Roark’s Formulas for Excel by UTS

Tutorial—Five Quick Problems

Tutorials will use the Standard User Mode to highlight the simplicity in using this software. Advanced
Users may want to use the Power User Mode and examples are shown at the end of each Tutorial.

All Tutorials are shown with the US unit system.

Problem 1

Suppose you are designing a beam with a hollow rectangular section and you need to know the area, moment
of inertia, and plastic section modulus.

Start Excel and click on Roark’s Formulas for Excel (RFE) Explorer on the Roark’s Formulas for Excel
Toolbar. Select the US unit system and click OK to open the Roark’s Formulas for Excel Explorer.
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When the Explorer appears, select Table A.1, Case 3 by either double-clicking it or by clicking on it then
clicking the Add button. Your selection is confirmed when it is displayed in the upper right portion of the
Explorer screen.

. Roark's Formulas for Excel 7 x|

== Table A1
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4 Tee Section
5 Channel Section

B %/ide-flange Beam

T Equal-legged Angle

8 Unequallegged Angle
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Selection : Oaf2 Add Remove |

Appendis; Properties of a Plane frea
Holl vy rectancle

5 TABLE &.1
= Table &.1 - Properties of Sections
1 ‘ Pages 802 - 12
d 1 C." + 1 IMPORTAMT MOTE:
T If you are loading a casze friom Table &1 with a beam case from
‘:’1 Chapter 8, you MUST zelect the crozz zection from T able 4.1
l before selecting the beam caze in order to get the stress plaot,
J % L
h Caze: 3 Hollow Rectangle
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After making your selection, click the Standard User Mode button to continue.
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3 Hollow Rectangle le A, ross-Section Prop x|

Inputs B Unselect Al 8 Select Al |
Marne Limik | Carnrment
[ axis Neutral Axis (1,2)
tihb in Side b
t1bi in Hallow Sids bi
tid in side d
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I in4 Area moment of inertia, I
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3 Hollow Rectangle <Table A.1<Cross-Secktion Proj x|

Tables

8 Unselect Al | B Select Al |

|

Iarne I Comment

i

Help Cancel

< Back | Mext » | Firish |

ross-Section Prop:

Layouk

¥ Insert comment Starting cell address:

& Vertical " Horizontal

Sheetl!$afl

[~ Use TK Format For outpues

L

Help Cancel < Back

This model reguires 20 rows & 4 columns in vour spreadsheet.

| Mext > | Finish

Click the Finish button to link the model into the Excel Worksheet.
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A | E | C | 5] e e e
| 1 |Roark's Formulas for Excel
| 2 | Appendix: Properties of a Plane Area TABLE A1
| 3 | Table A1 - Properties of Sections Pages 802 - 812
| 4 | Case: 3 Hollow Rectangle
5
E Hollowredangle
o =
= 1
10 d,
ETR d 1 e ¥ 1
i i
[13] : )
14
| 15 | LL E‘—L.
| 16 |
17
| 19 |axis 1 MNeutral Axis (1,2)
| 20 |t1b 1[in Side b
| 21 [t1hi 0.75]in Hollow Side bi
| 22 |t1d 2[in Side d
23 t1di 1.5]in Hollow Side di
24
il Output Value Unit Comment
| 26 |A 0.875]in"2 Area, A
|27 |ty Tlin Centroid to Extremity, y
|23 |1 0. 4557 29167 |in™4 Area moment of inertia, |
| 29 |1%c 04557 29167 |in*3 Elastic Saction Modulus, Vo
| 30 |t1r 0.7 21687835 ]in Radius of Gyration, r
|31 |7 0.5781258(in3 Flastic Section Modulus, £
| 32 |SF 1.268571429 Shape Factar, 5F
133 |t 2lin Depth
| 34 [k 0. 26796875 |in4 Torsional Stiffness Constant, K
| 35 (2 0.765625]in3 Shear Stress Constant, O
36 (21 0.38281248]in"3 Shear Stress Constant, Long Side, 21
37
k:p Flo
39
E o)
41
47 | Section 3 - Hollow Rectangle
| 43 ! ;
| 44 | '?2 I ;
45 =
S 1 P 3
| 47 | .25
| 48 | 5 ;
49 75 | :
| 50 al '
|51 4 -5 0 5
| 52 |
53
i r

You can now explore further on the Excel sheet. Change the inputs, change the units and see the results and
plots instantly update.
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Power User Mode Approach

The following series of problems uses the Power User Mode approach in the Roark’s Formulas for Excel
Explorer.

Problem 1

Suppose you are designing a beam having a hollow rectangular section and you need to know the area,
moment of inertia, and plastic section modulus.

Using the Roark’s Formulas for Excel Explorer, select Table A.1, Case 3 by either double-clicking it or by
clicking on it then clicking the Add button. Your selection is confirmed when it is displayed in the upper

right portion of the Explorer screen.

. Roark's Formulas for Excel ; 1[

B3 Table &1

1 Square

I

b Channel Section
B %ide-flange Beam

T Equallegged Angle

8 Unequallegged Angle
9 Equilateral Trianale

- 10 lzozceles Triangle
[ 44 Teicwwala il
< I _vl_l N i3

Selection : 0of 2 Add Hemowe |

Appendis: Properties of a Plane Area
Holl ey rectancle

5 TABLE &1
— Y Table &.1 - Properties of Sections
1 Pages 802 - §12
d 1 c." + 1 IMPORTAMT MOTE:

T If wou are loading a case from T able 4.7 with a beam case from
‘fl Chapter 8, you MUST zelect the cross zection from Table 4.1
l befare selecting the beam caze in order to get the strezs plat,

J %k

—h—n Caze: 3 Hollow Rectangle

Power Uzer Mode | Standard Uszer Mode Cancel

The Power User mode allows you to change the status of any variables to one of the following:

Output
List
Guess
Blank

O O O O

This unique ability of Roark’s Formulas for Excel allows you to solve for a variety of combinations of input
and output variables. We refer to this ability as backsolving. The Input form is shown below. There are three
tabs — Variables, Tables, and Plots.
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Rectangle<Table A.1<Cross-Section Properties < * oark's Formulas for Excel ﬂ

Yariables ITabIes | Plats |

“ariables
Sta... |Input |Name |Output Units Comments I;
Roark's Formulas for Stress and Strain
Properties of Sections
Section 3: Hollow Rectangle
1 axis Meutral Axis (1,2)
16 t1h in Side b
1.3125 t1hi in Hollow Side bi
275 t1d in Side d
2 t1di in Hollow Side di
A, 1775 in"2 Araa, A
t1y 1.375 in Centroid to Extremity, y
| 1.8979 in"d4 Area morment of inertia, | —
|%ac 1.3803 in"3 Elastic Section Modulus, Vo
t1r 1.034 in Radius of Gyration, r
ri 17125 in"3 Plastic Section Modulus, £
3F 1.2407 Shape Factor, 3F ;|

Wariables Tables Plats

Setup Layout Cancel |

Enter the following five input values for the Variables in the Input column.

Neutral Axis 1

Side b 1.6 in
Hollow side bi 1.3125 in
Side d 2.751in
Hollow side di 2in

The Comments column provides a description for each variable, including the nomenclature from the Roark’s
Formulas for Stress and Strain, 7" Edition handbook.

The Name column includes the variable names used in the math model.
Click the Solve button and the calculations appear in the Output column.

Select the Plots tab and view a plot of the section with your specified dimensions and neutral axis.
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Rectangle<Table A.l1-Cross-Section Properties<' oark's Formulas for Excel x|

Yariables | Tables Plots

Section 3 - Hollow Rectangle
1.8
1 :
5 :
04 : n
-1 .
1.5 I | I |
1 -5 1] 5 1

‘ariables Tables Flots Solve Setup Layout Cancel

Click the Setup Layout button and check the required options on the setup dialog boxes appearing in sequence
and then click on Finish button. This transfers the model description, definition sketch, selected Input/Output
Variables and Plots to the Excel sheet as shown in the following:
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E Microsoft Excel - Book1

&) File Edt Wiew Insert Format  Tools Data  Window  Help

NEHRERBIRR-9--4 @@ [im - 10
T E G e E
H3% - I
A | B | E | D

| 1 |Roark's Formulas for Excel
| 2 | Appendiz: Praoperties of a Plane Area TABLE A1
| 3 | Table A1 - Properties of Sections Pages 802 - 512
| 4 | Case: 3 Hollow Rectangle

&
E Hollos redtangle
i =
9] |
il d 1 ‘?I -+ 1
|11 1
2] EL Y
13 : l

14
15 EEC
| 16 |

17

15 Rl alLie 0 -
| 19 |axis 1 Meutral Axis (1,2
| 20 [t1h 1.6(in Side b
| 21 |t1hi 1.3124]in Haollow Side bi
| 22 |t1d 2.75]in Side d

23 t1di 2]in Hollow Side di

24

el Output Value Unit Comment
|26 A 1.775]in"2 Area, A
| 27 |ty 1.375]in Centroid to Extremity, y
|28 |1 1.897916667 |in4 Area morment of ineria, |
| 29 |1%c 1.38030303|in"3 Elastic Section Modulus, lfc
|30t 1.034044886 | in Radius of Gyration, r
131 )< 1.7125(in*3 Plastic Section Modulus, £
| 32 |SF 1.240865554 Shape Factor, SF
| 33|t 2.78(in Depth
| 34 K 1172440897 |in"4 Tarsional Stiffness Constant, K
1350 2.593945313 (in"3 Shear Stress Constant, Q
36 |1 0.994345703 |in*3 Shear Stress Constant, Long Side, Q1
37

35 fadle

39
| 40 |

41
47 Section 3 - Hollow Rectangle
ﬁ 1.5 .
44 i
45| 5
£ : 1
47 5
| 48 | - :
49 -1 :
L2 15—+
151 -1 0 1
| 52 |

53

a4
3
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Now, suppose that other considerations require that the area moment of inertia, | , be 2.0 in"4, and that you
are willing to adjust the dimension of side b, t 1b. You have several options:

1. You can manually try making changes to the side b value until the moment of inertia gets close
enough to 2.

2. You can use the Excel Solver add-in to automate the process.

3. You can reload the Roark’s Formulas for Excel Explorer and change the inputs there.

If you have already linked the model with Excel, option 2 will usually be the most efficient in cases where
just two variables are changing status. The Excel Solver will repeatedly run the model until the desired output
is obtained. If more than two variables are changing between outputs and inputs, returning to the Power User
input screen via the Roark’s Formulas for Excel Explorer is the best approach. We assume that you are
already familiar with the Excel Solver add-in and have it installed. If you need assistance in using it, consult
with the Excel Help utility or Microsoft Support.

For this practice problem, we will return to the Roark’s Formulas for Excel Explorer. Select Table A.1, Case
3 (hollow rectangular cross-section) again and click the Power User button to open the input form.

Enter 2 as the input value for Area moment of inertia and blank the input for side b by pressing the Spacebar
followed by Enter. (You can also blank an input by typing B in the Status field of the variable or double-
clicking on the Status field and selecting Blank from the drop-down list box.)

Click Solve for the revised outputs.

Rectangle <Table A.1-Cross-Section Properties<* oark's Formulas for Excel x|

Yariables ITabIes | Plats |

Yariables
Sta... |Input |Name |Output Units Comments I;
Roark's Formulas for Stress and Strain
Properties of Sections
Section 3: Hollow Rectangle
1 axis MNewutral Axis (1,2)
t1h in Side b
13125 t1hi in Haollow Side hi
275 t1d in Side d
2 t1di in Haollow Side di
A, in2 Area, A
t1y in Centroid to Extremity, y
2 | in4 Area moment of inertia, | =
1% in*3 Elastic Section Modulus, i
t1r in Radius of Gyration, r
7 in*3 Plastic Section Modulus, Z
SF Shape Factor, SF j
‘ariables Tables Plots Solve Setup Layout Cancel

Click on Setup Layout button, check the required options on setup dialog boxes appearing in sequence and
click Finish button. The revised model including description, definition sketch, selected Input/Output
Variables and Plots are transferred to Excel.
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A | B | c |

Roark's Formulas for Excel
Appendix:. Properties of a Plane Area TABLE A1
Table A1 - Properties of Sections Pages 802 - §12

Case: 3 Haollow Rectangle

Hollow rectangle

2 'y?
T
W 1
d 1 i -+ T
%
= i
A bk

Input Value Unit Comment

| 19 |axis 1 Meutral Axis (1,2

| 20 |t1bi 1.3125(in Hollow Side bi

| 21 |t1d 2.78]in Side d

| 22 |t1di 2lin Hollow Side di

23l 2|in"4 Area mament of inertia, |

24

gl Output Value Unit Comment

| 26 |t1b 1.658580308|in Side b

| 27 | A 1.93698347 1 |ins2 Area, A

|28 |ty 1.375]in Centroid to Extremity, y

|29 |1%c 1.454545455(in*3 Elastic Section Modulus, I
|30t 1.01613647 4 in Radius of Gyration, r

13117 1.823863636|in"3 Plastic Section Modulus, £
32 |5F 1.26390625 Shape Factor, 3F

|33 |t 2.75]in Depth

L34 |1 2]in*4 Area moment of inertia, |

| 35 |K 1.408899524 |in4 Tarsional Stiffness Constant, K
|36 |0 2 BABADSEESR i3 Shear Stress Constant, Q

37 | 1.222297526(in"3 Shear Stress Constant, Long Side, Q1
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