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INTRODUCTION

This document is a user’s guide for the Statistical Experimental Design for Optimizing Concrete
(SEDOC) computational tool. SEDOC is a pair of Microsoft® Excel workbooks and auxiliary
“help files” that have been created to support the completion of Steps 1 through 6 in the
Methodology laid out in NCHRP Report 566: Guidelines for Concrete Mixtures Containing
Supplementary Cementitious Materials to Enhance Durability of Bridge Decks. Each workbook
(or individual Excel file) is made up of various worksheets, which are the individual pages
(denoted by the tabs at the bottom of the screen) that have been created to perform specific tasks
in the Methodology. The user of the tool is expected to have reviewed the Guidelines and have a
general concept of the Methodology, but electronic versions of much of the Guidelines have
been included as linked files, allowing the tool to be used alone.

The tool is divided in two parts: SEDOC: Setup and SEDOC: Analysis. SEDOC: Setup and
SEDOC: Analysis are used to complete Steps 1-3 and Steps 5-6, respectively. SEDOC: Setup
provides guidance and information about appropriate test methods for different service
environments and about potential raw materials, and electronic versions of the worksheets from
the Guidelines for compiling data and making decisions. Ultimately, SEDOC: Setup leads to the
selection of factors, factor levels and responses that will be part of the experiment. SEDOC:
Analysis accepts the selected factors and levels and provides the experimental design, i.e., the list
of specific mixtures to be tested to support the statistical analysis. Based on the data generated by
the experimental testing program, this workbook performs the conversions to individual
desirabilities, the calculation of the overall desirability, the selection of the Best Tested Concrete
(BTC), and the modeling and prediction of the Best Predicted Concrete (BPC). There are many
pre-formatted plots and tables included in the tool designed to help the user analyze and discover
any trends within the data. Finally, SEDOC: Analysis includes a worksheet to analyze the
confirmation test data and to provide a basis for making final recommendations for the concrete

mixture to be used in the application, which is called the Best Concrete (BC) for that experiment.
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Resources

For technical assistance with Excel-based problems, please contact Microsoft Corporation.
For technical assistance with SEDOC, you may contact the program developers via e-mail. The
contacts for SEDOC: Setup and SEDOC: Analysis are John Lawler at Wiss, Janney, Elstner
Associates, Northbrook, IL (jlawler@wje.com) and Professor Bruce Ankenman in the
Department of Industrial Engineering at Northwestern University, Evanston, IL

(ankenman@northwestern.edu), respectively.

Getting Started

The SEDOC tool is provided in a single zipped file (SEDOC.ZIP) that must be extracted
(unzipped) to create the individual files needed for the tool to function. The zipped file can be
extracted by copying the SEDOC folder from the zipped file to a new location using Windows
Explorer® in Windows XP® or with a zip-file utility program. (Zip-file utility programs are
available as freeware on the internet - a possible choice is ZipGenius, which can be downloaded
for free from www.zipgenius.it.) This process will create a folder containing the SEDOC
workbooks and a subfolder containing the web-browser-accessible background information and
help files.

Important Note: Both SEDOC: Setup and SEDOC: Analysis use Visual Basic® macros within

the Excel software. Excel has the ability to run macros, but since running some macros can be
dangerous to your machine, it also includes security features that may prevent SEDOC from
running correctly, if those features are not set properly. Macros must be enabled for the SEDOC
tool to perform as intended. To do this, open Excel before starting the tool and check the macro
security settings to ensure that they are adjusted to allow macros to run. The security settings are
accessed from the Excel menu bar under Tools >> Macro >> Security. Choose Medium Security
and exit from Excel. This will cause a dialog to open whenever a macro is initiated allowing the
user to decide whether to allow macros to be enabled. To run the macros in SEDOC, select
“Enable Macros” in this dialog. Another potential security related issue is related to ActiveX®
controls. These may be disabled by Excel automatically if the version of Excel being used does
not recognize the controls as “safe for initialization.” Consult the Microsoft® website

(support.microsoft.com) for help solving this issue.
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Steps 1-3 of the Methodology (supported by SEDOC: Setup) may lead to the selection of many
possible orthogonal experimental designs. At the time of writing of this manual, however, only
selected experimental designs are supported by versions of the SEDOC: Analysis workbook. While
the modeling process outlined in the Guidelines may be applied to analyze data collected based
on any orthogonal design, if the user wishes to use the SEDOC: Analysis worksheets, the
experimental design must be adjusted to exactly match the supported designs so that a SEDOC:
Analysis workbook will apply. Currently the following designs are supported by the files named
below:
e 9-mixtures - 3 three-level factors and O two-level factors
(SEDOC_Analysis-9_Mix-3_3L-0_2L.xls)

e 9-mixtures - 3 three-level factors and 1 two-level factor
(SEDOC_Analysis-9_Mix-3_3L-1 2L.xls)

e 9-mixtures - 4 three-level factors and 0 two-level factors
(SEDOC_Analysis-9_Mix-4_3L-0_2L.xls)

e 18-mixtures - 7 three-level factors and 1 two-level factor
(SEDOC_Analysis-18 Mix-7_3L-1_2L.xls)

e 18-mixtures - 3 three-level factors and 5 two-level factors
(SEDOC_Analysis-18 Mix-3_3L-5_ 2L.xls)

Note that the folder created during the zip-file extraction will contain blank versions of the
SEDOC: Analysis workbooks for the supported designs. It will also contain one completed version
of a SEDOC: Analysis workbook that was completed during the development of the Methodology,
as an example of how the files may be used. For the links to the help documentation to function
properly, the associated files must be a subfolder of the folder in which the SEDOC workbook is
located and that subfolder must be named “Background Information”. This folder will be created

automatically when the zip-file is extracted.

Conventions

The following are general conventions that apply to both workbooks.
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Gray-shaded cells are for users to fill in. These cells should be completed with
information specific to the current application, unless the default information is deemed
sufficient. All other cells and plots are protected so that they can not be inadvertently
changed.

All useful information on each worksheet is contained within yellow borders. To see all
the features offered on each worksheet, continue to scroll down until the yellow columns
to the left and right end. The cells outside the border are used to make supporting
calculations for the plots and predictions given within the border, so it is important that
they are not altered.

All the light blue boxes contain directions to help the user perform the task related to that

workbook.

OVERVIEW OF EXCEL WORKBOOKS

A brief description of each of the worksheets (pages) that make up the SEDOC workbooks is

given below. These worksheets and the features presented on each are discussed in detail in the

remainder of this user’s guide.

Overview of SEDOC: Setup Worksheets

SEDOC: Setup is an Excel workbook that includes the following functional worksheets:

1. Task Center - This page is the focal point for the SEDOC: Setup workbook. The flowcharts

in Step 1 (Performance Definition) and Step 2 (Materials Selection) have been digitized
on this page. A list of test methods, selected by the user based on service environment, is
generated on this page. This worksheet also includes a place for the users to document
each step in the Materials Selection and Experimental Design processes.

Desirability Functions - Desirability functions for each of the common test methods are
included on this page, so that the user may define a function for each response to be
included in the testing program. (These will be later transferred to SEDOC: Analysis.)
Guideline Worksheets - The worksheets from Step 2, designed to help the user collect

data about the available raw materials, and from Step 3, intended to provide a location for
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narrowing down the choices of the Factors and Levels for the experimental testing
program, make up the remainder of the Workbook.

Overview of SEDOC: Analysis Worksheets

SEDOC: Analysis includes the following functional worksheets.

1.

Experimental Design Worksheet - The mixtures for testing are selected based on the
factors and levels input by the user.

Compound Factor Settings Worksheet - If the user chooses to employ Compound
Factors, such as the linked SCM Type and Amount Factors used in the example test
matrix, the details are specified on this sheet.

Response Selection Worksheet - The responses to be included in the analysis are selected
on this worksheet. The user may “turn off” certain responses so that the best performers
can be selected based on a subset of the test results, if desired. The sheet presents the
individual desirabilities for each response for each mixture. It also calculates the overall
desirability for each mixture.

Data Entry Worksheet - This page is provided for the user to enter all the test data.
Desirability Analysis Worksheet - The selection of the BTC and BPC concrete is
performed on this page. The selection of the BTC is done automatically from the
responses selected on the “Response Selection” sheet. The selection of the BPC is done
through a macro that is initiated when the user clicks on a button. The user can input
ranges and step sizes for interpolation between the settings of each factor level if it is
desired. However, the default optimization (no interpolation) is used if the user does not
input ranges and step sizes.

Confirmation Analysis Worksheet - This worksheet is used to input the data from the
confirmation testing and compare the BTC and BPC for making the final selection of the
BC in step 6.

Individual Response/Desirability Function Worksheets - Each performance test
(response) has its own worksheet. The test data entered on the Data Entry Worksheet is
copied from that worksheet and used to determine the desirability for each mixture on
these worksheets. A default desirability function is already loaded on this page but the

user can modify these if desired. These sheets also contain scatter, trend, and factor effect
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plots so that the user can evaluate each individual response and compare the performance

of the mixtures one test method at a time.

DESCRIPTION OF INDIVIDUAL WORKSHEETS

Each individual worksheet from the two workbooks is discussed separately in the remainder
of this user’s guide. For the more complex worksheets, an overview page is provided first,
followed by a more in-depth discussion of each of the tables or plots contained on that
worksheet. Note that the title of the workbook and a graphic representation of the worksheet tab

are given at the top of each page so that it is clear where the worksheet can be found.
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SEDOC: Setup
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SEDOC: Setup

Task Center Worksheet: Overview

IH 4 ¢ M|, Task Center

Desirability Function  #  whsht 52.1-List of Matls £ Whksht 52.2-Cements £ ‘Whsht 52.3-Fine dgg £ whsht 52.4-Coarse Aag

Purpose: On this worksheet, the decision boxes in the flowcharts that provide the framework
for Steps 1 and 2 from NCHRP Report 566 have been converted to a set of pull down boxes. The
recommendations generated by the answers to the questions link either to desirability functions
for each test method or to worksheets where the raw materials can be evaluated in comparison to

each other.

Note: Gray shaded boxes are used for input; they are the only cells were you, the user, need to

type or make selections.

1. Step 1 Flowchart: The left
column reviews the possible
service environments that
are significant to durability
of a bridge deck. These
questions are to be answered
in the column of gray boxes.
Based on the answers to
these questions, appropriate
test methods are
recommended. The test title
is linked to the desirability
function for that response.

2. Step 2 Flowchart: This
list leads the user through the
selection of the raw
materials, one type of
material at a time. This also
includes a process for
evaluating the ASR-potential
for an aggregate source and
selecting appropriate
mitigation measures, if
needed. Links are provided
to worksheets where the
different types of raw
materials can be compared.

[t B[

L T

Ll malrin snd drFinr Panlara, krarls and

Jeal Exnrri
Snnslunlafer Ennrrimeal

HECOMMERGED | €505 LLncE
to adjust Desireabilty
[N Y

BBGHTOTEZIRGTH SN

Recommended Action Completed?

—/1

| ]
a | |

Lial ftnailable Halerialy in'habl 321

3. Step 3 Experimental Design
Selection: Links are provided to
the  potential  experimental
designs and to worksheets
where the final design can be
recorded.

[ ]

Recommended Action

el
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SEDOC: Setup
Task Center Worksheet: Step 1 Flowchart

||4 4 » W[ Task Center / Desirabilty Function 4 ‘whksht 52.1-List of Matls / ‘Wksht 52.2-Cements 4 Whksht 52,3-Fine fog £ whsht 52.4-Coarse Agg

Purpose: The flowchart in Step 1 provides a framework for defining the program of tests for the
optimization experiment, based on the anticipated design requirements and service environment.

Answers to Decision Boxes. Answer the
questions regarding the anticipated design
requirements and service environments in the gray
boxes. Many of the questions or properties are
linked to the relevant section of the Guidelines for
Optimization of Concrete Mixtures Using
Statistical Experimental Design. Click on the link
for guidance. The list is intended to be ready to

Riscs % £ Ves print when completed.
1 I 2
5
Recommended Tests {C lickto Time Desireal)ility
& adjust Desireabilty Function) defined?
T
2 Concrete Strength
] Select test? y
10 LCompressive Ves AASHTO T22 (ASTM C39) 56 days or mare
M Flesural Mo
12 Splitting Tensile o
13
| 14 |
15 Select test?
16 Slump [ Yes = LASHTO TIA(ASTE C143) Iritial test |
17 Slump Loss
18 Setting Time r
19 Finishability
20
21 Concrete Service Environment
[ 23 | Subject to chemical deicer=? EI
24 Fiapid Chloride Permeabilty
25 Chloride Fenetration Fesistance
28 Sealing Resistance
27 Air Entrainment
28 Freeze Thaw Resistance
2 | konment? —
30 FRiapid Chloride P bilts
En Chloride Penetraton Fesistanoe Recommended Tests. Answers to
32 In an abrasive environment? |:|
33 R {3 b Abrasi - -
e e Horasien — the questions about the design
35 - -
36 £ cracking a concerns
37 s restrained shrinkage a significant Factor? EI req urrem ents Wi I I p rom pt
32 [ king Tend H
N B recommendations for test methods
40 I there concern of thermal oracking? | .
o] suitable to evaluate that property.
42 Is plastic shrinkage likely? | |
42 Tend. For Flastic Shrink. H
- e Click on the test method to be
45 Erest Practice . . oy .
H 4 H |\ About SEDOC J( Instructions Task Center Dresirability Funckion k] I I n ked tO a deS| rabl I Ity fU nCtI On Jvksht 5;
associated with that response.
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SEDOC: Setup

Task Center Worksheet: Step 2 Flowchart

||4 4 » W[ Task Center / Desirabilty Function 4 ‘whksht 52.1-List of Matls / ‘Wksht 52.2-Cements 4 Whksht 52,3-Fine fog £ whsht 52.4-Coarse Agg

Purpose: The flowchart in Step 2 outlines a procedure for selecting the raw materials to be
considered for use in the concrete mixtures. The tasks in Step 2 are listed in the column on the
left of the page. Each type of material is supported by general guidance that can be accessed with

a web browser using the hyperlinks.

Recommended Action. Answers to
the questions about the candidate
materials will prompt links to the
worksheets associated with that
type of material.

Record of Completion. The user
should work down the tasks in the
order listed. As each material type is
reviewed, the user may record that fact
by selecting the “completed” option in
the gray boxes.

Step 2: Durable Raw Materials

50 | List Availaple Materials and Sources >

51
| 52 | Select cements »
53 Select fine aggregates >

| 54 Select coarse aggregates »

55

56 15 ASR 3 concern? O

| 70 | Supplementary Materials and Admixtures
|71 Is Fly Ash to be considered?

| 72 | 5 & Matural Pozzolan to be considered?

73 ls GGBFS to be considered?

| 74 Is Silica Fume to be considered?

| 75 | Are admixtures to be considered?

10

Recommended Action Completed?

List Available Materals in Wwksht 2.1

Complete Cement Data in Whksht 52.2

Complete Fine Aggredate Data in Yksht 52.3 |

Complete Coarse Aggregate Data in Wisht 52 4

5 \ ASR Evaluation and Mitigation. A

process for evaluating and mitigating
ASR is formalized as a set of
questions and answers. The questions
or suggested actions change depending
on prior answers. The user should
answer each question using the gray
box adjacent to the question as it
becomes visible.
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SEDOC: Setup

Task Center Worksheet: Step 3 Experimental Design Selection

||4 4 » W[ Task Center / Desirabilty Function 4 ‘whksht 52.1-List of Matls / ‘Wksht 52.2-Cements 4 Whksht 52,3-Fine fog £ whsht 52.4-Coarse Agg

Purpose: Step 3 involves selecting the experimental matrix and defining the factors, levels and
constants of the experiment. This selection must be done based on an appropriate orthogonal
experimental design chosen from the tables provided in the linked document. The size and shape
of the design will be governed by the number of mixtures to be tested, so there is expected to be
a need for some iterative adjustments between the selected design and the parameters of the

experiment.

Selection of Design Matrix. The
user should follow the link to
background discussion and tables of
orthogonal experimental designs that
will lend themselves to statistical
analysis in the remainder of the
experiment.

Recommended Action. A link is
provided to Worksheet S3.1 that may
be used to define the factors, levels
and constants. This worksheet should
be printed and will be used as the
foundation of the experimental
investigation.

Step 3: Experimental Design

Select Experimental matrix and define Factars, | evels
0 and Constants for Experiment

Recommended Action

Corplete Worksheet 53 1 {and 53.2 if using

Compound Factor

M 4 ¢ M About SEDOC # Instructions 3 Task Center / Desirability function £ Whsht 52.1—L\st“FMatls A ilksht 52.2-Cements 4 Whsht 52.3-Fine Agg

Record of Completion. When the design has been
chosen, the user may record that fact by selecting
the “completed” option in the gray boxes.

11

Whsht 52.5-Class CFlyash 4 |4
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SEDOC: Setup
Desirability Function Worksheet

|« » wmlf TaskCenter Desirability function ¢ ‘whsht 52.1-List of Matls £ Whsht 52.2-Cements £ ‘wksht 52,3-Fine figa 4 ‘Whksht 52.4-Coarse Aag

Purpose: On this worksheet, desirability functions are defined for each of the responses that
may be recommended for inclusion in the test program by Step 1. A default function is provided,
but you are encouraged to revise this function as you evaluate whether to include this response
and consider what is actually measured by the test method. (These desirability functions are not
used directly in SEDOC: Analysis, but this sheet may be printed so that the values may be
transferred to the appropriate worksheet of that workbook.)

il -efliaun
B =25 - oewnd) - Bimm N

; ; . Desirabiltiy Function Worksheet Task Certer
Directions: This box -

provides directions for | Directions:
the use of the N T s ane that sncrets ha N Foom For mproverment- i tovms of thi response. A ooncrets that har s
desirability plots. u i of the e reponses. ot udgeman 1 aceied S h 4o beween 0001

|:E :_h Ia'd!::i“:ogl::l:n'si(:b?;. irability ion, then there is no need to adjust the numbers in the
1. Desirability Function Input [l semmmane "0 0000
section: The corner points for anatysis of your caperimentalsemate, o P hese pases Thes Ml fonn the bastsfor he
the desirability function
should be defined in these | Shump i) Qestabiny Fneton
tables. The desirability of each m 1 7 :
response will be evaluated in D / Y
SEDOC: Analysis by linearly R i § o / \
interpolating between these / 1S
points. The numbers already : T+ 5 & @ e
in this table are the default Stump fin)
values, which may be altered \
by the user to fit the specific & 'Slump Loss (in — -
demands of the project being o 2. Desirability ~ Function:
considered. Note that all This  plot  shows the
responses greater than the last | |2t == ngtlr?sblt:g()j/ate?r;z“tml co-rr:l];
defined corner point will be _
assigned the desirability of points are changed. Space for .
that last point. addlt_lonal functions is

provided at the bottom of the
T worksheet.

12
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SEDOC: Setup
Step 2 Materials Selection Worksheets

i« » w[f TaskCenter £ Desirabiity Function % Wksht 52.1-List of Matls { ‘Whksht 52.2-Cements 4 ‘Whsht 52.3-Fine Agg £ wWhsht 52.4-Coarse fAgg

Purpose: On Excel worksheets labeled “Wksht S2.#” in SEDOC: Setup, the Step 2 worksheets
are presented in electronic form so that you can organize and compare data regarding locally-
available source materials. “Wksht S2.1” is for listing the available material sources, while the
remaining worksheets are for compiling the reported properties of the raw materials.

Task Center Button: Press this
button to return to the Task
Center worksheet.

Task Center

Worksheet 52.1 - List of Sources of Available Raw Materials

Paw Material Source 1 Source 2 Source 3 Source 4 Source 5
Cement

Fine Aogregate

Coarze LAggregate
Clazs C fly ash

Clazs F fly ash

Ground granulated
blaszt furnace slag
Silica fume

(COther SCH

A entraining admixture
(Chemical admixture
Cther:

[ bl|\ about SEDOC 4 Instructions 4 Task Center 4 Desirahility function ' Wiksht 52.1-List of Makls ¢ whsht 52 X Cements  / whksht 52.3-Fine agg 4 Wle|<| | Ll_l

1. Worksheet workspace: This space
is provided to help organize the
available data regarding candidate
raw materials.

13
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SEDOC: Setup

Step 3 Experimental Design Selection Worksheet

i« » w[f TaskCenter £ Desirabiity Function % Wksht 52.1-List of Matls { ‘Whksht 52.2-Cements 4 ‘Whsht 52.3-Fine Agg £ wWhsht 52.4-Coarse fAgg

Purpose: On Excel worksheets labeled “Wksht S3.1” in SEDOC: Setup, the Step 3 worksheet is
presented in electronic form so that you can record the factors and levels selected for testing.
“Wksht S3.2” is also included if a compound factor is used.

RNy ]

r

Task Center Button: Press this
button to return to the Task
Center worksheet.

Worksheet S3.1 Factors, Levels, and Constants

List of Available Raw Materials

Task Center

Factor

[ Level 1 [ Level 2

Level 3

Type Factors

Factors:  Identify
Factors (variables)
for test program in
this column.

Source Factors

-
P~

Amount Factors

]
=

| e | e | o | e e | | o || | e | e | | | el | et | P | F | o | P P | P P2 | T P
Co R SR Eal P RS En e AR Ny e ey P R R = A R i S | e e

Type Constants

Constants:

Source Constants

Record

constants to be

used in test

—{ program.

Amount CDnsJ:a(nL{

M 4 » M| ‘Whsht 52, 7-Mat Pozz £ ‘Whsht 52.6-Slag £ ‘Whsht 52.9-Silica Fume £ ‘Whksht 52, 10-Admix ) Whst

14
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SEDOC: Analysis

15
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SEDOC: Analysis

Experimental Design Worksheet: Overview

||4 () W)\Experimental Design worksheet | Compound Facto Satings /| Resonse Selection / DataEntry { Destabilty Andbyss / Confimetion Andhyss [ shmp { |¢]

r

Purpose: On this worksheet, enter the factors and their levels chosen in Steps 1-3 into the
Factors and Levels Table. The worksheet then automatically generates the design matrix of
concrete mixtures to mix and test in the experiment.

1. The Design Matrix:
This matrix identifies the

Overall Directions: This box provides overall directions for
the use of all the worksheets in SEDOC: Analysis.

concrete  mixtures  for
testing test in  the
experiment. The matrix is
generated  automatically
and is based on the factors
and levels filled in below.

2. Compound Factor Check
Box: Check the box if you
are using a compound factor.

3. Factors and Levels Table:
In the gray-shaded cells,
enter the factor names and
levels chosen for each factor.

Y A

\
J File Edit Wiew Insett Formnat Tu:uuls ata S-PLUS ‘Window Help adobe

BII\|— =E| 8 % ,

Arial - 10 =

RICT | |

—

4. The Number of Control
Mixtures: Select the number of
control  mixtures you are
planning to mix and test. These
replicates are used to estimate
the repeatability of the tests.

yd B FEEEE

FEEE E

»

e fr

;

;

5. The Control Concrete: This
is where you enter the levels of
each factor for the concrete
mixture that you consider to be
a control. Often this is a
concrete with no additives.

B EF QE E BRE FREEE:

16
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SEDOC: Analysis

Experimental Design Worksheet: The Design Matrix
||4 () W)\Experimental Design worksheet | Compound Facto Satings /| Resonse Selection / DataEntry { Destabilty Andbyss / Confimetion Andhyss [ shmp { |¢]

r

Purpose: The design matrix identifies the set of concrete mixtures that are to be mixed and
tested. This matrix is an orthogonal experimental design. In this setting, “orthogonal” means
that all levels of each factor are used the same number of times with all levels of the other
factors. This balance allows for a wide variety of concrete mixtures within the ranges of the
factors specified. It also allows for uncorrelated estimates for each factor effect and for clear
interpretation of simple trend plots.

Experimental Design Worksheet A Blank Design Matrix.
9 Mixture Orthogonal Design To get the Completed

A
2
| 3 | 3 Three-level Factors 1 Two-level Factor . R
n design matrix, you must
Overall Directions: H H
B fill in the Factors and
L DeSIgn Bl i 1. In thi workbook,
A I S R T B Levels Table lower down
| 2 | Names [1] ] [1] 1] _ worksheets available For y -
o Control Mimtars #1 0 o 0 [ON ALL 25 ORKSHEETS on this worksheet. See
| 0] Misture #1 a 0 a 0 INFORMATION SFEC -
KN (L 0 0 0 | " | SEDOC: Setup for help in
| 12 | IMlisture #3 o ] o ] .
12 Minture #4 1} 1] 1] o 2. All useful information
I e o i o . choosing the factors and
15 Misture #8 a 1] 1] ] 3. Begin by filling in the F: H
[ 6 | Misture #7 o o o [ {the Ezperimental Design ' the Ir Ievels .
| 17 | Misture #3 a 1] 1} ] lower part of this sheet, t
18 Misture #3 0 0 0 0 make and test.
13 Control Misture #2 a 1] a 1} 4. For the cell with the RE
an MNOST | IKFL Y TN PROANI

17
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After filling in the Factors and Levels Table lower down on this same worksheet, the design
matrix will be automatically generated by SEDOC: Analysis.

Example: This design
matrix shows that for this
G 3 z experiment, mixture 1
Experimental Design Worksheet ShOUld have a Low Ievel
9 Mixture Orthogonal Design
3 Three-level Factors 1 Two-level Factor Of CIaSS C ﬂy aSh’ no
silica fume and a w/cm of
0.45.

|E] Bie Edt wiew Insert|Farmat Tools Data SPLUS Window Help Adobe PDF
Ricz =] =| Experimental Design ‘Worksheet
1 2 2 4

Design Matrix

|‘°‘°° |“ |°’ |"' |“ ‘“ |'“ |"_

Factor 1 Faotor 2 Factor 3 Factor 4
[3 levels) [3 levels) (3 levels) [2 levels)
Amount of Amount of silica / ‘orksheets available fo
Names Type of SCHI1 SCM1 fume wiem T
Contral Bisturs #1 Hlan 0 i 04 _I L QJLI:DZF?I::':I‘;fIHSﬁ
| 10| I Ilisture #1 Class C fly ash Low 1] 045 H . h H
[ 11| Mlizture #2 Clazs CHy ash Med 005 0.37 —— A Leve I I n R ed . T IS
| 1z | Misture #3 Class Cfly ash High 008 0.37 2. Al useful informatiol
[ 12 | Misture #4 ClassF Hy ash Low 008 037 $~ Ievel appears more Often
[ 14 | Misture #5 Class F fly ash Med ooz 045 _ filling in the
K3 Misture #6 ClassF fiyash High 0 037 (the Ezperimen " than the other levels and
| 1€ | Mlizture #7 GGEEFS Low ooz 0.37 lower part of this sheet, .
|7 | Wliture #5 GREFS Med o 0.37 make and test. thus |t Should be Chosen

=
=
=1
@
=
o
&

igture #3 GGEFS 4. For the cell with the |

L P TS 0 = MOST LIKELY TO PROL to be a level that, in your

judgment, has a high
likelihood of producing
better concrete.

@

=
=

A Completed Design Matrix: This design matrix shows 11 mixtures, 2 of which are control
concretes and the other 9 make up the orthogonal experimental design. Notice that in this
orthogonal design, each level of each factor appears 3 times (once with each level of the other
factors’ levels), except for the level in red that appears 6 times (twice with each of the other
factors’ levels).
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SEDOC: Analysis

Experimental Design Worksheet: Compound Factor* Check Box
||4 () W)\Experimental Design worksheet | Compound Facto Satings /| Resonse Selection / DataEntry { Destabilty Andbyss / Confimetion Andhyss [ shmp { |¢]

B

Purpose: This Check Box modifies the modeling routines to account for the inclusion of a
Compound Factor*. Check this box when Factor 2 is an Amount Factor that specifies different
amounts for each level of Factor 1, which must be a Type Factor.

Compound Factor Check Box: Check the box if you are using a Compound Factor. Note that
only Factor 1 and Factor 2 can be made into a Compound Factor in SEDOC: Analysis. If the
box is not checked, then Factor 1 and Factor 2 are unrelated and can be any kind of factor
(Type Factor or Amount Factor.)

LI T SUIE IEADUIN JUN WIS0 AL UPIULEGL S
[to cu. ize graphs for ple). then the
recommended that you save the workbook under ifferent n.

unprotecting it as it can be quite easy to confuse the Formulas or the macros by
changing any of the worksheets.

E3 Factors and Levels for 8 Mixture Des 4

51 Factor No. Factor Name Level 1 Level 2 LeBgl 3

Facror 1
(2 levels) Type of SCR1 Class Cfly ash Class F fly ash GGEFS & emEthne
62 actor?

I Ple l n oul Col umn 2 on the "Compound Factor Settings
Factor 2 : [ cHECK k ate a Compound Factor. For the levels to
(2 levels) mount of SCM] e Med High the left, G g c levels (like Low, Med, and High) that
53 al (o all sextings of Factor 1.

Factor 3 Amount of silica
— = \ 005 008
54
E
actor
(2 level, Ll Lkt \M5
65

Factor 1. The Type Factor: If |] Factor 2. The Amount Factor: If || The Red Warning:
you are using a Compound || you are using a Compound || If the box is checked,
Factor, Factor 1 must be a || Factor, Factor 2 must be an [] this red warning
Type Factor. In the example || amount factor. In the example || appears that reminds
shown, it is the type of the || shown, it is the amount of the || you that the actual
first SCM. (“First” because || first SCM. Notice that the levels || levels of Factor 2
this example has 2 SCMs. || of Factor 2 on this page are || should be typed in on
The second SCM s silica || generic levels like Low, Med, [| the Compound Factor
fume and Factor 3 is an and High. The actual amounts Settings Worksheet.

amount factor for the amount || for each type will be specified
of silica fume.) on the Compound Factor
Settinas Worksheet.

* Note: A Compound Factor is a pair of variables (factors) that act together to define the type
and amount of a certain material so that the amount of each material can be customized for each
type. When using a Compound Factor in SEDOC: Analysis, Factor 1 must be a type factor and
Factor 2 must be the Amount Factor that gives generic amounts for each type. For example:
suppose that Factor 1 is a Type Factor for SCM and its levels are Class C fly ash, Class F fly ash,
or slag (GGBFS). Let Factor 2 be an Amount Factor whose levels are Low, Med., and High.
However, the amounts specified for Low, Med., and High for each type of SCM are different.
For example, Low, Med., and High for the fly ashes might be 15%, 25%, and 40%, but Low,
Med., and High for slag might be 25%, 35%, and 50%. Thus, the levels of Factor 2 change
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(from 15%, 25%, and 40% to 25%, 35%, and 50%) depending on the level of Factor 1 (fly ash or
slag).
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SEDOC: Analysis

Experimental Design Worksheet: The Factors and Levels Table
||4 () W)\Experimental Design worksheet | Compound Facto Satings /| Resonse Selection / DataEntry { Destabilty Andbyss / Confimetion Andhyss [ shmp { |¢]

r

Purpose: The Factors and Levels table is where the factors and levels chosen for the experiment
by using the SEDOC: Setup are input.

L)

i Taclors Levels In_these
~] rows, type in the levels that
/ you have chosen for each

| 51 | Factor No. Factor Name Level 1 Level 2 Level ¥
[21:;:151] Tupe of ST Class C fly ash Class F Ay ash GGEFS factor. Use SEDOC: Setup to

52

help you decide which

Factor 2

|5 (levelsy | AmeunialSe) - - factors and levels to choose.
. Glovels) | 0 00 0 Notice that levels can be
B Faotor 4 o o oes either numerical amounts or
&2 e types like “Class C fly ash”,
I “Class F fly ash” or slag

(“GGBFS”). When a

this Compound Factor is used,
they can also be generic
amounts like “High”, “Med”,
and “Low”.

Factors Names: In
column, type the names of
the factors that you wish to
test in your experiment.

A Level in Red. A level that is boxed in
red will appear more often than the other
levels in the design matrix. Thus, it
should be chosen to be a level that, in
your judgment, has a high likelihood of
producing the best concrete.

21



NCHRP Project No. 18-08A
by Lawler et al.

SEDOC: Analysis

Experimental Design Worksheet: The Number and Design of Control
Mixtures

||4 (> N\Experimental Design wotksheet { Compound Factor Setings / Resnonse Selection { DataEntry / Desvabilty Andysis / Confimation Analysis £ Sump { |1| J_
Purpose: Use the Control Mixtures Selection Box to choose the number of control mixture
batches that you are planning to mix and test. Including a control mixture will allow comparison
of the performance of a mixture that does not fit within the range of levels chosen for the design
matrix. Testing repeated control mixtures allows for the estimation of the repeatability of the test

procedures. This repeatability will be used on the factor effects plots on the individual response
worksheets.

The control concrete is used as a standard against which to compare all the mixtures in the
design matrix. This may be a mixture for which extensive experience is available or it may be a
mixture that contains no SCMs so that the benefits of SCMs can be differentiated from a
conventional mixture.

Number of Control Mixtures Selection Box: Choose the number of control
mixtures that you plan to make. If control mixes are to be included, we
recommend at least 2 control mixtures be tested to allow for an estimate of the
test repeatability. However, if a measure of repeatability is already available,
making multiple control batches may not be necessary.

How many control miztures will you make? [Answer "0°, =1~ =2, =3=, "4~ or "5°) I e = I

|m|m|m |m|
zlzz |z

Please fill in the Factor Levels for the Control Directions for the Control Concrete:
B4 Concrete [CC) below

1. The Control C te is a mizture with 3 well known properties that is
| 69 | |__FactorMo. | FactorName | Control Level | ble to all the i in the matriz, often this is a mizture with no additives
Factor 1 Type of SEMI - that can be used to judge whether the with are p g the eap effects.
3 levels) 2. We typically recommend making and testing two batches of the control concrete to allow For

@
£

Factor 2 estimation of the repeatability of the tests. The more batches of control concrete, the better

(3 levels) Amount of SCRA1 o

the estimate of repeatability will be. OFf course, more control batches also means more testing
50 judgement should be used to trade off the ision of the bili with the test

Factor 3 Amaunt of silica 0 effort required to make and test multiple control batches.
% [2 levels) fumne

Factor 4

(2 levels) etem s

Directions for the Control
Concrete: This blue box has
directions for using a control
concrete.

Control Factor Levels: In these gray-shaded boxes, type
in the levels of each factor that are used for the control
concrete. These levels are not necessarily levels within

the ranges specified in the Factor and Levels Table.
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SEDOC: Analysis

Compound Factor* Settings Worksheet
{i4/4]p M}, Experimentd Design workshest ) Compound Fackor Settings | Response Selection £ Datafniry | Desiahlty Analysis { Canfimation dnalysis JENTY |<|

-

Purpose: If you are using a Compound Factor*, type in the amount levels of Factor 2 for each
of the levels of Factor 1 on this sheet. These levels were defined generically on the Experimental
Design Worksheet but must be defined specifically on this sheet. This worksheet is only needed
if you are using a Compound Factor (i.e., the Compound Factor check box on the experimental
design worksheet is checked.) If you are not using a Compound Factor, this sheet is not needed
or used. This worksheet is used for input; there is no output on this page.

J File Edit Wew Insert Format Tools Data 5-PLUS window Help Adobe PDF

R1C1 ~| =|
1 z 3 Ll 5 13 7 & 4
1 0 1 1 1
z () 000 [}
E
| 4|
5 Compound Factor Settings
[ Colums 1 Colums
Factmr 1 Factar 2
T (3 lawalr) (3 lawalr)
% Trpe mf SCHI1 Amuunt of SCH1
4 o Hone L]
10 HMix Clarr G Fly arh 015 <~ Entar HUHERIC » & Fur Factur 2 lawsl: Lou, ubss Factur 1ir at Lavel: Glars G fly ark
1 HMiz Clarr CFly arh 0.25 <~ Entar HUMERIC » s Fur Factar = Mad, uhsn Factur 1ir at Laval: Clarr € Fly ark
1z HMix Clarr G Fly arh 0.4 <~ Entar HUHERIC » Clars G Fly ark
12 HMiz Clarr FFly arh 015 <~ Entar HUMERI Clars F fly ark
14 HMix Clarr FFly arh 0.25 <~ Emtar HUHERI Clarr F fly ark
15 M Clarr FFly arh 0.4 <~ Emtar HUMERI Clars F Fly ark
16 M GGEFS 0.25 <~ Emtar HUH G - GGEBFS
17 HMiz GGEFS 0.35 - Entar HUMENIC » s Fur Fa r ckmr : GGEEFS
1% HMix GGEFS 0.5 <~ Emtar HUHE] & Fur Factur 2 lawsl: High, ubsn Facturlir atLawsl: GGBFS
14 o Hi o
i
ral
EE

Directions:
1. This page is only used if you arefbuilding a "Compound Factor.™ A Compound FacRor oceurs when two Factors are linked such that the
level of the second Factor depe|

2

“Low" level of Fly Ash C to bef5Z, whereas the “Low”™ level of Slag might ke 2522, On $his page, you can enter the numerical values for
zd the levels of Factor 2 for each level of Factor 1. These levels will be used For interpolafon when calculating the Best Predicted
Concrete.

1. Factor 2 Levels: In the shaded 2. Information Requests: These red requests
boxes, type in the levels of Factor 2 explain exactly what should be entered in
for each level of Factor 1. each shaded box. They only show up if you

have checked the Compound Factor box on

the experimental design worksheet and are
based on the generic amount descriptions
provided there.

* Note: A Compound Factor is a pair of variables (factors) that act together to define the type
and amount of a certain material so that the amount of each material can be customized for
each type. (See the description of the Experimental Design Worksheet: Compound Factor*
Check Box above or the Guidelines for more information.)
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SEDOC: Analysis

Individual Response/Desirability Function Worksheet: Overview

(W40 M S| S o { Plsicde / Haceret i | kSt / ity / Cl Tendney /et oyl /| Sk i)/ Spficufa 1|

-

Purpose:

There is a worksheet like this one dedicated to each individual performance test

(response) that you plan to use. The sheet holds the desirability function for that response and
provides several plots that are useful for analyzing the data from that response. The only inputs
on these sheets are the corner points for the desirability function and a selection box to allow you
to choose the repeatability that best reflects your test repeatability. The worksheet provides a plot
of the desirability function, a plot of the scaled factor effects on the response, and individual
response vs. factor plots for each factor. There are additional response worksheets at the end of
the workbook so that any additional responses that you wish to evaluate can be included.

1. Desirability Function Input:
For most responses,
recommended corner points for
the desirability function will
already be in this table, however,
you can adjust these corner points
to reflect the requirements of
your application.

2. Desirability Function Plot:
This  plot shows the
desirability  function and
plots each mixture that was
tested on the plot.

3. Factor Effects Plot: This
bar chart shows the scaled
factor effects with respect to
the repeatability of the test.
You can also compare them
to each other.

4. Repeatability Selection: The
selection box allows you to
choose a repeatability for this
performance test (response).

5. Scatter/Trend Plots: These scatter
plots of the factor levels versus the
response show the relationship (trends)
in this particular response with respect
to each factor.

|E) File Edit Wiew Insert Format Tools Data S-PLUS Winde

J » @ Securit

. VO 433

g

&~
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SEDOC: Analysis
Individual Response/Desirability Function Worksheet: Desirability
Function Input and Plot r

44 ) M Shump | S Loss { Plstic A/ Hardened i { Totil et | Fnheblty | Crcking Tendency | Heatof Hdhaton / Shenkage (regetve) [ SpeciﬁcSurfa(|1|
Purpose: This section of the worksheet allows you to create the desirability function for the
response the individual response. The desirability function maps any test value for this response
to an individual desirability, which is a number between 0 and 1 with 0 meaning unacceptable
and 1 meaning there is no room for improvement. Controlling this function for each response
allows you to specify exactly what type of performance is best for your application. You control
this function by typing in the corner points (vertices) of the function and then SEDOC: Analysis
connects these points with line segments.

Desirab onfe ) Corner Points: The
default desirability
corner points are

Corner Points for the Desirability Connecting Line i the Die b
Function of Slump (in) Calculations e ; al ready ente red herey
Desirability Slump
Slump [in) Function ntercept Miz # [in) Desirability but you Can Change
*/ m b Control Misture #1 B.25 1000
I # £.00 1000
Phames2 these to match your
q 050 -lon Mizture #3 E.00 1000 I . t.
000 100 Misture #4 E.00 1000
| 025 | 5 700 Miture #5 675 1000 app Ication.
| 1 025 | 1} 025 Migture #5 B0 1000
Mizture #7 E76 1000
Minture #2 7.5 1000
izture #3 E.00 1000
iture #2 5.50 1000
Example: The
coordinates for the

Directions: . .
o third corner point are
1. Observe the ded di F on the plot below. Recall that a concrete with a des-llab-llll! of 1 me: . .
::a: :::::e:e :;asun?:c‘::l‘:’l:‘lelo:)ll:n&:::'s'::n;l ll:ltse::si::lsl: legal:iless ornlhe other l:';ll:l'; :ralhe other les:::s'::ans typEd I n the th I rd rOW
2 Bkereee tefecomreendeddesebig feneion s he pos bl _ _ of gray-shaded cells
inlllu::::saagl::::llh the ded y F . then there is no need to adjust the numbers in tl and are (4’ 1) . Th IS IS
Lot sous deseabiity faneion i the shaded ootmms sbove. The dosHabilts fansion n he plgeBeton wllbe  © then plotted as the
;“‘I‘:':::. ::I:u(p:e:ddall the shaded rows for corner points, just leave the extra ro th i rd Corner po i nt On
6. When you are isfied with the desirabili ion below. scroll ko the ri the ~Analysis of Factor Effects.” - _—
the desirability
/ function.
=4 =it ability Funcaon
B Actual Data
Controls -
1 + — =
/ ‘\ Example: Since this
0g - g -
. / \ / desirability function
5" / \ /a ends at 0.25 any
g o 7 value of slump above
/ Pt frea [ the last corner point
will get an individual
R 2 : : : " v desirability of 0.25.
Slump (in])

The Desirability Function is plotted here with a point for each of the mixtures and the
control concrete to show the performance. The point shown here is for mixture # 1, which
had slump value of 8 inches and is thus assigned an individual desirability of 1.
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SEDOC: Analysis
Individual Response/Desirability Function Worksheet: Factor Effects
Plot and Repeatability Selection r

||4\l\}\)|}5|ump( Sunoloss | Pistchr | Hackneddi | okl | Fritatity (| Crackng Tendeney / Hestof oo | Shinkace egete] [ SpeciﬁcSurfa[|4|
Purpose: The factor effects plot shows which factors have the biggest effect on this response.
Large bars that are greater than 1 indicate potentially large effects.

Example: The w/cm bar
is less than 1 and thus it
is clearly not a
significant  effect on
slump.  (Slump  was
determined by admixture
dosage.) The other three
factor effects are greater
than 1 and thus have
potentially  significant
effects. The Amount of
SCM is the factor with
the strongest effect on
Slump. To see how the
factors affect the slump,
scroll down on this same
worksheet to see the
scatter/trend plots.

Ratio of Factor Effects to Repeatability (Repeatability Level =1)
Mote: Factor Effects that are less than 1 are negligible.

w
Effect 5ize compared to Repeatability

Wit Armaunt of SCh1

Directions: § | srannarDDewaTIoN OF MEPERMGMGLLISING DATA FRO

1. Select the st@ndard deviation of repeatability that you wish to use
for the plot abofe using the selection boz to the right. By default, 0520
the standard deufation of repeatability is estimated from the data in
this experiment, Qut in some cases that estimate may be quite poor 035
due to very smalfflsample sizes. When this is the case. we
eeeeeeee d that $ou use either the standard deviation from the
historical ASTM Qata or some i of your test rep li
from your own lab

2. Scroll down to $ee plots of the data and the Factor effects.

STANDARD DEVIATION OF REFEATABILI
USING DATA FROM THIS EXPERIMEMT

STANDARD DEYIATION OF REFEATABILITY
USIMNG HISTORICAL ASTRM TEST DATA

USER ENTERED STAMDARD DEWIATION

This selection menu allows you to choose different
measures of the repeatability for your test. This
repeatability is used to scale the bars in the factor effects
amount of variability chart. It is not used in any other place in SEDOC. The
explained by each factor three choices are as follows:

scaled by the variance of 1. Make and test multiple batches of the control or
the repeatability. If a other mixture concrete and use the standard
factor effect bar is less than deviation of the test results from this experiment to

The Factor Effects Plot
shows the relative factor
effects. The bars show the

1, then that factor effect is
less than the estimated
repeatability and thus is not
large enough to be
considered important.

estimate repeatability.

Use the standard deviation or coefficient of
variation that is published by ASTM from repeated
measurements of the same concrete mixture by
various labs that have followed the ASTM standard
being used.

Use the standard deviation of repeated
measurements on the same concrete from your own
lab records of the procedure being used. You must
enter the standard deviation in the gray shaded cell.
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SEDOC: Analysis
Individual Response/Desirability Function Worksheet: Scatter/Trend
Plots

||4\l\}\)|’)@g/5\umpmss { MastcAr { Hardeed At/ Intid5et | Frishbity | Crakng Tndengy { Festof Hieion / Shane gt | SpeciﬁcSurfa[|4|

Purpose: The Scatter/Trend Plots show how the factors affect the response. All the mixtures
are labeled on the scatter plot of factor level versus response and then the trends are shown with
line segments. From these plots, it is easy to see which factor level is preferred and how much
difference it makes to choose the optimum factor level. It is also a place to check for problems
in the data entry or testing issues since many relationships are well known. For example, it is
well known that increasing the w/c ratio should decrease the strength of the concrete. If these
trends plots do not correspond with well-known relationships, it could indicate data or testing
problems. These plots also help to find new unknown trends.

This table shows the
data used in the scatter
o 2.00 £.00 E.75
plot and the averages at - i i
each factor level that | [erase 753 6.7 .53
determine the trends.
Slump {in) vs Type of SCM1
a0
&0 L3 o
W Misture #8
o —— W Mlisture #5 Misture 47 -
/ T T sk —————n
6.0 / L 3 M riiere-d Fritnture-t-i d
é 4.0

30

2n

10

0o T T

Class CHy ash ClassF fly ash GGEFS
Example: The trend Type of 5CM1

shows that on average
the Class C fly ash has
almost an inch more
slump than the Class F
fly ash and about half
an inch more than the
slag.

It is expected that there will be a fair amount of
spread in the data at each factor level since each
of the three points plotted have different levels
of the other factors in the experiment (Amount
of SCM, silica fume, and w/cm). Thus the
trends are often more easily interpreted than the
raw plotted data.
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SEDOC: Analysis
Response Selection Worksheet: Overview
{144 b M Exprental esin workshest / Compound Facto Settings ) Response Selection { Deta Entry

Desirahihtynalysis Cnnfirmatinnnnalysis

Purpose: This worksheet allows you to select and weight the performance tests that are to be
run on each of the concrete mixtures in the design matrix.

1. Selection Boxes: This row of 5. Additional Responses: If you wish to use

check boxes allows you to select the a performance test that is not included in the

performance tests that will be used spreadsheet, enter the names of the new

in the calculation of the overall performance tests in these shaded boxes. The

desirability. Individual Response/Desirability Function
Worksheet will also need to be completed.

==

B Bl Edit view Lnsx Format Tools Data S-PLUS Window Help Adobe PDF

Recas x| | =]

EEC R REEFREE L FEEFREETFECEEFFEE FECFEEFFE FEEEEEFREEEEE

/

2. Weights: Typing 3. Radar Plot: This plot 4. Calculated Overall
weights in this shaded gives a graphical view Desirability: The overall
row allows you to make of the individual desirability for each
certain performance tests desirabilities for each mixture is calculated in
more important (in the mixture on each the last column.
calculation of the overall response.

desirability) than others

by giving them higher

weights. The effect the

weighting is described on

the next page.
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SEDOC: Analysis
Response Selection Worksheet: Selection Boxes and Weights

[

Purpose: When the “Include” box is checked for a particular response, then the individual
desirability for that response will be included in the overall desirability function with the weight
specified in the cell above. The overall desirability is the weighted geometric mean of individual
desirabilities for each of the responses. The functional effect of a weight of n is that the response
is included n times during the calculation of that geometric mean. For example, suppose that
only 3 responses are selected and the individual desirabilities are 0.98, 0.89, and 0.85 with
weights 2, 1, and 1, respectively. The weighted product of the individual desirabilities
is0.98* x0.89x 0.85 = 0.726. The weighting total is the sum of the included weights. In this
example, it is 2+1+1 = 4. The overall desirability is the weighted product raised to the inverse of
the  weighting  total. For  the  example, the  overall desirability IS

||{|1|}|}||\ ExpenmentalDemgnworksheet ,( CnmpnundFactorSethngs )\RespnnseSelectmn Datakntry [ Desh ah\htynalysw Conﬂrma fio fnalsis

1
=(0.982 x0.89x0.85)* = 4/0.98? x 0.89x 0.85 = 0.923. Since the individual desirabilities

range between 0 and 1, the overall desirability also ranges between O and 1 where 0 is
unacceptable and 1 is desirable.

|B) Bile Edit View Insert Format Took Data 5-PLUS Window Help Adobe PDF
R1C2 j =‘ Response Selection Worksheet
i

Response Selection Worksheet
9 Mixture Orthogonal Design

3 Three-level Factors 1 Two-level Factor

Select Responses
Heat of
Cracking Hydration
Initial Set [hr] Finishability Tendency [wks' [deltaT)

FPlastic | Hardened
Air 3] Air [3]

Slump
Slump [in) Loss [in]

Shrinkage [ )  Specil
[negative]

[ Performance Test

Enter a Weighting for each response.

[For example, enter “2” to make the 1

response tw 5 influential on the
Uer. irability ]

Should this response be includedin | _
the calculation of Overall Desirabilivg? | L™  [JNCLUDER []INGLUDE | []IHcLUDE

Control Misture #1
Pelisture #1
Misture #2
Minture #3
elisture #4
Misture #5
Minture #€
ligture #7
Misture #3
Mizture #3
Cantrol Migture #2

|66|q|a|a|‘|3“|a|_'6|=:|_D‘|(‘D|UD

@

2
=

rafra
s (=

Selection Boxes: This
row of check boxes
allows you to select
which performance tests
will be included in the
calculation of the overall
desirability.

Weights: Entering
weights in this shaded
row allows you to make
certain performance tests
more important (in the
calculation of the overall
desirability) than others
by giving them higher
weights. By default, all
the responses have an
equal weighting of 1.

Individual Desirabilities: When
the Selection Box is checked,
the individual desirabilities are
automatically calculated and
displayed. The individual
desirabilities are calculated from
the response data in the Data
Entry Worksheet and the
desirability function on the
Individual Response Worksheet
for each response.
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SEDOC: Analysis

Response Selection Worksheet: Radar Plot
{144 b M Exprental esin workshest / Compound Facto Settings ) Response Selection { Deta Entry

Desirahihtynalysis Cnnfirmatinnnnalysis

Purpose: The radar plot is a graphical view of all the individual desirabilities for each response.
Each mixture is shown in a different color with a legend. Since an individual desirability of O is
at the center of the plot for each response, points that are far from the center of the plot indicate
better performance.

J File Edit Wiew Insert Format Tools Data S-PLUS Window Help Adobe PDF

| i Foselr v |=EE=Es %, @ale=]E

R1C2 j =| Response Selection Worksheet Example From the p|0t,
3 |

1% \e can see that Mixture #5
has  poor  performance
pestabils (individual desirability near
0.5) in the Hardened Air
Content.

-
=

-—— Control Misture
-~ Piture #1
Pliture #2

Finishability
e Mliture #3
)"\'\ —— Mliture #4
} Cracking Tendency [wks] == Ilinture #5
h - Miture #5
f | ——Disture #7

/i igture #3
| .
Heat of Hydration [deltaT) Misture #3

== Shrinkage [ ) [negative)

g Specific Surface Area

'_‘E.Iompressiue Strength - 7 Day [psi]

Compressive Strength - 56 Day (psif™ ompressive Strength - 28 Day [psi]

5/ ol ol eo| wo| wo| co| o) | 0| 0| 0| a2 | 22| o | ol 2| oo oo maf maf <l sl sl sl mtfot| i il | | | | | | | | | | | | | | | | | | n| | | | |
o| on| | S| F| =| S| | 88| S| F | E G | = B @) @) N m @) = | r| = 2 2| 82| S| 3 o | 5|15 2| B 2|2 | 2 3| B | B R 2| 2| &6 A& &

o))
25

\

Responses Not Included: Responses that Mixture Legend: This legend

are not included (the “Include” box is shows the symbol and color for
not checked) are not plotted. In this plotting each mixture’s individual
case, the Compressive Strength at 28 desirabilities.

days and the Additional Responses are
not included.
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SEDOC: Analysis

Response Selection Worksheet: Calculated Overall Desirability
||{|1|}|}||\ ExpenmentalDemgnworksheet ,( Compaund Factor Settings )\RespnnseSelectmn Data Entry

Desiabilty na|y5|s Corfimat \nnnnalysws

Purpose: The last three columns of this worksheet are used for the calculation of the overall
desirability. The first column is the weighted product of each of the individual desirabilities
raised to the power of the weight. The overall desirability is the weighted product raised to the
inverse of the weighting total. (See the description under Response Selection Worksheet:
Selection Boxes and Weights for a discussion about how the overall desirability is calculated.)

Columns for calculating the
overall desirability

| Fle Edit View Insert Format Tools Data S-PLUS Window Help Adobe PDF =
; = = o 000 FE S| ., - -
JA”al v - I U | = | B %, WSBEE DAL
RICIE =] -| Respunse Selechon Wyarksheat
20 22 23 24 25 26 27 28 29 an
1 RESHO g (= 0 0
2 () als e B c}
3
4
]
3 De
Weighted
Freeze- Thaw Additional Product of
Durability Factor Chloride Additional Additional Additional Resp Individual Overall
7 [EA] Diffusion [m"2is Response §1 Response §2 Response #3 [negative) Desirabilitiey) ‘Weightin Total § Desirability
1 1 1 1 1 1
]
INCLUDE INCLUDE [ HeLuDe [ HeLune [ HeLune [ HeLune
a y \
o 1.000 00z 0.032 18000 o7
1 1.000 0124 0.023 18000 02
2 1.000 0.EER 0,135 18000 0835
12 1.000 o720 0183 18000 0804
" 1.000 0ET2 0377 18000 0947
] 1.000 0.502 oy 18000 n.gae
3 1.000 oazz 0.025 18000 0.g2a
7 1.000 0.856 0.287 18000 0925
" 1.000 0.879 0.479 18.000 0.960
=] 1.000 0.708 0126 18000 s
20 0144 n.oon 0838 Mizture Missing Data
2
22
23
| 24|

P

Warning for Missing Data: If a certain mixture does not have data for an included
response (i.e., the “Include” box is checked), then fair comparisons of the overall
desirability can not be made with the other mixtures since that mixture has a different
weighting total. This red warning appears for each mixture that does not have enough
data. Whenever this warning appears, this mixture is excluded from consideration for
selection as the Best Tested Concrete. (See discussion below of possible alternative
strategies for including a mixture in the analysis even if test data is not available for all
responses.)

If a mixture is to be considered for the Best Tested Concrete, even though there is no data
available for a specific response, then there are two choices:
1. Uncheck the “Include” box for every response with missing data in this row.
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2. On the Data Entry Worksheet, enter an estimate for each of the missing data values in
this row. Here are three strategies for estimating the missing data values:

a. Use the best engineering judgment available to estimate the response of that
mixture.

b. Enter the “worst” response from the other mixtures, this will at least make sure
that this mixture does not have a higher overall desirability due to missing data.
(Worst, in this context, means the response with the lowest individual
desirability.)

c. Use a regression equation with the other mixtures to estimate the response for the
mixture with missing data. This prediction is not supported in SEDOC: Analysis,
but can easily be done with standard Excel Data Analysis Tools or with any
standard statistical software package.

Note: Entering estimates instead of data is dangerous and should not be done lightly. Any

conclusions drawn from an analysis of such estimates should not be relied upon for critical
application decisions.
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SEDOC: Analysis

Response Selection Worksheet: Additional Responses
||{|1|}|}||\ Expetimentd Demgn worksheet ,( Cogound Factr Setings  ,Response Selectmn Data Entry

Desi ah\hty na|y5|s Corfimat \nnnnalysws

Purpose: The additional response columns allow performance measures other than the test
methods available in SEDOC: Analysis to be used. When an additional response is to be included,
type in the name of the new performance test (response) in place of one of the Additional
Responses in the gray-shaded cells above the column. Since a default desirability function for an
unknown response cannot be provided, that function must be defined on the Worksheet for that
Additional Response. The Worksheet can be renamed if desired, but this is not done
automatically and is also not required. The name typed in to this cell will be used throughout the
other worksheets for this new response.

Note: The last column should only be used for a response that will have strictly negative values.
(This is significant during modeling calculations.)

Response Selection Worksheet
9 Mixture Orthogonal Design

Select Responses Desirability Calculations
Weighted

Freeze- Thaw Additional Product of
Durability Factor Chloride it it it livi Overall
7 [EA] Diffusion [m-2is) k 1 22 3 i Desirabilities  Weighting Total Desirability

1 1 1 1 1 1

=

=
2
2

0103 0033 12.000 g2t
0124 0.029 12.000 0.821
06ES 0135 12.000 0895
1000 nrao 0182 12.000 0804
1000 0E7Z 0377 12.000 0847
0603 oz 12.000 0888

s
s

=
2
2

1000 0122 0035 12.000 0829
1000 0.85E 0.297 12.000 08936
0879 0479 12.000 0960
0706 0188 12,000 L]
D144 1.000 0.839 Mizture Missing Data

|:\‘.|6‘a|:|a3
2
g

=
2
2

=3
2
2

~
B

12 ra|rs |ng
Fb b

Additional Responses: To add an additional response, type the name of the response into
these gray cells. The first three columns are for responses that take on only positive
values. the last resobonse is for a response that takes on neaative values.
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| Additional Response #1 I

Desirability Function for Additional Response #1

[EEEEE

Additional Response
Worksheet: To use an
additional response, you must
provide a desirability
function. This is done on the
Individual Worksheet for that
Additional Response. An
example is shown below for
Additional Response #1.
Type the corner points for
your desirability function into
the gray shaded cells and the
desirability function will be
plotted in the plot below.

NG Rl R

FEERE e el el bl [<elW

P
\ Plok Area
=

RdTitimn el Rarpmars £

Chlaride Diffusion Additional Response #2 A additional Rie:
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SEDOC: Analysis

Data Entry Worksheet: Overview
{4 [N\ Expermental Desion warlshest CompoundFartor Seftngs | Response election )\ Data Entry | Desvahilty Andlysis /| Confimetion Analyis )(Slump“ ﬂ

r

Purpose: This worksheet is for input of the results from the testing program. This sheet is used
for input only; there are no calculations or output on this page.

J Ele Edit W¥iew Insert Format Tools Data S-PLUS window Help Adobe PDF = ﬂ|ﬂ|

RICT =] =

S Close Window

............................

EEEEEEEEEEEE

Data Entry Area: Enter the
data from each of the
performance tests in the
gray shaded boxes. If you
are not using a particular
response, just leave the data
blank.
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SEDOC: Analysis
Desirability Analysis Worksheet: Overview

Purpose: This worksheet is used to identify the BTC and provides all the statistical modeling
and prediction. It controls the execution of the optimization macro that calculates the BPC. The
ranges and step sizes for used for that interpolation are defined here. It also provides for the
prediction of the performance of a User Selected Concrete (USC), which you, the user, can
define to be any mixture within the test space of the experiment.

J File Edit ‘iew Insert Format
Ric2 =] =| Desi

1. Desirability Calculations: Overall Desirability of each
mixture is calculated and the mixtures are ranked. There is
also a predicted overall desirability that comes from the
regression models.

2. Pseudo R% The Pseudo R? is an indication of how well the
statistical models fit the data. 100% is a perfect fit. A good
fit has an R? above 85%.

3. The Best Tested Concrete (BTC): The levels and predicted
performance of the BTC are given.

[

4. The User Selected Concrete (USC): These gray-shaded
boxes allow the user to type in any set of levels and see the
predicted overall desirability for that concrete mixture.

5. The Best Predicted Concrete (BPC): This button starts the
macro that calculates the levels for the BPC. The associated
levels and a prediction of BPC’s overall desirability are listed.

6. Interpolation Control for the BPC calculation: The user
can enter ranges and step sizes for interpolation between the
specified levels of each factor.

7. Radar Plot: A radar plot compares the individual
desirabilities for each response for the BTC, the USC, the
BPC and the control concrete.

e L (e [ | 8. Prediction Center: This table shows the regression model’s
el B = L] prediction for each response for the BTC, the USC, the BPC
: and the control concrete.

EEEEELE FleF E e e e e G B B B e o e B R EEEEIE B
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SEDOC: Analysis

Desirability Analysis Worksheet: Desirability Calculations

Purpose: This section of the worksheet shows the design matrix and the overall desirability as
calculated from the actual test data. The Best Tested Concrete is the concrete with the highest
calculated overall desirability. To assess the accuracy of the prediction models, the predicted

overall desirability is also shown for comparison with the calculated overall desirability.

Calculated Overall
Desirability: This
column gives the
overall desirability
calculated directly
from the test data that
is entered on the Data

Desirability Rank: The
ranking in this column is
based on the calculated
overall desirability in the
column to the left. The
highest ranked mixture is
declared the Best Tested

Predicted Overall
Desirability: This column
gives a prediction of the
overall desirability based
on the regression models.
If the regression models
are working well, these

Entry Worksheet. Concrete (BTC) since it is predictions should be very
the best performing concrete close to the calculated
that has actual test data. overall desirability.
B N\
5
7 (2 tevels) Py (2 Tevain) 2 lowein) %m% Predicted
T ount of silica verall Desirability DOverall
2 | Desirability Rank Mames Type of SCH1 Amount of SCRM1 e wiem DeYirability \ Rank Desirability
KN 2 Control Mizture #1 Mone 1] 0 04 9 2 ¥
| 10 | n Mizture #1 Class C Fly ash Low 0 \ 0\s3 10 0.752
| 1| 4 Mizture $2 Class C Fly ash Med 005 0.37 0.1 4 0.951
| 12 | [ Mizture #3 Class C Fly ash High 008 0.37 0.3 [ 0.913
| 13 | 3 Mizture #4 Class F fly ash Low 0.0% 037 0.94: 3 0.936
| 1| 7 Mizture #5 Class F fly ash Med (T3] 0.45 0.903 7 0.903
| 15 | ] Mizture $6 ClassF fly ash High [ 0.37 0.766 ] 0.802
| 16 | 2 Mizture $7 GGEFS Low [X1] 0.37 0965 2 0.957
| 17 | 1 Mizture $8 GGEFS Med ] 0.37 0965 1 0.965
| 12 | 5 Mizture $3 GGEFS High 005 045 0.932 5 0.932 ) o
| 13 | Control Mizture #2 None [ 0 0.4 st
: /
| 21 |
] /
] FResidual 58=
z / Total Corrected 55=

Warning for Missing Data: If a mixture does not have data for an included response (i.e.,
the “Include” box is checked), then a fair comparison of its desirability with the other
mixtures in not possible. Whenever this warning appears, it is because this mixture is
missing data and that mixture is eliminated from consideration for selection as the Best
Tested Concrete. See Response Selection Worksheet: Calculated Overall Desirability for
strategies for dealing with this issue, if it is desirable to include that mixture.
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SEDOC: Analysis
Desirability Analysis Worksheet: Pseudo R?

Purpose: The Pseudo R? value is a measure of the accuracy of the prediction models. In
standard linear regression, the R? value is a value that ranges from 0 to 100%, where 100%
means the model fits perfectly and 0% means that the model fits very poorly. The standard R? is
measured by comparing the Residual SS (the sum of squared differences between the data and
the model predictions) with the Total Corrected SS (the sum of squared differences between the
data and the data average). The Pseudo R? is calculated in exactly the same way, but since the
prediction model for the overall desirability is not a standard linear regression, the Pseudo R
does not have all the same properties as the standard R?. This is why we call it Pseudo R’
However, it can be roughly interpreted in the same way as R?. Specifically, if the Pseudo R? is
greater than 80% then the model fits adequately, and if it is above 90%, the model fits very well.
The formula for the Pseudo R? is:

Total Corrected SS-Residual SS
Total Corrected SS '

Pseudo R? =

An example of the calculations for Residual SS and Total Corrected SS is given after the figure
that shows where to find the Pseudo R? on the worksheet.

[Zal:lv‘:'lsl Calculated o Predicted
wicm Decs“i'lea':illlilg Desl"lla:bl:m! Decs“i,lea'bailllit;
04 0.763 8 2 .
0t 0152 0 0752 Pseudo R“:  The Residual
o oo ! oot Sum of Squares, the Total
037 0.923 & 0913
03 0948 s 0955 Sum of Squares and the
oso o302 ’ 003 Pseudo R? are shown here.
037 0.766 a 0802 2
02 0965 . e A Pseudo R* of greater than
037 0.965 ! 0.955 80% means the regression
045 0.932 5 0.932 -
o Wistere Wizzing Dt models are working
adequately.
Total Comected 55= 0.054

Pseudo R’ =

Below is an example of the calculation of a Pseudo R®>. The data are the calculated overall
desirabilities and the goal is to see how well the regression models are able to predict the overall
desirabilities.
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Squared
Model Difference from Differences from

Data Prediction Predictions Predictions

0.753 0.753 0.000 0.00000

0.941 0.951 -0.010 0.00009

0.923 0.913 0.010 0.00011

0.949 0.936 0.013 0.00017

0.903 0.903 0.000 0.00000

0.766 0.802 -0.036 0.00127

0.965 0.957 0.008 0.00006

0.965 0.965 0.000 0.00000

0.932 0.932 0.000 0.00000

Residual Sum of
0.00170 Squares (SS)
Squared
Difference from Data Differences from

Data Data Average Average Data Average

0.753 0.900 -0.146 0.02144

0.941 0.900 0.042 0.00172

0.923 0.900 0.023 0.00055

0.949 0.900 0.049 0.00244

0.903 0.900 0.003 0.00001

0.766 0.900 -0.134 0.01786

0.965 0.900 0.065 0.00421

0.965 0.900 0.065 0.00424

0.932 0.900 0.033 0.00107

Total Corrected Sum
0.05353 of Squares (SS)
Total Corrected SS-Residual SS  0.05353-0.0017
Pseudo R? = = =96.8%

Total Corrected SS
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SEDOC: Analysis

Desirability Analysis Worksheet: The Best Tested Concrete (BTC)
44 p W\ ExperinentalDesign warkeheet  / Compound Factr Settings / Response Seection / DataEniry | Desirability Analysis | Confimation Andysis ASIump“ ﬂ

Purpose: The Best Tested Concrete (BTC) is the concrete mixture that gave the best
performance as tested. Best performance simply means that it has the highest calculated overall
desirability. Since the overall desirability changes if you change the weights or include different
responses on the response selection worksheet, the BTC will be updated anytime a new weight is
entered or any of the “Include” boxes are checked or unchecked on the Response Selection
Worksheet.

Warning for Missing Data: If a mixture does not have data for an included response (i.e.,
the “Include” box is checked), then a fair comparison of its desirability with the other
mixtures in not possible. Whenever this warning appears, it is because this mixture is
missing data and that mixture is eliminated from consideration for selection as the Best
Tested Concrete. See Response Selection Worksheet: Calculated Overall Desirability for
strategies for dealing with this issue, if it is essential to include that mixture.

1# 7 Mizture #5 Class F Fly ash Med 0.08 0.45 0.903 7 0.903
15 E] Mizture #6 Class F Fly ash High 0 0.37 0.766 E] 0.802
& 2 Mizture #7 GGBFS Low 0.08 0.37 0.965 2 0.957
7 1 Mizture #8 GGEBFS Med 0 0.37 0.965 1 0.965
18 5 Mizture #9 GGBFS High 0.05 0.45 0.932 5 0.932 { y
Mizturs Mizzing Data,
19 Control Mizture #3 None [ 0 0.4 Camnot be BTC.
20
2
2z
Fresidual 5=
Total Corrected £5=
1. The Best Tested Concrete (BTC) is the concrete that has the best overall desiralis all the concretes tested.
2. The Best Predicted Concrete (BPC) is a concrete that, according to a stagh prediction model, might perform better than the BTC.
3. The Pseudo R” value (shown at the lower right of the table ab; measure of how well the statistical model fits the data. The measure is
similar to the R - ie model fits adequately. Any value for the Pseudo R? above 90% shows

that the model 17 - -
a.Theusersped MIIXTUTE #: The mixture ify to compare with the ETC, the BPC and the Control Concrete.
5. Scroll Down t H H le. Yiou can also enter the settings for a USC if you desire.

that IS the BTC IS ditional directions regarding BPC calculation below.)

BTC and BPC, the settings of the BTC will be updated automatically each
time you change Shown here . r|!\F|Jrkshe(-!t. However, the BPC must be updated Ity by clicking the
lsponse Selection worksheet.

8. Continue to scroll down to see a plot of the desireability of each of these concretes for each response.
9. At the hottom of the page, a table of predicted responses and their associated desireabilities is also provided for comparison.

Predicted
Overall
Desirability

ol | e [ e oo [0 o oo oo (o o2 |62 (o |ra eg fra e | pe (ne |ne
EoE A Eo R o bl e ol Ml R - el o

Amount of
Type of SCM1  Amount of SCM1  silica fume wicm

-
E

.
2

The Best Predicted Concrete: The levels for
each of the factors for the BTC are shown
here with the overall desirability as
predicted by the regression models.
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SEDOC: Analysis
Desirability Analysis Worksheet: The User Selected Concrete (UC)

Purpose: The user selected concrete (USC) can be any concrete mixture selected by you, the
user, from the experimental test space. The performance of this mixture is modeled and the
individual responses and desirabilities and the overall desirability are predicted. The USC is
determined by entering levels for each factor in the gray-shaded cells provided. The USC allows
the comparison of any mixture with the BTC and BPC. For example, it may be that a certain
SCM is very expensive and both the BTC and the BPC call for a high level of that SCM. If you
wanted to know how much performance would be lost by lowering the level of that SCM, you
could type in a concrete mixture with a lower level of that SCM into the USC and then compare
the overall desirability with the overall desirability of the BTC and the BPC. In the Prediction
Center at the bottom of this worksheet, the predicted value of each of the individual responses
for the USC, the BTC, the BPC, and the Control Concrete can be compared.

The User Selected Concrete (USC): Enter a set of feasible levels for each factor in the
gray-shaded cells and this becomes the USC. The light blue table above the factors shows
you the levels of the factors that are used in the design matrix. If the factor is a Type
Factor, then the USC must use one of the levels of that factor in the table. The syntax of
the name of that level must match exactly. However, if the factor levels are numerical,
then any reasonable numerical value can be entered.

Note: If you type in a level that is outside the range of the levels in the design matrix, then
the models will be extrapolating and may have substantial errors in their prediction of the
responses and the desirability. A warning will appear to let you know when the model
predictions are outside the experimental region.

Predicted
Overall
Desirability

Amount of
| 4| Type of SCM1  Amount of SCM1  silica fume wicm

| 47|
| 42
| 49 To aid your
| 50 | selection of the
El USC, the levels The
Amount of from the desigh .
5 Type, CSCM1  Amount of SCM1  silica fume wicm T Predicted
ahove each factor.

i Class Pl ash - Ove-raI I g

o \ Desirability
B | for the

56
| Amount of U SC .

57 Type of SCM1  Amount of SCM1  silica fume wicm

Control
| 58 | Concrete = None 0 0 0.4 0.760
| B9 | Level is out of
Ezperimental

| B0 | Region
| 61|

62

Amount of )
[:%] Type of SCM1  Amount of SCM1  silica fume wicm Click Here to

| Calculate the
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SEDOC: Analysis
Desirability Analysis Worksheet: The Best Predicted Concrete (JB:PC)

Purpose: The Best Predicted Concrete (BPC) is the concrete mixture that has the highest
predicted overall desirability from all the possible combination of levels for all factors for the
factor levels in a user-defined grid. It is determined by an Excel macro that cycles through all of
the combinations of the levels and saves the combination that resulted in the highest predicted
overall desirability. The macro is executed by clicking on the button in the worksheet.

The Best Predicted Concrete: When this “button” is clicked, an Excel macro will execute
that will sequentially fill in a large number of factor levels into the red cells for the BPC.
As it executes, it will predict the overall desirability for each of these factor level
combinations using the regression models. At the completion of the macro, the red cells
will contain the combination of factor levels that had the highest predicted overall
desirability. (See the Desirability Analysis Worksheet: Prediction Center for a discussion
about how this prediction is preformed.) This is the BPC. By default, the grid of factor
levels is simply all possible combinations of the factor levels that you typed into the
“Factor and Levels Table” on the Experimental Design Worksheet. However, the grid can
be refined by using the “Interpolation Control for the BTC Calculation” that is located
lower down on this worksheet.

% Predicted
Amount of %ra_ll_
| 4 | Type of SCM1  Amount of SCM1  silica fume wicm Desirability

Class C fly ash
Class F Hy ash

Amount of
Type of SCM1  Amount of SCM1  silica fume wicm

5 =

_,

Class F fly ash

Amount of
silica fume

57 Type of SCM1  Amount of SCM1 wicm

Control
| 58| Concrete =

None 0.760

k] Level is out of
Ezperimental
Region

‘

Amount of )
g2 Type of SCM1  Amount of SCM1  silica fume Aicm Click Here to
| Calculate the
BPC

The Predicted Overall Desirability for the BPC.
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SEDOC: Analysis

Desirability Analysis Worksheet: Interpolation Control for the BPC

{44 p W\ Experinental Design worksheet. / Compownd Factor Setings { Response Selection/ Data Entry )\Deswahllltynnalyﬂs,{ Confirmation dnalysis ASIumg“J

r

Purpose: This control center allows you to control the grid of factor-level combinations that are
checked by the Excel macro that is searching for the BPC. For each factor, you can check a box
to include or exclude the levels in the “Factors and Levels Table” on the Experimental Design
Worksheet. For Amount Factors, an upper and lower bound for a range are required, as well as a
step size. The macro will then check all levels of that factor starting at the lower bound and at
every step increment until the upper bound is reached. The smaller the step size, the longer the

BPC calculation will take to complete.

The
Interpolation

Control as it
appears when

............

thereisno ™™™ |7 | |t
Compound
Factor.

In the gray-shaded cells,
type in the upper, lower
bounds for the range and a
step size for interpolation
for each numeric factor.

Check these boxes to include the Levels in the “Factor
and Levels Table” in the grid for finding the BPC.

The
Interpolation

aaaaa

Control as it
appears when = i

nnnnnn

there is a
Compound

Factor.
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This box tells
you how many
combinations
the BPC macro
will have to
search through
given ranges
and step sizes
that you have
chosen. We
found that
22,000
combinations
took about 5
minutes to
search.
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SEDOC: Analysis
Desirability Analysis Worksheet: Radar Plot

Purpose: The radar plot is a graphical view of all the individual desirabilities comparing the
BTC, the BPC, the control concrete, and the USC. Since an individual desirability of O is at the
center of the plot for each response, points that are far from the center of the plot indicate better
performance.

Example: From the plot, we can see that the USC has
relatively poor predicted performance (individual
desirability near 0.7) in the Chloride Diffusion Test.
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Responses Not Included: Responses that Mixture Legend: This legend

are not included (the “Include” box is shows the symbol and color for
not checked) are not plotted. In this case, plotting each mixture’s individual
the Scaling — Visual Response is one of desirabilities.

the responses that is not included.
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SEDOC: Analysis
Desirability Analysis Worksheet: Prediction Center

Purpose: The prediction center shows all the predicted responses and associated desirabilities of
the statistical models for the USC, the BTC, and the BPC. The prediction center is a place where
you can find out in what way the BPC is expected to be better than the BTC. The expected
performance of these two mixtures on each response can be compared to determine if the BPC is
expected to be a substantial improvement over the BTC.

The predictions are generated using the following procedure: First, each individual response is
modeled with a regression model for each factor. These predicted responses are converted to
individual desirabilities using the desirability function for each response. These predicted
individual desirabilities are then converted into a predicted overall desirability using the weights
specified on the Response Selection Worksheet. This is the predicted overall desirability that is
displayed above for comparison of the USC, the BTC, and the BPC. Since the control concrete
often cannot be predicted with a regression model, because the levels of the control mixture are
often outside of the tested ranges, the average of all the control mixtures is shown instead.

This half of the table shows the This half of the table shows the
predictions of the regression models for individual desirabilities of the predicted
each of the responses for the BTC, the responses on the other side of the table.
BPC., and the USC. The weighted geometric mean of the
A Microsoft Excel - Analys, \WJEBetalV.xls individual desirabilities is the prEdiCted
| File Edit Wiew Insert FXmat Tools Data S-PLUS Window Help Adobe PDF overall des|rab|||ty
55|404 , 4| =!\3GEIFSI

T ] 3 0 1 O 1 7 | v 7 p— i " —
[ \ ;

Selectad Far
use | =t use | S=weet Dasirability

................

V.43 1567 waz LEXT) (X713 108 100 (X1 Tar 1

4453 4323 4z 5554 (X713 (XT3 (X7 (X1 Tar 1

5367 5504 39T seez Lo 108 100 e Tar 1

T84 T 5598 szze Ha

FHUHE MU HUH! DI

Tnun: Tnum num: soivie:

THUM MU MU DI Ha

FHUH! FHUH FHUH! EDITe! Ha

45



NCHRP Project No. 18-08A
by Lawler et al.

SEDOC: Analysis

Confirmation Analysis Worksheet: Overview |
{14/ 4]p M} Experimental Design worksheet / Compound Factor Settings / Response Selection / DataEntry / Desiablity ndlysis ) Confirmation Analysis J ﬂ

-

Purpose: This worksheet allows for the selection of the responses to be used for Confirmation
Testing, and for the comparison of the BTC and BPC Confirmation testing results. After the
confirmation test data is input, this worksheet provides a side-by-side comparison of the two
confirmation batches for each response and desirability. A comparison of the model predictions
for each response with the actual Confirmation Test results is also provided.

|E] File Edt View Insert Format Tools Data S-PLUS Window Help Adobe PDF

MR &7 o &k

Ij =

1. Confirmation RICT
Response Selection: e
Use the row of click
boxes and weights
to choose which
performance tests
will be run on the
confirmation
batches of the BTC
and BPC.

FELHEEEEE FEF BEEEEEEEELE REREES

2. Confirmation Data
Entry: Use the row
of shaded boxes to
enter the data from
your confirmation

i

3. Overall Desirability 4. BPC Model 5. BTC Model

Comparison: The overall
desirability of the BTC
and BPC Confirmation
batches is provided and
compared to the
predicted overall

Evaluation: A bar graph
and a table compare the
predictions of the
statistical model with
the actual results of the
BPC Confirmation
batch.

desirability.

Evaluation: A bar graph
and a table compare the
predictions of the
statistical model with
the actual results of the
BTC Confirmation
batch.
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SEDOC: Analysis

Confirmation Analysis Worksheet: Confirmation Response Selection

i|1|{l|}|b|[\ Expetimental Desion workshest . Compound Factor Settings { RésponseSelection ‘[DataEntry)( besirabilitynnalysisl )\tunﬁrmationl.ﬂ.nalysisj ﬂ ﬂr

Purpose: This section of the worksheet is for the selection and weighting of the responses that
are used for Confirmation Testing. The overall desirability of the original batch of BTC using
only these weights and responses is also provided for reference.

2z

z Select Responses fyg

23 overall desirability.}

Enter a Weighting for each response. [For example, enter
“2" to make the response twice as influential on the

1 1

1

1 1

| 24 |

Should this response be included in the calculation of
Overall Desirability for the Confirmation Analysis?

[ HeLuDE | mcwnf

[0 HcLUDE

[0 IHcLUDE IHELUDE

25 Ferformance Test

26

27

28

23

30

H

Selection Boxes: Use the row of
click boxes to choose which
performance will be run on the
Confirmation batches of the
BTC and BPC.

Weights: In the gray-
shaded cells, type in the
weights for the responses
for comparing the BTC to
the BPC.
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Results from the
original BTC batch:
For reference, the
pink row shows the
results from the
original BTC batch.
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SEDOC: Analysis
Confirmation Analysis Worksheet: Confirmation Data Entry

i|1|{l|}|b|[\ Expetimental Desion workshest . Compound Factor Settings { RésponseSelection ‘[DataEntry)( besirabilitynnalysisl )\tunﬁrmationl.ﬂ.nalysisj ﬂ ﬂr

Purpose: This area of the worksheet is used to enter and analyze the data from the confirmation
batches of BTC and BPC.

21

2r

23

| 24 |

25

26

27

28

23

30

Data entry: Type in data in these rows of gray-shaded cells.

Enter a Weighting for each response. [For example, enter
“2" to make the response twice as influential on the
overall desirability.}

1\

1

1

1

1

Should this response be included in the calculation of
Overall Desirability for the Confirmation Analysis?

[JrcLuce \

[0 HeLunE

[0 HeLuDE

[0 HeLuDE

IHGLUDE

3

Performance Test

Lo

Slump Loss [in

Flastic Air 5

Hardened Air 52

Initial Set [hr

1.000

6.25

¥5

5.08

\2.25
\

1.000

7.25

)

6.7

6.3

6.42

1000 ‘

/

caution.

Missing Data: If an important performance test cannot be run on one or both of the
confirmation batches, then an estimate of the performance can be used but only with great
See Response Selection Worksheet: Calculated Overall Desirability for
strategies for dealing with this issue, if it is essential to include that mixture.

Note: Entering estimates instead of data is dangerous and should not be done lightly.
Any conclusions drawn from an analysis of such estimates should not be relied upon for
critical application decisions.
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SEDOC: Analysis

Confirmation Analysis Worksheet: Overall Desirability Comparison
{14/ 4]p M} Experimental Design worksheet / Compound Factor Settings / Response Selection / DataEntry / Desiablity ndlysis ) Confirmation Analysis J ﬂ J_

Purpose: The overall desirability of the two confirmation batches are compared with each other
and with the predictions from the regression models in this section of the worksheet.

Summary Section
{If either of the % differences are more than 10%, then the bar graphs and the confirmation center at the bottom
of this page should be consulted to see which responses have not been predicted well.)
Calculated

COwverall Predicted
Desirability of Overall
Confirmation Desirability

Mizture

% Difference
for BTC
Amount of Amount of
Tyne of SCM1 SCM1 silica fume wicm

Calculated
Overall Predir’.ed
Desirability of Ow.rall
Confirmation De’ arability
Amount of Amount of Mixture
Type of SCM1 SCMA1 silica fume wicm

U Difference
for BPC

Overall Desirability Comparison: The overall
desirability of the BTC and BPC confirmation batches
is shown and the percent difference from the
predictions is calculated. If the percent difference is
greater than 10%, some investigation should be done
to determine if there is a data entry error. If no error
can be found, then the regression models are unable to
accurately predict and should not be trusted.
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SEDOC: Analysis

Confirmation Analysis Worksheet: BPC Model Evaluation
{14/ 4]p M} Experimental Design worksheet / Compound Factor Settings / Response Selection / DataEntry / Desiablity ndlysis ) Confirmation Analysis J ﬂ

Purpose: This part of the worksheet provides a comparison of the BPC model predictions for
each response with the actual test results.

BPC Model Confirmation Center
Individual Responses Individual Desirabilities

i Slamp [in) 7.25 710 Ho
i Slump Loszs [in) 3.00 249 Ho
i Plastic Air (%) 6.70 6.44 Ho
N Hardened Air (%) 6.30 6.70 Ho
i Initial Set [hr] 6.42 5.66 13.5% 1.000 1.00 0.0% Yes
N Finishability 1141 Ho
N Cracking Tendency [wkz) 15.67 Ho
i Heat of Hydration [deltaT) 44.00 43.83 0.4% 0.960 0.96 0.0% Yes
i i -0.05 -0.04 9.6% 0.962 0.98 -24% Yes
] 42406 Ho
B 5570.00 5503.86 1.2% 0.993 1.00 0.7% Yes
i Compressire Streagth - 26 Day (psi] 71000 T730.90 -0.3% 1.000 1.00 0.0% Yes
i Compressive Strength - 56 Day (psi) 8560.00 8383.16 21% 0.992 1.00 -0.8% Yes
| Modulss of Elasticity [x 10°6 psi) 424 Ho
i Rapid Chloride Permeability [Coul) 244.00 396.63 -38.5% 0.988 0.98 0.8% Yes
| |scating - Wiswat 0.00 0.27 A Ho
i Scaling - Mass Loss (gim~2) 52.78 3.02 -11.2% 0.9@[ 0.95 4.1% Yes
i Freeze- Thaw Durability Factor (%) 1 0 Ho
i Chloride Diffazion [m24s) 1.28 1.38 -b.8% 0.9 0.90 0.8% Yes
i Additional Response ¥1 HHUM! Ho
i Additional Recponse &2 HHUM! Ho
i Additional Response B3 #HUM! \ Ho

Additional Respoase [acgatire] HHUM! \ Ho

Results from the confirmation BPC batch.

A bar chart shows the percent difference of the confirmation
batch from the prediction for each response.

BPC % Differences [lodel-ws-Confirmation Test -
O BPCx Difference Flesponse|
B BPC % Difference Desirabili
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M
i R 2
H 00%  00% 00%  00% 0ox  00x  04% oox BB s [ oox 0.0% 0.0% 00%  00%  00%  00%
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F S = S s = E i oz < & & = 2|8 & g 3
-10.0% & 4 & 4 3 2w 32 n & n m om # 2 B S em
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SEDOC: Analysis

Confirmation Analysis Worksheet: BTC Model Evaluation
{14/ 4]p M} Experimental Design worksheet / Compound Factor Settings / Response Selection / DataEntry / Desiablity ndlysis ) Confirmation Analysis J ﬂ

-

Purpose: This part of the worksheet provides a comparison of the BTC model predictions for
each response with the actual confirmation test results.

BTC Model Confirmation Center

Individual Responses Individual Desirabilities

i | Stemp (in) 1.75 6.25 8.05 Ho
3 | Shemp Loss (in) 1.75 2.25 1.89 Ho
+ | Plastic Air (%) 6.10 7.00 6.34 Ho
3 |Hardened Air (%) 5.70 .50 6.09 Ho
3 | Initial Set (br) 5.50 5.08 533 -4.8% 1.000 1.00 0.0% Yes
1 | Finizhability ‘ 11.30 11.83 Ho
|| Cracking Tendency [wks) .00 T.43 Ho
2 |Heat of Hydration (deltaT) 46.00 46.00 44.63 3.1% 0.957 0.96 -0.2% Yes
3 | Shrinkage (% ) (negative] -0.04 -0.05 -0.04 1.7% 0.974 0.98 -0.4% Yes
4 | Specific Surface Area 408.00 HM7.00 Ho
i | Compressive Strength - T Day (p=i) 5705.00 6020.00 5366.96 12.2% 0.948 1.00 -5.2% Yes
3 | Compressive Strength - 28 Day (psi) 7588.00 797 T193.67 10.8% 1.000 1.00 0.0% Yes
1 |Compressire Strength - 56 Day (psi) §460.00 852& T792.61 9.3% 0.997 1.00 -0.3% Yes
3 | Modules of Elasticity [z 1076 psi) 4.26 N 4.25 4 Ho
3 | Rapid Chloride Permeability [Conl) 1136.00 i78.00 \1142.?0 -31.9% 961 0.93 3.5% Yes
) | Scaling - Yiswal 0.00 0.00 9 Ho
| Scaling - Mazs Los= [gim=2) 8§6.72 24.99 93k -T3.3% 0.993 0.97 21% Yes
i |Freeze- Thaw Durability Factor (X) 103.80 103.?3\ Ho
3 |c  Diffusion [m~2#s) 1.62 1.88 1.95 ‘\ -3.8% 0.859 0.85 0.7% Yes
b \ Ho
i \ Ho
3 | \ Ho
i afre] Ho

Results from the original BTC batch. Results from the confirmation BTC batch.

A bar chart shows the percent difference of the confirmation
batch from the prediction for each response.

I 1
BTC % DifferencesfModel-vs-Confirmation Test
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