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PREFACE
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CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF MEASUREMENTS

Non—SI units of measurements used in this report can be converted to SI

(metric) units as follows:

Multiply By
inches 25.4
Fahrenheit degrees 5/9

pounds (force) per square inch 0.006894757
pounds (mass) per cubic foot 16.01846

To Obtain

millimetres
Celsius degrees or kelvins*
megapascals

kilograms per cubic metre

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,

use the following formula: C = (5/9)(F - 32).
use: K= (5/9)(F - 32) + 272.15.

To obtain Kelvin (K) readings,




EVALUATION OF A SOFTWARE PROGRAM FOR STORING, COMPUTING
AND REPORTING OF CONCRETE TEST RESULTS

PART I: INTRODUCTION

Background

1. The Computer Applications in Geotechnical Engineering (CAGE)
Materials Quality Assurance (QA) Task Group identified the need for the
computerization of concrete quality assurance and quality control (QC) data at
Corps construction projects. Through computerization, tracking of concrete
quality and reporting of results would be easier. Also, retrieval of data for
settling contractors’ claims and storing of data for inclusion in the concrete
report at the end of the project wculd be facilitated.

2. One area of program development was the processing of concrete test
data. An alternmative to writing a new code was tc adapt for use the personal
computer (PC) version of the Corps Computer Library System Program, X0064,
called "CONEVAL" (Campbell, 1982). However, this version was like that of the
mainframe’s in that it had a rigid input format and very limited capabilities
as far as data retrieval and output.

3. Another alternative was to substitute a commercial software program.
Such programs generally have a wide range of hardware compatibility and are
likely to be maintained to include changes in technology and current
practices. Three commercial software programs, CPR by Von Gunten Engineering
Software, SeeSTAT by Shilstone Software Company, and TesTrak by Forney, were
considered. Based on a review of vendor brochures and demonstration disks,
the SeeSTAT program best met the Corps’ needs as far as data input, retrieval,
analysis, and output features; analysis and output flexibility; and ease of

use.

Purpose

4. The purpose of this investigation was to evaluate the applicability

of the SeeSTAT program for meeting the Corps of Engineers’ software needs for




storing, computing, and reporting of concrete test results generated at a

construction project.




PART II: PROGRAM EVALUATION

Group Evaluation

5. The SeeSTAT program was evaluated by the CAGE Materials QA Task
Group through a demonstration by the Shilstone Software Company in which the
vendor presented program uses and features in relation to the Corps’ needs.
The group concluded i*~t the program appeared to meet the Corps’ software
needs for processing concrete strength test results and to be unique in its
capability to provide a useful data base format for all projects involving the

placement of concrete.

Field Evaluation

6. The SeeSTAT program was employed for an approximate 6-mo period at
two concrete construction projects, the new Gallipolis Locks in the Huntington
District and the new Oliver Locks in the Mobile District. Field personnel
were asked to evaluate the program for applicability and ease of use. Both
projects reported the overall acceptance of the program for (a) being easy to
use, (b) providing statistical output needed for the analyzing and reporting
of concrete test results, ard (c) establishing a data base of test results on

unhardened and hardened concrete.




PART III: PROGRAM REQUIREMENTS
Hardware

7. SeeSTAT requires IBM PC, AT, XT, PS/2 or compatible computer with a
minimum of 512-k random access memory (RAM). Computer should contain a hard
disk drive having a 20-megabyte (MB) storage capacity or greater and a Color
Graphics Adapter (CGA), Extended Graphics Adapter (EGA), or Video Graphics
Adapter (VGA) card. Printer must be parallel and able to emulate an "Epson"
graphics format. Compatible printers include most Epson printers, the IBM

Proprinter, and many other brand printers.
Software

8. SeeSTAT requires the disk operating system to be MS-DOS or PC-DOS,

version 2.1 or later.




PART IV: PROGRAM FEATURES

General

9. SeeSTAT is a menu—driven software program that provides computerized
storing, computing, and reporting of project concrete test results and
increased capabilities for analyzing concrete strength results. The number
of keystrokes needed to complete a task is minimized by use of pop-up menus
that use arrow keys to locate ar option or field and the enter or fumnction key
to select. Computations include statistical output needed to evaluate test
results in accordance with ACI 214-77, “Recormmended Practice for Evaluation of
Strength Test Results of Concrete.” Tirme-line graphs can be generated to
facilitate the identification of changes in concrete quality and testing.
Frequency distributions can be produced to identify how well the test results
fit a normal frequency distribution curve. Regression analysis can be
performed to determine the correlation between sets of independent and
dependent results and to make predictions based on correlation. Tabuliar
reports can be output to disk file in ASCII (text) format that allows for word

processing and electronic mailing.

Data Entrv/Edit

10. The data entry/edit option from the main menu is selected to enter
or edit data records. Data entry fields include: mixture identification,
design strength, sample identification, date sampled, mixture modification
number, batch weights for cement and fly ash, three user definable fields
(defaults: time batched, time sampled, ticket number), slump, air content,
concrete and air temperatures, concrete unit weight, batch size, weight of
water added on job, five single-character user codes (flags that identify
samples for retrieval as a block), and cylinder data. Cylinder data fields
include: cylinder identifier, age, compressive strength, and a user—definable

field (default: flexural strength).




Dara Recrieval

11. DPzta are retrievable by mixture identification and certain fields
thzt 2llow search comditions to be imposed. These fields include: sample
idenzificacion and date, modification mmber, cementitious materizl contents,
sluwp, air content, concrete and zir temperatures, concrete unit weight,
cement efficiency, weight of water added on job, user coces, compressive
strength, flexural strength, difference between within-test cozpressive
strengths, and ratio of compressive strengths for 7- and 28-day ages. Search
condicions include: less than a certain value, equal to a certain value,
greazter than a certain value, between a set of lower and upper values, not
equzl to vzlue or ramge of values, and others.

12. 7The search condition is a2 powerful tool that allows the user to
target a specific group of samples for aralysis and reporting. Multiple con-
ditions can be izposed; for example, retrieve only sa=mples made betweea 1
January and 31 January where 7- and vy0-day compressive strengths are greater
than zero. For the field evaluations, the five user codes were used to iden-
tify the location from which a sample was taken. 7The first code contained a
character to identify the structural elesment, such as an "R for river wall.
The next two codes identified the monolith number, and the last two the lift
nucber. Using this coding system, data for all samples of a mixture placed in
a specified element, monolith(s), or 1lift(s) can be retrieved as a groip for

analysis and reporting.

Analysis Options

13. The analysis procedure menu offers four choices: tabular results,

time-line analysis, frequency distribution, and regression analysis.

Tabular results

14. The tabular option is used to generate tables of data to include
statistical values for evaluation by ACI 214. The data for each sample meet-
ing search condition(s) are displayed in user-ordered columns. Column selec-
tion may be for any one of the data entry fields, fields with imposed search

conditions, casting sequence, or statistical data. Statistical data include
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cuaulative and moving averages, cumulative and moving standard deviations, and
woving averages for the within-test coefficient of variation. User-selected
column tabulations are displayed at bottom of table and may include count,
average, standard deviation, range, and coefficient of variation. An ACI 214
sumzry tabie for 28-day strength test results is also generated as a part of
tabular output. Examples of tabular output depicting user-selected columns
for data input and statistical results are presented in Tables 1 and 2.,*

respectively.

Table 1. User-Selected Columns Depicting Data Inmput

g
smgte e G e S Gl St wegm G Gmw e
0 oo d Samp et Cadics e d aeg¥ L3 in [ <] [21] (1] 23]
[ 1] 1 /e ROZ7 00 - -~ 6.4 3. - 4i8 NS l-!;é‘
ce2 ] ussrsr L@ - 72 5.7 3.23 - 1483 233 J’ém:‘
ey | Mw/EY KRBT O - (1] 3.0 4.2% - 197 817 4:::;’
[0 9 1 32878 RANOO - n 6.0 2.2 147.7 1448 2812 li&&
e 1 ajer RCS5SO0O0 - 5% 7.5 £.25 343.3 1349 2332 724

Table 2. User-Selected Columns Depicting Statistical Cutput

Cemcst Comol mlnz movl novd lﬂvlnz movi movi wittiia migg
AYg Ave AVE: ming Ave: Avy: Avg: Avg: Avg:16 C ol Vv SID:
air  Con  air” awve: enit 703y 280Day 90 Day Cyl Dil sepay 90 pay
fe user Inp TImp Entrtn  Siomp Seight DA Conp Comp
10 mods Codes aeg PC | 23 ast |23 psi L] pss
001 31 ROZ700 - [N - - - - - - - - -
002 1 L1100 - 9 - - - - - - - - -
003 31 RO701 - o7 - - - - - - - - -
océ 1 X0900 - 9 - - - - - - - - -
008 1t XO0SOD - % 6.1 3.60 - 1393 2610 4074 - - -
009 3 FooO0O - &6 6.0 3.50 - 1386 259% 4074 - - -
012 1 RO702 - 6S 6.0 3.05 - 1485 2851 4297 - - -
013 8§ 20901 63 o 6.2 2.90 - 1500 4267 - - -
020 § FO0OO0O [ . S.8 2.75 - 1475 2893 4309 - - -
024 2 L1300 - [ 5.6 2.30 147.3 1528 2953 4343 - - -
027 2 R0902 [$1 4 5.8 2.40 146.8 1528 2939 4305 77 1.68 -
029 2 SuURO1 - 64 6.0 2.85 147.4 1447 2702 4032 67 1.45 -
031 2 SULO1 70 64 6.1 2.80 - 1523 2751 4037 58 1.26 -
0 2 L1104 1 64 6.5 2.80 147.2 1652 2847 3970 - - -
038 2 FOOOO 69 64 6.3 2.95 146.6 807 0 4119 67 1.43 -
042 2 R0903 70 64 6.1 2.95 -~ 1878 3148 4143 68 1.48 -
044 2 SUOOO 70 64 6.0 3.30 146.3 1896 201 4225 62 1.2 -
046 2 RO0401 69 64 6.0 3.15 146.4 1392 3233 71 5.4 -
048 2 RO201 8 64 6.0 3.05 146.7 189 3314 4398 71 1.45 -
054 2 ROSO04 69 64 6.1 3.10 147.0 1881 3258 4 - - -
058 2 FO0O0OO 69 [ 6.3 2.90 1878 318 4425 0 1.25 -
059 2 L110S 69 64 6.4 2.65 146.8 1246 3254 4271 - - -
064 2 LOOOO 63 64 6.2 2.90 147.2 1828 3229 4250 59 1.2 -
066 2 ROG6O 1 68 64 6.0 3.05 1804 3180 4292 69 1.38 -
068 2 RO0201 68 64 5.8 2.95 147.9 1350 3268 4456 78 1.51 -
071 2 RO0100O 68 64 5.4 3.15 148.7 1924 3346 4612 76 1.45 -
074 2 RO40) 68 64 5.1 2.90 143.2 2143 3643 9 78 1.44 -
075 2 SLO0OO 69 64 5.3 2.65 149.0 2257 3731 5162 81 1.48 -
078 2 L1600 69 64 5.4 2.55 148.9 2416 388) 5 101 1.79 -
032 2 R0602 70 64 5.4 2.5% 148.5 2423 3 5113 108 1.90 533

* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 4.
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Time-line analysis

15. The time-line analysis option is used to track changes in test
results with time (casting sequence). Data fields include: slump; air
content; concrete and air temperatures; concrete unit weight; cement
efficiency; weight of water added on job; compressive strength; flexural
strength; ratio of cowpressive strengths for 7- and 28-day ages; cumulative
averages and standard deviations; and for two or more cylinder results,
individual results; within-test averages, cumulative averages, and moving
averages; ranges; and moving averages for range. Reference values (those
constant with tize, such as specified and required average strengths) can also
be included. Time-line graphs that are likely to be reported are as follows:
air content (Figure 1); slump (Figure 2); 30-test, moving standard deviation
(Figure 3); 30-test, moving averages for the within-test coefficient of
variation (Figure 4); 5-test, moving averages (Figure 5); and 10-test, moving
average for range (Figure 6). A summary screen is also provided that contains
statistical results for the anmalysis.
Frequency distribution

16. The frequency distribution option is used to display how often a
test result occurs. The frequency distribution graph consists of a bell curve
representing a normal frequency distribution and a bar chart representing the
actual distribution of results. Width of bars is defined by user. A summary
table is also output with graph. The data fields for analysis include:
slump, air content, concrete and air temperatures, concrete unit weight,
cement efficiency, weight of water added on job, compressive strength,
flexural strength, difference between within-test compressive strengths, and
ratio of compressive strengths for 7- and 28-day ages. An example frequency
distribution graph depicting 90-day compressive strength results is presented
in Figure 7. Summary screens are also provided that contain statistical and
frequency distribution results for the analysis.
Regression_analysis

17. The regression analysis option is used to determine the
relationship between user-specified data fields. The correlation between
fields is defined using both linear and polynomial analyses in which a
dependent and one or more independent fields are used. Data fields for

analysis include: casting sequence, slump, air content, concrete and air

12




temperatures, concrete unit weight, cement efficiency, weight of water added
on job, compressive strength, flexural strength, difference between within-
test compressive strengths, and ratio of compressive strengths for 7- and 28-
day ages.

18. The resulting correlation equations are used to compute predicted
values for the dependent variable from user-entered data for the independent
variable(s). The most practical application for Corps needs is the linear
regression analysis where test results for early age compressive strengths can
be used to predict later age compressive strengths. An example graph
depicting regression analysis results is presented in Figure 8. In the
cxcmple, 7-day compressive strength was selected as the independent variable
and 90-day compressive strength as the dependent. Summary screens are also

provided that contain correlation and prediction results.

Output Options

19. Tables and graphs displayed on the computer screen can be output to
a printer. The printer setup option can be used to send code for formatting
printer. This option can be used to generate the compressed printing of
tables that are wider than 80 characters, such as Tables 1 and 2. Report
title, page header and footer, and owner information letterhead can be
employed to enhance presentation of output.

20. Tables can also be output to a disk file; however, graphs cannot.
Tables are written to a file in ASCII (text) format for word processing and
electronic mailing. Some word-processing packages have a screen-capture
program that can be used to scan and save the SeeSTAT graphs to a disk file
for inclusion in word-processing document. Tables 1 and 2 and Figures 1
through 8 in thi< report were imported from SeeSTAT, the tables directly from
SeeSTAT text files and the graphs indirectly through using a word-processing
screen scan routine to capture SeeSTAT displayed screen to a graphics file.

File content was then imported directly into word-processing document.

13
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21.

PART V: PROGRAM LIMITATIONS/DEFICIENCIES

The following program limitations/deficiencies were noted:

a.

I

o

I

{1

lrh

ACI 214 summary report is output for only 28-day results (90-
day results are used as design for many Corps projects).
Test data for 2-cylinder results are excluded from
computation of moving averages of within-test coefficient of
variation when both within-test results are the same. The
program excludes samples in which field for differences
between within-test results contains a null or zero value.
To get a close approximation for a variation that has a zero
difference, increase one of the tests values by one. It is
rare in occurrence that both within-test results are the
same.

A certain unidentified combination of keystrokes prior to or
during entry of sample identification will cause the data to
be left justified. To right justify the data, the record
must be accessed by date and deleted using the file
maintenance option and the data reentered using the
entry/edit option. This glitch appears to be rare in
occurrence.

Frequency distribution intervals are not measured from mean
value. It would be useful to measure from mean to determine
the number of samples falling within one and two standard
deviations of the mean.

Time-line graphs cannot contain data fields having different
units of measurements even though their magnitudes may be
compatible as is the case for slump (in.) and air content
(%).

Time-line graphs are limited to four curves per graph.
Plotting more than four curves requires the use of another
plot program having this capability. Prior to using plot
software, test results must be output to a file using the
tabular option of the SeeSTAT software. By either editing

data using word- processor software or writing a program to

18
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reformat data, SeeSTAT output can be tailored to meet the
read format of the plot software.

Output of tabular results beyond the 80-character screen
limit cannot be displayed.

Page-up and page-down keys are not accepted in windows for
selecting mixture, sample, or report, although arrow keys
are. Paging in these windows is more cumbersome as it is
done using function keys for page-up and page-down.

Function key labels, "Indiv Result"(f4) and "Indiv Cyl"(f£8),
used to identify data for tabular output are confusing. By
pressing the f4 function key, a column containing the average
of results for a single cylinder or multiple cylinder tests
is created. "Sample Avg" may be a better label for the f4
function key.

Graphs cannot be saved to disk file by program. Graphs can
be saved to a file using commercial screen scan software or
using plot software that can replot results and store image
in one of the standard graphics forms. Prior to using plot
software, test results must be output to file using tabular
option of SeeSTAT and then edited by a word-processing
software or user-written program to put data in a form that
can be read by plot software.

Reference lines for time-line graphs are not labelled on
graph. To include labels on graph requires the use of
another plot program having this capability. Prior to using
plot software, test results must be output to a file using
the tabular option of the SeeSTAT software. By either
editing data using word-processor software or writing a
program to reformat data, SeeSTAT output can be tailored to
meet the read format of the plot software.

Number of samples used to compute moving averages for within-
test coefficient of variation is not displayed on column
headings for tabular results or curve labels for time-line

graphs.
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m. The label "air entrainment" should be changed to "air
content" for data entry menu, selection menus, tabular output

(column heading), and time-line graphs (curve identifier).

22. Program is being changed to remedy or correct limitations a, b, c,
f, i, and m, above. The ACI 214 summary is being changed to include analysis
for any age, and the number of curves per graph is being increased to six.
Program is scheduled to be changed at a later time to resolve limitations g,
h, and 1. Program changes to remedy limitations d, e, and k are being

investigated. No program change is presently scheduled for limitation j.
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PART VI: CONCLUSIONS AND RECOMMENODATIONS

23. The SeeSTAT program meets the Corps of Engineers software needs for
storing, computing, and reporting of concrete test data generated during a
construction project. Menu-driven search routines provide easy retrieval of
data. Tabular and time-line options provide increased capabilities for
evaluating test results and, thereby, the potential for earlier detection of
batching and testing problems. Frequency distribution analysis gives an
indication of how well the data fit a normal distribution curve. The
regression analysis defines the relationship between sets of results and
provides prediction capabilities.

24. Tabular reports are output to disk file in ASCII (text) format,
which allows for word processing and electronic mailing. Results can be
tailored to make easier periodic reporting and to prepare a summary of
concrete test results for the concrete report (report is required for all
major and all unique Civil Works construction projects [ER 1110-2-402}).
Detailed tabular results can be stored on diskettes for enclosure with
concrete report and for retention at project site as a part of the permanent
collection of project data required by Appendix A of ER 1110-2-100.

25. It is recommended that the SeeSTAT software be considered for use
Corps-wide. Because of the potential benefit to future concrete construction,
repair, and research efforts, it is also recommended that, at projects where
SeeSTAT is employed, diskettes containing concrete test results and SeeSTAT
data files accompany the distribution of the concrete report. Results should
include data for all mixtures and samples. Two tables per mixture should be
generated using Tables 1 and 2 as guides.

26. For future reference, the U.S. Army Construction Engineering
Research Laboratory (CERL) is developing for Corps-wide use a software program
that includes analysis of concrete strength test results. Inquires regarding
this software can be made to:

Commander and Director

U.S. Army Construction Engineering
Research Laboratory

ATTN: Debbie Lawrence

P.0. Box 4005

Champaign, TL 61820-1350
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