE FOR MATERIALS USED WITH
PORTLAND CEMENT CONCRETE

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
602 Prestressing|Tensile Project Two 6 Ft. pieces
1003 Steel Strength, from each reel and
Diameter Certification.
604 Bearing Pads|Durometer Project Certification of
Hardness, Analysis
Thickness '
1003 Welded Wire | Tensile Suppliers Certification and
Fakbric Strength, Yard or One 2' X 2' sample
i Diameter, Project per 25 rolls
Spelter
1003 Epoxy Tensile
Coatec or Strength,
Uncoated  |Bending
Reinforce- |Strencath,
ment Bars Elongaticn,
————— Weight/Ft., b ——— — o — =~ — — — — —
Phoenix (Coating Fabrication| One € Ft. bar per
Sources Thickness)| Plant or 20 tons per bar
Suppliers size and Certific-
Yard ation. See PPD.
Project One 6 Ft. bar per
shipment. See PPD.
Other Project One 6 Ft. bar per
Sources 20 tons per bar

size and Certific-
ation. See PPD.

az
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TABLE 5 - ACCEPTANCE SAMPLING GUIDE FOR MATERIALS USED WITH
PORTLAND CEMENT CONCRETE (Cont'd.)
STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST (S} SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
1006 curing Water Loss,| Suppliers For pre-approved
Compound % Solids Yard or material,
Project Certificate only.
For material not
pre-approved,
Certificate and
1/2 Gal. sample per
lot. See PPD.
1006 Hycdraulic Cnhemical,
Cement Physical
(All types)
Arizona Plant Certification and
.Sources 1l Gal. per weekly.
See PPD.
Other Commercial Certification and
- Sources Source or 1 Gal. weekly.
Project See PPD.

Certification only
when used for
Mineral Admixture
for Asphaltic
Concrete
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TABLE 5 - ACCEPTANCE SAMPLING GUIDE FOR MATERIALS USED WITH
PORTLAND CEMENT CONCRETE (Cont'd.)

STANDARD M2ATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION ANRD TYPES REQUIRED POINT SAMPLIKG FREQUERCY
1006 Fly Ash Chemical,
p— — — — — Physical pm o —— ] — o — — — —
Arizona Commercial Certification and
Sources Source 1 Gal. per month.
See PPD.
Project Certification and
1 Gal. at beginning
of production, and
then monthly. i
; See PPL. |
Other Commercial Certification anc
Sources Source or 1 Gal. weekly.
Project See PPT. !
100€ Water Sclukle Source One sample per
Salts, pH sourcex* (One pint

in gless container)

* NO SAMPLE IS NECESSARY IF WATER IS POTABLE AND COMES FROM
A PROVEN SOURCE. .
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TABLE 5 - ACCEPTANCE SAMPLING GUIDE FOR MATERIAL USED WITH

PORTLAND CEMENT CONCRETE (Cont'd.)

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
1006 Admixtures Chlorides Project or For pre—approved
plant material, certific-
ation only. Fecr
material not pre-
approved, certific-
tion and 1/2 gal.
sample per lot.
1011 Joint Durometer, Project For pre-approved
i Materials Viscesity, : materizl, certific-
; i Compressiorn, ztior only. Fecr
Thickness material not pre-
approved, certific-

ation and one sample
(1/2 gal. for licuid
materials).
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TABLE 6 ~ ACCEPTANCE SAMPLING GUIDE

FOR STABILIZED SOILS AND BASES

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
301 Ls Proctor Roadway At start of pro-
Lime Density duction then as
Treated material changes
Subgrade e — e —— e —— [ — e — e —
Compaction Roadway One per lift per
1000'
302 cs Proctor Roadway At start of pro-
Cement Density duction then as
Treated material changes
Subgrade e — — — ] ——— — | — — — —— — e —
Compaction | Roadway One per lift per '
1000"
304 CB Proctor Roadway At start of pro-
Cement Density duction then one
Treated per week
Base @ = - —— — — _—e— e e —
Compaction Roadway or One per lift per
Point of 1000'
t
| meeement |
Compressive| Roadway or Five random sets of
Strength Point of three per shift
Placement
305 Lc Compressive| At Four random sets per
Lean Strength, Discharge 1000 linear feet of
Concrete Slunp, pass
Base Entrained
Air
Thickness* Roadway Four random cores

per 1000 linear feet
of pass

* THICKNESS MEASUREMENTS TAKEN ON CORES SHOULD BE SUBMITTED TO
MATERIALS SECTION TO SERVE AS DATA FOR FINAL RECORD SAMPLING

AND TESTING REPORT TO FHWA.




Sampling Guide Schedule
December 1987

TABLE 7 - ACCEPTANCE SAMPLING GUIDE FOR BITUMINOUS MIXTURES
STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY

405 RM Moisture Roadway One sample per
Road Mix Content 2000 T.

406 AC Extraction=* Roadway 1 per 1/2 shift
Asphaltic t— — — — o — — — ——|— — — — — — —
Concrete Marshall Roadway 3 per day

Ross Count Plant At the discretion
of the Engineer
Cores Roadway 10 per day (1 lot)

406-13 AC Extraction#*, | Roadway 4 per day (1 lct)

Asphaltic Marshall,

Concrete Rice

Alternate ———— — — — —}— — — — — — —
Acceptance |[Cores Roadway 10 per day (1 lot)

407 FC Extraction=* Trucks at Each 1/2 shift
Asphaltic Mixing
Concrete Plant
Friction —— —— ] — — — —|— — — = =
Course Moisture Roadway At the discretion

Content of the Engineer

Ross Count Trucks at At the discretion
Mixing of the Engineer
Plant

c22

To include Asphalt Content, Gradation, and Moisture Content.




Sampling Guide Schedule
December 1987

TABLE 7 - ACCEPTANCE SAMPLING GUIDE FOR BITUMINOUS MIXTURES (Cont'd.)

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
408 RC Extraction*, | Roadway 3 required on first
Recycled Marshall, day. Thereafter, at
Asphaltic Rice the discretion of
Concrete the Engineer,
(Minimum of 2 per
day recommended)-.
Gradation Stockpiles Each days
of salvaged production
pavement
particles
Cores Roadway 10 per day (1 lot)
409 AC Extraction*, | Roadway At the discretion
Asphaltic Marshall, of the Engineer
Concrete - |Rice
Misc.
Structural
411 FC Extraction* | Trucks at At the discretion
Asphaltic Mixing of the Engineer
Concrete - Plant
Friction
Course -
Misc.
416 AC Extraction*, | Roadway 4 per day (1 Lot)
Asphaltic Marshall,
Concrete - |[Rice
End Productp— — — — | — — — —|— — — — — - —
Cores Roadway 10 per day (1 Lot)
417 FC Extraction* Trucks at 4 per day (1 Lot)
Asphaltic Mixing
Concrete Plant
Friction
Course -

End Product

To include Asphalt Content, Gradation, and Moisture Content
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Sampling Guide Schedule

December 1987

TABLE 8 - ACCEPTANCE SAMPLING GUIDE FOR MISCELLANEQUS
STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
301 Lime Chemical Project or Certification anc
Physical Commercial one sample per
Source project {one gallon
in metal can).
Certification only
when used for
ineral Admixture
for AC
407 Asphalt IR Scan, pH| Contractors| Certification and
Cement and Base Storage pre-approved
Liquid Value Tank material. See PPD.
Additive
501 Bituminous Yearly Suppliers Certification of
Coated check by Yard Analysis
.~.Corrugated Central Lab
Metal Pipe
501 Reinforced Compression| Suppliers One sample for each
1010 or Non-re- Absorption,| Yard 100 sections per
inforced Wall size per type
- Concrete Thickness
Pipe
501 Non-rein- Compressive| At See Std. Spec.
1006 forced, Strength, Discharge*
Cast-in- Slump,
Place Entrained
Concrete Air
Pipe ——_——— ] — — — —
Wall Site
Thickness
* WHEN CONCRETE IS PUMPED, SAMPLES SHOULD BE TAKEN AT BOTH THE
TRUCK AND HOSE DISCHARGE TO DETERMINE THAT THE SPECIFICATIONS
ARE MET IN THE STRUCTURE AND TO CORRELATE SLUMP AND AIR-ENTRAIN-
MENT RESULTS. IF CORRELATION IS SATISFACTORY SAMPLING MAY
CONTINUE FROM THE MOST CONVENIENT LOCATION WITH OCCASIONAL
RETES?ING FOR COR%EPATION.
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Sampling Guide Schedule

December 1987

TABLE 8 - ACCEPTANCE SAMPLING GUIDE FOR MISCELLANEOUS (Cont'd.)
STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
Refer to Polyvinyl Wall Project Certification of
Special Chloride Thickness, Analysis and one
Provisions| Pipe for Burst sample per 2000
Water Pipe Pressure, linear feet
Diameter
Refer to Polyvinyl Resistance Project Certification of
Special Chloride to Crushing Analysis and one
Provisions| Pipe for sample per 2000
Electrical linear feet
Conduit
Refer to Vitrified Compression| Project Certification and
Special Clay Pipe one sample for each
Provisions 100 sections per
size per type
505 Brick Compression| Project 5 bricks per project
Refer to Cinder Compression| Project 10 Cinder/Slump
Special Block or and blocks per project
Provisions| Slump Block| Absorption
604 High Rockwell Project Certification and
1004 Strength Hardness One sample per lot
Bolts, Nuts
and Washers
701 Traffic Viscosity, Suppliers Certification of
Paint Dry Time, Yard or Analysis
Wt./Gal. Project




Sampling Guice Schedule
December 1987

TABLE 8 - ACCEPTANCE SAMPLING GUIDE FOR MISCELLANEOUS (Cont'd.)
STANDARD MATERIAL TYPE OF
SPEC, CODE, NAME TEST(S) SAMPLING MININUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
701 Glass Beads| Roundness, Suppliers One sample {full
704 Gradation, Yard or sack) per 10,000
705 Chemical Project pounds.
Resistance,
Index of
Reflection
701 Pavement Thickness Project Certification of
705 Marking Analysis
Tape
* i
70¢ Raised | Specific . Preiect Certificaticn cof .
Reflector Intensity, i Analysis i
Abrasion, i |
Comprecsion | ;
. i . :
i 602 Chain Link Spelter, Suppliers | One 1 foot wide i
Fabric Diameter Yard or | sample per 25 rolls !
rclect | |
902 Post Clips Spelzer, Suppliers | 5 each per project |
903 and Hog Diamster Yard or |
Rings Project i
Tie Wire, Spelter, Suppliers One 4 foot sangple
Tension Diameter Yard or per 25 rolils
Wire Prciject
902 Misc. Fence| Spelter Suppliers One samrle per tvpe
903 Hardware Yard or per project
Project
902 Fence Post Wt./Ft., Suppliers One post of each
903 and Rails Spelter, Yard or type
Diameter, Project
Length,
Acrylic
Coating
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Sampiing GSuide Schedule
December 1987

TABLE 8 ~ ACCEPTANCE

SAMPLING GUIDE FOR MISCELLANEOUS (Cont'd.)

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY
903 Fence Stays . Spelter, Suppliers One sample per 25
Diameter Yard or bundles
Project
903 Barbless Tensile Suppliers One 4 foot sample
Wire or trength, Yard or per 25 rolls
Barbed Wire|Spelter, Projec:
Barb
Spacing,
Diameter
I
i ec2 Wover Wire |Spelter, Suppliers One 2' X% 2' szanmple
Fabric Diameter, Yard or per 25 rolls
Tensile Project
Strength
1)
G613 Filter Permeability| Suppliers Certification re-
Fabric Tensile Yard or gquired and one
trength, Project sample (1 sguare
Elongation, vard) sent to
Flow Rate, Materials Section.
Grab See PPD.
Strength
913 Wire Rope Spelter, Prciect One 3' sample per
Diameter size
1002 Paint Wt./Gal., Supplier or| One sample per
Viscosity, Project batch per type
Dry Time, {One guart can)
Pigment, IR
Scan,
Chemical
Analysis
1008 Prismatic Air Project Certification and
Reflectors [Tightness one sample (5-10)

per type per project
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Sampling Guide Schedule

December 1987

TABLE 8 - ACCEPTANCE SAMPLING GUIDE FOR MISCELLANEOUS (Cont'd.)

STANDARD MATERIAL TYPE OF
SPEC. CODE, NAME TEST(S) SAMPLING MINIMUM
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUEKRCY
1012 Guardrail None Project Certification of
Posts and Analysis
Blocks
For timber guard
rail posts and
blocks see PPD.
1012 Guardrail Spelter Project Certification and
Fasteners one cample per type
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TABLE 9 - INDEX OF MATERIALS
MATERIAL ABBREVIATION PAGE
Admixtures - 20
Fodiregattepedec ) =4
Aggregate AG 7-8
o A <
Asphalt Cement - 12-13
Asphalt Cement Liquid Additive - 24
Asphaltic.Concrege REC> 22~28
A ic..Concrete Frictian--Course ¥l 2223
Backfill BF 6
Barbless or Barbed Wire - 27
Bearing Pads - 17
Badding-Material BM 10
Brotter-Materaad -B& ‘3
Brick - 25
Lement~Ireated-Basa CB 23
Cenent--Treated -Subgrade £Ls. 23
Chain Link Fabric - 26
Cinder Block or Slump Block - 25
OoarsewAggregate-for-i&!h Cde 1¥
Qener-Materials <M R
Curing Compound - 18
SRbaRiGrens =W =g
Emulsified Asphalt - 12
Emulsified Recycling Agent ERA 13
Extender 0il for Asphalt Rubber - 14
Fence Post and Rails - 26
Fence Stavs - 27
Filter Fabric - 27
Filter Material for Perforated Pipe - 10
== regate -for-Pe€ e F
Fly Ash FL 19
Glass Beads - 26
Guardrail Fasteners - 28
Guardrail Posts and Blocks - 28
High Strength Bolts, Nuts, and Washers - 25
Hydraulic Cement - 18
Joint Materials - 20
Kerosene for Asphalt Rubber ¢ - 14
Mean-.Concrete -Base 2Ca 24
Lime - 24
JebBo~Treated -Subgrades S 2L
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campling Guile Schedule
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TABLE 9 - INDEX OF MATERIALS (Cont'd.)

MATERIAL ABBREVIZTION PAGE

Liquid Asphalt - 12

S ta Eha ~Bmcdy
Misc. Fence Hardware - 26
Natural-Ground) Ng -3
Paint - 27
Pavement Marking Tape - 26
Pipe, Bituminous Coated Corrugated Metal - 24
Pipe, Non~Reinforced Cast in Place Concrete - 24
Pipe, Polyvinyl Chloride for Electrical Conduit - 25
Pipe, Polyvinyl Chloride for Water - 25
Pipe, Reinforced or Non-Reinforced Concrete - 24
Pipe, Vitrified Clay - 24
THa-Mateinial - =10

Pt rend--Cenent—Concreterpavenenty POCw T
Portland Cement Structural Concrete - 15
Post Clips and Hog Rings - 26
Prestressed and Post-Tensiocned - 15
Prestressing Steel - 17
Prismatic Reflectors - 27
Raised Reflectors - 26
macycded. Asphaltio-~Coricrate RS 23
Recycling Agent RA 13
Reinforcement Bars - 17
Road Mix RM 22
Rock RK 11
i Rubber for Asphalt Rubber - 14

Sheterete - =

Structural Class S and B - 15
SEare-—Backfii) SH ¢
Sabgrade -S& 3
Tie Wire, Tension Wire - 26
OP=90%: 24 =
Traffic Paint - 25
Utility, Class U - 16
Water - 19
Welded Wire Fabric - 17
Wire Rope - 27
Woven Wire Fabric - 27
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Appendix D
Location of Data Fields in the ADOT
Construction Materials Data Base

On February 26, 1988, John Eisenberg presented a

revised 1list of the material test that ADOT wishes to review

as part of the quality assurance program. Review of this

l1ist found that some of the tests identified on the list

were not on the data sheets. Mr. Eisenberg said we can

ignore any tests that are not explicitly identified in the

data sheets. This eliminated the need to review several

tests:

Abrasion
Resistivity

pH

Absorption

Coating Index
Mortar Strength
Soundness
Moisture content of asphalt concrete materials
Ross Count
Thickness
Marshall Stability
Marshall Flow

Rice Density

Mr. Eisenberg also indicated we do not need to evaluate

Top Soil and Slurry Backfill. Don Green indicated that we do

not need to evaluate lime and cement treated bases. In

addition, no tests were defined for Rock for Wire Tied
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Riprap and Rock for Grouted Riprap. The tests for Aggregate

for RM are controlled by special provision and therefore can
not be extracted from the current data base. Finally, there
are very few data elements fqr aggregates for LC and
therefore we could assume the variability of concrete
aggregates can represent the variability of the aggregate
for LC.

The list of tests for each material identifies using
the Flakeness Index and Sand Equivalent for several
materials. However, the Flakiness Index is only used in the
data base when the material type in columns 7 and 8 is CM.
The Sand Equivalent test is only used in the data base when
the material type in column 7 and 8 is FA and the type in
column 9 or 10 is S.

'Based on this review of the required material tests,-
the attached table was prepared to define the cards and
columns for the data in the data base. Review of the
specifications for the data base indicates there are several
complexities to the way some of the data are recorded. Thus,
a review of each of the fields on each of the cards is in
order.

CARD P1

This card contains identification information for each
test that is performed. The sample identification are in
columns 3 through 19. This information should match the
information in the same columns on cards P2 and P3. The only

other data field that has particular significance is the
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METHOD information in column 35. This column should contain

an A, C, or D for Proctor Method codes A, ¢, and D
respectively. These codes refer to the type of Proctor test
performed. Methods C and D are used for cinder type
materials so the majority of cases should be A. In reviewing
a sample of the database, it was noted that there are other
values in this column. The meaning of values other than
blank, A, C, or D are unknown at this time.
CARD P2

This card contains data associated with the Proctor
test. The primary data of interest are the Proctor of the
material smaller than the #4 in columns 39 to 42, and the
field density in columns 57 to 60. None of the other
information are of interest at this time.
CARD P3

This card contains comments about the tests reported on
card P2. At this time the information on these cards is not
of interest. However, some of the comment columns on this
card were used to store miscellaneous data, so this card may
be important in the future project.
CARD M1

This card contains identification of materials
gradation tests. The needed identification tests are also
contained on the M2 card. The other information on this card

is not needed at this time.
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CARD M2

Unfortunately, there are two cards with M2 in columns 1
and 2, the materials and gradation card and the asphalt
concrete pay factor tabulation. Columns 1 through 19 of
these cards are the same with the exception the pay factor
tabulation card has the material, purpose, and lab fields
filled in with AC, A, and P respectively. The other fields
on these cards have different definitions. These cards can
be distinguished by examining columns 16 and 17; a number in
these cards indicates a Pay Factor Card, there are no
numbers in these columns for the material gradation cards.

The Suffix or Lot# columns, 16 to 17, have significance
for the future evaluation. If there is a number in these
columns then the test was for statistical acceptance of
asphalt concrete only. A letter in these columns indicates a
replicate test, usually for compaction or gradation.

For the materials gradation card, there are two sets of
columns that have a variable meaning. The standard
definition of columns 66 to 67 is the Plasticity Index, PI.
However, if the material type in columns 7 to 8 is CM for
Cover Material, then the value in columns 66 to 67 is the
Flakiness Index. Although the Flakiness Index is now used
for other materials, the data base we are working with only
has results for Cover Materials. The other exception is in
columns 71 to 72, which is normally defined as the Percent
Crushed Faces. When the material type in columns 7 to 8 is

Fine Aggregate and the type in columns 9 to 10 is S (it may




be either S blank or blank S) then columns 71 to 72 contain

the values for the Sand Equivalent test. The data base we
are working with only has Sand Equivalent results for type S
Fine Aggregates. These exceptions are correctly identified
in the attached table of the data layout.

ADOT relies on the ASTM specifications for the
gradation of course aggregates for concrete, material type
CA. The sieves and the gradation requirements for each sieve
in the ASTM specifications varies depending on the class of
the material. The class of the material is not specified on
the ADOT gradation card. Thus, a data layout specification
could not be prepared for the initial investigation into the
data base. This is an area that can be further explored in
the second phase of the project.

All other columns of the material gradation card should
have a single definition as defined in the table of the data.
lay out. However, in reviewing the sample data base comments
were found on card M4 indicating that in one case there was
a change order that called for a specification for an
1/4 inch sieve rather than for the standard 3/8 inch sieve
so the data for the 1/4 inch sieve were recorded in the
columns for the 3/8 inch sieve. Detection of this type of
variance in the data base will require manual review of all
of the M4 cards. Without reviewing a larger sample of the
data base, we do not know how prevalent these exceptions are

nor do we know the effect of ignoring these exceptions.



CARD M3

This card contains voids analysis for asphalt concrete.
We have not been requested to evaluate these data, thus the
M3 card can be ignored.
CARD M4

This card contains comments about the test, As noted
above, it may be necessary to review the data on this card
to find exceptions to the definition of the data cards. Also
the M4 card was used to record data for tests that are not
defined in the definition of the M2 fields. Review of the
sample data set shows there are data for sand equivalent,
resistivity, pH, etc. tests on the M4 card. If we need to
access these data in the future, then rules for searching
through the fields of the M4 card will be required. These
ruleé will probably be complicated as there was not a
standard method for recording the data.
CARD MS

This card is only used with the pay factor tabulation
M2 card. The only data on the M5 card is the number of tons
in the lot which the data on the M2 represents. Thus we will
probably not need to use this card.
CARD K1

This card is used for identification of concrete tests.
The data on this card are not required for this project.
CARD K2

This card is used for tests at the concrete batch plant

and no data from this card are required for this project.



CARD K3

This card is used for tests at the concrete site tests
and no data from this card are required for this project.
CARD K4

This card is used for tests at the concrete site tests.
The data for the entrained air content and measured slump in
columns 21 to 23 and 39 to 41 respectively are required for
this project.

CARD K5

This card should contain lab tests of concrete at times
other than 28 days. The instructions for test results from
Don Green did not specify the time of testing, in which case
the normal assumption is to use the test results at 28 days.
Discussions with ADOT personnel indicated there was some
confusion in filling out this card and that sometimes this
card was used for 28 day strength tests. Thus, the AGE
columns 21 to 23 should be examined to determine if the card
has data for the strength at 28 days.

CARD K6

The AGE field, columns 21 to 23 should be examined to
verify that the data are for 28 days. The average
compressive strength at 28 days is recorded in columns 69 to
73. These columns are also used for the results of beam and
Schmidt hammer tests. The results of the compressive
strength at 28 days should always be greater than 1000 where

as the results of the other tests should always be less than
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1000. This criteria should be sufficiently robust to
distinguish the data in this field.
CARD X7

This card contains comments about the concrete tests
and therefore should not be required for this project.
CARD C1

Some concrete strength data may be recorded on the "C"
series of cards. The number of Cl cards should be counted to
determine if there is a significant number of these cards.
SUMMARY

The recommendations presented in this memo are based on
the current understanding of the methods used to record the
data in the materials data base. The number of exceptions
noted in this memo compromises the level of confidence in
these recommendations. The analysis of the data base was
performed with the understanding that some parts of the
analysis may need to be repeated if exceptions are found in
the way the data are recorded or if more accurate

information becomes available.




TABLE D.1 LAYOUT OF DATA CARDS

material mtl. tests values in data
code col 1,2 colunmns
subgrade SG proctor density P2 39-42
field density P2 57-60
moisture content M2 76-78
gradation #200 M2 66-67
PI M2 63-65
embankment EM proctor density P2 39-42
field denstiy P2 57-60
moisture content M2 76-78
natural ground NG proctor density P2 39-42
field density P2 57-60
moisture content M2 76-78
Strc. backfill SB proctor density P2 39-42
field density P2 57-60
moisture content M2 76-78
PI M2 66-67
gradation 3" M2 21-23
gradation 3/4" M2 30-31
gradation #8 M2 45-47
gradation #200 M2 63-65
backfill BF proctor density P2 39-42
field density P2 57-60
PI M2 66-67
gradation 3" M2 21-23
gradation 3/4" M2 30-31
gradation #8 M2 45-47
gradation #200 M2 63-65
agg. base AB proctor density P2 39-42
field density P2 57-60
crushed faces M2 71-72
Pl M2 66-67
gradation 1.5" M2 24-26
gradation 1" M2 27-29
gradation #8 M2 45~47
gradation #200 M2 63-65
agg subbase AS proctor density P2 39-42
or field density P2 57-60
SM crushed faces M2 71-72
gradation 3" M2 21-23
gradation .25" M2 39-41
gradation #200 M2 63-65
PI M2 66-67



material nmtl. tests values in data

code col 1,2 columns
agg. for CB AG gradation 1.5" M2 2426
gradation 1" M2 27-29
gradation #8 M2 45-47
gradation #200 M2 63=65
crushed faces M2 71-72
PI M2 66-67
agg. for 1lc AG gradation 1.5" M2 24-26
will not gradation 1" M2 27-29
have, use gradation #8 M2 45-47
variability for gradation #200 M2 63-65
AB crushed faces M2 71-72
: gradation 3/8" M2 36-38
gradation #4 M2 42-44
gradation #16 M2 48-50
gradation #50 M2 57-59
gradation #100 M2 60-62
gradation #200 M2 63-65
gradation ca
blotter mtl BL gradation 3/8" M2 36-38
gradation #4 M2 42-44
gradation #16 M2 48-50
gradation #200 M2 63-65
cover mtl. cM gradation 3/8" M2 36-38
gradation #4 M2 42-44
gradation #8 M2 45-47
gradation #200 M2 63-65
crushed faces M2 71-72
flakiness M2 66-67
mineral agg. MA gradation 1" M2 27-29
for AC gradation 3/4" M2 30-32
gradation 1/2" M2 33-35
gradation #8 M2 45-47
gradation #40 M2 54-56
gradation #200 M2 63-65
mineral agg. MA flakiness M2 66-67
for fc crushed faces M2 71-72
gradation 3/8" M2 36-38
gradation #4 M2 42-44
gradation #8 M2 45-47
gradation #200 M2 63-65
mineral agg MA crushed faces M2 71-72
for rc
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material mtl. tests values in data
code col 1,2 columns
= =
mineral agg. MA gradation 3/4" M2 30-32
for ac, misc gradation 3/8"% M2 36-38
gradation #8 M2 45-47
gradation #200 M2 63-65
mineral agg MA flakiness M2 66-67
for FC crushed faces M2 71-72
gradation 3/8" M2 36-38
gradation #4 M2 42-44
gradation #8 M2 45-47
gradation #200 M2 63-65
mineral agg. MA crushed faces M2 71-72
for AC coating index
end product
mineral agg MA sand equivalent M2 71-72
for FC
end product
filter mtl. gradation 3/8" M2 36-38
gradation #4 M2 42-44
gradation #16 M2 48-50
gradation #50 M2 57-59
gradation #100 M2 60-62
gradation #200 M2 63-65
plating mtl. PI M2 66-67
bedding mtl. BM gradation 1.5" M2 24-26
gradation 1" M2 27-29
gradation #8 M2 45-47
gradation #200 M2 63-65
PI M2 66-67
field density P2 57-60
moisture content M2 76-78
bank protection gradation 2"
fine agg pcc FA gradation 3/8" M2 36-38
P,S.b,u gradation #4 M2 42-44
gradation #16 M2 48-50
gradation #50 M2 57-59
gradation #100 M2 60-62
gradation #200 M2 63-65
for type S only sand equivalent M2 71-72
coarse agg. pcc CA gradation m43

pP,s,b,u
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material mtl. tests values in data
code col 1,2 columns
PCC pavement comp. str. 28 Ké 69-73
slump K4 39-41
entrained air K4 21-23
PCC Struc. comp. Sstr. K6 69-73
slump K4 39-41
entrained air K4 21-23
PCC prestress comp. str. K6 69-73
post tension slump K4 39-41
entrained air K4 21-23
shotcrete comp. str. Ké 69-73
cem. treat base CB proctor density P2 39~42
field density P2 57-60
comp. str. Ké 69-73
lean conc. base LC comp. str. Ké 69-73
slump K4 39-41
entrained air X4 21-23
asphalt concrete AC asph content M2 68-70
materials gradation 3/8" M2 36-38
gradation . gradation #8 M2 45-47
tabulation gradation #40 M2 54-56
gradation #200 M2 63-65
asphalt concrete AC asph content M2* 45-47
pay factor gradation 3/8" M2* 30-32
tabulation gradation #8 M2* 36-38
gradation #40 M2* 39-41
gradation #200 M2%* 42-44
asphalt concrete AC asph content M2 68-70
alt acceptance gradation 3/8" M2 36-38
materials gradation #8 M2 45-47
gradation gradation #40 M2 54-56
tabulation gradation #200 M2 63-65
asphalt concrete AC asph content M2* 45-47
alt acceptance gradation 3/8" M2* 30-32
pay factor gradation #8 M2%* 36-38
tabulation gradation #40 M2+ 39-41
gradation #200 M2* 42-44
asphalt concrete FC asphalt content M2 68-70
friction course gradation #4 M2 42-44
gradation #8 M2 45-47
gradation #200 M2 63-65
moisture cont. M2 76-78
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material mtl. tests values in data
code col 1,2 columns
recycled asphalt RC asph content M2 68-70
concrete gradation 3/8" M2 36-38
gradation #8 M2 45-47
gradation #40 M2 54-56
gradation #200 M2 63-65
moisture cont. M2 76-78
asphalt concrete AC asph content M2 68-70
misc. str gradation 3/8" M2 36-38
gradation #8 M2 45-47
gradation #40 M2 54-56
gradation #200 M2 63-65
moisture cont. M2 76-78
asphalt concrete FC asph content M2 68-70
misc. str FC gradation 3/8" M2 36-38
gradation #8 M2 45-47
gradation #40 M2 54-56
gradation #200 M2 63-65
moisture cont. M2 76-78
asphalt concrete AC asph content M2 68-70
end product gradation 3/8" M2 36-38
gradation #8 M2 45-47
gradation #40 M2 54-56
gradation #200 M2 63-65
moisture cont. M2 76-78
asphalt concrete FC asph content M2 68-70
end product FC gradation 3/8" M2 36-38
gradation #8 M2 45-47
gradation #40 M2 54-56
gradation #200 M2 63-65
moisture cont. M2 76-~78
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Appendix E

Statistical Tables and Figures

Note: An explanation of the column headings is

given on pages 3-6 in the body of the

report. The character ' ' indicates

a 'blank' appeared in the field. The
"Abbreviated Version" of the Final Report
contains only a subset of all the tables

and figures generated in this research.

The entire set may be obtained by contacting
Mr. Steven L. Tritsch of Arizona Transportation
Research Center.
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Material mtl. tests value column. no. of lab ____ -hur
code col 1,2 obs. p d c P D
Al
subgrade SG  proctor density P2 39-42 6846 6221 58 0 567 391 6455
field density P2 57-60 6251 5716 9 0 526 0 6251
moisture content M2 76-78 72 72 0 0 0
gradation #200 M2 66-67 3411 2521 579 311 0
PI M2 63-65 5008 3785 843 380 0
Mat test 1otal labour # mean std min max _ _25%  TI5%
Al
G proctor density 6846 p/P 343 1163 66 19275 834 4123 11Q3 1236
p/D 5878 11L779 247 50 90 9111 1066 1212
d/P 48
d/D 10
A/P 0
A/D 567 1067.58 25207 114 1337 1056 1196
field density 6251 p/P 0
p/D 5716 111777 27870 104 71L5 1057 1263
d/P 0
d/D 9
A/P 0
A/D 526 98041 404 18 105 1460 984 1234
moisture content 72 p/
gradation #200 3411 p/ 2521 11.93 8.09 1 96 6 16
d/ 579 11.51 7.96 1 71 5 16
c/ 31 12.61 9.86 1 57 5 17
PI socy p/ 3785 237.25 204.61 2 972 87 341
d/ 843 251.46 198.98 6 946 103 363
c/ 380 278.15 207.68 7 953 119 406




Material mtl. tests vaiue column. no. of - lab _pur
code col 1,2 obs. P d c A P D
E
agg. base AB  proctor density P2 39.42 2631 2093 34 0 3503 160 2471
field density P2 57-60 2265 1764 0 0 501 0 2265
crushed faces M2 71-72 124 115 6 3 0
P! M2  66-67 392 258 97 36 0
gradation 1.5 M2  24-26 1958 1385 295 276 2
gradation 1" M2 27-29 5828 4446 873 507 2
gradation #8 M2 45-47 5244 3902 847 493 2
gradation #200 M2 63-65 5964 4500 922 540 2
Mat test total lab/pur # mean std min  max = 25% 75%
E.

AB proctor density 2631 p/P 126 119873 15551 117 1410 1166 1250
p/D 1967 i223.21 16769 117 1410 1201 1288
a/pP 34 _
A/D 503 119287 25178 115 1265 1247 1258
v/D 1

field density 2265 p/P 0
p/D 1764 130983 29050 119 7450 1301 1397
A/D 501 124544 36715 124 1484 1328 1386

crushed faces 124 p/ 115 77.85 17.57 5 98 65 98
d/ 6
c/ 3

PI 392 p/ 258 4.10 4.21 1 48 1 5
d/ 97
cl/ 36

gradation 1.5" 1958 p/ 1385 93.91 23.77 1 100 100 100
d/ 295 99.99 0.17 97 100 100 100
c/ 276 99.79 1.49 86 100 100 100
A/ 2

gradation 1" 5828 p/ 4446 97.41 5.88 70 100 100 100
d/ 873 97.38 5.92 72 100 100 100
c/ 507 98.71 4.32 74 100 100 100
A 2

gradation #8 5244 p/ 3902 37.26 15.83 1 89 24 49
d/ 847 " 40.12 15.11 1 86 33 51
c 493 43.90 11.73 3 68 21 41
A 2

gradation #200 5964 p/ 4500 48 71 30 90 1 325 23 68
d/ 922 55.67 3D 64 1 194 ‘37 7.5
c/ 540 57.56 27 .43 3 19.6 42 7.6
A/ 2
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FREC & CUMFREQ CHART MAT=AB LAB=» COL66-67 PI 17308 SATURDAY, MARCH 19, 1988 15
FREJUSNCY BAR CHART

MIOPOINT
[ 1 FREQ CUM. PERCENT CUM.
FREQ PERCENT
2.5 BEEEE LURTFAITEBXIXT TRV EEIVENEE SN AR HRRERE SRxRxE R REE KR X =% 136 136 52.71 52.71
5.0 BAFXXEXEBELRLERREURY FRBREARLE XA AKX IXZE XK 79 215 30.62 83.33
7.5 SRS RudEEn 21 236 8.14 91.47
10.0 aEFAX X% 14 250 S.43 96.50
12.5 g 3 253 l.16 98.06
15.0 " 2 255 0.78 98. 84
17.5 * 1 256 0.39 99.22
20.0 ] 256 0.00 99.22
22.5 L 1 257 0.39 99.61
25.0 0 257 0.00 99.61
27.5 0 257 0.00 99.61
30.0 0 257 0.00 99.61
32.8% 0 257 0.00 99.61
35.0 0 257 0.00 99.51
37.5 0 257 0.00 99.51
0.0 (] 257 0.00 99.61
%2.5 0 257 0.00 99.51
45,0 0 257 0.00 99.61
47.5 = 1 258 0.39 100.00
50.0 0 258 0.00 100.00
----- * * b e mbemnn fewenb - ——f ————— = —— ———
190 20 30 40 50 60 70 20 90 100 110 120 130
FREQUENCY
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HIDPOINT
GRAS

96.7
96.73
97.1
97.3
97.5
97.7
97.2
98.1
98.3
78.5
98.17
98.7
99.1
93.3
99.5
99.7
99.9
100.12
100.3
100.5

FREQ € CUMFREC CHAIT MAT=AB LAB=D COL24-~26 1.5IN
FREJUENMCY BAR CHART

FREQ CuM
FRE

0
0
1
0
0
[}
0
0
0
0
0
0
[
9
0
0
[
HAEAAARATRPEAIARL AU XAFAXKG LU PR CE XL A GO OR SRR E QT TS EEE 294
9
0
B et e D S S et et et G Ot Sttt Sttt
20 40 60 80 100 120 140 160 180 200 220 240 260 280
FREQUENTY

E21

298
295
295

s s ke pa e P e e e e e e O O D

17208 SATURDAY, MARCH 19, 1988

PERCENT

0.00
0.00
0.34
0. 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
99,66
0.00
0.00

PERCERT
0.00
0.00
0.34
0.34
0.34
0.34
0.3
0.3
0-34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34

100.00
100,00
100.00
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FREQ L CUMFREQ CHARY MAT=AB LAB=p CQLé5-47 €3 17:08 SATURDAY, MARCH 19, 1986 11
FREJUENCY BAR CHART

wipPoINT
GRA3 FREQ CUM. PERCENT CUM.

FREQ PERCENT

] CRRAETAXR R XL AT RN 139 139 3.56 3.58
10 BRARBAGE R FRAX X G R G Ay Gx ey 183 322 4,69 8.29
1 anxnost s EXAK hak ® 224 546 S.T4 13.99
20 E£XPBERERE BBREAXAARBBAVRU ERXAI XL XXE XXX BRHRE 37 863 8.12 22.12
25 SRAURREEECELLALLLERIACT R XERR SR € TE 266 1129 6.82 28.93
30 KABARXXVE LAXX LR VAR D Sk KX Rx 216 1345 5.54 34,47
3s QOREBEAIEERIRAEADERKPRABE EXECA XX EXNXRE TRRE EE S &Y 351 1696 9.00 £3.466
«0 FNCREG LU FAEY P2 ] IE& RALEXREEFE SRR AR BEFAERIE XS 518 2214 13.28 56.74
45 ERAARE AR FREAINY £33 1 EUERTRABYXAEBE K SERAERXRREXREXEXE SR EE XS ASBEE 556 2770 14,29 T0.99
50 AR L LR R LR T FERBLX IR XX XEXI XX FLEERAIRERERAXCES S 435 32565 12.69 83.68
55 ERRNEEERY AX XSS RNERRAL AN EARRXINEZASEREEIARKBEGRAXXRRREL 406 3669 10.35 94.03
60 EARBRIB R LS OHax FLERR 150 3819 3.84 97.87
83 ez 25 3844 0.64 98.51
16 My 17 3861 0. 44 98.9%
75 « 9 isro 0.23 99.18
80 “ 10 3380 0.26 99.44
85 sax 21 3961 0.54 29.97
90 1 3902 0.03 100.00
95 0 3702 0.00 100.00
100 0 3902 0.00 100.00

T et Lt e St S St e it St . e s Stk Sttt St EU LU T
30 60 90 120 150 120 21C 240 270 300 330 360 390 420 450 480 510 540
FREQUENCY
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FREQ & CUMFREQ CHART MAT=AB LAB=P (COL45-47 £200 17:08 SATUROAY, MARCH 19, 1988 13
FREJUENCY BAR CHART

DPOINT

RAl13 FREQ CUM, PERCENT CUN.
FREQ PERCENT
17 BAXASRAIBAVEV VAR X SARBE BRI AL AERIARXE AL XERBEEAEYEE R AR RREDEET & 1194 1194 26.53 26,93
3% RER AGRX A TR YR SRR ARGARR L GG XS 566 1760 12.58 39.11
51 SEEOURNIDARRIAXIE R XEAGEERX AXRRAE AL XX LS ARKBEEXEREEEX SRR RR 1099 2859 26,42 63.53
43 FATERAGAR SRR ELEREE XY BAXE LA EFRKAKK 917 37176 20.38 83.91
85 CHEXBRRIERARRRRAGNE FhR 447 6223 9,93 93.84
192 P22 2 114 4409 4.13 97.98
113 a2 49 4458 1.09 99.07
138 11 4469 0.24 99.31
153 16 4483 031 99.62
17.0 8 4491 0.18 99.80
3147 ‘3 4494 0.07 99.87
296 [} 4494 0.00 99.87
221 0 44946 0.00 99.87
233 1 4495 0.02 99.89
255 2 4497 0.04 99.93
212 0 4497 0.00 99.93
239 1 4498 0.02 99.946
305 ()} 4498 0.00 99.95
23 2 4500 0.04 100.00
34,0 0 4500 0.00 100.00

—t————— + e N et el St X T UL T P T TRy TP )
100 2¢0 300 400 S00 400 700 800 900 1000 1100 1200
FREJUENCY
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Material mtl. tests value column. no. of - lab
code col 1,2 obs. P d c 1 4
) R
mineral agg. MA gradation 1" M2 27-29 36416 29744 4833 1836 2 1
for AC gradation 3/4" M2 30-32 41973 34012 5756 2200 3 2
gradation 1/2" M2 33-35 48831 39765 6535 2526 3 2
gradation #8 M2 45-47 42510 32907 6906 2693 1 3
gradation #40 M2 54-56 28163 20471 5425 2264 1 2
gradation #200 M2 63-65 30812 22324 5908 2577 1 2
Mat test total lab/pur # mean std min max 25% 15%
L.
MA gradation 1" 36416 p/ 29744 89.91 13.73 26 100 78 100
‘ d/ 4833 97.40 8.07 10 100 100 100
c/ 1836 98.60 6.18 43 100 100 100
gradation 3/4" 41973 p/ 34012 8§2.19 16.78 3 100 68 97
d/ 5756 90.90 12.66 1 100 89 99
c/ 2200 92.37 10.80 11 100 90 100
gradation 1/2" 48831 p/ 39765 64.04 27.45 1 100 44 95
d/ 6535 71.42 25.16 1 182 54 92
c/ 2526 72.64 26.43 1 100 55 99
gradation #8 42510 p/ 32907 43.49 34.54 1 100 4 79
d/ 6906 42,33 28.84 1 100 21 63
c/ 2693 43.64 31.29 1 100 10 74
gradation #40 28163 p/ 20471 23.69 12,96 1 327 15 32
d/ 5425 21.11 12.08 1 85 14 28
c/ 2264 20.23 14.13 1 100 11 29
gradation #200 30812 p/s 22324 58 44 48 25 .1 712 19 85
d/ 5908 5507 39387 Jd 97.7 32 6.7
c/ 2577 47 14 .1 283 L5 6A

E68

3919




FREQ U CUMFREQ CHART MAT=SH LAB=P COL27-29 1 IN 17456 SUNDAV, NARCH 20, 1988 8
FREQUENCY BAR CHART

NIDPOINT
GRAS FREQ CUM. PERCENT cun,.

FREQ PERCENT

27 3 3 0.01 0.01
k3§ 3 7 0.01 0.02
as 4 11 0.01 0.04
39 3 14 0.01 0.09%
43 15 29 0.05 0.10
A7 47 16 0.146 0.26
51 L1 518 594 1.74 2.00
35S s 486 1080 1.63 3.63
59 * 296 1376 1.00 4.63
63 (2 ) : 308 15846 1.04 5.66
67 L2 667 2351 .24 T.90
71 SRERERVE RS 20711 4422 6.96 14,87
75 SEBEERBRRBRAS 2620 7042 8.81 23.68
79 CREERRR K TR 2061 9103 6.93 30.60
83 SERRkE 1159 10262 3.90 34.50
a7 L3 12 740 11002 249 36.99
91 [ 212t 1182 12184 3.97 40.96
95 125 12309 0.42 41.38
9 2 ] e | 22 x (213 ARXEXREEVRRLRXEE S EREREE RS LIRS ERRERVR SRR 17435 29744 58.62 100.00
103 [ 29744 0,00 100.00

2000 000 5000 8000 10000 12000 14000 16000
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FREQ £ CUNFREQ CHARYT NAT=MA LAB=D COL27-29 1 IN
FREQUENCY BAR CHART

FREQ

- » © 0 &0 O 0 &+ O

N
o W

11
50
100
145
103
92
57

E 2 x AEARXRERIRXEXELEEEE SR ESERXECEXRR CHE SRS KSR EERB K 4227

—— -

* + + + +
2000 2400 2800 3200 3600 4000
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+ .
400 800 1200 1600

E70

CUN.
FRE

W & & > & oD

W s N
@O @ N NN

109
209
3s4
457
549
606
4833

PERCENT

0.00
9.08
0.00
0.00
0.00
0.00
0.00
0.02
0.14
g.31
0.41
0.02
0.23
1.03
2.07
3.00
213
1.90
1.18
8T.46

17246 SUNDAY, MARCH 20, 1988

CUN,
PERCENTY
0.00
0.08
0.08
0.08
.08
g.08
0.08
0.10
0.25
0.56
0.97
0.99
1.22
2.26
4.32
T.32
9.4
11.36
12,54
100.00
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FREQ € CUMFREQ CHART MATsMNA LAB=P COL33-35

Lt 22
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FREJUENCY BAR CHARY

BEBE R XK XXX XS AR K E LY

Bt e Y T P VRN G S

1000 2000 3000 4000 5000 5000 7000 8000 9000
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E75

FREQ

795
364
583
a8s
981
957
1408
2556
6025
4616
2311
1641
12332
1122
1525
1871
1367
909
1339
9178

12554
11170
19481
21122
22454
23576
25101
26972
28339
29248
30587
39765

173466 SUNDAYs MARCH 200 1983

PERCENT

2.00
0.92
1.47
2.23
2.47
2.41
3.54
6.43
10.12
11.61
5.81
4.13
3.35
2.82
3.86
4.71
EPY L)
2.29
3.37
23.08

PERCERT
2.00
2.91
$.38
6.61
9.07

11.48
15.02
21.48
31.57
43.18
48.99
53.12
56.67
59.29
83.12
67.83
11.27
73.55
16.92
100.00
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FREQ L CUNFREQ CHART MAT=MA LAB=D COL4S-~4T7 #8
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17246 SUNDAYs MARCH 20, 1988

cun-
FREQ

1432
1629
1697
1731
17958
2116
2814
3918
4603
4958
5089
5172
5278
5436
5673
5919
6256
6619
6849
6906

PERCENY

20.74
2.85
0.98
0.49
0.93
4.65

10.11

15.99
9.92
5«14
1.90
1.20
1.53
2.29
3.43
3.56
4.88
$.26
3.33
0.83

CUn,
PERCENT

20.74
23.59
26.57
25.07
25.99
30.64
40,78
56.73
66.63
T1.79
T3.69
T4-.89
T6.43
78.71
82.15
85.71
90.59
95.84
99.17
100.00
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340

FREQ

L CUMFREQ CHAIT yAT=nA LAB=P COLS4-56 #4D
FREQUENCY BAR CHART
FREQ

e pRgetn %

-8 "k &
s SRR
3

L phE KR RE DAL ARG SEROEXEE 11555
CEAEEREBEE R AR RS 7546
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6000 2000 10000
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E81

CuM.
FREQ

11555
19101
20300
20451
20465
20470
20470
20470
20470
20470
20470
20470
20470
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204712

PERCENT

36.45
36.86
35.86
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0.02
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
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PERCENT
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99.97
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100.00
100.00
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166
180
216
252
288
324
360
396
%32
468
506
540
516
612
648
684
120

FREQ t CUMFREQ CHA?T wAT=MA LAB®P COL63—65
FREQUENCY BAR CHART

#200

FREQ

5091
3069
1088
485
233
11

1

» D O = O NN e Mo

SRR X EBREY X% AKX %k kk SRR EIBSEETESE 12282
L2222 22 L2 J
ERkE SRR BERRENE
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2000 4000 6000 8000 10000 12000
FREQUENCY

FRA

CUN.
FREQ

12262
17353
20422
21510
21995
22228
22299
22314
22313
22316
22317
22318
22318
22320
22322
22322
22323
22323
22323
22324

17268 SUNDAY, RNARCH 20, 1988

PERCENY

54.93
22.81
13.75
4.87
2.17
1.04
0.32
0.07
0.00
0.00
0.00
0.00
0.00
0.01
9.01
0.00
0.00
0.00
0.00
0.00

cun.
PERCENT

54,93
17.73
91.48
96.35
98.53
99.57
99.%9
$9.96
99.96
99.96
99.97
99.97
$9.97
99.98
99.99
99.99
100.00
100.90
100.00
100.00
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245
298
343
392
)
499
539
583
6317
6856
738
784
833
882
931
980

FREQ € CUMFREQ CHART nAT=naA LAB=p COLE3-65 3200
FREQUENCY BAR CHART
FREQ

EREELESERREEXRARLRE EEARE LS KRR AR RE VSRR ALK AR HEE A AAREE SBR bR 4642
KRR ERAKENEE 883
(2113 308
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600 1200 1800 2400 3000 3600 4200
FREQUENCY
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172456 SUNDAY, MARCH 20, 1988

CUn.
FREQ
4642
5525
5833
5889
$902
5906
5906
5906
5907
5907
5907
5907
5907
$907
5%07
5907
5907
5907
5907
5908

PERCENT

78.57
14.95
S.21
0.95
0.22
0.07
0.00
0.00
0.02
0.00
0.00
0.00
Q.00
6.00
0.00
0.00
¢.00
0.00
0.00
8.02

Cun.
PERCENT
18.57
93.52
99.73
99.48
99.90
99.97
99.97
99.97
99.98
99.983
99.98
99.98
99.98
99.98
9%.98
99.98
99.98%
99.98
99.98
100.00
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Material mtl. tests value column. no. of —lah

code col 1,2 obs. ] d c A
w,
fine agg pcc FA  gradation 3/8" M2 36-38 12687 10184 1898 595 10
p.s,b,u gradation #4 M2 42-44 16014 12216 2706 1082 10
gradation #16 M2 48-50 16015 12219 2707 1079 10
gradation #50 M2 57-59 16013 12218 2708 1077 10
gradation #100 M2 60-62 16014 12214 2710 1080 10
gradation #200 M2 63-65 15980 12204 2690 1077 9
for type S only sand equivalent M2 71-72 140 41 9 90 0
Mat, fest total  lab/pur # mean std min max 289 5%
w.

FA gradation 3/8" 12687 p/ 10184 99.99 0.66 33 100 100 100
d/ 1898 99.99 0.08 99 100 100 100

c 595 99.83 4.06 1 100 100 100

gradation #4 16014 p/ 12216 99.26 1.57 14 100 99 100
d/ 2706 99.24 2.31 1 110 99 100

c/ 1082 99.33 1.23 92 100 99 100

gradation #16 16015 p/ 12219 66.65 7.82 25 100 63 72

d/ 2707 66.45 8.47 16 98 61 72
c/ 1079 66.05 8.65 39 95 60 72
gradation #50 16013 p/ 12218 18.10 4.19 4 70 15 20
d/ 2708 18.71 4.59 1 78 16 21
c/ 1077 18.80 5.09 4 45 16 22
gradation #100 16014 p/ 12214 6.08 1.92 1 31 s 7
d/ 2710 6.32 2.58 1 92 5 7
c/ 1080 6.10 2.22 1 26 5 7
gradation #200 15980 p/ 12204 2243 12 09 1 183 1.6 29
d/ 2690 23.75 L1.81 1 139 16 30
c/ 1077 24.53 12.11 1 147 1.7 31
sand equivalent 140 p/ 41
d/ 9
c/ 90

E120
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MIDPOINY
GRA2

99.05
9%.10
99.15
99.20
99.25
99.30
99.35
99.40
99.453
99.50
99. 355
99. 60
99. 65
99.70
99%.75
99.830
99.85
99.90
99.95
100.00

FREQ & CUMFREQ CHAIY MAT=FA LAB=D COL36~38 3I/BIN
FREQUENCY BAR CHART

* % * x4y X AR RXRRREESEEREEEREER KA RE RSB R G R

»* . + 4= - > —— -

200 400 4600 800 1000 1200 1400 1600 1800
FREQUENCY

E122

c 0o O 0 O 0O 9 PP O DO OO 0 0 DD O o0 -

1887

17317 SUNDAY, MARCH 20, 1988

CUN. PERCENT
FREQ

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
1898

9.58
6.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
99.42

ClUM.

PERCENT
0.58
0.58
0.358
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
0.58
100.00
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FREQ & CUMFREQ CHART wAT=gA LAB=P cOL42-44 B¢ 17317 SUNOAY, MARCH 20, 1983 9
FREQUENCY SAR CHART

NIDPQINT

GRAT FREQ  CUM. PERCENT  CUN.
FREQ PERCENT
14.5 1 1 .01 .01
19.0 0 1 0.00 0.01
23.5 ° 1 0.00 0.01
28.0 0 1 0.00 g.01
32.5 0 1 0.00 0.01
37.0 0 1 0.00 0.01
sl ° 1 0.00 0.01
66,0 0 1 0.00 0.0
$0.5 ° 1 0.00 0.01
$5.0 0 1 0.00 0.01
59.5 0 1 6.00 0.01
6420 0 1 0.00 0.01
68.5 0 1 0.00 0.01
73.0 0 1 0.90 0.01
1.5 0 1 0.00 0.01
82.0 1 2 0.01 0.02
86.5 5 7 0.06 0.06
91.0 58 65 0.47 0.53
95.5  |sssnnns 1368 1413 11.03  11.57
100.0 - RESSEXEERESVEAEBE RS EL RS REE SR 00X EEx 10803 12216 88.43 100,00

B 2000 2000 5000 8000 10000
FREQUENCY

E124
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NIOPODINT
GRA?

5.3
11.0
16.5
22.0
27.5
33.0
3s8.8
44,0
49.5%
35.0
60.5
66.0
T1.5
17.0
2.5
28.0
93.5%
99.0

104.%
110.0

FREQ L CyUNFREQ CHART NAT=pA LAB=p COL62-46

FREJUENCY 84AR CHART

%
SXEERRREL SRR RS EER O CAE S URR AR RS RN RER KRR XX R KRR A RE S ¥

———

400 800 1200 1600 2000 2400
FREQUENCY

E125

84

FREQ

» O O O O O O 0O O 0 O O OO M

121
2579
']

1

N e Pa M e e e i pe pe e e e pe e e

126
27058
2705
2706

17317 SUNDAYe MARCH 20, 1988

PERGCENT

0.04
0.6G0
0.09
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.13
4,67
95.31
0.00
0.04

PERCERY
0.04
0.0¢
0.94
0.04
0.04
0.04
0.0¢
0.04
0.04
0.04
0.06
0.06
0.0¢
0.04
0.0¢
0.18
6.6

99.96
99.96
100.00
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FREQ ¢ CUMFREQ CHART maTw=ep Lag=C COL&42-44
FREQUENCY BAR CHART

L i

Lot 2l ]

SEERER S

SEREEERREEXEE

Py

L 13

FREQ

O O W o v O M

11
0
33
g
1]
63
0
87
0
0
134
0

sEe AR R KR RBEEEBEESTAAERKE XA RBE S oGS EhE T4B

50 100 150 200 250

PO STV UL S U QU SUN §

300 350 400 450 500 550 600 650 700 150

FREQU ENCYF

E126

17317 SUNDAY, RARCH 20, 1988

Cunm.
FREQ

S O W W e e

17
17
S50
50
50
113
113
200
200
200
334
334
1082

PERCENT

0.09
0.00
0-18
0.00
0.28
0.00
9.00
1.02
0.00
3.05
0.00
0.00
5.82
0.00
8.04
0.00
0.00
12.138
0.00
69.13

CUN.
PERCENT

0.09
0.09
0.28
0.28
0.55%
0.58
0.55%
1.57
1.57
4.62
4,62
4.62
10.44
10.44
18.48
18.48
18.48
3o.87
3o0.87
100.00
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FREQ ¢ CUMFREQ CHART MATsFA LAB=C COL48-~50 #16 17217 SUNDAYs MARCH 20, 1988 47
FREJUENCY BAR CHARY

WIDPOINT
GRAD FREQ  CUM. PERCENT _ CUM.

FREQ PERCENT
s 0 0 0.00 0.00
38 |s 1 1 0.09 0.09
1 J|oe . s 0.31 0.46
FUSIEN Poow 7 12 0.65 1.11
47 |esseavenees 21 33 1.95 3.06
50 SUBKEEREESEEE S 28 631 2.59 5.65
33 SRR SRR K EE SRR ERR SR RS 49 110 4.54 10.19
s6 ERELEREERERD v 64 174 5.93 16.13
59 SRR EEEERESE LR (221 1 (32 2333332223303 13 1123 13 106 280 9.02 2595
62 » £ 22 2 srRE e ABER SR LR RS S SERERY 117 397 10.84 36.79
s srEnesRNEY KR LEEEEEAEEREE B ERNSE 115 512 10.66  47.45
68 e 22232 210 ¥ Skudk TR NN BN EEERER IR 1 2 13 sk 162 &T4 15.01 62.47
71 |ereesensesasns EREATRAARE EABERRAETEFERE SUEEREERARRTREREERER 164 838 15.20  T7.66
T4 ¥ & t SSRGS SRRk RAREE B S RE XL XV K EEREL S 119 957 11.03 88.69
T sessen SessassnRens 70 1027 6.49  95.18
80 |esssonencsnne 25 1052 2.32  91.50
83 Jeerss 9 1061 0.83  93.33
% e & 1065 0.37  98.70
89 Jeene 8 1073 0.74  99.44
92 e 2 107s 0.19  99.63
95 Jee & 1079 0.37 100.00

L d [ 4 4 + & 2 ittt DLl T DY Lttt ottt Db Bl Tl Rl S DLl Lottt St
10 20 30 40 SO &0 10 80 90 100 110 120 130 140 150 160
FREQUENCY
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FREJUENCY BAR CHART

FREQ € CUMFREQ CHART MAT=FA LAB=D COL60-62
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17217 SUNDAY. MARCH 20, 1988

FREQ

2078
615

-
»

o O = O 0 O O 0 0 0 00 o 0 0 O wn

CUM, "PERCENT
FREQ

2071S 76.57
2690 ‘2289
2704 0.52
2709 0.18
2109 0.00
2709 0.00
2709 0.00
2709 0.00
2709 0.00
2709 0.00
2709 0.00
2709 0.00
2709 0.00
2709 0.00
2709 0.00
2709 0.00
2709 0.00
2710 0.0¢4
2110 0.00
2710 0.00

Cun,
PERCENT

T6.57
99.26
99.78
99.96
99.96
99.96
99.96
99.96
99.98
99.96
99.96
9%.9¢6
99.96
99.96
99.96
99.96
99.96
100.00
100.00
100.00

33




FREQ ¢ CUMFREQ CHART mAT=ppa Lap=C CDL60-62 €100 17317 SUNDAY, MARCH 20, 1988 51
FREQUENCY BAR CHART

NIDPOINT

GRALI2Z FREQ CUN. PERCENT CUN.
FREQ PERCENT
1.5 ek 32 32 2.96 2.96
3.0 SR RERRRE 114 89 S.28 B.24
4.5 ANEREBE SR AR AR ERTRE SRR EEBRE AR A EK KEETRSEETE 348 437 32.22 40,45
6.0 (222 1) AEEERERRE & * XERERREE 246 683 22.78 63.24
7.5 *REPREE & * * KE SR KK SE [ 2] Rt 272 953 25.19 88.43
9.0 BRERERE N EREEXK 63 1018 5.83 94.26
10.5 SREKEKE KR 43 1066 4,44 98.70
12.0 * 3 1069 0.28 98.98
13.8 * ] 1075 0.56 99.54
15.0 0 1075 0.00 99.54
16.5 2 1077 0.19 99.72
18.0 0 1077 0.00 99.72
19.5 2 1079 0.19 99.91
21.0 0 1079 0.00 99.91
225 0 1079 0.00 99.91
24.0 [} 1079 0.00 99.91
25.93 1 1080 0.09 100.00
2T.0 0 1080 0.00 100.00
28.3 0 1080 0.00 100.00
30.0 0 1080 0.00 100.00

TTT20 40 &0 B0 100 120 140 160 180 200 220 240 260 280 300 320 360

FREQUENCY
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NIDPOINT
GRA13
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20
30
a0

Q

50

60
70

-

80

90
100
110
120
130
149
1350
160
179
180
190
200

FREQ € CUMFREQ CHAIT nATSER LAB=P COL63-65 #200
FREQUENCY BAR CHART

FREQ

faat 21t 22 2]

(a2 212 22 1] s

EERERRRRRRE % 2879

b il 2] *

EREREEREEERRREBRRD R KR DX XL ES X & XX LS4 kB KRR 4845

XSRS SRR LR
e

RghgRyky X RE RS 3295

942
145

- -~
o ,N W O N

o O N O O O N W

-d

1200

o o e o e o St 1 e o e e

» +
1900 2400 3000 3800 4200 4800
FREQUENCY

E136

17317 SUNDAY,

CUM.
FREQ

2879

1724
11019
11961
12106
12132
12144
123153
12162
12174
121838
12197
12200
12202
12202
12202
12202
12204
12204
12206

PERCENT

23.59
39.70
27.00
T.72
1.19
0.21
0.10
0.07
0.07
9.10
0.11
0.07
0.02
0.02
0.00
0.00
0.00
0.02
0.00
0.00

MARCH 20, 1988

PESCERT
23.59
63.29
90.29
98.01
99.20
99.41
99.51
99.38
99.66
99.15
99.87
99.94
99.97
99.98
99.98
99.98
99.98

100.00
100.00
100.00

17
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Material mtl. tests value column. no. of
code col 1,2 obs. p d c
X
coarse agg. pcc CA  gradation m43 column number ?
p.s.b,u
Material mtl. tests vaiue column. mno. of Strength
code col 1,2 obs 5 6 7
Y.
PCC pavement comp. str. 28 Ké 69-73 no record for pavement
slump K4 39-41
entrained air K4 21-23

E139



Material mtl. tests value column. no. of —day
code col 1,2 obs. 5 6 7 8 7 28
Z.
PCC Struc. comp. str. K6 69-73 5017 2546 177 113 2181 1 5016
slump K4 39-41 2914 1424 124 76 1290
entrzined air K4 21-23 1506 752 89 39 626
Ma lest total str/day # mean std min max 5% 5%
Z.
PCC Stru. comp. str. 5017 5/7 1
(testl 34-38) 5/28 2545 4107.84 1006.82 1397 7430 3384 4875
6/28 177 4467.82 984.80 1950 7395 3715 5150
7/28 113 4488.09 950.12 2060 6650 3826 5077
8/28 2181 5023.19 908.61 2060 7430 4341 5670
(test2 52-56) 5/28 2545 4111.10 1001.21 1392 7360 3385 4857
6/28 177 4487.13 984.23 2328 6954 3715 5211
7/28 113 4459.56 927.79 2060 6580 3790 5040
8/28 2181 5023.24 915.19 2060 7500 4340 5690
slump 2914 5/ 1424  348.38 .88 90 .25 800 300 400
6/ 124 35585 101.57 150 800 300 425
7/ 76
8/ 1290 364.23 69 95 40 650 300 400
entrained air 1506 5/ 752 44 43 13 36 .6 88 40 52
6/ 89
7/ 39
8/ 626 42 47 10 24 .9 100 is 50

E140




FREQ AND CUMFREQ CMART FOR K& CLASSsS STR=S TES1 28D

<«

£ 2 2]

B RA LS O3V
SEPVEERSNCES SERQEZRR LR R

FREQUENCY BAR CHART

v ewe o ol

b dd bd L d b d S d 4

L ARV FPYSHAB LGS ERUES

FususaR bR 2 202 2§ 0]

pRRARNFAIARYY

g uANREE
CUSRRGAGHREE S

SRR VOB

ans

"

%

- ke ) ey St o ke s o G e P e P et e D P o o=

100 120 140 160 180 200 220 240 260 280 300 320

20 40 60 30

FREQUENCY

El41

FREQ

2

s9
114
163
232
244
323
278
252
209
129
199
115

13

41

18351 TUESDAY, MARCH 22, 1988

CUM, PERCENT cum,
FRzQ ~ PERCENT
2 0.08 0.08 _
[] 0.26 _  0.31
29 0.83 1.14 "
Y] 2.32 3.46
202 8,48 7.94
363 6.40 14.34
597 9.12 23.46
241 9.59 33.0%
1164 12,69  45.7+
1442 10.92 56.66
1694 ?.90 66.56
1903 s.21 14,77
2092 T.43 82.20
2291 7.82 90.02
2406 4.52 94.54
2479 2.81 97.41
2520 1.61 99.02
2535 0.59 99.61
2538 0.12 99.72
2543 0.20  99.92
2545 0.08  100.00
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FREQ AND CUMFREQ CHARY FOR K& CLASS=S STR=7 TES1 280D
FREQUENCY BAR CHaRY

NT
FREQ Cum,
FREQ
agdn 2 2
L1z 1 2 4
L3 1] ¢ L 20 9 13
Sh¥ - ERRuEBEEBEREHY 14 27
- YYPEUXAEGE RS 16 43
SEEEESRH AU ARG BRAFERRINZHSEIVO RS SSRRABAXRSRS B oYRRE 256 69
Xk RSP OIRAEVRRTAK 16 85
AR EGAS e ot 12 97
L2 2 2 T 9 106
SEppknpany H 111
Ha%kg 2 113

- 4

2

>4

+

Lot T2 2 2 D A D T Ly TE 22 T TR Y P Yy

10 12 14 16 18 20 22 24 26
FREQUENCY

od
@

E143

18351 TUESDAY, MARCH 22, 1988

PERCENT cyn,
PERCENT
1.17 1.17
1.77 2.56
7.96  11.50
12.39 23.89
14.16 38.05
23.01 61.06
14.16 75.22
10.62 85.84
1.96 93,81 .
4242 98,23 .
1.77  100.00
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FREJ AND CUMFREQ CHART FOR K4é CLASS=$ STR=S TES2 280D
FREQUENCY 9AR CHART

L]
p2 2L 2]
PEERRERDY

180BRRRRY L2 2]

] L CRERBERAS KRS

SHEKPEYY

» * 29 BABYSARARAREFAIAGESE

» FECARUENRRRI RGN BFE ARG T ES

LA L2 1 RAREIRYLRAYN
SOXBA SR Bk LxLr o
DRFDRERBRS

L 3.0

SASAGEBERASES

L T o LY TV Poy R Y SR SN SEREIE Y P ISRy YR g A SRR P Y e,

20 40 &0 30 100 120 140 160 180 200 220 240 260 280 300 320

FREQUENCY

E145

FREQ

2

24

46
106
174
133
254
299
3133
250
218
197
179
122

18

S1

18:51 TUESDAY, MARCH 22, 1988

76
182
356
539
793

1092
1425
1875
1893
2090
2269
2391
2469
2520
2537
2539
2543
2545

PERCENT

0.08
0.16
0.94

1.81

“17
6. 84
7.19
9.98

11.75

13.08
9.82
8.57
1.74
7.03
4.79
3.06
2.00
0.67

g.08

CUN.

PERCENT

0.08
0.2+
1.18
2.99
7.15
13,99
21.18
31.16
42.91
55,99
65.82
T4.38
12,12
89.16
93.95
9T.01

99.02°

99.69
99.76
99.92
100.00
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FREQ AND CUMFREQ CHART FOR K& CLASS=S
FREQUENCY BAR CHART

STR=9 TES2 28D

FREQ
L
-
By 14
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Material mtl. tests value column. no. of lab
code «col 1,2 obs. P d c A
A3,
asphalt concrete AC asph content M2 68-70 14582 10021 3186 1354 21
materials gradation 3/8” M2 36-38 16085 11074 3596 1384 31
gradation gradation #8 M2 45-47 16170 11157 3609 1373 31
tabulation gradation #40 M2 54-56 14399 9875 3286 1207 31
gradation #200 M2 63-65 15744 10783 3605 1325 31
Mat_ lest _lotal labh/pur # mean sid min max 254 5%
Al
AC asph content 14582 p/ 10021 5252 16.24 4 571 47 54
d/ 3186 51.49 .9 65 2 135 47 5.4
c/ 1354 52.66 9 90 v 137 47 5.6
gradation 3/8" 16085 p/ 11074 64.70 13.40 2 100 60 73
d/ 3596 67.80 11.88 21 100 63 74
c/ 1384 69.19 11.32 26 100 63 75
gradation #8 16170 p/ 11157 42.41 8.63 1 129 38 47
d/ 3609 41.46 9.44 4 122 37 46
c/ 1373 41.67 9.10 2 110 37 46
gradation #40 14399 p/ 9875 67.75 132.19 1 996 14 23
d/ 3286 44.20 102.78 1 997 15 22
c/ 1207 17.74 4.25 2 35 15 20
gradation #200 15744 p/ 10783 85.13 169 20 1 916 18 5.7
d/ 3605 63 38 111 .96 .1 915 33 58
c/ 1325 43.70 20 80 L1 169 34 5.6
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WIOPOINT FREQUENCY BAR CHART
ASPH FREQ Cum, PERCENT Cum,
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PERCENT
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PERCENT
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FREC CuM. PERCENY cum,
FREQ PERCERT
b 0.14 0.4
13 0.22 0.36
r1 41 0.78 1.14
53 9% 1.47 2.61
73 167 2.03 L 64
62 235 1.89 6.54
S1 236 1.42 7.95
97 383 2.70 10.465
17 554 L.76 15.41
327 881 9.09 264,50
579 1460 16.10 40.60
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621 2720 17.27 75.¢4
422 3142 11.74 87.37
208 3350 S.78 93.16
98 3448 2.73 95.88
38 34386 1.06 96.94
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1¢ 3522 0.44 97.94
74 3596 2.06 100.00
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FREUYUENCY BAR CHART
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PERCENTY
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PERCENTY
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MAT=4C MATERIAL CARC LAB=D COL63-65 #20¢ 13:12 MONDAY., MARCH 27, 19828 3
FREQUENCY BAR CMART

OPQINT

RA12 FREQ CUM., PERCENT CUN.
FREQ PERCENRT
4t PR AN RENRR BN R R R AR RN AR A NAAR RN RN A AN RO R PR AR RN NSRRI N AN RA RN A 3127 3177 88.13 88.13
92 |ewwwan 283 3460 7.85  95.98
138 ] 3468 0.22 96.20
184 Y 3468 0.00 96.20
23G 14 3482 0.39 96.59
276 1 3483 0.03 96.562
322 20 3503 0.55 97.17
36¢ ¢ 3503 0.00 97.17
“th, 17 3520 0.47 97.64
“o0 e 3520 0.00 97.64
50c 1e 3538 0.50 98.14
5%2 ] 3538 0.00 98.7T4
Sve te 3550 0.33 98,47
644 ¢ 3556 0.00 98.47
$40 2 3552 0.0e 98.53
73¢ 1 3571 0.53 99.06
798¢ 0 3571 0.00 99.06
32t 1s 3580 Q.42 99.47
374 C 3586 0.00 99.47
120 1 3605 0.53 100.00

L e temmm——— b mm—- poarnm—— ¢mm———— b m e e trmewmn +
4gd ayg 12C0 1600 2000 2400 2800 3200
FRECUENCY

El66




MAT=AC MATERIAL CARC tAB=C COLS3-6S
FREQUENCY BAR CHART

BRAT AR AN R P AR ARABRANRNANAR AR AN

i;!tﬂt’

AavAnhbndw i
BNAXNRRARARERAERA N RN R R AW AR SRR AN DR AR AN A

XA AN R AR R AR R RN AR AR AR AN RN AN PN NAA RSN O R R D
(222 2 222222 2 2R 2 R 2R 2220 2222212212222 1YY
ERAXNARAARANER R ANBERARANRR SR NFRRAR
RARCARARNR R RERRPAADINR

ANAR R RN

xwe

*

~

e O e bl Lt it Ll it LT T TR PN R S

20 40 60 33 100 12C 140 140 18C 20GC 220 240 268
FREQUENCY

E167

¥200

FREC

159
3¢
&7

198

241

268

177

101
44
1

- ol D OO O NN NN

13:12 MONDAY, MARCH 27, 1948

CUM, PERCENT
FREQ

159

199

262

4¢0

7C1

9¢€9
1146
1247
1291
13Cs
1315
1319
1321
1323
1323
133
1523
1323
1324
1325

12.C0
2.72
5.C6
14.94
18.19
20.23
13.346
7.62
3.22
1.28
0.53
0.30
0.15
0.15
0.00
0.00
0.00
0.CO
0.03
0.08

PERLERT
12.00
14.72
19.77
36.72
52.91
73.13
88.49
v6.11
97.43
98.72
99.25
99.55
99.70
99,85
99.85
99.85
99.85
99.8%5
99.92

100.00
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Material mtl. tests value column. no. of — lab
code col 1,2 obs. P d c A
AS,
asphalt concrete AC asph content M2* 45-47 3771 3771 0 0 0
pay factor gradation 3/8" M2* 30-32 4554 4554 0 0 0
tabulation gradation #8 M2*  36-38 4554 4554 0 0 0
gradation #40 M2* 39-41 3860 3860 0 0 0
gradation #200 M2* 42-44 4554 4554 0 0 0
Mat 1est total lab/pur  # mean std min max. 2% 5%
Ab.

AC asph content 3771 p/ 3771 5172 .5 64 25 107 48 55
gradation 3/8" 4554 p/ 4554 66.38 7.65 36 100 61 71
gradation #8 4554 p/ 4554 38.65 6.47 12 62 34 43
gradation #40 3860 p/ 3860 17.39 4.53 5 49 14 21
gradation #200 4554 p/ 4554 4710 1517 .3 105 39 56

El68




Material mtl. tests value column. no. of ]l

code col 1,2 obs. P d c A
A9,
asphalt concrete FC ash. content M2 68-70 2299 1603 459 227 10
fr.ction course gradation #4 M2 42-44 2240 1514 494 227 5
gradation #8 M2 45-47 2231 1513 489 224 5
gradation #200 M2 63-65 2167 1456 486 220 5
moisture cont. M2 76-78 640 481 158 1 0
Mar, test 1otal  labipur # oean sid min max iy J8%
A9,
FC asph content 2299 p/ 1603 60.13 28 08 5 605 55 6.2
d/ 459 5610 12.30 .5 156 5.1 6.0
c/ 227 54.84 981 28 138 5.1 58
gradation #4 2240 p/ 1514 4179 11.23 4 100 35 48
d/ 494 41.75 11.63 3 100 36 48
c/ 227 43.10 10.33 4 88 37 49
gradation #8 2231 p/ 1513 13.63 8.97 1 91 10 15
d/ 489 13.05 7.68 1 78 10 14
c/ 224 13.41 7.54 1 64 10 15
gradation #200 2167 p/ 1456 24.53 16.59 Jd 129 L5 3.1
d/ 486 22 41 13.41 1 8.2 i4 28
c/ 220 22-46 15 62 A 142 1.1 3.0
moisture cont. 640 p/ 481 6.71 64.30 1 999 1 2
d/ 158 2.24 2.57 1 24 1 2
c/ 1

E170




MIDPOINT

ASPH
(x10)
30.5
61.0
9.5
122.0
152.5
183.0
213.5
28600
216.5
305.0
335.5
366.0
396.5
427.0
457.5
488.0
518.5
549.0
579.5
610.0

FREQ L CUMFREQ CHAQT MAT3FC LAB=P COL6B-TO ASPH
FREJUENCY BAR CHARY

FREQ

P22 23 %4
SEERBEARRE XK KX AXARBEIRE KX LCETEEABARIBRXE A SRR L SV E TR EER AR TRYEFER 1462

* 22
®

=
[

N 0 0 0 0 0 0 0 0 0 60 0 O w

>

b m—mpm———

Pt omeapaan g - —— ——a

* . - t———t
100 200 300 400 500 600 7GO 86D 900 1000 1100 1200 1300 1400
FREQUENCY

E171

2348 MONDAY,

CUN,.
FREQ

94
1556
1578
1596
1599
1599
1599
1599
1599
1599
1599
1599
1599
1599
1599
1599
1599
1600
1602
1603

PERCENT

5.86
91.20
1.37
1.12
0.19
0.00
0.00
0.00
g.00
0.00
0.00
0.60
0.00
0.00
.00
0.00
0.00
9.06
0.12
0.06

MARCH 21, 1988

PESEERT
5.86
97.07
98.44
99.56
99.75
99.75
99.75
99.7S
929.7%
99.75
99.75
99.73
99.75
99.75
99.75
99.75
99.7%
99.81
99.94
109.00
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10¢
112
120
128
136
146
152
1§

FREQ & CUMFREQ CHART MAT=FC LA8=p rOL68-T0
FREQUENCY 3AR CHART

FREQ

& 3
1

0

« 4
EREERRE 34
ERERABE LKL EEERE 82
& *hx PEBE SREELEERREBABRE I ARE 244
ERRRETRREEE § I 73
« 7
2

0

1

2

& 3
1

0

0

1

1

0

e b P mmm i P e P e o b o o e o o i v o e

20 40 60 80 100 120 14D 160 180 200 220 240

FREQUENCY

E172

ASPH

457
458
459
459

PERCENT

0.65
0.22
0.00
0.87
T.41
17.86
53.16
15.90
1.53
0.44
0.00
0.22
D.44
0.85
0.22
0.00
0.00
0.22
0.22
0.00

2%48 RMONDAY,

PESLERT
0.6%
0.87
0.87
1.74
9.15

27.02
80.17
96.08
97.60
98.04
98.04
98.26
98.69
99.35
99.36
99.56
99.56
99.78
100.00
100.00

MARCH 21, 1988
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100

FREQ C CUMFREQ CHARY naAT=fEC LABSP (0L&2-44
FREJUENCY BAR CHARY

x&

L2 1

b2 22

%

*RRRXE &

skkkkE %3k RK X [ 1 2

ASERKASEEERN AR RA TS Sk Ry

e EE AN

x&

ik

B D e s S il B T X T TP SRR St i S SIS

REXSEE XA RRKARBURSE TSR RARREAEE S XCRARARBERESXGREEXRER RS &
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FREQ

8
15
21
17
37

122
272

FEEEE R ARTIEVZAEDEREKEAEEISECXC G ARNEE AR AR 2GS EGRERBE RS AE A&k SR KT R KRS ST 340
AR RAE KX BARRYVIXE ISR R FRXAESXE SR XXX B ZE XXX XRE AR AKX RE S
BERERRBERBEIAREEBTLELRE K& AR AXEE X EIRXE SR AE
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135

»
o

v 0O O o W W iNN

20 &40 60 180 100 120 140 160 180 200 220 240 260 280 300 320 340
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E174

2348 NONDAY,

no
nc
mx
® O

23
44
51
98
219
491
831
1108
1302
1437
1483
1495
1497
1500
1505
1505
1505
1505
1514

PERCENT

0.53
0.99
1.39
1.12
2.44
T7.99
17.97
22.46
18.30
12.81
8.92
3.04
0.79
0.13
0.20
0.33
0.00
0.00
0.00
0.59

MARCH 21, 19839

PERCERT
0.53
1.52
.91
4.03
6.47

14.46
32.43
54.89
13.18
86.00
94,91
97.95
98.75
9s.28
99.08
99.41
99.41
99.41
99.41
100.00
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MIDPOINT
GRAT

4.5

9.0
13.5
18.0
22.3%
27.0
3t.5
36.0
40.95
45.0
49.5
$4.0
58.5
63.0
6T.5
12.0
76.5
81.0
8545
90.90

FREQ & CUMFREC CHAYIT MAT=pC LAB=C COL&42-64 #4 2%48 MONDAY,

FREJUENCY BAR CHaRY

&%

L3 2 2 ]

EREREEIRAXAGEE AT XX XGRS

SETREERRERRREREKE IHRE &

SARREXETEARARRXSE RS RRERPACR I RN L EERREIERE R DR AR EKRABREXSEEOKEERE XS E XN XX S XX XS EXREEXTE LR
ERZOEBRXREBAER IR IBELEBAFRRRALEE EXXDEEEKEARABE RS AP AR KU BSEEREAARR S S XEEK KRR PRS0 AR KK ERE S
ERVSXEAXRAGSEA XK TR EXEXRXNRAE XTI IRKBXXIE X ZX AR E S TR AX XXX EEEBEXER G XX BEE AT L TEGRREHE R SE SR
EREBFEXCUAREEEXXE FG XX AXNXEXYREE X EEBEBR G YR ACRA AR RXBE RS XX RREERSGEE

ERE RSV ERNAR S AR XN AR IS PR Ge o X b wkx dk

(£ 123321 %1% 2

wRpxx

L et 21 2]

L2220

%
Bk it T e o e T A R b r T L T A T W s P S N NP Sy

2 4 [ 8 10 12 14 16 18 20 22 24 26 2B 30 32 34 36 38 40 42 44 4§

FREQUENCY

E176

FREQ

S N O O -

T I O Y O O
oW =N

- O W O O W Ww

cun
FRE

W w e e O

1s

26

T2
115
159
190
211
217
220
223
223
223
225
226
227

MARCH 21, 1988

PERCENT

0. 44
0.00
0.00
0.88
0.00
5.29
4.85
20.26
18.94
19.38
13.66
9.25
2.64
1.32
1.32
0.00
0.00
1.32
0.00
0. 44

cun.
PERCENT
0.44
0.44
0.44
1.32
1.32
6-61
11.45
.72
50.66
70.04
03.70
92.95
95.59
96.92
98.24
98.24
98.24
99.56
99.56
100.00
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NIQPOLINT
GRAS

10
15
20
25
1
35
40
45
59
55
40
85
70
s
80
85
2
95
100

FREY L CUMFREQ CHART uAT=pC LAS=P COLAS-4T 38
FREJUENCY BAR CHART

FREQ

RARESEXEEAR YL SR AEEX 139
FXARISAREBAARIZE CRESEARARRETIAX REXKCEZRE EXRERE XX AR RES KRR SAREL AR K AN AR E RS AR ARRS S LRSI 2REY 653
EARKEBRABEZEARRE KB AKERAEAATELARXXE LR KEEERAL AR SE AR BRE AP ERERE SA RS 519
ERRREBEEERKEEE RO kS 133
P2 ] 25
2

1

0

1

= T
] ]
* 11
* é
1

1

1

2

1

0

0

+ + + Pmn—P L et St At Aetned Sobniodh edetedb Dol Lt S Pl d Bt T2l £ ot DO S d Ll ot e
30 60 90 120 150 130 210 240 270 300 330 363 390 420 450 480 510 540 570 600 630

FREQUENCY

E177

. ln)
nC
mE
-1}

792
1311
1446

1471

1473
1474
1474
1678
1482
1490
1501
1507
1508
1509
1510
1512
1513
1513
1513

PERCENT

9.19
43.16
34.30

8.92

1.65

0.13

0.07

0.00

0.07

0.48

0.53

0.73

0.40

0.07

0.07

0.07

¢.13

0.07

0.00

0.00

2348 NONDAY, MARCHM 21, 1968 12

PERCENT
9.19
$2.35
86.65
95,57
97.22
97.36
97.42
97.42
97.49
97.95
98.48
99.21
99.60
99.67
99.74
99.80
99.93
100.00
100.00
100.00
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MIBPOINY
GRAS

.5

7.0
10.5
14,0
17.5
1.0
24.5
28.0
31.5
35.0
38.5
42.0
45.5
49.0
52.5
36.0
59.5
63.0
66,5
70.0

L 22 2 2]

SREERERSREKE B ERRRE

FREQ € CyMFpEQ CHA2T mMat=pgC Lag=C COLGS.47
FREJUENCY BAR CHART

ERROEASRERER SRREER AT IA R TR &

SREeABRE
=&
*

VS R VDR Y +

kIR ek

(224 2]

AR RE DL EETREERREERAB L LS R AR ENIEEGRERSERE KR
SOREABOEXEEE EEER KRB UXE XA ERL S EXEE L EARRXRESE AR PR A AR AFE IR IR AX &
TERAEIERARAE AL LR S X RARXAGE &

2248 MONDAY.

MARCH 21, 1988

FREQ CUM. PERCENT CUNM.

FREQ PERCENT

- 5 2.23 2.23
28 33 12,50 14.73
81 114 36.16 50.89
668 180 29.46 80.36
28 208 12.50 92.86
8 216 3.57 96.43
2 218 0.89 97.32
1 219 8.45 97.717
a 219 0.00 97.77
1 220 0.45 9s8.21
0 220 .00 98.21
0 220 0.00 98.21
0 220 0.00 98.21
0 220 0.00 98.21
0 220 0.00 98.21
2 222 0.89 9%.11
0 222 0.040 99.11
F 4 224 9.89 100.00
0 224 0.00 100.00
o 224 0.00 100.00

5 10 15 29
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35 40 45 50 55
FREQUENCS

E179

53




0813

AIN3ND38 S
00€ 0EZ 092 09Z 0Z2 00Z OST 09T 0YT 027 oou om g9 0y 02
it datudnd doteels LD DL T T e PSSR G ¢ + bm——y
00-00¢% 10°0 9591 1 0°0ET
€666 *1°0 $SYT 4 $°€2T
61°66 *£°0 €59Y S * 0°LTY
$v°66 8%°0 8Y91 L %* S$°0TT
16°86 12°0 18424 E (Rl 11} 4
oL"86 00°0 LEYT /] s°L6
oL e *1°0 LEYT 4 0°I6
?€°86 400 SEYT I s$°v8
6y°96 *1°0 €91 4 g8
SE°8BE IZ~0 ZEYT € ] S°IL
$1°86 90 6791 6 L 2] 0°s9
€s*L6 68°0 0zZyt (3 " s°8s
€9°96 6L"T 1041 92 2848 % 0-zs
§8°y6 L4 A 3 T8ET 13 ZREDEEER SRR §°8y
TZ°16 s$E°L BZET 101 XA ICXBRAREYEIEERR AR Y 0°6¢t
98°¢8 L4 2e 4§ 1221 *97 SRS ERERFYI XSS RXLAR KRB E KRS ALY EE P4 S $°2¢
T 1L 62°12 LEOT ore ouu&nn&nr;*aliunlnnnnuuauuaduua-uaauauuadiuoaﬁluillwnucuuiacuu 0°92
€6°69 0902 11zZe 00€ FAXXADBIXA LR SEEIRIBB SR X AR B K BAAFRBRIBRRRRAEES LR ABE DR LE SR 1R % $°61
|24 ¥4 99°¢1 1 ¥4} | ¥ 44 SXXRXXSFIFANEE SRS FTEIARBRRBARTERAIREXASSE S R & 0°€X
19°¢% L19°€T 661 661 $EIXAEBELAXXB R BAERRERR IS G XX RXXERRND S E $°9
iN3D¥3d D3ud (ar)
“Wn3 IN3J¥3d  *NNI 03ud4 tIvyy
ANIOGQINW

JUVHI AV¥E A3N3NDI N4
91 8861 ¢TZ Woavw *RygNOw BY22 0028 $9-95703 d=8YT JJd=lyW LIVHWD BIY4MND I DINg




1814

ASNIND IS
001 06 1] oL 0s as [ ) 113 0¢ [13
— e — e ————f * > + *
00°00T 00°0 98y 0 006
00°00T 006°0 98y 0 §°68
00°00Y 12°0 9¢y 1 L] 0°18
6L°66 1%°0 S8y 4 3 §$°9L
8£°66 1v°0 €8y 4 ] 0°z4
L6°86 Z8°0 i8¢ 4 L34 $°19
S1°86 €0°1 Liy 1 % 0°£9
F 4 S 1 1z°0 [¥3 ] 4 L} §$°8¢
16°96 €0°1 11y s "R 0°9S
88°56 £9°1 99y 8 _uxy $°6y
L 244 1 §9°1 BSY L] P22 Sy
65°76 1A Mt 4 0sy [44 wEREEY §°0y
106 0L°E 113 4 8y ERRRXEERY 0°9¢
Ty°98 oz L 0y 113 IRFRER xR £°1E
z*6l 1991 (113 173 PEXIEBRICEEIAR LR BRI IR OIS DR R ERRRB AT 022
19°v9 6L°ET *i€ 19 XXX LS ERAEK R XEUI AP RY RSB RRRERRS §°22
28°0s 8L-0Z Le2 T0T XXX IBRLBBXERE BT NRREBARAAE RXBY 0°gt
¥0°0¢ 9L°2¢% 991 29 XIS RE % sxe¥ [ el A §
8T°LT 1%°6 "8 94 AR R PR [
z8°¢ 8L 1:33 g€ AP REFREKTRARE Sy
IN32¥34 03¥d (a1x)
“unl ANIJ¥Id KNI D3¥3 tivy9
ANI0AQIN

1¥YHI ¥vEe AINSNLI NS
L 86T T2 HOBYN *AvQgNON BY¥Y:Z 002% S$9-95700 O=8V¥7 JJd=LWN L2VH) D3¥dWND 3 D3dy




¢8ld

AININOI YL
S I SN A L O, LI, LS | SO I S
00°00T 00°0 oz 0 ecost
go*oot (324} 0z LS % € 2e1
£$°66 00°0 612 0 [ A 19 ¢
(14413 00°0 612 (4] sel12t
§§°66 00°0 612 0 ocozt
$€° 66 00°0 612 0 §*2I1
$§°66 co-o 612 0 0°s0T
£6°66 00°0 612 [} §°L6
$5°66 £¥°0 632 4 % 0°06
60°66 00°0 a1 0 §°28
60°66 00°0 812 [ 0°sL
60°66 16°0 'R ¢4 2 L2 $°19
8t-g6 $y°0 912 1 % 0°09
ELL6 se°t $I2 € P 1] €°2s
9E°96 9°¢ [4%4 8 R ERRRER 05y
EL"26 16°0T 02 L ¥4 EEERZYIGEES NEERERXEXE S KK [ 33
8°18 sseot 081 (4 BAXRERBAXBAIXDL TG BER R REX KX KK Y 0°0¢
12°19 16°02 (221 9y $AEXVXEHRERFTEE IR BEBVERIAIRAN XXX REL R R KRG E R XY [ 3drd
€9y 9E* T2 071 13/ =2 ¥k Rk BRKE 2122 L322 2 P21 10 0°ST
[1: 4 74 00°s2 113 £ AXXRABVORSEEIREBAIRXANLRATRE BB TEED FATIAUR S BAR S RMXE Y kB [ ' §
IN3J¥34 pIug QIx)
o ik AN3J2¥3d *MNl) 0334 Ived
INIOdOIH

L¥YNH] ¥ve AIN3NDIES
i$ 8861 “T2 HOUVYM “AVONOW 8¥:22 002# S§9-9S70D I=9VY JJIx=ivW LBYHD DIYIWND 37 D3Iud




FREQ & CyYMFREQ CHAIT MAT=2fC Lap=P CcOLT6-73 MDIS 2248 MONDAYe MARCH 21, 1988 20
FREJUENCY BAR CHART

MIDPOINT

MOIS FREQ CUM. PERCENT Cum.
FREQ PERCENT

50 ERRERARELE ST XRREXARE CL XX ERARKRRRRZ R e 3322 1 FREELEXARKEXEEEABR LR RS AKE R LS sERsERBEs 479 479 99.58 99.58
100 0 479 0.00 99.58
150 0 479 0.00 99.58
200 0 479 0.00 99.58
250 0 479 0.00 99.58
300 [} 479 0.00 99.58
350 0 479 0.00 99.58
400 0 79 0.00 99,58
450 [ 479 0.00 99.58
500 [} 479 0.00 99.58
$50 g 479 0.00 99.58
600 [} 479 0.00 99.58
650 ] 479 0.00 99.58
700 0 479 0.00 99.58
150 0 479 0.00 99.58
sgo [ 479 0.00 99.58
850 0 479 9.00 99.58
900 0 479 0.00 99.58
950 0 479 0.00 99.58
1000 2 481 042 100,00
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FREQ & CyMFREQ CHAIT NAT=fgC Lap=p COL76-T8 MOTIS 2348 MONDAY, MARCH 21, 1988 41
FREJQUENCY BAR CHART

MIDPOINT

noils FREQ CUN. PERCENT CUN.
FREQ PERCENT
2.4 axaKE K SHARRB S EBA AR XERRARRRES XXX SE X SR AT E0EE 135 135 85. 44 85.44
4.8 susRk & - 12 147 7.59 93.04
Te2 e H 152 3.16 96.20
9.6 *e 4 156 2.5%3 98.73
12.0 * 1 157 0.63 99.37
14,4 0 157 0.00 99.37
16.8 0 157 0.00 99.37
19.2 0 157 0.00 99.37
21.6 0 157 ¢. 00 99.37
24,0 L] 1 158 0.63 100.00
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