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ABSTRACT

This report documents the review of the MATerials and Test (MATT)

Data System to check the validity of data within the system. A

computer program to generate the quality level of a construction

material was developed. Programs were also developed to generate

"action reports" for key construction materials.



IMPLEMENTATION

The implementation was an ongoing effort during the study

period. Reports are being generated on a routine basis and as

requested. The MATT System has undergone revisions for some of

the major systems. These revisions were the result of the

findings of Phase 1.
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INTRODUCTION

As a part of a quality assurance program within the State of
Louisiana, the Louisiana Department of Transportation and Develop-
ment (LDOTD) is required to sample and test many construction
materials. The results of this sampling and testing is recorded
and entered in the MATerials and Test (MATT) Data System. The
test results are then checked, via a night batch job, against
previously entered materials specifications., After overnight
processing, the data is stored in computer files for future
reference and use. The entire process is repeated each working
day and hundreds of new test records are generated and stored by
each batch job. The MATT System has been in operation since
midyear of 1978, and thousands of records have been processed and
stored since its installation. This report relates a study to:

1. Check the validity and integrity of previously processed
MATT System records.

2. Use the stored MATT System data to create and test a
program that will generate the FHWA's Quality Index (1)*

a material.

3. Use the stored MATT System data to create and test a
program that will generate, on a timely basis, action

reports for district and headquarters personnel,

*Underlined numbers in parentheses refer to list of references.



OBJECTIVE

The major objectives of this project were to:

“

e e

o

i e

)

Check the validity of previously processed MATT System

records.

Develop a computer program to generate the FHWA's
Quality Index of a material from the MATT Sysftem data

records.

Develop a computer program to generate information or

action reports from the MATT System records.



METHOD OF PROCEDURE

To accomplish the stated objectives, the project was broken down
into three phases according to those listed under objedtives,

primarily:

Phase 1 Review the MATT System files and recordsg for
validity of data.

Phase 2 Develop a computer program which uses thHe MATT
System data records to generate the FHWA'Ss

Quality Index of a material.

Phase 3 Develop a computer program to generate informa-

tion and action reports from MATT System files.

Phase 1

In this phase it was decided to review all MATT Systen Project
Information and Roadway Cross-Section records. The tyde of infor-
mation recorded on the MATT input forms is shown in Apdendix A.
These records contain information about the overall probect, and
thus each project that had such a record at the time ofl the study
was reviewed. This was done by printing the record of each
project on a special form, An example of this form is |shown in
Appendix A. To help in the reviewing process, the projects were
broken down by district and type of construction. This| also aided
in the search for the type of invalid data. For example, if the
type of construction was a rest area, there would be noineed for
an entry in surface thickness; but if the type of cohstfuction was
HMAC, an entry for surface thickness should be found. Pelation—
ships between the data and the type af construction helped to

guide the search for the invalid data entries,



The next step of Phase 1 was to review the MATT Systen
materials test records. The volume of the data demand
it be limited so that it could be checked more thoroug
This was done by selecting random projects according t
of construction, This was done by listing all the pro
type of construction category that had been completed

time of this study. From this list approximately 20 p
of the projects were randomly selected to represent th
construction type. After selection of the representat
projects, each of the 13 materials test files was outp
Fa

of the MATT System materials test files see Appendix B

hard copy for manual checking of valid data entry.

The types of invalid data which were searched for were

such as a missing or zero value. During review of the
notes were made as to the
fields

comments generated for this review of each MATT test f

type of invalid entries aand

where such entries were found.

Appendix C list
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Phase 2

Phase 2 consisted of the development of a computer pro

which would compute the Quality Index of a construction

material.

rram

This phase was completed in conjunction with the

FHWA using their procedure to calculate the Quality Index as

the algorithm for development of the computer program.
Appendix D describes this procedure for calculation of

Quality Index.

The program was written in SAS software

this

package

using the many data manipulation routines and procedures found

within the language.




Phase 3

Phase 3 consisted of the development of a series of computer
programs that would generate informative and action reports from

MATT materials files.

The materials chosen for development of these programs‘were the
major construction materials of the Department, hot mik asphaltic
concrete and portland cement concrete. Appendix E is En example

of the output generated from one of these programs.

The basic algorithms used for development of the varyilng programs
were very similar. The only changes made to the progrhms were
made to the input variables and to the materials properties upon
which the statistical analysis was performed. The programs were
written in such a way that they coull be modified and. used for

specific purposes to meet the needs of the requestor. |Appendix F

is an example of one such report on structural concrete

e




RESULTS
Phase 1

The result of Phase 1 was a series of comments which ﬂescribed
the invalid entries found in each MATT System data file. These

comments can be found in Appendix C.

Phase 2

Phase 2 of the study developed a program to calculatelthe
Quality Level for hot mix asphaltic concrete construc&ion.
Using the procedure described in Appendix D, the Qualﬂty Level
for roadway compaction was calculated for two construgtion
projects. Appendix E shows the output generated by this
Quality Level calculation program. Based on the criterion for
distinguishing acceptable versus unacceptable construétion as

defined in item 10 of the Quality Index calculation procedure

in Appendix D, improvement is needed in construction dontrol on
project 8-08-23.

Phase 3

Phase 3 of the study generated programs for hot mix aé&haltic
concrete, portland cement concrete and base course compaction.
These programs generate "action reports" in terms of dtatisti-
cal evaluation on the test properties of the materialsgl. See
Appendix F for an example of the output generated for struc-
tural concrete, The output characterizes the statistﬂ:al
information according to several catégories. Such repprts are

information oriented and provide trigger points for initiating

action if so indicated by the evaluation.



Another example of such reports is indicated in the of
showing the gquantity of material that had reduced pay?for

concrete and hot mix. It also provides information relative

to the quantity of the material used in a given year.



CONCLUSIONS AND RECOMMENDATIONS
All three phases of the MATT System project were completed
successfully. The conclusions and recommendations on ¢ach phase
of the projects are listed below:

Phase 1

The MATT System, based upon a validity check of each ddta file

within the system, is, on a system-wide basis, very sodnd.

There are areas where improvement could be made, but t:ese areas
are at the entry point of the data. More careful checkling of

the data entered within the system and a more sincere

enter all data no matter how insignificant the entry pérsonnel
deem the data would correct these problems. An alterndte
portion of the solution to the problem would be to rewnite the
edit programs controlling the data files so that all data
entries would be required before further processing and storage.
However, the resources needed to rewrite the programs mav make

this alternative infeasible.

Phase 2

The program developed to generate the Quality Level for hot mix
asphaltic concrete produces results which greatly reduce time
when compared to manual calculations of the same type. | The
program can be adapted to performing such calculations |for other

highway construction materials.

Phase 3

The programs developed to generate the "action reports"|are
easily modified for specific situations. It is recommehded that
the programs be compiled and modified in such a manner that they
will be available and easily used by anyone who desiresi such a
report.
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APPENDIX A

MATT PROJECT INFORMATION AND

ROADWAY CROSS-SECTION REVIEW FORM



F.A.P., s=s=====z=z===z=z>
ROUTE =====z=======z===>
DISTRICT ========z====>
PROJECT ENGINEER ====>

LOCATION (FROM-TO) ==>

BEGINNING MILEPOST ==>

BEGINNING POINT =====>
ENDING PQOINT ========>
SYSTEM CODE =========>
WORK ORDER DATE =====>
ACCEPTANCE DATE =====>
DAYS ALLOCATED ======>
CONSTRUCTION TYPE ===>
PROJECT LENGTH ======>
MEDIAN TYPE ===s=====>
ROADWAY SURFACE =====>
JOINT INTERVAL ======>

LOAD TRANSFER DEVICE >

EXISTING SURFACE ====>
BASE ====s=zs=s=s=z=z===>
SUBBASE ======s==z====>
SHOULDER SURFACE ====>
SHOULDER BASE =======z>
SUBGRADE SQIL =======>
MISC. INFORMATION ===>

13

PARISH ===:=:=:=:1:>

CONTRACTOR ======

ENDING MILEPQST =#=>

URBAN OR RURAL ===F

BID CQST ==========>
FINAL COST =======F>
DAYS USEDB ========g>
NUMBER OF LANES --->
ONE LANE WIDTH ===%>
ADT ========s==s===g>
THICKNESS ========g>
REINFORCING ======&>
NEW OR OVERLAY ====>

ORIGINAL SURFACE =3%>
BASE THICKNESS ===3%>
SUBBASE THICKNESS #>

SHOULDER WIDTH ===3p>

"SHOULDER THICKNESS >



APPENDIX B

LIST OF MATT SYSTEM MATERIALS TEST FILES



MATT SYSTEM FILES

FILE DESCRIPTION TYPE OF FILE
Asphaltic Concrete Job Mix Job Mix Formulas
Concrete Job Mix Joo Mix Formulas
Agaregate Test Results
Asphalt Cement Test Results
Liguid Asphalt Test Results
Cement Test Resultls
Structural Concrete Test Results
Asphaitic Concrete Test Results
Steel Wire Test Results
Steel Bar Test Results
Soil Analysis Test Resul1ls
Density / Moisture Test Results
Thickness / Width Test Results
Project Information Information
Roadway Cross-section Information

17



APPENDIX C

COMMENTS ON MATT SYSTEM DATA FILES



STRUCTURAL CONCRETE
COMMENTS
1.) 1In pretty good shape.
2.) Consistent on all values being entered.
RECOMMENDATIONS
1.) Don not allow a zero break strength to be enFered.

2.) If a field has a yes/no answer make sure a ﬁ%su]ting
value is entered.



COMMENTS

1.) Has a lot of missing values in the following data
fields

Kinematic viscosity 8 140° f
Absolute viscosity @ 140° F
Solubility

Flash point

Residue viscosity 8 140° F
Ductility

Spot test

Specific gravity

RECOMMENDATIONS

1.) Enter all necessary data.

22



LIQUID ASPHALT

COMMENTS

1.) A lot of missing values in all data fields.

RECOMMENDATIONS

1.) Enter all necessary data.

23



CEMENT
COMMENTS
1.) In pretty good shape.
RECOMMENDATIONS

1.) Do not all a quantity to be entered as zero.

24



PAVING CONCRETE
COMMENTS
1.) Consistent on all data being entered.
RECOMMENDATIONS

1.) Do not allow a zero section length or zero aection
width to be entered.

25



DENSITY / MOISTURE
COMMENTS
1.) Data in pretty 900¢ shape.
2.) Some missine values In the fpollowing data fields
Dry rodded thearatical density }
Optimum moistuvre content
Field moisture cantent
Percent pulverization
RECOMMENDATIONS

<

1.} Enter all necessary data.

26



STEEL BAR

COMMENTS

1.) Missing data values in the following data fields

Date sampled
Quantity sampled
Date of test
Nominal diameter
Actual diameter
Difference in nominal and actual diameter
gut of roundness
Yield strength
Tensile strength
Elongation
Reduction in area
Phosphorus

RECOMMENDATIONS

1.) Enter all necessary data.

27



STEEL WIRE
COMMENTS

1.) Unusual values for quantity.

2.) HMissing data values in the following data fﬁk1ds
Qut of roundness
Yield strength
Tensile strength
Flongation
Sulfur
Phosphorus

RECOMMENDATIONS

1.) Enter all necessary data.

28



ASPHALTIC CONCRETE
COMMENTS

1.) Hissing values in the following data entry %ie1ds

Station number (to & from)
Specific gravity

Marshall stability

Percent voids filled with asphailt
Briquet gravity

Tolerance

Linear feet

Linear feet outside tolerance
Density

A1l gradation data

Quantity

RECOMMENDATIONS

1.) Enter all necessary data.

29



AGGREGATE

COMMENTS
1.) Has a lot-of missing values in the
fields
Percent passing 2 1/2"
Percent passing 2"
Percent passing 1 1/47
Percent passing 17
Percent passing 3/4"7
Percent passing 5/8"
Percent passing 1/27
Percent passing 3/8"
Percent passing # 8
Percent passing # 10
Percent passing # 16
Percent passing # 30
Percent passing # 40
Percent passing # 50
Percent passing # 80
Percent passing # 100
Percent passing # 200
Percent passing # 270
Absorption
Specific gravity - S§SD
Specific gravity - APP
Dry loose weight
Dry rodded weight
Color
Clay lumps
Deleterious material
Decantation loss
Liquid Timit
Plasticity index
Foreign matter
Sand equivalent
Glassy particles
Alkalinity
Poalish value
Abrasion
Coating on particles
Soundness
Asphalt content
Percent crushed
Soft fragments
RECOMMENDATIONS
1.) Enter all necessary data.

30
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APPENDIX D

FHWA PROCEDURE FOR CALCULATING THE

QUALITY INDEX OF A MATERIAL



QUALITY INDEX PROCEDURE

This is a rapid and easy method of estimating the quality level
of material and construction quality control factors.

1.

Randomly select a segment (a minimum of 3 productijon days)

of recently completed wWwork. List all the results of tests or
measurements for the characteristics being analyzed. (je -
air content, thickness, bitumen content, etc.).

Average the test results to find the mean X-bar.

Find the range (R) by subtracting the smallest test value
from the Targest value. When the number of tests fs 10 or
more arrange the test results consecutively in subgroups
of five. Find the range for each subgroup of fiveland
compute the average ranmge (R-bar).

Find the upper quality index (Q,) by subtracting the average
(X-bar) from the upper specification limit (U.L.) |and
dividing by the range (R) or (R-bar).

Qy = (U.L. - X-bar) /.R or R-bar

Find the lower Quality Index (Q.) by subtiacting the lower
specification 1imit (L.L.) from the average (X-bar) and
dividing by the range (R).

Q. = (X-bar - L.L.Y / R or R-bar

Estimate the percent that will fall within the uppe
specification 1imit (Py) by entering the attached Table

with Qu, using the column appropriate to the total number of
measurements. Note that the sign of Qyu or Q. whether
positive or negative, must be taken into account.

Estimate the percent that will fall within the lowe
specification 1imit (P._) by entering the attached Table with
QL, using the column appropriate to the total number |of
measurements.

Where both upper (U.L.) and Jlower (L.L.) specification
1imits are applicable, find the percent of material within
these 1imits by adding the percent within the upper |Timit
{Py) to the percent within the lower limit (P_) and
subtracting 100.

P+{(Total percent within limits) = (Py + PL) - 100.
Where only one specification 1imit is applicable, U.l. or

L.L., the percent within tolerance is that value obtained
directly from the attached Tab'le.

33



10.

A 90 percent Quality Index has been chosen by the FHWA on

the basis of engineering judgment as the dividing [criterion
which distinguishes between a good quality level af work and
levels where improvements are needed.

34



TABLE FOR ESTIMATING PERCENT OF LOT WITHIN TOLERANCE
8Y RANGE METHOD

Percent POSITIVE VALUES OF Q OR Q

Within

Tolerance n=3 n=l n=5 n=b n=7 “m=10*  n=]5% p=25%  p=30* ﬂ'3§:ﬁ n=40* n=50%* n=60%*
59 0.60 a.66 0.66 0.65 0.65 0.82 0.88 0.93 0.94 0.95 0.97 0.97
98 0.60 0.64 0.65 0.62 0.61 0.76 0.80 0.83 0.84 0.85 0.8¢ 0.86
97 0.60 0.63 0.62 0.59 0.58 0.71 0.74 0.77 0.78 0.78 0.79 0.79
96 0.60 0.62 0.60 0.57 Q.55 0.68 0.68 0.72 0.73 0.73 0.74 0.74
95 0.60 0.60 0.58 0.55 0.53 0.64 .66 0.68 0.68 0.69 0.70 0.70
94 0.59 0.59 0.57 0.53 0.51 0.62 0.63 0.64 0.65 0.66 .66 0.66
93 G.59 0.58 0.55 U.51 Q.49 0.59 Q.64 0.6) 0.62 0.62 0,62 0.62
92 0.59 0.56 Q.53 0.49 0.47 0.57 0.58 0.59 0.59 0.59 0.60 0.60
91 0.58 0.55 0.51 0.48 0.46 0.54_ 0.55 0.56 0.57 0.57 0.57 0.57
90 0.58 0.54 0.50 0.46 0.44 0.52 0.53 0.54 Q.54 c.sh 0.55 0.55
89 0.57 0.52 0.48 0.45 0.43 0.50 0.51 0.52 0.52 0.52 0.52 0.52
88 0.56 0.51 0.46 0.43 0.4 0.48 0.49 0.50 0.50 0.50 0.50 0.50
87 0.55 0.50 0.45 0.42 0.40 0.47 0.47 0.47 Q.48 0.48 0.48 0.48
86 Q.54 0.%8 Q.44 0.40 Q.38 0.45 0.45 0.46 0.46 0.46 0.46 0.46
85 0.54 0.47 0.42 0.33 6.37 6.43 0, b4 0.44  0.4% 0.44% 0.4h4 0.4k
84 0.53 0.46 0. 41 0.38 0.36 0.42 0,42 0.42 0.43 0.43 0.h2 0.42
83 0.52 0.44 0.40 0.36 0.34 0.40 8.40 0.4 0,41 0.41 0.1 0.4
82 0.51 0.43 0.38 0.35 6.33 0.39 0.39 0.39 0.39 0.39 0.39 0.39
81 Q.50 0.42 0.37 0.34 0,32 0.37 0.37 0.37 0.37 0.38 0.38 0.38
80 0.49 0.40 0.36 0.33 0.31 0.36 0.36 0.36 Q.36 0.36 0.5 0.36
79 0.48 0.39 0.34 0.3 0.29 0.3h 0.3k 0.34 0.34 0.35 0.35 0.35
78 0.47 0.38 0.33 0.30 0.28 0.33 0.33 0.33 0.33 0.33 0.33 0.33
77 0.46 0.36 0.32 0.29 0.27 6.32  0.32 6.31 0.31 0.32 0.32 0.32
76 0. 44 0.35 0.30 0.28 0.26 0.30 0.30 0.30 0.30 0.30 0.30 6.30
75 0.43 0.34 0.29 0.27 0.25 0.29 0.29 0.29 0.29 0.29 0.29 0.29
74 0. %) 0.32 0.28 0.25 Q.24 0.28 g.28 0.28 0.28 0.28 0.28 0.28
73 0.40 0.31 0.27 0.2k 0.23 0.26 0.26 0.26 0.26 0.26 0.26 0.27
72 0.39 0.30 06.25 0.23 0,22 0.25 0.25 0.25 0.25 0.25 0.25 0.25
7 ¢.37 0.28 0.2 0.22 0.20 0.24 0.24 0.24 0.24 0.24 0.24 0,24
70 0.36 0.27 0.23 0.21 0.19 0.22 0.23 0.23 0.23 0.23 0.23 0.23
69 0.34 0.26 0,22 0.20 0.18 0.2 0,21 0.21 6.21 a.21 0.21 0.21
68 0.32 0.24 0.21 0.19 0.17 0.20 0.20 0.20 0.20 0.20 0.20 0,20
67 0.3} 0.23 0.19 0.18 0,16 0.19 0.19 g.19 6.19 0.19 0.19 0.19
(33 0.29 0.21 0.18 017 0.15 0.18 0.18 0.18 0.18 "0.18 0.18 6.18
65 0.27 0.20 0.17 0.16 0.1h 0.17 0.17 0.17 0.17 0.17 0.17 0.1}
64 0.26 0.19 0.16 0.15 0.13 0.1% a.16 0.15 0.15 0.15 0.15 0.15 0.15
63 0.24 0.17 0.15 0.13 Q.12 0.4 0.1h 0.4 0.14 0.14 0.1h 0.14 0.14
62 0.22 0.16 Q.14 0.12 0.11% 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
61 g.20 0.15 8.13 0.11 0.10 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
60 0.19  0.13 0,11 p.10 0,09 0.1 a.11 o.M 6.11 0.1t 0.11 0.11  o.11
55 0.09 0.07 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 6.05 0.05
50 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

svhen n is 10 or more, the samples are arranged cgpsecutive]y in subgroups of five. | Then the range R
of each subgroup is determined, and the average R of the ranges of all the subgroups is computed for
use in finding Qy of Q.
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TABLE FOR ESTIMATING PERCENT OF LOT WITHIN TOLERANCE

BY RANGE METHOD

NEGATIVE VALUES OF Qy OR Q \

Percent
Within
Tolerance n=3 rn=h n=5 n=6 n=7] n=10% n=|5% pe25%x ne30k x=35%  (n=40*  ne50r n=60*
50 0.00 0.00 0.00 0.00 0.00 0.00— 0.00 0.00 0.00 0.00 00 0.00 0.00
45 0.09 0.07 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 05 0.05 0.05
4o 0.19 0.13 0.11 0.10 0.09 0.11 a.1n 0.11 0.11 0.11 1 0.11 9.11
39 0.20 0.15 0.13 0.1 0.10 0.12 0.12 0.12 0.12 0.12 12 0.12 9.12
38 0.22 0.16 0.4 0.12 0. 1% 0.13 0.13 0.13 0.13 0.13 13 0.13 0.13
37 T 0.24 0.17 0.15 0.13 0.12 0.14 0.14 0.14 0.14 0.14 L1k 0.14 0.14
36 0.26 0.19 0.16 0.15 0.13 0.15 ~ 0.16 0.15 0.15 Q.15 .15 0.15 0.15
35 0.27 0.20 0.17 0.16 0.14 0.17 0.17 0.17 0.17 0.17 17 0.17 0.17
34 0.29 0.2) 0.18 0.17 0.15 0.18 0.18 0.18 0.18 0.18 .18 0.18 0.18
33 0.3 0.23 0.19 0.18 0.16 0.19 0.19 0.19 0.19 0.19 .19 0.19 0.19
32 0.32 0.2k 0.21 0.19 0.17 0.20 0.20 0.20 0.20 0.20 .20 0.20 0.20
31 0.34 0.26 0.22 0.20 6.18 0.2% 0.21 0.21 0.21 0.21 .21 0.21 0.2}
30 0.36 0.27 0.23 0.21 0.19 0.22 0.22 0.22 0.23 0.23 .23 0.23 0.23
29 0.37 0.28 0.24 0.22 0.20 0.24 0.24 0.24 0.24 0.24 .24 0.24 0.24
28 0.39 0.30 0.25 0.23 0.22 0.25 0.25 0.25 0.25 0.25 .25 0.25 0.25
27 0.40 0.3 0.27 0.24 0.23 0.26 0.26 0.26 0.26 0.26 .26 0.26 0.26
26 0.4 0,32 0.28 0.25 0.24 0.28 0.28 0.28 0.28 0.28 .28 0.28 0.28
25 0.43 0.34 0.29 0.27 0.25 6.29 0.29 0.29 0.29 0.29 .29 0.29 0.29
24 0.4b 0.35 0.30 0.28 0.26 0.30 0.30 0.30 0.30 0.30 .30 0.30 0.30
23 0.46 0.36 0.32  0.29 0.27 0.32 0:32 0.3 0.31 0.72 .32 0.32 0.32
22 0.47 0.38 0.33 0.30 0.28 0.33 0.33 0.33 0.33 0.33 .33 0.33 0.33
21 0.48 0.39 0.34 0.31 0.29 0.34 0.34 0.34 0.34 0.34 .35 0.35 0.35
20 0.49 0.40 0.36 0.33 .31 0.36 0.36 0.36 0.36 0.36 .36 0.36 0.36
19 0.50 0.42 0.37 0.34 0.32 0.37 0.37 0.37 0.37 0.37 .38 0.38 0.38
18 0.51 0.43 0.38 0.35 0.33 0.39 0.39 0.39 0.39 0.39 .39 0.39 0.39
17 0.52 0. 44 0.40 0.36 0.34 0.40 0.40 0.4 0.41 0.41 Ry 0.41 0.m
16 Q.53 Q.46 Q.41 G.38 0.36 0.42 0.42 Q.42 0.43 0.43 43 0.42 0.42
15 0.54 0.47 0.42 0.39 0.37 0.43 0.44 0.4t 0.44 0.44 g 0.4k 0.h4
14 0.54 0.48 0. 44 0.40 0.38 0.45 0.45 0.46 0.46 0.46 RT3 0.46 0.46
13 0.55 0.50 0.45 0.42 0.40 0.47 0.47 0.47 0.48 0.48 L8 0.48 0.48
12 0.56 0.51 0.46 0.43 6.4 0.48 0.49 0.50 0.50 0.50 .50 0.50 0.50
1 0.57 0.52 0.48 0.45 0.43 0.50 0.51 0.52 0.52 0.52 .52 0.52 0.52
10 0.58 0.54 0.50 Q.46 0.4k 0.52 0.53 0.54 0.54 0.54 .54 0.55 0.55
9 0.58 0.55 0.51 0.48 0.46 0.54 0.55 '0.56 0.57 0.57 .57 0.57 0.57
8 0.59 0.56 0.53 0.49 0.47 0.57 0.58 0.59 0.59 0.59 .59 0.60 0.60
7 0.5%9 0.58 0.55 0.51 0.49 0.59 0.61 0.61 0.62 0.62 .62 0.62 0.62
6 0.59 0.59 0.57 0.53 0.51 0.62 0.63 0.64 0.65 0.65 .66 0.66 0.66
5 0.60 0.60 0.58 0.55 0.53 0.64 0.66 0.68 0.68 0.69 .69 0.70 0.70
i 0.60 0.62 0.60 0.57 0.55 0.68 0.68 0.72 0.73 0.73 .73 0.74 0.74
3 0.60 0.63 0.62 0.59 0.58 0.71 0.74 0.77 0.78 0.78 .78 0.79 0.73
2 0.60 0.64 0.65 0.62 g.61 0.76 0.80 0.83 0.84 0.85 .85 0.86 0.86
\ 0.60 0.66 0.66 0.65 0.65 0.82 0.88 0.93 0.9% 0.95 .95 0.97 0.97

*When n Is 10 or more, the samples are arranged consecutively In subgroups of five. (Then the range R
of each subgroup Is determined, and the average R of the ranges of all the subgroupsiis computed for
use in finding Qy or Q. '
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APPENDIX E

EXAMPLE OF OUTPUT FROM

QUALITY INDEX GENERATION PROGRAM



PROJECET NUMBER - 008-08-23

NUMBER AVERAGE RANGE
Lot of COMPACTION OF
NUMBER SAMPLES PER LOT COMPACTION
165 5 95.9 0.9
166 5 94.2 1.3
167 5 95.2 1.8
168 5 95.0 1.8
4 LOT STATISTICS - AVERAGE RANGE : 1.5
- AVERAGE COMPACTION : 95.1
- QUALITY INDEX : 0.05
- PERCENT WITHIN TOLRANCE : 54
170 5 95.2 1.8
186 5 93.3 1.3
187 5 95.3 3.0
188 5 95.4 3.4
4 LOT STATISTICS - AVERAGE RANGE ;2.4
- AVERAGE COMPACTION . 94.8
- QUALITY INDEX : -0.08
- PERCENT WITHIN TOLRANGE : 43
189 5 96.5 1.2
w 190 5 95.7 2.1
© 191 5 96. 1 2.1
192 5 95.0 4.7
4 LOT STATISTICS - AVERAGE RANGE : 2.5
- AVERAGE COMPACTION . : 95.8
- QUALITY INDEX : 0.33

~ PERCENT WITHIN TOLRANCE : 78



PROJECET NUMBER - 071-01-15

NUMBER AVERAGE RANGE
LoT oF COMPACTION OF
NUMBER SAMPLES PER LOT COMPACTION
051 5 95.6 3.3
052 5 96.7 4.5
052 5 95.6 2.0
054 5 85.9 1.2
4 LOT STATISTICS - AVERAGE RANGE . 2.8
- AVERAGE COMPACTION . 95.9
- QUALITY INDEX . 0.35
- PERCENT WITHIN TOLRANCE : 79
055 5 95. 1 1.2
056 5 96.0 1.6
057 5 96. 1 1.2 ,
058 5 95.1 0.8
4 LOT STATISTICS - AVERAGE RANGE S 1.2
- AVERAGE COMPACTION . 95.6
- QUALITY INDEX . 0.48
- PERCENT WITHIN TOLRANCE 89
059 5 96.5 1.2
060 5 95.6 1.7
I 066 5 95.9 3.3
© 076 5 a8.6 3.3
4 LOT STATISTICS - AVERAGE RANGE . 2.4
- AVERAGE COMPACTION . . 96.6
- QUALITY INDEX . 0.69

- PERCENT WITHIN TOLRANCE : 100




APPENDIX F

EXAMPLE OF OUTPUT FROM

ACTION REPORT GENERATION PROGRAM



N7

CODE

A

A (MINOR)
A(M)

AA

AA(M)

QUANTITY FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE ENTIRE STATE

BAR CHART UF SuUMS

20000 40000 60000 80000 100000 120000

QUAN SuUM

FREW

3365

2493

252

2020

801

195

QUAN SUM

121022

60759.
25337.
94524.

48.
18971,

5562.

.4

3



4%

QUANTITY FOR STRUCTURAL CONCRETE FOR 13885
BY CLASS OF CONCRETE
FOR THE DISTRICTS

BAR CHART OF SUMS

caoe DIST  DISTRICT FREQ QUAN SUM
A 2 ERANEANNENNANANRNSAANANSERERINSNNNNSSRERNENAS NS NN AN ENARARNRREANNERRRE 848 60182.00
3 AKRERRANAARANAR 405 11027.50
4 ARRERRANRNAARAN 452 11186.20
5 RRAN 118 2671.50
7 ARAZANAERA 280 7308. 10
8 RESRARANEEANRRNNRERANAANNE 978 19767 .80
58 19 325.50
61 aznn 153 3015.320
62 RRAREEN 112 £538.50
A (MINOR) 2 AEANARANERANANNSNRANBANS 456 17727.10
3 an 59 1380.00
4 EERRAGANAAANANGEDE 530 13381.80
5 RERAAR 176 4430.60
7 lansaamaw 231 6233.60
8 agsaRn 210 4662 .40
58 n 22 744 .30
61 MTTLLL 407 4411.80
62 aRAARAARAN 402 7727.70
A(M) 2 EAENEARNKARRAARN ( 110 12096 .50
3 ) 0.00
4 EANRNARNBSEERENENE 142 13240.50
5 ) 0.00
7 0 0.00
8 ) 0.00
58 0 0.00
61 0 0.00
62 0 0.00
AA 2 BARREARRRNRANRNARANSRANADNSENNEHNENNSNNNREANRAAN 433 36010.80
3 REREARAN 189 6348 .30
4 ENREENANARERRREARAEN 358 14825 40
5 ERANAS 138 4581.20
7 SREANEAN 131 5336 .00
8 SUAENSAREENANAANRENEEANNRAERE 8577
58 - - 12 210. 10
61 [neEmAR 151 4170.80
62 n 3 918.50
AA(M) 2 1 17.00
3 0 0.00
4 5 31.00
5 0 0.00
7 0 0.00
8 ) 0.00
58 ) 0.00
61 0 0.00
62 ) 0.00




Gt

CODE DIST

QUANTITY FOR STRUCTURAL CONCRETE FOR 13985

BY CLASS OF CONCRETE

FOR THE DISTRICTS

BAR CHART OF SUMS

DISTRICTY

6000 12000 18000 24000

30000

QUAN SUM

36000

42000

48000

e — -

!
54000

& o
cooNOCTBOO

60000

QUAN SUM

0.
599
3395.
3322.
1265.
8507.
150.
442,
1289,



gv

CODE
A

A (MINGR)
A(M)

AA

AA(M)

R

S

STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE ENTIRE STATE

BAR CHART OF AVG.

B L e it o Fommm o e tmmm— e om e [
600 1200 1800 2400 3000 3600 4200 4800 5400
AVG

AVG

5202

5066

5659

5154

5739

3261

5834



Ly

CODE

A

A (MINOR)
A(M)

AA

AA(M)

STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE ENTIRE STATE

BAR CHART OF STD

AEENENERRA RN NN AR R A NN ARR AR ANON NN UNENRRERARAZARENARANERRAREERA

ANAARENANRA RN NAAN AN N AN NANEEARANARRAANERARANNANNRAANNANANRARRANDEN

NN AR AN AN AR A RN RO RN AR NS NASAENARANAREIRAAR

AR RN ARSI RN R ARG N NO RSN RSN SANANARRARARINANANNAN
ANANRENNARANANNANGARARUENEERANENNANAN

AREAERANSUAEA R AN RN SEN AR AN ANR RN R A AN ARANNAR N AREERANRAREAREACARANARARRANEANRES

----- B i R B it A T D e s et S S e S e e T
50 100 150 200 250 300 350 400 450 500 550 600 65N 700 750 800 850

STD

STD

652

776

640

633

369

894

790
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CODE
A

A (MINOR)
A(M)

AA

AA(M)

STATISTICS FOR STRUCTURAL CONCRETE FOR
BY CLASS OF CONCRETE
FOR THE ENTIRE STATE

BAR CHART OF CVv

4.00 8.00 12.00 16.00 20.00

cv

1985

12.

15.

27

13

cv

53

32

.30

.29

.43

.42

.54



(37

STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
8Y CLASS OF CONCRETE

FOR THE DISTRICTS

BAR CHART OF AVG

CODE DIST DISTRICT AVG
A 2 AERAER R AR AR AN EEERAR AR ARG R RAREAARANARARARARARARAARRARRARSARARNREANN 5364
3 PAAKEERESAARARAASRARAAANAANAGNARSANRANEANRARRAARAAANIANANGANARNRAN 4913

4 BENARAKNORARKARAARNASANANANERANRRARARANAAAARANNAASRERRARKENNRRGARARIARARN 5422

5 RRRARABRARGEARAANSARRIREANRNARARAKRARNRAANARBARKARNAABARKANNARAN 4715

7 BRRKARRANAARKARAARRRABEANARNANANKERARRNAARRARKEARAARARAANRANNRRGRRANNAA 5207

8 BARRRARANNBEARRARANNRANRANNNERERAARANAREARSRARANNARERARRANASAANARRAAARA 5187

58 NRREARRRARRARREAERARRARRRARSARRARSARANNANEARERANAARRAARNEARD 4493

61 BAARARAREANANNARSRREAEARRARNEANRARREANAARAREAARASEARERARASAERANERNANNER 5338

62 BRABARARAEARARRAEANREIRARRRNERNEAARARNARASRASANARKARSEARANSARRARN 4765

A (MINOR) 2 RAEARERNEEBUASNARNARNAEANNARNPAARESNEARAARABERANRANEANRENREANARRNARNNARA 5137
3 RARAREANBERANAAESEREARNANASNNAREERARANRANNANAANSANSANAANANAARKAR 4816

4 BRAARANASRARANAR N ASEARNARNAEEERANNANARERAACAARAZAABEREEARGRRRABAASRD 5057

5 unlulnlnlnulul!llununun!llnllulll!ln!:llnnuuuuunllunnnsunn 4374

T ERARARARABARAERRAANRARARA 5681

8 nnlllnlnnanunnululunu-uunlulnnnuuluunuuunununnnnlunununununuulnununnl 5161

58 RABANERARRRAAZARABREARAAEARRARARRRARSENAARRRANEANNNAA 3904

61 ANEEAGRNAAR NN ASASNARSNRNARAAARERRANARARESRANSAARENNAZAABANRARARANERAUND 5314

62 RERAARANSAASARENARANENANRAANANEANNREANANARRAREAAARNARBANNEARARE 4739

A(M) 2 RARGEAREREARARARSAREREARNSARARAARNIANARENARAAGRARDNRARRAARAIRASRARSUNRARSIANARNNE 5787
3 0

4 AARNERAAANAEENRAARAANRAARANR~AANBERAARKARARARARERSNANARAANRARGNREANAARNARAN 556 1

5 o}

7 0

8 0

58 l¢]

61 0

62 0

AA 2 AREHANBUEAEAEANARABRRRAUEANEEANBNANARERARSNARSAUAREABGARRANSASEARIANA 5184
3 NREEEENAESNSAANEAAARNEAAREAARANSAAARNARARARNANANSARNEARANRAASERAAASNS 5035

4 RARNAENREARNERSEAAZ A ARGASANAAERN S NARANSARENHARGFARBASERARRAARBARRSAAKATNES 5455

S NN RA AN RS AANREENARSNACANEARAANAARARAAENRAARSSAARERAARN 4844

7 RARARERARBABRAGARARNAREANARREABARARARARBASANAREARARNNARARARAREERRA 4893

8 llnlllnlnulluuununnunnnlulllnnnlunnlllllnlllnunuunluuauuuuuunununnul 5420

58 lllllllllllllllll!!lllllllllllllll!!..v..;;;;Argggg,gi - — wig

- 5t ......,A.:.flnlllIlllll!l!!ll!!lllﬂlll!!llul!lﬂlllll 5296

62 llllllllllllll!lllllllll!llllllllﬂl!lllllll!l!llllll!nll!llllllll 4910

AA(M) 2 BRI AR AN AR R ARERRRAANAARSRASEARANSRANARANRAREARANDAR 5294
3 e}

4 AFRRERR AR NA AN ANAN AN AR AN AR ARAANSA RN AN NANABUARANNARENAANNNEARRARNAR 5887

5 0

7 0

8 0

58 0

61 0

62 0




05

CODE DIST

STATISTICS FOR STRUCTURAL CONCRETE FOR
BY CLASS OF CONCRETE
FOR THE DISTRICTS

BAR CHART OF AVG

DISTRICT

SAEERAANR AN A AN RN NN ARRANRANN AN AN AR NN AREREREARARERERARNANERANENANANRDD

1985

600 1200 1800 2400 3000 | 3600

AVG

4200

4800

5400

AVG

3280
3562
2853
2780
3243
3043
3059
3945



s

CODE

A (MINOCR)

A(M)

AA

AA(M)

STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE

FOR THE DISTRICTS

BAR CHART OF STD

DIST  DISTRICT
2 AEAABARKARNRASERARNEESBARRARNAERN
3 KAGNAANSRABNAAGRANERN
4 EANNGEENAAYEERNENNAENARRRANAENNNNER
S EEERASRERENGNANRAANARERES
7 BABARBREAEARAAXNARNAREARENAKIAED
8 BEEARRANERESHANREANNSAARRRARANEN
58 WIRANRIARAS
61 EAEREARRSESREAFASREERABARAEARAARERR
62 FENERANRAANSAANNAANARNEDNANANASRANRAE
2 BENRRAGERANNERAARRAGRASNRARARANED
3 ARREBASKENAREASREANRNRNENANANARE
4 RUARANENAARGAREARAARANNRERAERANRARD
5 EEEIRNEERAEEECIANSNERANNEANER
7 AN i
8 ANRARAANRGEZAREARENENENRANANIANRARNAA
58 RCEERRNERAANRAZARNAAERES
61 ANGARRRERASRALBARABANENRARAESRONEANNRRER
62 RAAEREAEARREREEANRANNENNRARARA
2 SEGERARENABRAAORABAEARANANE
3 b
4 ANBRANARANARERERAARBANNAARENRANNEAN
5
7
8
58
61
62
2 ARREARKRERBEENREENRARARRARRARKRRNANR
3 ABARANAERNRRANARAN
4 RERRAARKENERASAGANANNNARNABANEN
5 ERARARKERREZANARAEANANARANRE
7 EARANERARGAREANEREREANBAREN
8 BEENREAAEAASANERANARNSATNARNAD
58  |MRNERRNRARARANNRANA e
— &1 | SRSEARBEENRNEAENGNNAARRNAANANANNY
62 BENARNANAABAANRNREEANNRRANRAAY
2 ERARERENER
3
4 SENENANARRANANN
5
7
8
58
61
62

STD

634
418
703
507
617
617

220

o)}
[AvAe]

743

635
637
703
600
862
745
441
793
607

513

o

707

[eReNeoNeoNeoXe]

720
361
613
560
531
597

647
596

194

282

COO0OO00O0



1A

CODE DIST

CSTATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THe DISTRICTS
BAR CHART OF STOD

DISTRICT
BABAAGRYNRAREARNANESRENRY
FEARAARANARRANBANDARNANARAREANANERRARAND
NERRANANEDRAARANGRARENANNANANANSENANA
RAAREREARENREREARENARRNANRARKRASARRANANEER
BRARRARERENARABARNAARRANENNNRARAANAAARRRANE
BONRARBRNPROARNANRHNANRANRASKANNANAANANEANR

————— +————+-—-——+-———+-—;-+———»+—‘--—+—-——+-——-+----+-~»—+——-—+-—’-
100 200 300 400 500 600 700 800 9800 1000 1100 1200

STD

STD

485
78%
719
820
845
872
840
1252

[eXe]

835

[eNe)

[eReXe]



£s

CQDE

A (MINOR)

A(M)

AA

AA(M)

STATISTICS FOR STRUCTURAL CONCRETE FOR
BY CLASS OF CONCRETE
FOR THE DISTRICTS

BAR CHART QOF CV

DIST DISTRICT
2 ARAABRANRAANBRANRENEARAN
3 ARERRANEAREARAARAN
4 AEAXDAKNABASERARRRAANEANER
5 MARYARANEARERNANANARAN
7 AAACHEAGRARNAAAERRANARNS
8 ARRRARARRAARRAREAERNARAN
58 ABANABARAR
61 BRARANAREAARAAAHEAANGRAKEAN
62 RRRARAARAREGEAANASARAARENARGNEN
2 EARERAAAARARENANNARNNAREN
3 BASRAREEAENARAARNAANSNADEY
4 BENARABAAAREEARARARERARRENAN
5 SABRARRARANEBAANNRGASEARNAN
7 AANNRANANSARARNARRARRANAARANND
8 RaRaESESEEsRnARAREEEsmssEEEaR
58 RRARERABNARFANAARAABNRA
61 EARNNARGRASNRAAAAEAARRERNRNRUNN
62 RANARANEANAEEABASRUERARARN
2 AERANRNAKANENSAARA
a
4 SAERAANAREANBANARANARANAR
5
7
8
58
5
62
2 ENRRANAAANANANAERNRNANRAANAN
3 KEANNRRRAGARAN
4 PRARARRARREAANABARARAD
5 RARNARAARRRRASENABRAANN
7 RRAEPAAARANGRANRANRENN
8 BRABERAREANARBRERNARNNEK
58 b
61 ERRARKERAASERARNRARARANAN
62 NANARRANAARAANRAANRRANRD
2 [ LIT]TT]
3
4 BERRENEARN
5
7
8
58
61

(]
N

1985

11.

12.

i0.
i1,
1.

13.
15.

12.
13.
13.
13.
15.

14

11,
14.
12.

-y

QOO0OQQOoNO®

9§>O§3C>O-uc>u

76

A3
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GS

CODE

A

A (MINOR)
A(M)

AA

AA(M)

SLUMP STATISTICS FDR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE ENTIRE STATE

BAR CHART OF AVGSL

B et T Fommm e - tom e drmm— e O bommm o m 4mm e o m - - e
0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 5.40 6.00 6.60
AVGSL

AVGSL

3.48

3.31

3.42
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CODE

A

A (MINOR)
A(M)

AA

AA(M)

SLUMP STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE ENTIRE STATE

BAR CHART OF STDSL

————— Bt et e T R T e e o LT T e e et T S e
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 C.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.380 0.95

STDSL

STOSL

.58

.90

.44

.90

.20



LS

COUE
A

A (MINOR)
A(M)

AA

AA(M)

SLUMP STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE ENTIRE STATE

BAR CHART OF CVSL

4.00 8.00 12.00 16 .00 20.00 24.00 28.00

CVSL

CVsL

17.

30.

27.

26.

04

90

.61



8§

CODE

A

A (MINOR)
AA

AA(M)

AIR CONTENT STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE ENTIRE STATE

BAR CHART OF AVGAIR

———————— e i e s et S G Ly Gy Oy Sy PR
0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4.00 4.40 4.80
AVGAIR

AVGAIR

4.

4.

31

62

.73

.88

.25

.28
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CODE

A

A (MINOR)
AA

AA(M)

AIR CONTENT STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS Of CONCRETE
FOR THE ENTIRE STATE

BAR CHART OF STDAIR

ANREAERER
-------- O S T e S A i t =
0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20

STDAIR

STDAIR

1.

-

32

.01

.62

.58

.18

.44
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SLUMP STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE DISTRICTS

BAR CHART OF AVGSL

CODE DIST DISTRICT AVGSL
A 2 RARRAAEANNRRARBUBNENARANEURANARIRNAAKONBAREEN 3.41
3 ARARKIRRARIBARACERERAANAAENARANAENREERANEEAAR 3.30

4 ARARAERNUARANAREEARAAAAARNANAAENARZIAANNERNARE 3.31

S} RAARABAREEANAANARANEAREANENANANSEANSARRIENRARD 3.42

7 ARARFRAREKARANBAARARACABARRNRARARANAAEANRNARN 3.32

8 ERANNEREEARRAARKRRRRARERBUERRARAANAARNANNUARAN 3.48

58 AARKFARANARARARABSRRRAREARRARRERERERANARNSRARANAN 3.50

61 BEEANR AN ARARANRRARBRRAGAANERAGRANRNAKA 3.25

62 RAEENANBAEANAAANGAZARARDANARANARAREANARANDENARARN 3.55

A (MINOR) 2 ERERNABERINAAANANREAGAANNRABRARENAN 2.62
3 RARRUANENAREEARENRANNANAENEEANARAEEAEANER 3.07

4 ERERARUEREARRAARANANAARASEAAREAEANANBRANKANA 3.05

5 AEAARARENANANARARERENANRERAEAZARAANASRANNENEN 3.35

7 EEERBRENAERARANAANEDY 2.56

8 lIl!llIll!lllllllllllllllll!llll!lllllll 2.98

58 AN AR RANUANERER AR ANRARAAREARAARERAENRANEDANERNN 3.57

61 BARRIRARERRANBRRERANERAANGRARERARANBARARRAR 3.14

— 62 AARARENNANRAGNENAREARRARNRERARARENERNE 2.88
A(M) 2 CARARRABERARRANBARERENERRARDEANSARANCANANARARANY 3.61°
3 : 0.00

4 BN ARERA AR ENERA AR RANRARAZAAERARARE 3.38

5 0.00

7 0.00

8 0.00

58 0.00

61 0.00

62 0.00

AA 2 BANERSEANAAASINENRANEFARACANARAAERARRUANENARAN 3.53
3 AARRANAEEREZAAANRSRARANEEANAAREARNIAREZRAANR 3.19

4 SRS B ARNARAREEARARENARERAANABAAREARANAREAN 3.13

5 PEARKDEERNAZANARBRNAAAANRAANEAACANANEEARRERAER 3.29

7 RAANRNAERANAAPARAREANAAAENBORANAEAENANASRAER 3.27

8 AAREAENAASENENRGRAERANONENNREAARABRARERREANER 3.34

58 llllll!llll!lllﬂllllll!l!lllllll!llll!!l!lllll 38

=3 3.18

62 lllllllllllllllIlllllllllllll!!llllllllllll 3.24

AA(M) 2 BAAERERBERARENANRNNAENANAERANARRERARNENERERERAR 3.50
3 0.00

4 ERNNAARENRNENERENNARNAUREREANANABRARANERARNES 3.40

S 0.00

7 0.00

8 0.00

58 0.00

61 0.00

62 .00




SLUMP STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE DISTRICTS

BAR CHART OF AVGSL

29

CUDE DIST DISTRICT AVGSL
R 2 0.00
3 NAENBANREEEANNNAZIAENANRNERAARRARIRBRAANA 3.00

4 AR RN AN AR R RN R AN AR A AR ANEANRNSENRARIRANARER 3.85

5 RRNEBAEARSA A NN EREANENNARNARAANEANRARBNERAENARANR 3.94

7 AR ACRARRAANBABANERARERANENRADABANASANANAERARANN 3.64

8 NENANARNNUREAANNEAARAANRANERAARRANANARARRENADEAS 3.59

58 AR EARRANANERANEAR AT EEARNACENONARKASARANENENERONANEM 4.00

61 RARAEEAREANEENNANARNAANNEEARARRANERRREERANNRA 3.26

62 BEANSAARAERARNNERANNVANGNRANENNARRARRARAR 3.11

S 2 0.00
3 0.00

4 EENEADARD NN NN AN EAR AR ENA AR RN RN AR NS RE AR AR FANAARRAANANNNANSANENNNRENRANEARRAA 6.89

5 0.00.

7 . 0.00

8 ARG ER AR A AN AN AN NN N AR AR R A A AN AN N AR AR A AN AN AN S A AR A AN AN AN AN UR AN EERAENAANRAER 7.30

58 0.00

61 0.00

62 0.00

-------- D et D s e e ek TR e b R e
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CQDE DIST

SLUMP STATISTICS FOR STRUCTURAL CONCRETE FOR 1985

BY CLASS OF CONCRETE

FOR THE DISTRICTS

BAR CHART OF STDSL
DISTRICT
SERSRERRSRARARAZENARCRREENARARS
AR ARRSNSNAREEN SR AR AR AR AANEANEAEANRNANNERNANSAREAN
BARAERABNERNARAARABASAKRERERARAN
AERAARRANARANEEENANARANNEREAREARKARARNARRERARGARANEENNBRANNEERRARERS
ENASRARRNERAKRABANENANRANERRAANEANANANSRANANARN

————— 4---——+--——+----+——-—:F-—--+——-—-+—-—-+—-——-+-———+——--+--——4~—~-r~l~——-
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CODE

A (MINOR)

A(M)

AA

AA(M)

SLUMP STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE DISTRICTS
BAR CHART OF CvSL
DISTRICT

ERAREREARRAREESERASEERARAREERREASERANKERAEAANANARRABAR
BERAREESENANBERAREAREANEAREESAANRAANANARNANNEARR
SERRSEEARANEARANERARRAAAZKAANNEN
+IBIIIIIIIII!IIIIIIIBIII!!IIIIIlI!llIlllllllll!llllllllllllll!lllll
RANEAARBAERAAASAEAANNANEN AR NN AR ANEAEAN AN AARARARARNAARAREARAANRAARANANDER
AENSAARRARARBENEBAABRAANEANAEARARNNANANNARNRRES

ARENRANRERERARZNERNANAEARAREAN

AEANRRNEREARARRSERAARRNAARANNANANENUAARERANARAN

ARAEEAUNAANE R AN A RN ANAR R E RN A AR ANN AN RN AN ESNAANNEEAERKANN
A AAGAARNANAAANBARNEERARESARENAARENERA

BRERERARE AR ARARANANGAAREERANERERAARRERARNRNIAANYEREr "B
EARSREENAANSARANERAREARRNNAEBREARANIREARA
BAARENARANEREARRAEARANNERENEZANNANNAANANAANNARARN
EENERANEENANSENNBRRRERANERRRANSARABNEARENNNERNARANRE

+BERAEREARRARZEBHERRARR —

CcvsL
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99

DIST

SLUMP STATISTICS FOR STRUCTURAL CONCRETE FOR 1985

BY CLASS OF CONCRETE

FOR THE DISTRICTS

BAR CHART QF cCvVSL
DISTRICT
EMAEAEARAANANNARANARRRESNNARRAANNSRRNN
SRABNAREARN RN ARANARNRANSARNANRNANSUNARSSRRRNRNNERANNEN
BREREEARARNNNABUASNSNNEARRARERR
SRREEAREEERARRRRAE AP NABEEAREANNEANSANARAANARN N AERANKENAANRENRAASNAANERANNRDA
BRNERNENEA RN N ISR ARRAGARASARERAANAARARSARNEAAN

SERNREENEARARN
———————— o e b e e b
4.00 8.00 12.00 16 .00 20.00 24.00 . 28.00 32.00 36.00
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CODE

A (MINOR)

A(M)

AA

AA(M)

AIR CONTENT STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS DOF CONCRETE
FOR THE DISTRICTS

BAR CHART OF AVGAIR

DIST DISTRICT
2 RRANREENARARERANENRARAANBRARRARNARERN
3 ARARRRASARAARAENAR SN ERNENNERARANRAABEENNNSEARANBRANRRRNAARNNEAR
4 REARANASAAAAARASEARAANSNARZARNANAAEARORAANANNAARANNANEANN
5 BRAAR A RARRNERARANERARRERNERAAREANEARAABENRARNDEEARRARAREAANAERED
7 ERANAREE AR AN AN AR AU ARANERARB AN AAANARARERARANEREARNANANBNARSANNRNRAANASARARN
8 RARERAGERAERRARNERNEANAGRNABAARNAAARKEEAKAAAREEARREREARRANND
58 AR ARE ARG R ENEE N ARG AN RN EEANEANNAARANRENENAR
61 BANARERARAANAEANREAEAAANRAAARKANNAAARRANAR
62 EEUANIANEASENERNSANGEARAAANNNANRRANAAAUSNZENNANARARANARENN
2 RAZEARERAAER AR AARAEAN AR AN RARNARARASEEREREAENEANARNAANAANDNEER
3 AN ARANE RN N RS ARAANNANAANAORRAARARNARNEREAGNANRAGENANRARAABRANR
4 AR GNARENR AR AR RARARANANAANNAARRARANEANAANRANRNAERENAARS
5
7
8 SNIANANEEANRENRARANENANNARARRERNANARNONNNAZENARARNANRAR
58 RN RN AN AN AN AR ARANENARNAE S AR AN RANAARARANNERNEAARANAR
61 EXRENAEABARARANARERAGEANNDRANNDRNNRAANANANRER
62 ARNORAARN RN AR AR RSN AN NEAAR AR EARARANNANANRNNNARNRNEAR
2 ;
3
4
S
7
8
58
61
62
2 RN RN RO AN AN AN AR AN KEARAR G S ERANRRANAARRRIRARARAA
3 AR ASKAARENRARERREFEEARAARKARARERANNRANEARRARABARANEEARRDRRRD
4 ARG AR AR AN R RRE AR N RAEAEREARARAANANAAINCANRRERNRANRAREN
5 SR AN AN ARG AN AN AREARREARSANAARARANRAANANGARAAIERARNARANAEARARN
7 ) RRARAAERAARE AN RE AN AR AR AN AR EARRERARARARARNARARARANARORERBARBRRRNARA
8 l!lllllllﬂl!ll!!l!ﬂ!!!lll!!lllll!ll!!Illlll!ll!ﬂl!ll!lllllll!ﬂl
58 lllllllll!Hllllll!llﬂ!lll!lllI!llllllllﬂll!lll;.. ........ e
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62 Illllllllllllll!lll!ll!!lllllllllllllllllllllllllll!llllllllllll
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AIR CONTENT STATISTICS FOR STRUCTURAL CONCRETE FOR 1985

BY CLASS OF CONCRETE
FOR THE DISTRICTS

BAR CHART OF STDAIR

CODE DIST  DISIRICT
A 2 EREANANARANAEAREASAROERENAEAANEANEARKENRERNRNNRAN
3 EAXEAANSARAARRAENANAND
4 AARRERARKAARR
5 SRARRAAKAR
7
8 ERNAARAHANRSUNNANRASERNENREANER
58 AEREARA
61 SEEEAAARGNANASAREARARRAAKNARNERRUNESARNRNARANANRANNRANN
62 BEARARRAAANAAAREANANBARRNEREARR
A (MINOR) 2 BASEHAREUNARNEN
3
4 AERNARAN
5
7 -
8 anENEEAN
58 sAny
61 RANAARGARA RN NI E AR RN ERANRARANNRRNARARD
62 EAEARNRRNBRANRARRARENAN
A(M) 2
3
4
5
7
8
58
61
62
AA 2 EAARRARAARERA
3 ERIENZERERAN
4 EEZEABREREE
5 EARRERRARARN
7 EMERAGAGAANNE
8 ENASESN3NNAR
58 CETLLETLETT]
_ 61 I EBRRARERRARSE —
62 NERNBERAEANNAND
AA(M) 2
3
4 NERBEARER
5
7
8
58
61
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CODE DIST

AIR CONTENT STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE DISTRICTS
BAR CHART OF STDAIR

DISTRICT

S e S Lt T e e e
0.2 0.40.60.81.01.2 1.4 1.6 1.8 2.02.22.42.6
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CODE

A (MINOR)

A(M)

AA

AA(M)

DIST  DISTRICT CVAIR
2 SAREEARANNANARRASNNANAARNRSEANAREN AN ANAANANANEEERANANNANARAENRANENRNANENRARNANSERUAREAR 88 .4
3 ARBREEAARKAKABAREARSHAN 23.3
4 SXRARANARKAAAR 14.2
5 NKEAREARNAN 10.9
7 0.0
8 NEERZANEERASEIARRNRNSERENERAENARERR 34.8

58 BANARAAR 8.3
61 BARSANARSAENSNANANEENAR AR N AN AN NN NS AN, XA AN AN S ARERAN AN NARANAEARNANNERRN 87.0
62 BRNEANREERNANRARNENRBRRNNNENARRAERN , 33.9
2 ERABANENBNRREND 15.4
3 0.0
4 AEAARAARE 9.5
5 0.0
7 0.0
8 ITLITITT]] 10.4
58 EAAR 4.5
61 ARABENSRERNANERNANNER ARSI AN A NN NN A AN SN ANEARE NS AR NARENNARBANREABENANRNE 75.0
62 RAEZRNARANANSEENANEANAAR 23.8
2 [ 0.0
3 0.0
4 0.0
5 0.0
7 0.0
8 0.0
58 0.0
61 0.0
62 0.0
2 AENSNREENARENE 13.6
3 BESBERERTANND 13.1
4 RAERARAKBENN 11.9
) AREANRANNERS 12 .4
7 ERAARZARERANN 13.4
8 | AANERNAZNARAN 12.9
T 58 |NAANARANENR —_— — e 444
61 ASSAZANRARAANS 13.8
62 RERARRAASARGAANR 15.6
2 0.0
3 0.0
4 SEAERENRN 8.7
5 0.0
7 0.0
8 0.0
58 0.0
61 0.0
62 0.0

AIR CONTENT STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
Bf CLASS OF CONCRETE
FOR THE DISTRICTS

BAR CHART OF CVAIR
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AIR CONTENT STATISTICS FOR STRUCTURAL CONCRETE FOR 1985
BY CLASS OF CONCRETE
FOR THE DISTRICTS

BAR CHART OF CVAI?

DISTRICT CVAIR
0.C
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0

NERRMRNARE 10.3
0.0
0.C
0.0
0.0
0.0
0.0
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BREAK STATISTICS FOR DISTRICT 02 BY SOURCE AND CLASS 12:29 MONDAY, MAY 10, 1982 29

----------------------------------------------------------- BOUKCE=C203 mmm e o o m e e e e e e e e e e e
CLASS N AVG STD cv
A 318 4744 613 12.92
AA 166 4805 463 9.63
e e e e e SOURCE=C207 == o o e e e e e e - -
CLASS N AVG STD cv
A 491 4737 576 12.15
AA 148 5014 475 9.46
AM 6 4582 245 5.34
----------------------------------------------------------- SOURCE=C213 = o e e e e e e e e e e
CLASS N AVG STD cv
A 940 4843 528 10.90
AA 182 4778 708 14.81
----------------------------------------------------------- SOURCE=C214 mm e o o o o e e e e e e e
~
w CLASS N AVG STO cv
A 315 4865 581 11.93
AA 78 4555 617 13.54
----------------------------------------------------------- SOURCE=C215 = mm o o e e e e e
CLASS N AVG STD cv
A 83 4566 463 10.13
----------------------------------------------------------- SOURCE=C216 mmm s o o e e e e e e e e
CLASS N AYG STD cv
A 24 4832 312 6.46
— E— —&A a2 5312 634 11.94
----------------------------------------------------------- SOURCE=C234 mmm o mmm orm  m eeeeeee eeee  eee eeeeeeee
CLASS N AVG STD cv
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CHART OF AVERAGE FOR DISTRICT 02 BY SOURCE AND CLASS
CLASS=AA
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CHART OF STD FOR DISTRICT 02 By SOURCE AND CLASS

CLASS=A

BLOCK CHART OF STD

12:29 MONDAY, MAY 10, 1982

;
] . —_— —_
: -/ /) e/ — T
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CHART OF STD FOR DISTRICT 02 BY SOURCE AND CLASS
CLASS=AA

BLOCK CHART OF S7TD

12:29 MONDAY,

N . .
LXK /] /!
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CHART OF CV FOR DISTRICT 02 BY SOURCE AND CLASS 12:29 MONDAY, MAY 10, 1982
CLASS=A

BLOCK CHART OF Cv
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SPECIFICATION CONFORMANCE FOR STRUCTURAL CONCRETE

FOR 1985
TR R PR PERCENT PAY --=-------oee-
CLASS 100 % 88 % 30 S 50 % TOTAL
AA 113,396.4 47572.7 177 .0 57.5 118,203.6
(95.93 %) (3.87 %) (C.15 %) (©.C5 %) (100.00 %)
A 138,076.3 175.8 81.0C 1.0 138,334 . 1
(99.81 %) (0.13 %) (0.06 %) (0.01 %) (100.0 %
PERCENT PAY CLASS AA “CLASS A
100 % 4200 & Above 3800 & Above
98 % 3800 - 4198 3400 - 3799
90 % 3200 - 3798 3C00 - 3399
50 % Below 3200 Below 3000

81



SPECIFICATION CONFORMANCE FOR STRUCTURAL CONCRETE

CLASS &
------------------ PERCENT PAY =-=m=---comeeo—we-
YEAR 100 % 98 % 90 % 50 % TOTAL
1978 7.945.5 808.7 254 .1 9,008.3
(88.20 % (8.98 %) (2.82 %) (1C0.00 %)
1979 51,500.2 3,903.4 1,688.0 354.5% 55,466 . 1
(86.63 %) (9.93 %) (2.84 %) (0.60 %) (100.0C %
1980 38.871.2 1.887.2 87¢.6 203.0 41,840.14
£{92.80 % (4.4 % (2.10 %) (C.49 %) (10C.C0 %
1981 59,615.2 2.,078. 249, T 40.0 61,983.2
{86.18 %) (3.35 %) (.40 %) (0.08 %) (100 .00 %)
1982 55,422.2 2,716.3 466 .5 16.4 58.621.4
(94.54 %) (4.863 %) (O %) (C.03 %) (100.00 %)
1983 99,500.8 2.,046.0 630.4 53.0 1 102,230.2
(97.33 % (2.00 %) (C.62 %) (0.05 %) (100.00 %)
1984 86,349.3 1,434.7 170.0 30.0 87.984 .0
(98.14 % (1.63 %) (0.18 %) (0.03 % (100.00 %)

82



YEAR

1978

1878

1980

1981

1982

1983

1984

SPECIFICATION CONFORMANCE FOR STRUCTURAL CONCRETE

22.000.

{93.20

29,424
(94,69

65.114.

(85.71

63,726.

(98.30

93,931
(o8 .87

73.418
(99.02

32,181.

(99.34

2
%)

Ne

%)

7
%)

7
%)

7

%)

.0

L4
’°

8
n/O)

CLASS AA
PERCENT
a8 % 80 %
1,229.1 340.5
(5.21 %) (1.44 %)
1,317.8 282.6
(4.24 %) (0.91 %)
2.053.9 537.8
(3.C2 %) (0.73 %)
€23.0 54.4
(.42 %) (D.24 %)
962.0 30.7
(1.02 %) (D.03 %)
693.6 17.7
(0.94 %) (0.02 %)
503.5 87.8
{0.54 %) {0.09 %)
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50.0
(0.16 %)

324 .14
(0.48 %)
25.0
(0.04 %)

66.0
(0.07 %)

14.5
(0.02 %)

23.5
{0.03 %)

TCTAL

23,604.8
{100.00 %)

31,061.9
(100.00 %)

60.,€55.7
(10C.00 %)

99.999.9
(100.00 %)

74,143 .8

(100.00 %)

92,806.6
(100.00 %)



