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Objectives

e Develop a simple set of programs in VBA

e Learn to execute a macro from within a
worksheet

e Introduction to loop structures
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Before You Program

e Develop a strategy to solve the problem
e Develop pseudo-code
e Develop a flowchart (helps guide your thought process)

Start here:

Output
Flowchart [ / Then code

e NOTE: most engineers do not to like to develop flowcharts

e This creates problems when someone else looks at your program

Most programs do not work the first time, so a flowchart of pseudo-
code can help you understand bad logic
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Flowchart Symbols

e Review them in Chapra’ s book (page 115)

Symbol

Name

Function

Terminal

Represents the
beginning of end of a
program

Flow lines

Represent the flow of
logic

Process

Calculation of data
manipulation

Input/Output

Represents input and
output of data and
information

False

True

Decision

Represents a
comparison or a
condition with more
than one path

CEE 3804

2/14/22



Flowchart Symbols (cont.)

Symbol

Name

Function

Count-controlled
loop

Indicates the number
of times a loop is
excecuted

Junction or
connector

Represents a
confluence of flow
lines

&t
O
g

Off-page connector

Break or continuation
to another page

Stored data

Represents data
storage in a database
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A Simple VBA Program

e Lets develop a simple program in VBA to
calculate the sum of two numbers of a

worksheet
e The program should retrieve two numbers from
“sheet1” in a standard Excel worksheet

e The program should add the two nhumbers and
return the result to the worksheet

e Place a “run” button in the worksheet to
facilitate future execution of the subroutine

6 CEE 3804 2/14/22



Program Flowchart

e Here is a basic flowchart to build this program

( Start )

= o) o] ]
b
Input

a

! c=a+tb
Input
b \ 4
f O /
u;[:put End
c=a+b
Version 2

Output
c

@ Version 1
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Excel Worksheet (final program)

:Jt rial 10 ~|[A a7 -l SiwWrapTet | Genera | Elgi 55 | Normal Bad
ot paner (B4 || -]~ A -] [ 8 ) 4 o] rseacomer - [ CIE KSR check cell__| :
v ft- :
A B C D E F
1 Program to add two numbers
2
3 Programmer A.A. Trani
4 Date Jan/18/07
5
6 Inputs
7/ First number 349 Run
8 Second number 200
9
10 OQutput
11 Result 549
12
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VBA or Macros in Old Excel Versions
(including Mac 2011)

e Go to: Tools/Macro
e Then select VBA \

Excel File Edit View Insert Format Tools Data Window Help
(® 06 Adding_Two_numbk
< A B C D
1 Program to add two numbers

2

3 Programmer A.A. Trani

4 Date "Jan/18/07

5

6 Inputs

7 First number 45 ( J

8 Second number 250 L Run

9

1) Result 295

11

12
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VBA or Macros in Excel WIN 2013

e Go to : Developer Tab

e Then Click Visual Basic\

loopDemo [Compatibility Wdel_Exce

ME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER POWERPIVOT

®7 Record Macro -Q{} = T b/‘ Properties @ Map Properties [ Import [‘—‘

] g Use Relative References hed -n Sos Q] View Code 3 Expansion Packs Export 2
Visual cros Add-Ins COM Insert Design Source Document
Basic ! Macro Security Add-Ins - Mode Run Dialog Refresh Data Panel

Code Add-Ins Controls XML Modify

A B C D E F

Sum of n Number 146070 OQutput

1 Program to demonstrate a simple loop

2

3 Programmer: A. Trani Purpose

4 Date: 02/15/07 Adds numbers from 1 to n
5

& n Numbers 540 Input

7

8
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VBA Code

a Microsoft Yisual Basic - Adding_Two_numbers_macro.xls

: File Edit View Insert Format Debug Run Tools Add-Ins Window Help
- BA 9 pon @ ¥ A @ | Ln18, Col11
=2 3 IC3 “; Adding_Two_numbers_macro.xls - Module1 (Code)

-1 &% vBAProject (Adding_Twc
-5 Microsoft Excel Objects
8] Sheet1 {Sheet1)
B8] Sheet2 (Sheet2)
B8] Sheet3 (Sheet3)
4] Thisworkbook
-5 Modules
2 Module1

b
x|
|Sheet1 Wworksheet =
Alphabetic | Categorized |

DisplayPageBreak False
DisplayRightToLef False
EnableAutoFilter False
EnableCalculation True
EnableFormatCon True
EnableOutlining  False
EnablePivotTable False
EnableSelection 0 - xIMNoRestricti
Sheet1

StandardWidth
Visible

8.14
-1 - xISheetVisib

l(Genemlp

. Name of subroutine

—

Sub Adder ()

' Prograrmer : Toni Trani
' Date: 09/13/07

Sheets ("Sheetl”) .Select /

Range ("B7") .Select

d
<

—— Go to “sheetl”

Select the value of cell B7

a AetiveCell.Value

Range ("B8") .Select
b ActiveCell.Value

a + b

Range ("B11") .Select
AetiveCell.Value = ¢©

End Sub

and assign it to variable “a”

Select the value of cell B8
and assign it to variable

[

— lbalculate the value of “c”

—~—__ Select cell B8 and assign it
to variable “c”

11
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Adding the “Run” Button

e Adding the “run” button requires that you insert
a control button and then assign a macro to
subroutine “adder”

0n) d v
> Home Insert Page Layout Formulas Data Review View Developer Add-Ins Acrobat
y, = % Record Macro o \ /\' %7 Properties }E TR Import y
j == ﬂ’-‘se Relative References g T2 3 view Code = 2;2 Expansion Packs —i3
Visual Macros Insert |Design Source Document
3asic 9\ Macro Security ~ | Mode % RunDialog Panel
Form Control 0d
LLLLLL v fe
A C D
‘_J _E [V ZH 2PN

1 Program to ad | ="  .\Qbers

2

3 Programmer

4 Date

5

6 Inputs

7 First number 349

8 Second number 200

9

10 OQutput

11 Result 549

12 Copyright 2007 2/14/22



Assigning the Behavior to the
“Run” Button

e Assign the macro “adder” from the list of
available macros to button “Run”

e Right-click on the button to assign a behavior

Program to add two numbers

Programmer A.A. Trani

Date ‘Jan/18/07
Inputs

First number 349

Second number 200

Output

Result 549

Macrosin: | All Open Workbooks

Description
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Test Your Program

e Test the program to make sure it works

e Try variations of the program as well
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¥

- &% vBAProject (Adding_Twc
-/ 5 Microsoft Excel Objects
EH) Sheet1 (Sheet1)
B8] Sheet2 (Sheet2)
B8] Sheet3 (Sheet3)
@ Thisworkbook
-4 Modules
2 Modulet

File Edit View Inset Farmat Debug Run Tools Add-Ins Window Help

MeE-d Bl ) TR AR @ LIni,Coll .
x| - Adding_Two_numbers_inputBox.xls - Module1 (Code)

| = o

j IA(I(Iel 1

,1Genel al)

Sub Adderl()

L. Trani

add two numbers with an input box for first wval

a = InputBox ("Enter the first wvalue to be added")
' Assign the wvalue of a to a nuwaber (use the function VAL in VBA)

a = Val(a)

cell

B7

of a to

' Write the wvalue

Range ("B7") .Select
AetiveCell.Value = a

! retrieve the value of cell BS

Range ("B8") .3elect
h = ActiveCell.Value

' calculate the output

' Assign the wvalue of ¢ to cell B10

Range ("B10") .Select
AetiveCell.Value = ¢

End Sub

/

15
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e This variation of the program creates an input

box for the first number

String variable “a”
1s read using an
input box

Returns the
number
contained 1n the
string “a”
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Excel Help for VAL Function

v M Search ~

Excel Developer Home = Visio = Visio 2007 Automation Reference = Visual Basic For Applications Language Reference = Visual Basic Lanquage Reference =
Functions

Yal Function

Returns the numbers contained in a string as a numeric value of appropriate type.
Syntax

Yal(=tving)

The required séring argument is any valid string expression.

Remarks

The ¥al function stops reading the string at the first character it can't recognize as part of a number. Symbols and characters that are
often considered parts of numeric values, such as dollar signs and commas, are not recognized. However, the function recognizes the radix
prefixes
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Executing the New Program

Program to add two numbers

Programmer A.A. Trani
Date Jan/18/07
Inputs
First number 67
Second number 250 Run
Werosoftbcel, [
ReSUlt 31 7! Enter the first value to be added 0K

11234
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A Simple Program with a Loop

e Loops are natural ways to execute
computations that require multiple iterations

e Loops can be conditioned or controlled by a
counter

e Conditional loops - when some condition is
used to exit the loop

e Counter controlled loops - when the number of
passes in the loop is known
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First Program with a Loop

On) d 9 %

. Home Insert Page Layout Formulas Data Review View Developer Add-Ins Acrobat

ecord Macro = # A Properties | ([ 3 Impo -
/:1 ﬁ_ _.:]: Fpi;:’rp eferences | @S T & jpnp ;Ij = 2 Expansion Packs —T'I[””:’ ; _-’_ﬁ
86 - fe | 540
A B C D E

1 Program to demonstrate a simple loop

2

3 Programmer: A. Trani Purpose

4 Date: 02/15/07 Adds numbers from 1 to n

5

6 n Numbers 5401Input

7 Sum of n Numbers 146070 Output

8
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The VBA Code Behind

<& Microsoft Visual Basic - loopDemo.xls - [Module1 (Code)]

- @ ¥BAProject (loopDemo.x

- 23 Microsoft Excel Objects
EH] Sheet1 (Sheet1)
EE) Sheet2 (Sheet2)
EH] Sheet3 (Sheet3)
@ ThiswWorkbook

= 3 Modules
2 Module1

>

x|
|Module1 Module |
Alphabetic | Categorized |

Ii EM] Module1

%flle Edit  View [Insert Format Debug Run Tools Add-Ins Window Help
ME-d BAlY b o @ N EFY @ | 1n17, Colt .

5‘ ‘menelalb ﬂ ILooptest
| 4 &

Sub Looptest ()

' Programmer: T. Trani

. Date: 09/13/07

' Testing a loop with counter control
' Adds numbers from 1 to n
' Assigns the value of the calculation to variable x
' TaT
If

ites the wvalue of x in cell B7

H

' Extract the value of n
Sheets ("Sheetl") .Select
Range ("B6") .Select

n = ActiveCell.Value

' initialize the variable x to keep track of our calculation

' start the calculation loop

Loop code

' select cell B7 and write down the calculation of the loop

Range ("B7") .Select
ActiveCell.Value = x

End Sub
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A Loop with Concatenation Control

e The program in worksheet: loopConcatenate.xls

offers a sample of a loop computation and the
use of concatenation control to estimate
pavement thicknesses

e The pavement thickness function created in
previous classes in “called” by the VBA code
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Worksheet Interface

Nonhrhoro0@®NO O bwN -

FEE -
Home Insert Page Layout Formulas Data Review i Developer
& SUt verdana 110 A AT |E = =|® =/ Wrap Text
33 Copy e
# Format Painter B 7 U~~~ A~ |E E Z|E E|| =2 Merge & Center
E15 - f
- B C.
Loop + concatenation Demo
Prorammer: A. Trani
Date: 02/14/07
Units

Area 234.00 sq. inches
CBR 10.00 dim
Repetitions 7.00 |
Load (Ib) Pavement Thickness (dutwﬂ;\

35000 22.51

36000 22.78

37000 2305

38000 2832

39000 23.58

40000 23.84

41000 24.10

Add-Ins Acrobat
By -
General v 542_5‘ o Normal Bad
$ v % 9 [/ %8 5% Conditional Format ‘E
: || Formatting v as Table ~

Formula t = sqrt (load / (8.1 * CBR ) + Area / PI)

Calculation ‘

Cell B8 controls the
number of times the
loop 1s executed

I
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The Code Behind the Worksheet

Sub LoopConcatenate ()

testing a loop with concatenation to control where do we write calculations

in a workheet
' Programmer : A. Trani
' Date: 02/17/07
Pi = 3.1415
' retrieve values of constant parameters from cells b6 and b7

Sheets ("Sheetl™).Select

Range ("b6").Select
area = ActiveCell.Value

Range ("b7").Select
CBR = ActiveCell.Value

' retrieve the value of n from cell BS

(D
D

Range ("B8").Select
n = ActiveCell.Value

)

start the loop to compute pavement thicknesses for n repetitions

[
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Code (cont.)

ieve the wvalue of n from cell BS

Range ("B8").Select
n = ActiveCell.Value

Concatenation

' start the loop to compute pavement thicknesses for n repetitions
For 1 =1 Ton
cellNumber = "A" & (i1 + 9) 8 ssign the cell to write load wvalues
Range (cellNumber) .Select ' select ll assigned in previous step
appliedLoad = 35000 + 1000 * (i - 1) ol mp1f@ lmai (lb) at 1000 lb increments
ActiveCell.Value = appliedLoad ' assign computed load to cells A+ (nt9)
calculate the pavement thickness

thickness = Sqgr(appliedLoad / (8.1 * CBR) + area / Pi) Calculates pavement tthkneSS

cellNumber = "B" & (i + 9) ' assign the cell to write pavement thickness wvalues
Range (cellNumber) .Select ' select cell
ActiveCell.Value = thickness ' write value of pavement thickness

Next 1 ' next value of i

End Sub
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Try Other Refinements

e Currently the loop counter just overwrites the
values of pavement thickness without erasing
previous computation

e Try adding a line or two of code to erase the
previous table of computations while executing
the code

- Use a statement such as:
- Range(“A1:C5”).clear
- This clears the range between cells A1 and C5

- You can always clear a large range of cells so that
your program will always work correctly
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Simple Control Structure

e If-Then-Else is a powerful, yet simple control
structure that could be used to make
“branching” decision in a program

— If (condition) then
e Code 1 is executed

- Elseif (condition 2) then

e Code 2 is executed

- Elseif (condition 3) then

e Code 3 is executed

- End if

e You can add as many else-if-then statements as
needed in your program logic
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Modification of Pavement Analysis Program
(Loop with Concatenation)

e Suppose we would like to modify the previously
created program to replace the value of
California Bearing Ratio (CBR) for the type of
soil used Iin construction

e Suppose we have a simple table with typical
values of CBR as follows:

_ Material | Valueof CBR(dim)
Crush stone 100

Sandy soill 25

Silty soill 13

Clay soil 7

Organic soil 4

27 CEE 3804 2/14/22



Modification of Pavement Analysis Program
(Loop with Concatenation)

e Recall the original spreadsheet

A B C D E F G

Loop + concatenation Demo Formula t = sqrt (load / (8.1 * CBR ) + Area / PI)
Prorammer: A. Trani
Date: 02/14/07
Units ‘
Area q. inches Calculation
CBR
Repetitions :
Load (Ib) Pavement Thicknes
35000 22.51

36000 22.78

OCoOoONOOU P WNKE

=
= O

Material
Crush stone 100
Sandy soill 25
Silty soill 13
Clay soil 7
Organic soil 4
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Modification of Pavement Analysis Program
(Loop with Concatenation)

e Create a list of items to be selected by the user in
cell B7

e Use the Data Validation in the Data Tab
e Create a list in the validation criteria

B/ 5 DINg Validation L2 3o |
A B Settin Input Message | Error Alert ‘ |

1 Validation criteria

2 Loop + concatenation Demo LB [@] 1gnore blank

3 Prorammer: A. Trani Data: &) 1n-cet dropdown

4 Date: 02/14/07 | Refeen

- Units o

6 Area 234.00 sq. inchi

7 |CBR 10.00]dim

8 Repet|t|ons 6.00 dlm Apply these changes to all other cells with the same settings

9 Load (Ib) Pavement Thickness (in) [ ox ] [ cone )|

10 35000 22.51 | )

13 36000 22. 78

32 37000 23.05
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Modification of Pavement Analysis Program
(Loop with Concatenation)

e The list of items can be enumerated in another
section of the spreadsheet

e In this example | used cells G7:G11 to write the
names of the types of soils to be selected
G7 = 10
A B & D E G

1
2 Loop + concatenation Demo Formula t = sqrt (load / (8.1 * CBR ) + Area / PI)
3 Prorammer: A. Trani
4 Date: 02/14/07
5 Units ]
6 Area 234.00 sq. inches Calculation oil Types
7 |cer 10.00]dim ICrush stone |
8 Repetitions 6.00 dim 'Sandy soil l
9 Load (Ib) Pavement Thickness (in) [loast;:::z':n ] iSiIty soil i
10 35000 22.51 ' IClay soil I
11 36000 22.78 |Organic soil |
12 37000 23.05
13 38000 23.32
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31

Modification of Pavement Analysis Program
(Loop with Concatenation)

e Once the cell is connected with data validation only

the names of the soils types can be selected in that
cell

BY ¢ % Crush stone
A B E D E 3 G
1
2 Loop + concatenation Demo Formula t = sqrt (load / (8.1 * CBR ) + Area / PI)
3 Prorammer: A. Trani
4 Date: 02/14/07
5 Units )
6 Area 234.0D sq. inches Calculation Soil Types
7 |CBR Crush stone i Crush stone
8 Repetitions o S?ndy _SOII
9 Load (Ib) |siltysoil ) Silty soil
Clay soil .
10 Organic soil Clay soil
11 36000 22.78 Organic soil
12 37000 23.05
13 38000 23:32
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for a selected soil type in cell B7

e Use the if-then-else statement construct

Modification of Pavement Analysis Program
(Loop with Concatenation)

e Complete the VBA code to assign the value of CBR

Range ("b6") .Select
area = ActiveCell.Value

' In this section we assign
Range ("b7") .Select

soilType = ActiveCell.Value

cbr = 100
ElseIf soilType = "Sandy So
chx = 25

chi: = 1.2

the wva

Retrieves the content
of cell B7

of CBR for a type of soil selected

' Reads the type of soil selected

If s0ilType = "Crushed Stone" Then

11™ Then

Elself soilType = "Silty Soil" Then

ElseIf soilType = "Clay Soil" Then
che = 7}
ElseIf soilType = "Organic Soil"™ Then
cbr = q
End If

The If-Then-Else block
assigns a value of

cbr to the selected

soil type
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