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1.2

Wind Loads on Signs 2002

Introduction

Standards Design Group, Inc., (SDG) developed this software in conjunction with
Sign Industry professionals to provide sign shops with the ability to design and
estimate an adequate sign structure, consistent with the International Building
Code (IBC) which has recently been adopted in many jurisdictions throughout the
United States. The IBC requires calculation of wind loads and the resulting forces
in a way that significantly differs from the calculations that the sign industry
traditionally used. In many cases, sign shops must submit bids or quotations for
projects prior to incurring the costs of a registered professional engineer. This
program is designed to assist these sign shops in selecting structural materials that
meet or exceed the engineering requirements for the defined site parameters.
Once the job has been contracted, a registered professional engineer, familiar with
sign design, should be able to provide an adequate structure, consistent with the
design parameters, within the material costs estimated for the job.

Features

WLSGNO02 operates in a Windows™ environment and performs design
calculations for sign structures with multiple panels and tapered supports.
Toggling between US standard and Sl units is easy by the press of a single button,
updating all entered values. The program’s ability to “read” the basic wind speed
directly from a built-in version of the Basic Wind Speed maps given in Figure 6-1
of both ASCE 7-98 and ASCE 7-02 provides ease in determining the basic wind
speed for the design structure. WLSGNO2 takes into account user defined
topography factors and includes sample figures of standard topographic shapes.

The user can easily define panel parameters by entering the panel height, panel
width, panel center offset, and solidity ratio. WLSGNO02 allows the user to
“taper” each support by allowing multiple sections of different widths and cross-
sections. WLSGNO2 calculates wind forces, shear forces, bending moments, and
torques acting at program-selected height intervals or at user-defined height
intervals.

WLSGNO02 produces detailed reports showing the wind pressure, shear force,
bending moment, and torque acting on the sign structures. The user can "click"
on various intermediate values of the Main Wind Force Resisting System
(MWERS) results to obtain the details of the calculations for a specific value,
including: velocity pressure, gust effect factor, pressure coefficients, and sign
structure forces. The printed detailed report provides user-defined and computed
data suitable for presentation to a building official. The program also allows the



user to select adequate supporting members for the supporting structure based on
the wind loads for cost estimation purposes.

Calculators within WLSGNO02 allow the user to "play” with parameters without
changing the current design. The user can print results from the calculators
individually. These printouts provide the entered data, intermediate calculations
with equations, and final computed values.



2.1

2.2

Getting Started

Opening Wind Loads on Signs 2002

WLSGNO2 opens in three ways. (1) The user can follow the path “start/All
Programs/Standards Design Group, Inc/Wind Loads on Sign 2002”, or (2) the
user can double click on a program file with the extension .wss. (3) If the user
creates a program shortcut, the user can open the program by double clicking on
this shortcut.

Starting a New Design

When the program starts, a startup screen, shown in Figure 2.1, appears. Click on

“Create a New Sign Design” and click ok |to begin a new design.

9 Wind Loads on Signs 2002 g‘

? * Creste a Meve Sign Design

lﬁ_?-‘ " (Open an Existing Sion Desian

Ok | Cancel |

Figure 2.1: Wind Loads on Signs 2002 Startup Window

The file path “File/New Sign Design” (Figure 2.2) or Ctrl+N begins a new sign
structure design. This resets all the values in the current sign design to the default
values and begins a new sign structure design. The “New Sign Design” button
on the toolbar, shown in Figure 2.3, also begins a new design.
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Figure 2.2: New Sign Design Menu

2.3 Opening an Existing Design

#& Wind Loads on Signs 2002
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t:‘ﬂl&él'ﬁ' = = us S
Wy Information
Mumbet of Supparts m
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Figure 2.3: New Sign Design Button

WLSGNO2 provides three convent ways to open an existing sign structure design.
The first method consists of selecting “Open an Existing Sign Design” in the
WLSGNO2 startup window (Figure 2.1), clicking ok | selecting the desired
file path (Figure 2.4), and clicking on the open button. The second method
consists of clicking “File/Open Design,” as shown in Figure 2.5, or by simply
pressing Ctrl+O. The third method consists of clicking the “Open Design” icon
on the toolbar as shown in Figure 2.6, and selecting the desired file path as Figure

2.4 shows.
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Figure 2.4: Open an Existing WLSGNO2 Program
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Figure 2.5: Open Design Menu
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Figure 2.6: Open Design Button
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Saving a Document

To save the current design, click “File/Save Design” or “File/Save Design As”
(Figure 2.7) or click the “Save Design” button . If the current design has not
been previously saved, the program opens the “Save As” window (Figure 2.8).
Type in a file name and press the save button on the bottom right hand corner of
the window (Figure 2.8) to save the file to the desired directory on the computer’s

hard drive.

= Wind Loads on Signs 2002

=N Design  Calculators  Standards

Options  Window

Mew Sign Design Chrl4+M 'rl_-r -:@:- us sl
Cpen Design ChrHO
Save Design As k
Structure Categary
Repart Print Options
Print Presview _
Prink Chrl+P .
Height it
Project Info
: OIS
Exik on 0.0

Figure 2.7: Save Design
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Figure 2.8: “Save As” Window
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2.6

Selecting a Design Standard

WLSGNO2 uses ASCE 7-98 or ASCE 7-02, at the user’s option, to compute the
wind loads acting on a sign structure. To change the current design standard,
click on the path “Standard/ “Design Standard’™ as Figure 2.9 shows.

o Wind Loads on Signs 2002

File Design Calculators BEE=REEes

Options  Window  Help
Ol o 7 ASCET-56 g g

#& Signs Design Information

Mumber of Supports u vl Structure Category ||l -

Figure 2.9: Design Standard

System of Units

WLSGNO02 works in both US and SI units. It allows the user to toggle between
US and SI systems of units, automatically updating all the entered data. To
change the system of units click on the path “Options/System of Units/ “System of
Units” as Figure 2.10 shows. WLSGNO2 defaults to US units.

& Wind Loads on Signs 2002

File Design Calculators  Standards Regsld]

window  Help

em of Units ¥
)
98 Signs Design Information

Mumber of Supparts u - Structure Categary |1l -

s

Figure 2.10: System of Units

Project Information

The “Project Information” window (Figure 2.11) contains reference information
about the design project that includes the project name, location, and designer.
The window provides a field for comments and other information relevant to the
project. The data entered are for the user’s information only. WLSGNO2 does
not require these data for design calculations.



¥ Project Information

Project Mame: |

Location: |

By |

Start Date: W
Comments

QR

Figure 2.11: Project Information

2.8 Printing a Document

WLSGNO2 prints a detailed report suitable for presentation to a building official.
It allows the user to select which pages to print and also provides a print preview
of the information provided in the current design.

2.8.1 Print Design Window

Figure 2.12 shows the “Print Design” window. The “Print Design” window
allows the user to select the reports to print. The choices include the “Title Page”,
the “Location Information” page, and the “Sign Structure Data” page. Upon
completion of the MWFRS calculation the program allows the user to print the
“MWFRS Results” page.



2.8.2

9% Print Design

v Title Page

v Location Infarmation
v Sign Structure Data
v MAFRS Results

Ok a

Figure 2.12: “Print Design” Window

To select the desired pages to print, simply place a check in the box next to the
desired pages. This tells the program to print the selected page. Once all
selections are made, press the 0k |button on the bottom right hand corner of
the “Print Design” window. This will display the “Print” window.

Print Window

To print a document, follow the path “File/Print” or press the “Print” button .
This displays the “Print Design” (Figure 2.12) window, allowing the user to select
the pages to print. After selecting the desired pages, press the ok | button on
the “Print Design” window and the “Print” window appears (Figure 2.13). Select
the current printer in the printer section of this window. Pressthe 0Ok | button
on the bottom right hand corner of “Print” window and the program prints the
design report.

Print

Prirter

M ame: HFP C Lazerl et 4550 PCLE Properties...
Status: Ready
Type: HF Color Lazerlet 4550 FCL B

“Where:  HPColorLaser)et4550

Camment: [ Pritit to file
Print range: Copiez

v all Mumber of copies: 1 El:
© [ e

- :

Ok | Cancel

Figure 2.13: “Print” Window



2.8.3 Print Preview

WLSGNO2 provides print preview functionality. Simply click on the path
“File/Print Preview” as Figure 2.14 shows. The “Print Design” window (Figure

r the current project. Pressthe ok |
WLSGNO2 shows a preview of the

2.12) appears. Select the pages to print fo
button on the “Print Design” window and
current report.

& Wind Loads on Signs 2002

=N Design  Calculators  Standards  Options — window

Mew Sign Design ChrH-M
Cpen Design ChrH-O

Save Design ChrH+5
Save Design As

Repart Print Opkions

Prink Chrl+P [\'S

Project Info

Exit:

Figure 2.14: Print
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Sign Design Information

3.1 Access

To access the “Sign Design Information” window, click the path
“Design\Input\Sign Design Information” (Figure 3.1) or the “Sign Design
Information” button as Figure 3.2 shows.

& Wind Loads on Signs 2002

File BMEEMWWM Calculators  Standards  Options  Sindo

& Wind Loads on Signs 2002
File Design Calculators  Standards  Options  Windo

D Sign Design Information | D = n Q 1| ngz .:@:. us sl

Results Location Information k

Height Increment . C RS Tl P W e YW1 Sign Design InFormation
Cptional Factors

Mumber of Supp SuUPPort Manager

Mumber of Supports - Structure Categor

Panel Properies Panel Properties

Descrigtion Description

Figure 3.1: Sign Design Information Figure 3.2: Sign Design Information
Menu Button

3.2 User Defined Input

The “Sign Design Information Window”, shown in Figure 3.3, allows the user to
define all the panel and support properties necessary to analyze the wind forces,
shear forces, bending moment, and torque acting on the sign structure.

3.3  Number of Supports

WLSGNO2 facilitates a sign structure with zero to two supports. For sign
structure designs with zero supports the programs considers a single panel at
ground level. The program disables the panel “Top Height” input, the panel
“Center Offset” input, and all support properties as Figure 3.3 shows.
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9 Signs Design Information

Number of Supports IE vl Structure Category III vl

Panel Properties
Description Height Wyickth Solidity | Round | Member
Ratio | Members) Diameter
(ft) (1) (%) (ft)

oo oo 100 I 00

T Support Properties ————— ] [ Sign Sketch
Support Spacing Ig_g ft

Mumber of Sections |1

Wicth Support
(in) Shape

Figure 3.3: Sign Design Information Window, Zero Supports

For sign structures with one or more supports, the program allows a multiple
panel sign structure design. For a single support sign structure, the program allows a
“Center Offset” input for each panel and a support with multiple segments and shapes as
Figure 3.4 shows.

For sign structures with two supports the program disables the panel “Center
Offset”, but allows supports with multiple segments and shapes.
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3.4

34.1

3.4.2

9 Signs Design Information

Number of Supports Iu vl Structure Category III vl

Height Wyickth Certer | Solidty | Round | Member
COrffset Ratio | Members Diameter
(1) (it (ft) (%) (it

oo Y] on 100 I 0.0

T Suppor Properties T Sign Sketch

Support Spacing

ID.D it
Mumber of Sections |1

Support Dimensions
Height Wictth ‘

(it (in)

0o on

Support
Shape

Square

Figure 3.4: Sign Design Information Window, One Support

Structure Category

WLSGNO2 allows structure categories of I, 11, 1l1, or IV. ASCE 7-98 and
ASCE7-02 define each structural category in Table 1.1. This program assigns a
default value of structure category Il for design calculations.

Structure Category |

ASCE 7-98 and ASCE 7-02 classify Category | as, “buildings and other
structures that represent a low hazard to human life in the event of failure
including, but not limited to agricultural facilities, certain temporary facilities,
and minor storage facilities.”

Structure Category 1l

ASCE 7-98 and ASCE7-02 classify Category Il as, “All building and other
structures except those listed in Categories I, Il and IV.”
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3.4.3

344

Structure Category Il1

ASCE 7-98 and ASCE7-02 classify Category Il as, “buildings and other
structures that represent a substantial hazard to human life in the event of failure
including, but not limited to buildings and other structures where more than 300
people congregate in one area, buildings and other structures with day-care
facilities with capacity greater than 150, buildings and other structures with
elementary or secondary school facilities with capacity greater than 150, building
and other structures with a capacity greater than 500 for colleges or adult
education facilities, health care facilities with a capacity of 50 or more resident
patients but not having surgery or emergency treatment facilities, jails and
detention facilities, power generating stations and other public utility facilities
not included in Category IV”

Structure Category 1V

ASCE 7-98 and ASCE7-02 classify Category 1V as follows:

Buildings and other structures containing sufficient quantities of toxic, explosive
or other hazardous substances to be dangerous to the public if released including,
but not limited to , petrochemical facilities, fuel storage facilities, manufacturing
or storage facilities for hazardous chemicals, manufacturing or storage facilities
for explosives.

Buildings and other structures that are equipped with secondary containment of
toxic, explosive or other hazardous substances (including, but not limited to
double wall tank, dike of sufficient size to contain a spill, or other means to
contain a spill or a blast within the property boundary of the facility and prevent
release of harmful quantities of contaminants to air, soil, ground water, or
surface water) or atmosphere (where appropriate) shall be eligible for
classification as a Category Il structure.

In hurricane prone regions, building and other structures that contain toxic,
explosive, or other hazardous substances and do not qualify as Category IV
structures shall be eligible for classification as Category Il structures for wind
loads if these structures are operated in accordance with mandatory procedures
that are acceptable to the authority having jurisdiction and which effectively
diminish the effects of wind on critical structural element which alternatively
protect against harmful releases during and after hurricanes.

Buildings and other structures designated as essential facilities including, but not
limited to, hospitals and other health care facilities having surgery or emergency
treatment facilities, fire, rescue and police stations and emergency vehicle
garages, designated earthquake, hurricane, or other emergency shelters,
communications center and other facilities required for emergency response,
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3.5

power generating stations and other public utility facilities required in an
emergency, ancillary structures (including, but not limited to communication
towers, fuel storage tanks, cooling towers, electrical substation structures, fire
water storage tanks or other structures housing or supporting water or other fire-
suppression — material or equipment) required for operation Category IV
structures during an emergency, aviation control towers, air traffic control
centers and emergency aircraft hangars, water storage facilities and pump
structures required to maintain water pressure for fire suppression, buildings and
other structures having critical national defense functions.

Panel Properties

The Panel Properties grid facilitates the input of panel properties necessary to
define a sign structure with single or multiple panels. Eight properties describe
the panels for analysis. The *“Description” assigns each panel a name. “Top
Height”, “Height”, “Width”, and “Center Offset” describe the dimensions and
locations of individual panels, and “Solidity Ratio”, “Round Members”, and
“Member Diameter” describes the construction of each panel. Figure 3.5 shows
the Panel Properties grid with one support.

Parnel Properties

De=cription Top Height | Wicth Certer | =olidity | Round | kember
Height Offzet | Ratio | Members | Diameter

[t Cft) (fta (it (%) (it

0.0 oo 0o 0.0 100 r 0.0

Figure 3.5: Panel Properties

3.5.1 Description

The description column allows the user to assign each individual panel a unique
name. WLSGNO2 uses this name to distinguish between each panel for the sign
structure calculations. Without a description, the program disables all panel
properties for the current panel, such as height or width. Once the user enters a
panel description two events occur. (1) WLSGNO2 adds an additional row to
facilitate another panel for the sign structure. (2) WLSGNO2 enables all panel
properties for the current panel.
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3.5.2

3.5.3

3.54

3.5.5

3.5.6

Top Height

The “Top Height” column defines the vertical distance, in feet (meters), from
ground level to top of the current panel. WLSGNO2 defines ground level as zero
elevation.

Height

The “Height” column defines the vertical dimension of the current panel in feet
(meters). The height of the panel cannot be greater that top height of the panel,
since this creates a panel below ground level. If the user inputs a panel height
greater than the top height WLSGNO02 immediately updates the top height and
assumes the panel springs from the ground.

Width

The “Width” column defines the horizontal dimension of each panel in feet
(meters).

Center Offset

WLSGNO2 allows the user to enter a center offset, in feet (meters), for single
supported sign structures. For sign structures with multiple supports, the program
disables the center offset. The user can enter a panel “Center Offset” value,
negative or positive, no greater than one-half the sign width. This keeps the panel
attached to the support. For sign structures with zero or two supports, the
program disables the “Center Offset.”

Solidity Ratio

WLSGNO2 considers the solidity ratio as the ratio of solid area to gross area
multiplied by 100 for each individual panel as ASCE 7-98 and ASCE7-02 define
in Table 6-12. ASCE 7-98 or ASCE7-02 classifies a panel as open if the solidity
ratio less is than 70%. WLSGNO2 enables the typical “Round Member” column
for the current panel for open signs.
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3.5.7

3.5.8

3.5.9

3.6

Round Members

Place a check the checkbox in the “Round Member” column if current panel
contains round members. This enables the “Member Diameter” column for the
current panel, and allows the user to define the round member’s diameter. If the
“Solidity Ratio” is greater than 70%, WLSGNO2 disables this column for the
current panel.

Member Diameter

Placing a checkmark in the “Round Member” column for the current sign enables
the “Member Diameter” column for the current panel. Enter the typical round
member diameter of the panel, in feet (meters), for the panel openings as defined
in ASCE 7-98 and ASCE7-02, Table 6-12. If the Solidity Ratio is less than 70%
WLSGNO2 disables the “Member Diameter” for the current panel.

Delete Row

WLSGNO?2 facilitates the mechanism required to delete a panel row and all of its
contents. First select the current panel row (indicated by a dark triangle in the
first column) by clicking on the gray cell to the left of the panel description row.
Then right click on that same cell and select delete row as shown in Figure 3.6. A
pop-up window will appear to verify the program is deleting the correct panel.
Select Ok to delete the selected current panel row.

Panel Propetti

iption Top Heigght Wickh Certer | Solidity | Round | Member
Height Offzet Ratio | Members Diameter
[1t) (1t (1t [t (%) (1t

Sample Panel 1 oo 0o 0o on 100 B 0o

omelo Tocal 0 0.0 an an 0.0 100 [ an
Delete Row [

Figure 3.6: Deleting a Row in the Panel Properties

Support Properties

The Support Properties object facilitates the supports properties necessary to
determine the wind load forces acting on the supporting structure. The support
properties include the support spacing, number of sections (for tapered supports),
and the width, height, and support shape of each section as shown in Figure 3.7.
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3.6.1

3.6.2

3.6.3

3.6.4

Support Propetties
Support Spacing W #

Mumber of Sections 4

Support Dimensions

Height Width Support
(ft) (in) Shape

0o 0.n Souare

Figure 3.7: Support Properties

Support Spacing

Support Spacing defines the horizontal centerline distance in feet (meters)
between each support. WLSGNO2 disables the support spacing for designs with
zero or one support.

Number Of Sections

This allows the user to define the number of sections in the supporting structure.
Using multiple sections allows the design of a support structure that has multiple
widths, shapes, and heights.

Height

The “Height” column of the “Support Dimensions” table defines the vertical
distance to the top of the support segment in feet (meters) with respect to the
ground level. WLSGNO2 automatically fills the height column with evenly
spaced sections based on the total sign structure height. The program then allows
the user to adjust these values to facilitate the actual supporting structure
dimensions.

Width

The “Width” column defines the diameter of a circular cross-section or the least
horizontal dimension of a square, hexagonal, or octagonal cross-section for each
support segment in inches (cm) as defined in Table 6-10 of ASCE 7-98 and
ASCE7-02.
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3.6.5 Support Shape

3.7

WLSGNO2 allows two different supports shapes for each support segment defined
in Table 6-10 of ASCE 7-98 or ASCE7-02. The allowed shapes include square
and round.

Sign Sketch

WLSGNO2 draws a scaled sketch of the sign structure (Figure 3.8) for the current
project. The sketch dynamically updates as the user enters information.

The user can also copy the sign sketch to paste into other applications. Right
click on the sign sketch and a pop-up window appears as shown in Figure 3.8.
Click on “Copy Sketch” to send the sign sketch to the clipboard as a bitmap
image.

Sign Sketch

M

Figure 3.8: Sign Sketch
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3.8

Foundation Input

Foundation design is complicated, therefore Wind Loads on Signs 2002-Plus
could only provide a simplified design to maintain affordable costs. The design is
from UBC 1806.8.2 and IBC 1805.7.2. Referring to Figure 3.9, the user may
choose from five soil options whose descriptions are displayed in the box at the
bottom of the window. The estimated foundation diameter is then entered in the
right-hand box. From this information Wind Loads on Signs 2002-Plus calculates
a recommended depth for the foundation. An example output is shown in figure
3.10.

\**| Foundation Input

Sail Type: "’l Foundation Diameter; 0 in

Sail Type Information

The =il surounding the foundation iz zand, =ity zand, clavey sand, =iy
gravel, and clayey gravel - Tppical Blow Count: 7 to 25

ok

Figure 3.9: Foundation Input Window

\- | Foundation Design

Soil Type: Fair
gand, zily zand, clayey zand, =ity gravel, and clayey
aravel - Typical Blaw Count: 7 ta 25

Diameter: 0 in

Depth: It

Figure 3.10: Foundation Results Window
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Location Information

4.1 Access

To access the Location Information window (Figure 4.1), click the “Location
Information button”@, or click the path “Design\ Input\Location.”

¥ | pcation Information

Terrain Exposure Bazic Wind Speed
c - Wind Speed Value o mph
|Cortinertal LS4, | View Map

Topography

Topographic Shape Lk H %
2.0 Ridge . 0.0

Z)

ol

=
(L prvircd )

Figure 4.1: Location Information Window

4.2 User Defined Input

WLSGNO?2 utilizes the terrain exposure, basic wind speed, topographic shape, and
the topographic shape factors to obtain the forces necessary to design a sign

structure.

21



4.2.1 Terrain Exposure

WLSGNO2 uses the terrain exposure categories from Section 6.5.6 of ASCE 7-98
or ASCE7-02, and terrain exposure C as the default value.

4.2.1.1 Exposure A

Exposure A encompasses large city centers in which at least 50% of the buildings
have a height in excess of 70 ft (21.3 m). Use of this exposure category shall be
limited to those areas for which terrain representative of Exposure A prevails in
the upwind direction for a distance of at least %2 mile (0.8 km) or 10 times the
height of the building or other structure, whichever is greater. Possible
channeling effects or increased velocity pressure resulting from the building or
structure being located in the wake of adjacent building shall be taken into
account. Exposure Category A has been deleted from ASCE7-02.

4.2.1.2 Exposure B

Exposure B encompasses urban and suburban areas, wooded areas, or other
terrain with numerous closely spaces obstructions having the size of a single
family dwelling or larger. Use of this exposure category shall be limited to those
areas for which terrain representative of Exposure B prevails in the upwind
direction for a distance of at least 1,500 ft (460 m) or 10 times the height of the
building or structure, whichever is greater.

4.2.1.3 Exposure C

Exposure C encompasses open terrain with scattered obstructions having heights
generally less that 30 ft (9.1 m). This category includes flat open country,
grasslands and shorelines in hurricane prone regions.

4.2.1.4 Exposure D

Exposure D encompasses flat, unobstructed areas exposed to wind flowing over
open water (excluding shorelines in hurricane prone regions) for a distance of at
least 1 mile (1.61 km). Shorelines in Exposure D include inland waterways, the
Great Lakes and coastal area of California, Oregon, Washington, and Alaska.
This exposure shall apply only to those buildings and other structures exposed to
the wind coming from over the water. Exposure D extends inland from the
shoreline a distance of 1,500 ft (460 m) or 10 times the height of the building or
structure, whichever is greater.
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4.3

4.4

Basic Wind Speed

The basic wind speed corresponds to a 3-second gust at 33 ft (10 m). WLSGNO02
facilitates a “user defined” wind speed value or the program can “read” the ASCE
basic wind speed maps. WLSGNO2 supplies the user with a depiction of the basic
wind speed maps given in Figure 6-1 of ASCE 7-98 and ASCE7-02. Standards
Design Group, Inc. divided these maps into counties and allows the user to point
and double click on the location where the sign structure is located. The program
then reads and interpolates the basic wind speed as Figure 4.2 shows. To access
these maps click on the view map button shown in Figure 4.1. To select Alaska,
Hawaii, Puerto Rico, Guam, American Samoa, and the Virgin Islands, click on
the drop down list shown in Figure 4.1 and select the region in question. Since
Hawaii, Puerto Rico, Guam, American Samoa, and the Virgin Islands have a wind
speed allocated for their whole regions, WLSGNO2 does not provide maps of
these regions. Instead WLSGNO2 uses the single basic wind speed value for these
regions defined in Figure 6-1 of ASCE7-98 and ASCE7-02.

BEIES

-

L Basm Wind Speed Map - Continental US
‘m '1-1-. VQ(' e e

(“KP "-‘ W’ 'i’.ﬁ Ili'i
‘

5}1‘2{.%%

—

40(63)

. .15067)

Figure 4.2: Basic Wind Speed Map

Topography

WLSGNO2 takes into account topographic factors for the sign structure design.
According to ASCE 7-98, “wind speed-up effects at isolated hills, ridges and
escarpments constituting abrupt changes in the general topography, located in any
exposure category, shall be included in the design when buildings and other site
conditions and locations of structures meet all of the following conditions:
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44.1

The hill, ridge or escarpment is isolated and unobstructed upwind by other similar
topographic features of comparable height for 100 times the height of the
topographic feature (100 H) or 2 mi (3.22 km), whichever is less. This distance
shall be measured horizontally from the point at which the height A of the hill,
ridge, or escarpment is determined,

The hill, ridge or escarpment protrudes above the height of upwind terrain
features within a 2 mi (3.22 km) radius in any quadrant by a factor of two or
more;

The structures is located as shown in Fig. 6.2 in the upper one-half of a hill or
ridge or near the crest of and escarpment;

H/L,<0.2; and

H is greater than or equal to 15 ft (4.5 m) for Exposures C and D and 60 ft (18 m)
for Exposures A and B”

Topographic Shape

WLSGNO02 takes into account topography factors for the location of a sign
structure. The program allows the user to select four different topographic

shapes, none, 2-D Ridge, 2-D Escarpment, and 3-D Axisymmetric Hill as shown
in Figure 4.3.
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443

4.4.4

@8 | pcation Information

Terrain Exposure Basic Wind Speed

C - Wind Speed Yalue 125 mph
|Continertal US4 | view Map

Topography
Topographic Shape Ly H %
2.0 Ridge > Joo# oo f oo f

Mane |

z
2-D Escarpment

3-D Axizymmetric Hill

Spaed-up

{ Dawrwingd)

Figure 4.3: Topography Shapes

Ly

ASCE 7-98 and ASCE 7-02, Figure 6-2 defines L, as the distance upwind of the
crest to where the difference in ground elevation is half the height of the hill or
the escarpment, in feet (meters).

H

ASCE 7-98 and ASCE 7-02, Figure 6-2 defines H as the height of hill or
escarpment relative to the upwind terrain, in feet (meters).

X

ASCE 7-98 and ASCE 7-02, Figure 6-2 defines x as the distance (upwind or
downwind) from the crest to the sign structure, in feet (meters).
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5.1

5.2

5.3

5.4

Optional Factors

Access

To access to the “Optional Factors” window (Figure 5.1) click on the “Optional
Factors” button , or click on the path “Design\Input\Optional Factors.”

#® Optional Factors E|E|EI

r Check to Set Gust Effect
Factar to 0.85

Damping Ratio % Critical

Matural Freguency Hz

Check if uzing load combinations:
framn sources other than in ASCE
7 Section 2

Figure 5.1: Optional Factors Window

User Defined Input

The “Optional Factors” window allows the user to set the gust effect factor to
0.85 or enter a damping ratio and natural frequency causing the program to treat
the sign structure as a flexible structure.

Check to Set Gust Effect Factor to 0.85

ASCE 7-98, Section 6.5.8.1 allows the user the set the gust effect factor to 0.85
for rigid structures. If the user does not check this box, WLSGNO2 calculates a
rigid gust effect factor using Equation 6-2 from ASCE7-98 or ASCE 7-02.
Damping Ratio

The damping ratio is a percent of the critical total sign structure height, horizontal

dimension of the sign structure normal to the wind direction, and the horizontal
dimension of a building measured parallel to the wind direction.
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5.5

5.6

Natural Frequency

This field allows the user to define a natural frequency for the sign structure. The
programs calculates a gust effect factor using ASCE 7-98 or ASCE 7-02,
Equation 6.6 if the user inputs a damping ratio and a natural frequency for the
sign structure.

Check for Other Load Combinations
ASCE calibrated the wind directionality factor, Kg, using load combinations
specified in ASCE 7-98 or ASCE7-02 Sections 2.3 and 2.4. If other load

combinations are used in the sign structure design, the program sets the wind
directionality factor to 1.0.
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6.1

6.2

6.3

Height Increment

Access

To access the “Height Increment” window (Figure 6.1) click the “Height
Increment” button |g&=|, or by clicking on the path “Design\Input\Height
Increment.”

¥® Height Increment ... |Z||§|[z|
Increment Method

{+ Standard
" User Defined

[sranaaraList =]

Auto

Increment Interwval
ft
Mumber of Intervals

l_

[ s |

Figure 6.1: Height Increment, Standard Increments

User Defined Input

The height increment window customizes the height increments for the wind
loads calculations.

Standard Increment Method

WLSGNO2 automatically uses the standard height increments given in ASCE 7-
98, Table 6-5, or ASCE7-02, Table 6-3, for design calculations. When the

standard increment method is selected, the program uses these increments for
wind load computations.
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6.4

6.4.1

User Defined Height Increment Method

The user defined height increment method allows the user to specify the height
increment in which the program calculates the wind loads for the sign structure.
WLSGNO2 maintains the values of the total sign structure height, support heights,
top panel heights, and bottom panel heights in the height increment list even when
the user defined increment method is selected. WLSGNO02 DOES NOT allow the
deletion of these values.

Standard List

The standard list allows the user to enter random height values for design
computations. The user can add new height increment values by right clicking on
the first column (gray) of the height increment list. The program then displays a
popup menu that allows the user to add a new row as shown in Figure 6.2. This
adds a new cell to the z column with a value of 0.0 Figure 6.2. The user can then
enter the desired height in this cell. The program automatically sorts the height
list as shown in Figure 6.2. (Note: The user cannot enter a height increment
greater than the total sign structure height.)

¥ Height Increment ... |ZHE|E\

Increment hMethod
zift)
2n
280
290

" Standard
(¥ uger Defined

#® Height Increment ...

Increment Method

" Standard
+ User Defined

FEx

¥ Height Increment ... |Z||§|E|

Increment higthod

" Standard
{+ User Defined

¥ Height Increment ... \ZHE\FZQ

Increment Method

" Standard
{* Uszer Defined

Standard List - s Standard List = Standard List - Standard List -
Auta mDelete Frow ! Auto Auto Auto
Increment Interval Incremert Interwal Incremert Interyal Increment Interval
it it it ft
Mumbet of Intervals Mumber of Intervals Mutnber of Intervalz Mumber of Intervals
Clear List Clear List Clear List Clear List

Figure 6.2: Adding a New Height to the Height List

6.4.2 Auto Increment

The auto increment function increments the height list for a specified number of
intervals as Figure 6.3 shows.
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6.4.2.1 Increment Interval

The program calculates the wind loads acting on sign structure based on the
increment interval when defined. For instance the program will calculate the
wind loads every five feet if the increment interval is set to five feet as shown in
Figure 6.4.

6.4.2.2 Number of Intervals

Number of intervals gives the user the freedom to the stop the increment intervals
at a predetermined height. Figure 6.4 shows an incremented interval at five feet
with eight intervals. As Figure 6.4 shows, the incremented intervals stop at forty
feet.

¥ Height Increment ... |._||_|E| W% Height Increment ... |._||_|[z|
Increment kMethad Incremert hethod
" Standard " Standard z(ft)
{¢ User Defined {* User Defined =0
10.0
15.0
Auto Incremert - Auta Increment - 200
Standard List Auto 2510
270
Increment Intery Increment Interwal 2a0
o i g L 23.0
Mumber of Intervals Mumber of Intervals 300
0 a 333
350
b 400
Clear List Clear List

Figure 6.3: Height Increment Window, Figure 6.4: Height Increment Window,
Auto Increment Increment Interval and Number of Intervals
6.5 Clear List

The clear list button clears all values in the height increment list except those vital
to wind load computation, such as support heights, top panel height, and bottom
panel heights.
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Support Manager

7.1 Access

To access the “Support Manager” window (Figure 7.2) click the path
“Design\Input\Support Manager” as shown in Figure 7.1.

& WWind Loads on Signs 2002
IE Calculators  Standards  Ophions  Wwindo

Sign Design Information
Location Information
Height Increment
Cptional Factors

Description Height it

(ft) ()
0.0 0.0

Figure 7.1: Support Manager Window

= Support Cross-Section Manager

Support Shape: IFh:nund Fipes vl

Capacity

[fe-kip) fin] fin]

 orment Diamneter Thickness Wieight Remarks
[Ib2fH)

Add Jul3

Figure 7.2: Support Cross-Section Manager
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7.2

7.3

7.4

Support Cross-Section Manager

The Support Manager allows the user to add custom support cross-sections (round
pipes or square tubing). The user can enter the bending moment capacity, the
diameter or width, thickness, and weight of the cross-section for designs.
WLSGNO2 does not allow the user to edit supports provided by the program.

Adding a Custom Cross-Section

To add a custom cross-section, click on the add button shown in Figure 7.2. This
will add a new line to the database with all the section properties as shown in
Figure 7.3. Click each cell to edit the values in the manager.

9% Support Cross-Section Manager

Suppart Shape: IFh:uund Fipes = I

koment ‘ Diamneter ‘ Thickness ‘ Weight ‘ Remarkz

Capacity
[ft-kip] [in] [in] [Ib/ft)

1] 0 1] 0

Figure 7.3: Adding a New Section Property

Deleting a Cross-Section from the Database

To delete a cross-section from the database right click on the row header and
select “Delete Current Row” as shown in Figure 7.4. A dialog box will confirm
the delete. Select “Yes” to delete the current row or select “No” to cancel the
deletion of the current row. Warning: Selecting “Yes” permanently removes the
custom cross-section from the database.
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& Support Cross-Section Manager

Suppart Shape: IHound Pipes vl

Capacity
[ft-kip) (in) (i) (IbAft)

Marment Diameter Thickness ‘wheight ‘ Remarks

Figure 7.4: Deleting a Row from the Support Manager
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8.1

8.2

Main Wind Force Resisting System Results

Access

WLSGNO2 calculates the wind loads, shear forces, bending moment, and torque
when the user clicks the path “Design\ Results\ All MWFRS Calculations.”
WLSGNO2 also allows the user to compute the wind load calculations separate
from the support internal forces calculation. To compute only the wind loads,
click “Design \ Results \ MWFRS Wind Loads.” To compute only the support
internal forces, click “Design\ Results\ MWFRS Support Forces.”

If critical values are missing or the user inputs invalid values, WLSGNO2 prompts
the user to correct these values; else, the program asks whether the structure is
rigid or flexible as shown in Figure 8.1. If the structure is considered rigid, press
“No.” If the user presses “Yes” the optional factor window appears. The
appropriate values then must be entered in the “Optional Factor” window as
described in Section 5.

Flexible Structure |§|
Due ko its dimensions, this structure may be flexible.

Do wou wank ko specify the Flexible parameters For this structure?

Select Mo to treat this structure as rigid.

Yes Mo |

Figure 8.1: Flexible Structure Pop-Up Window

Internal Support Forces

After WLSGNO2 completes the design calculations, the program displays the
“Shear, Bending Moment, and Torque on Critical Sections” window if one
support is chosen or the “Shear and Bending Moment on Critical Sections”
window if zero or two supports is selected. WLSGNO?2 reports the critical shear
force, the critical bending moment, and the critical torque acting on the
support(s). The program uses the largest resultant support reaction from the wind
load computation to determine the resulting shear force, bending moment, and
torque on the critical support. Standards Design Group, Inc. defines the critical
support as the support which develops the largest internal forces (shear force,
bending moment, and torque) from the resulting main wind force resisting
structure wind load computations.
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8.2.1

8.2.2

8.2.3

8.2.4

8.2.5

8.2.6

8.2.7

8.2.8

First Column, Support

The first column displays the support segments in the same order as entered,
number from one to the total number of support segments.

Second Column Length, ft (m)

The second column displays the length of each support segment.

Third Column Width, in (ft)

The third column displays the width of the support segment in the same as order
as entered by the user.

Fourth Column, Shear, kip (KN)

The fourth column displays the select shape of the support.

Fifth Column, Shear, kip (kN)

The fifth column displays the shear force in kips (kN) acting on the critical
support at the critical support height.

Sixth Column, Moment, Kip-ft (KN-m)

The sixth column displays the moment in kip-ft (kN-m) acting on the critical
support at the critical support height.

Seventh Column, Torque

The seventh column displays the torque in Kip-ft (KN-m) acting on the critical
support at the critical support height.

Eight Column, Cross-Sections

The eighth column allows the user to click on the button labeled “Display Cross-

Sections.” Clicking this button displays the support results screen and allows the
user to select a support from the support database.
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% Structural Design Properties

Shear* Click to
at Joint at Joint at Joint Wyicth Thickness Dizpay

() fim) [Kips) [Kip-ft) [Kip-1t) fim) Lim) Cross-Sections

oment* Torgue* Support iall

Support 1 E.70 4580 SuEre 2492 .73 13.2 Il Tl Dizplay Cross-Sections
Support 2 530 - Sguare 4.90 ] M7 [, R Dizplay Cross-Sections
Support 3 28.0 157 Round 5.30 173 217 i, i, Display Cross-Sections

* acting on

support structure.

Figure 8.2: Internal Forces Results Window

8.3  Support Results

Clicking on “Display Cross-Sections” (Figure 8.2) displays the Support Results
window shown in Figure 8.3. This allows, for cost estimation purposes, the user
to select a support cross-section that resists the defined wind loads. This window
displays pre-defined supports adequate to resist specified wind load criteria.

9% [Rpsults - Support 1

Square Tubing

Check to b oment Diameter Thickness Weight Remarks
Select Capacity
cross-section [ft-kip] fin] [in] [Ib/ft)

4 01=8 942
11.74 0312 127
1386 0.25 12.2
16.16 031z 14.3
13.05 0375 17.3
18.08 n1aa 12
2075 (R4 216
228 0.25 15.6
2433 0.1ag 145
2712 031z 131
3077 0.375 224
34.07 0.25 13
3643 05 28.4
4052 0312 233
4678 0.375 275
47 51 0.25 224
5674 0.5 5.4
5735 0312 276

L2
wn

=
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Bt e I o e I L I A

Figure 8.3: Support Results Window
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8.3.1

8.3.2

8.4

Selecting a Member

WLSGNO2 only allows the user to select one support from the database for each
support segment. To select a support cross-section simply click in the check box
next to the desired support in the “Click to Select Cross-Section” column. The
selected members display in the project report.

Sorting
WLSGNO2 allows the user to sort each column in both ascending and descending
order. To sort each column, simply click on the column header. Clicking the

column header once sorts the column in ascending order and clicking a second
time sorts the column in descending order.

MWERS Force Details

The “ASCE 7- MWFERS Force Details” (Figure 8.4) page displays ASCE 7-98 or
ASCE7-02 wind load computations. This window categorizes the wind loads
computations by the each panel and support.

& ASCE 7-98 MWERS Force Details

Deszcription

Upper Sign Body

Lowwver Sign Body 33.3-300 177 058 12 734 1380

30.0-29.0 173 059 1.2 225 416

Upper Cowver 29.0-2580 17.2 059 1.3 10 1899
Lovwver Cover 25.0-27.0 174 059 1.6 33 504
Supporting Structure 2r0-250 1649 089 1.87 2E6* 748
25.0-200 167 059 187 663 * 185

20.0-150 159 039 187 BES* 176

15.0-0 15 059 187 20* 499

*area of one
support
structure.

Figure 8.4: MWFRS Force Details
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8.4.1 First Column “Description”

8.4.2

8.4.3

The description column displays the name of each panel and supporting structure
for design purposes. The “Description” places the user defined panel name for

each panel in the sign structure, and *“supporting structure” for support
calculations.

Second Column “z”, ft (m)

The “z” column shows the elevations which the velocity pressures act over in feet

(m).

Third Column, Velocity Pressure

The third column displays the velocity pressure for the sign structure calculated
using Equation 6-13 in ASCE 7-98. The velocity pressure displayed in this
column remains constant over the elevations given in the “z” column. To display
the velocity pressure details double click on the velocity pressure column as
Figure 8.5 shows.

& Wind Loads on Signs 2002
File Design Calculators Standards Options Window Help

D & 7 <% 8
% ASCE 7-98 MWFRS Force Details EI@‘E'

Description

Lpper Sign Body & Yelocity Pressure - Details

Lowwer Sign Body Structure Type: Signs - Solid, Open

3
\Double Click For Deta\ls|
Upper Cover 0. 264 : Entered Data Constants

Exposure: C & = a5
Laovver Cover
z = 333 ft Tg= 900 ft

Supporting Structure Case 2

Fraieios S Calculated Data
Ione K=

Ly = o it Ky=

1
i

H= ot Ko= 0
x = ot Ky= O
K 1

v o= a0 mph 4
K= 08

Structure Category: |l | _ 4

a.=

ASCE 738 | US | Sign  Ready

Figure 8.5: Velocity Pressure Details
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8.4.4 Fourth Column, Gust Effect Factor

The fourth column displays the gust effect factor for the user defined sign
structure. WLSGNO2 uses the rigid structures gust effect factor or the flexible
gust effect factor depending on the user input. To display the calculation details,
double click on the gust effect factor column as Figure 8.6 shows.

#& Wind Loads on Signs 2002
File Design Calculators Standards Options  Window  Help

D EE & 7 =%F% &
& ASCE 7-98 MWFRS Force Details

Description

z
(ft)

Upper Sign Body

Lowwet Sign Body

Lpper Cover

Lovver Cover

400-333

33.3-300
30.0-29.0

23.0-28.0

280-270

g D0UbBIE Click Fior Details

U Gust Effect Factor - Details

- Rigid Structure

Enterad Data

Exposure C

Constants

70-250 ho- 85 1
250200 : B- 225
200-150
15.0-0

Supporting Structure

Calculated Data

2 it

= 082

= 08

ASCE 7-3% | US | Sign Ready

Figure 8.6: Gust Effect Factor Column Details

8.4.5 Fifth Column, Force Coefficient, Ct

The fifth column displays the force coefficients for each section of the sign
structure. WLSGNO2 calculates the force coefficients for the supports using
ASCE 7-98 orASCE7-02, Table 6-10 and ASCE 7-98 or ASCE7-02, Table 6-11
to Table 6-12 for the panel force coefficients. To display the external force

coefficient details double click on the force coefficient column as Figure 8.7
shows.
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¥ Wind Loads on Signs 2002

File Design Calculators Standards Options Window Help
D Ed & W wFEe &
S ASCE 7-98 MWFRS Force Details

Descrigtion

z
()

Lpper Sian Bocly 40.0-33.3 X P 152

Lower Sign Bod 333300 17.7 731
™ MWFRS Ex Force Cosff - Datails = 7 225

Structure Type: Sidns

s 10
Sign is ahove ground level Double Click for Details

Entered Data

H = 1 1
W= 10 1
e = 100 %
* area of one

T
structure.

Members are flat

0o = o ft

g = 172 psf

Calculated Data
cf = 13

ASCE798 | US |Sign Peady

Figure 8.7: Force Coefficient Column Details

8.4.6 Sixth Column, Area

8.4.7

The sixth column displays the area of the sign structure the velocity pressure acts
over ft? (m?).

Seventh Column, Force

The seventh column displays the force acting at the centroid of the velocity
pressure. This is the design wind force for open buildings and other structures.
WLSGNO2 calculates this force using Equation 6-20 in ASCE 7-98 or ASCE7-02.

To display the force calculation details double click on a cell in the force column
as Figure 8.8 shows.
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8.5

¥ Wind Loads on Signs 2002
File Design Calculators Standards Options Window Help

D Ed & W FEe &
# ASCE 7-98 MWFRS Force Details

Description

z
(fty

Upper Sign Bocky 400-333

Double Click for Details

Lower Sign Body 333-300
300-29.0

Other Structures snd Open Buildings

Upper Cover 200-280 Entered Data

gz = 164 pst -De«ai\
Lawwver Caver 280-27.0 -
G = 08 Detail

Suppoting Structurs 27.0-250 ct o= 12 Detail
250-200

200-150 Al = 152 syt
150-0

Calculated Data

F = 2880 |af

Print Dane

ASCE798 | US |Sign Peady

Figure 8.8: Force Column Details

Coping MWFRS Data

WLSGNO2 provides functionality to copy the data in the “Shear, Bending
Moment, and Torque at Critical Sections” window and the “MWFRS Force
Details” window. Simply right click on any cell in the data grid and click on the
“copy data” menu as shown in Figure 8.9. This copies all the information in the
data grid to the clipboard. This allows the user to paste the results in a spread

sheet program such as Microsoft Excel.

# Shear, Bending Moment, and Torque at Critical Sections

Shear* Momert* Torgue*
(Kip=) (Kip-t) (Kip-ft)

249 100 135
449 1A 220
0 g.00 186 220

*acting on

support structure, Im'

Figure 8.9: Copy Data (MWFRS Results)
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9.1

9.2

9.3

Calculators

Introduction

WLSGNO2 provides five calculators to perform calculation separate from the
current design program. These calculators allow the user to "play” with
parameters without changing the current design. The user can print results from
the calculators individually. The printouts include the data entered, intermediate
calculations with equations, and the final answers.

Access
To access each calculator, click on the “Calculators” menu located on the menu

bar on the top of the “Wind Loads on Signs 2002” window. Then select the
desired calculator as Figure 9.1 shows.

¥ Wind Loads on Signs 2002

File Design BeEENETEN Standards  Options  wWindow  Help

Welociky Pressure i

Gusk Effect Fackor Rigid Struckure
MWFRS Extern Pres Coeff Flexible Structure
MWFRS Pressure

Figure 9.1: Calculator Access

Velocity Pressure Calculators

The velocity pressure calculator, Figure 9.2, calculates the velocity pressure at a

user-defined height above the ground. This calculator uses Equation 6-13 from

ASCE7-98 or ASCE 7-02 and shows all intermediate calculations for this
equation. The velocity pressure calculator performs calculations for square
supports, hexagonal supports, round supports, solid sign panels and open signs
panels. To select the structure type click on the structure type drop down list

(Figure 9.2) and select the structure type for calculations.
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¥ Yelocity Pressure - Calculator

Structure Type:

Entered Data Constants
ExposUre: ’G m = 45 L= 15
z = o ft Ig= oo ft T o= ]
Caze 2 -
Topographic Shape: Calculated Data
Iane -] Kz= 085
Lp = ft Iv(1 = 1]
H = ft k. ol 1]
woe |_ ft Kg= 0
K t= 1
Vo= o mph &
K q= 085
Structure Category: -
ory. 1y | o= 1
[ Check for Alaska
qa,-= 0 psf

[ Checktoset Kd=1

Figure 9.2: Velocity Pressure Calculator

9.4  Gust Effect Factor
WLSGNO2 provides calculators to determine both rigid and flexible gust effect
factor.

9.4.1 Rigid Structure
The rigid gust effect factor calculator (Figure 9.3) uses Equation 6-2 from
ASCE7-98 orASCE7-02 to compute the gust effect factor. The calculator shows
all intermediate values for calculations. Press the Fint | button to printout a
detailed report including all intermediate value, equations, and the final answer.

9.4.1.1 Variable h

ASCE 7-98 and ASCE 7-02 define h as the total height of the sign structure.
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9.4.1.2 Variable B

ASCE 7-98 and ASCE 7-02 define B as the horizontal dimension of a building
measured normal to the wind direction.

*® (;ust Effect Factor - Calculator,
Rigidl Structure

Entered Data Constants
Exposure IG gy = 34 g, = 34
h=[ o ft e = 02 Zmin= 15 ft
B=[ o ft | = 500 ft

£ = 02

Calculated Data

T = 15 ft

Lz = 4271

Q = 1
I3 = 023
G = 093

Prirt | Daone ‘

Figure 9.3: Gust Effect Factor Calculator (Rigid Structure)

9.4.2 Flexible Structure
The rigid gust effect factor calculator (Figure 9.4) uses Equation 6-6 from
ASCET7-98 or ASCE7-02 to compute a flexible gust effect factor. The calculator
window shows all intermediate values used to compute the gust effect factor. The
calculator printout shows all intermediate values, equations, and the final answer.

9.4.2.1 Variable h

Section 9.4.1.1, above, defines the variable h.
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9.4.2.2 Variable B

Section 9.4.1.2, above, defines the variable B.

9.4.2.3 Variable L

ASCE 7-98 and ASCE 7-02 define L as the horizontal dimension of a building
measured parallel to the wind direction.

9.4.2.4 n1, Natural Frequency

Section 5.5, above, defines the natural frequency.

9.4.2.5 B, Damping Ratio

Section 5.4, above, defines the damping ratio.

9.4.2.6 V, Basic Wind Speed

Section 4.3, above, defines the basic wind speed.
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9.5

*® (;ust Effect Factor - Calculator,
Flexikle Structure

Entered Data Constants

Exposure [~ o Ue = a4 g, = 34
h=[ o ft n = o H c = 02 Tnin= 15 ft
EI=|_Dﬂ |;g=|_c|% | =500 ff & =015
L = o W= o mph g = 02 b = 0B5

Calculated Data

= 15 ft Vz = 0 fti=
Lz = 4271 1t N1 = ] Rn = 0
Qo= 1 "1h= ] Rh= ]
Iz = D023 "’IE= ] RE= ]
Og= i} "1L= ] RL= 0 R = ]
G = 0
Prirt | Daone ‘

Figure 9.4: Gust Effect Factor Calculator (Flexible Structure)

MWZFRS External Pressure Coefficient Calculator

The MWFRS External Pressure Coefficient calculator (Figure 9.5) computes the
force coefficient for both the sign panels and the supports. To compute these
values WLSGNO2 uses Table 6-10 through Table 6-12 in ASCE 7-98 and
ASCET7-02.
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9.5.1

9.5.2

9.5.3

9.54

F® MWFRS Ex Pres Coeff - Calculator = J[51|[X]

[ Check for above ground level

Entered Data

h ’—Df't
W=’_E|f‘t
’—g%

Calculated Data

Cf = 0

Pririt | Done |

Figure 9.5: MWFRS External Pressure Coefficient Calculator

Structure Type

The External Pressure Coefficient calculator computes external force coefficient
for signs (solid and open) and chimney, tanks, and similar structures (sign
supports). To choose the structure type click on the selection arrow to the right of
the structure type box.

Variable h

Section 9.4.1.1, above, defines the variable h.

Variable W

The variable W denotes the width of the panel or support.

Variable ¢, Solidity Ratio

Section 3.5.6, above, defines the variable ¢.

47



9.5.5

9.5.6

9.5.7

9.5.8

9.5.9

9.6

Check for Rounded Members

If the solidity ratio is less than 70%, check this box if round members are present
on the panel.

D, Typical Round Member Diameter

Section 3.5.8, above, defines the variable D.

g, Velocity Pressure

q denotes the velocity pressure evaluated at height z above the ground in Ib/ft?
(N/m?).

Cross-Section

If the user selects chimney, tanks, similar structures WLSGNO2 gives the option
to choose the cross-section of the members. These choices includes square,
octagonal, hexagonal, and round.

Cs, External Pressure Force Coefficient

Ct denotes the final value given by the calculator. It represents the force
coefficient used in the wind loads computations for other structures.

MWEFRS Force Calculator

The MWFRS Force calculator (Figure 9.6) computes the equivalent force acting

on the structure. To compute these values WLSGNO2 uses Equation 6-20 from
ASCE7-98 and ASCE7-02.
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¥ MWFRS - Calculator (2 | 51)[X]

Cther Structures and Open Buildings

Entered Data

gz = o pst
Go= ]
cf = o
Af = o =gt
Calculated Data
F = 0 |bf
Pririt | Done |

Figure 9.6: MWFRS External Force Coefficient Calculator

9.6.1 q, Velocity Pressure

Section 9.5.7, above, defines velocity pressure.

9.6.2 G, Gust Effect Factor

G denotes the gust effect factor for either a rigid or flexible structure.

9.6.3 Cf, Force Coefficient

Section 9.5.9 defines the force coefficient.

9.6.4 Ay, Area

As denotes the area of open buildings and other structures either normal to the
wind direction or projected on a plane normal to the wind direction, in ft* (m2)

9.6.5 F, Force

F denotes the design wind force for open buildings and other structures.
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Appendix A
Sign Structure Design Example 1

1. Open WLSGNO2 by clicking “start/All Programs/Standards Design Group, Inc/Wind
Loads on Sign 2002 or click on the WLSGNO2 shortcut.

2. Once WLSGNO2, the “Wind Loads on Signs 2002” startup window appears. Click
“Create a New Sign Design” and click __ 9k |as shown in Figure A.1.

% Wind Loads on Signs 2002 [‘5_<|

F % Creste a Mew Sign Design

LC_?/ " Open an Existing Sign Design

Cancel

Figure A.1: Wind Loads on Signs 2002 Startup Window

3. This brings up a blank “Sign Design Information” window. Select the standard for
the current sign design by clicking “Standard/ASCE 7-02” as shown in Figure A.2.
(This is the default standard.)

*® Wind Loads on Signs 2002
File Design Calculators BSERGEWEEN Options  Window  Help

O = & Iﬁl ASCE 7-95 |

¥ Sions Design Information

Mumber of Supports |00 - Structure Category |11 hd

Panel Properties

Height | Width

Solidity | Round
Ratio | Members

(m) (m) (%)
0.0 00 100 N

Description

Figure A.2: Selecting the Design Standard

4. Next select the system of units for the current project by clicking “Options/System of
Units/SI” as shown if Figure A.3.
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¥ Yind Loads on Signs 2002

File Design Calculators  Standards NeldaElgEl Window

D ZH & P

W Sions Design Information

Mumber of Supports ID vl Structure Category |1l -

Wictth Found

Members|

Height Soliclity
Ratia
(m) (m) (%)

» on on 100 r

Figure A.3: Selecting the System of Units

5. Select the number of supports for the sign structure. For this example select one
support as shown in Figure A.4.

& Wind Loads on Signs 2002

File Design Calculakors Standards  Options  Window  Help

DEH & § <& 8

W% Sions Design Information
u] vl Structure Category III Vl

Mumber of Supports

iictth

(mj)
0.0

Round
Members

-

Height Solidity
Ratio
]

100

(m3
00

Figure A.4: Selecting the Number of Supports

6. Click in the first cell of the description column in the Panel Properties grid and type
the panel description “Top Panel,” as shown in Figure A.5. Press the tab button.
NOTE: A new row will appear in the Panel Properties grid. This allows for multiple
panel sign structures.
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#* Wind Loads on Signs 2002
File Design Calculators Standards  Options  Window  Help

O & § i wE% &

¥ Sipns Design Information

Mumber of Supports |1 - Structure Category |1l -

Panel Properties

Description Top Height | “Width Center
Height Offzet

(m) (m) (m) (m)
» Top Panel .0 0.0 00 0.0

Figure A.5: Entering a Panel Description

7. Enter a “Top Height.” This denotes the vertical distance, in feet (meters), from
ground level to the top of the current panel. Enter 12 meters in the “Top Height”
column for the “Top Panel” panel and hit tab button as shown in Figure A.6. This
will highlight the “Height” cell for the current panel.

® Wind Loads on Signs 2002 I

File Design Calculators Standards  ©ptions  Window  Help
NMEFIEIGIEEE

& Sions Design Information

Mumber of Supports |1 - Structure Category |1l -

Panel Properties

Description Top Height | “Wicth Center
Height Offzet
(m (m) (m) (m)
P |Top Panel 120 p.of 0.0 0.0

1

Figure A.6: Entering a Panel Top Height

8. Enter a panel “Height.” This is the vertical dimension of the current panel. Enter 4.2
meters for the height of the “Top Panel” as shown in Figure A.7 and press the tab
button. This highlights the “Width” cell for the current panel.
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¥ Wind Loads on Signs 2002

File Design Calculators Standards  Options  Window  Help

NECIEIGIET XA

¥ Signs Design Information

Mumber of Supports |1 vI Structure Categary III Vl

Panel Propetties

Description Tap Height | Wyicth Center
Height Orffzet
(m) (my () (m)
» Top Panel 12.0 42 0.0 0o

I

Figure A.7: Entering a Height

9. Enter the “Width” of the current panel. This is the horizontal dimension of the
current panel for the sign structure. Enter 9 meters for the sign width as Figure A.8
shows and press the tab key. Since there is now enough information to draw the sign
sketch, a sketch of the “Top Panel” appears on the “Sign Sketch” panel.

I=7| Signs Design Information

Humber of Supports |1 v | Structure Category I«

Description Height | Width | Center Solidty | Round | Member
Offset | Ratio | Members| Diameter
(m} (m) (m) (36) (m)
Top Panel 42 a.00 o.0f 100 ] 0.00
[

[ Support Properties | [ Sion Skelch
Support Spacing [0 m

Mumber of Sections |1

Support Dimens

sions
Heighit Wictth Support
(m (em) Shape

120 oo Raund

Figure A.8: Entering a Panel Width

10. Enter the “Center Offset” for the current panel. For this example enter 2.1 m for the
panel “Center Offset” and press the tab key as Figure A.9 shows. The sign sketch is
updated immediately.
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\| Signs Design Information

Mumber of Supports 1w | Structure Category |1l -

Description Height Wicth Certer | Soficity  Round | Member
Ratia | Members Dismeter
(m1 (m1 (m)
Tap Panel | 42 200 i o [ 000
e

[ Support Properties ————— | " Sign Sketch
Support Spacing 00 m

Humber of Sections: [

Support
(m) (om) Shape

120 oo Rounc

Figure A.9: Entering a Center Offset

11. Enter the “Solidity Ratio” of the current panel. This is the ratio of solid area to gross
area multiplied by 100. For the design example enter a “Solidity Ratio” of 65% as
shown in Figure A.10. This panel now defined as open.

I=7| Signs Design Information

umber of Supports 1 | Structure Categary [ vl

Height Width Certer  Solidty  Round | Member
Offset | Ratio | Members Diameter
(m) (m (m (%) (m)

42 am 21 s M oo;

e

Support Properties | Sign Sketch
Support Spacing [oo m

Mumber of Sections

it Support
im) (cm) Shape

120 oo Round

Figure A.10: Entering a Solidity Ratio

12. Next if the panel has typical round member openings then check this and press tab.
Then enter the diameter of these opening. For this example there are no typical round
member openings.
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13. Next click in the “Number of Section” textbox and highlight the default value of one
(1) as shown in Figure A.11. Next type 3 in the “Number of Sections” textbox as
shown in Figure A.11 and press the tab key. (Note: Since there is only one support,
the program disables the support spacing. Therefore this input is not applicable for

this example.) The first cell in the “Support Dimensions” is now highlighted as
shown in Figure A.11.

- Support Properties Support Propetties
Slpport Spacing ID_D m Support Spacing ID_D m
Mumber of Sections |1 MNumbker of Sections |3

Support Dimensions Support Dimensions

Heicghit Wickth Support Height Wickth Support
(m) (cm) Shape () (o) Shape

120 oo Round 12.0 o0 Found

a0 0.0 Sojuare
40 ] Square

Figure A.11: Number of Sections

14. Notice the support segment heights are evenly spaced according to the top height of
the highest panel. The program allows the user to change these dimensions to
customize to the users sign structure. For this example, the supports are not taller than
the “Top Panel”. Therefore the first section height remains 12 meters. Press the tab
button. This highlights the width cell for the first segment as shown in Figure A.12.
Enter a segment “Width” of 30 centimeters as shown in Figure A.12 and press the tab

key. Click on the[~] arrow in the current cell and choose a support shape of “Round”
as shown in Figure A.12.

CSupport Properties | SupportProperies | [Suppart Propertiss
Suppart Spacing IU_D m Support Spacing ID_D n Support Spacing ID.D m
Mummber of Sections |3 Murmber of Sections |3 Mumber of Sections |3

S sions

Wicth Support Support cith
[cm) Shape (=)} Shape (em) Shape

0] Round i 300 W

0o Square L | i on Square
oo Square L | i oo

Figure A.12: Defining Support Properties
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15. Now the second segment “Height” is highlighted. Enter a value of 6.0 meters for the
second segment height, and press tab. Enter a segment “Width” of 50 centimeters
and press tab. Choose a support shape of round and press enter. The input should
look like Figure A.13.

Suppott Properties
Support Spacing m

Mumber of Sections |3

Support Dimensions

Suppott
Shape

Souare
Round

Souare

Figure A.13: Second Segment Support Dimensions

16. Enter a height of 3 meters for the third support segment and press tab. Enter a width
of 70 centimeters and press tab. Leave the default support shape of square for the
third support segment. The project should look like Figure A.14.



Signs Design Information

Mumber of Supports (1 = | Structure Category ||| vl

Fanel Properties

Description Top Height Wyicith Center | Solidity | Round | hember
Heigght Offzet Ratio | Members Diameter

(m) (m) (m) () (%] m)

Top Panel 120 42 9.00 21 53 [ 000

=

Suppott Properties ————— | [ Sign Sketch

Support Spacing ID_D m

Murmber of Sections |3

Support
Shape

Round

Feounc

Figure A.14: Completed Sign Design Information

17. Next Click on Design > Input > Foundation Design Information shown in Figure
A.15.

i~| Wind Loads on Signs 2002 - Plus

File BEEEEGN Calculakors  Standards  Options  window  Help

Input Project Info
Results ¥ Sign Design Information

2sign Information

Location Information
Height Increment
Optional Factars
Support Manager

Figure A.15 Foundation Input Option

If you have zero supports selected in the Sign Input Window, this option will be disabled.
Only pole supported signs can have a foundation design in this program.



18. The default soil type is “Fair”. This is an average and conservative soil type for most
areas. For a foundation diameter, enter 140 centimeters as in Figure A.16.

\=| Foundation Input

EEX

Foundation Diameter: 140

Sail Type: | Fair | o
Sail Type Information

The goil zurounding the foundation iz sand, sty sand, clayey sand, silty
grawvel, ahd clayey gravel - Typical Blow Count: 7 to 25

ak

Figure A.16: Foundation Design Input

19. Next press the “Location Information” button as Figure A.17 shows.

& Wind Loads on Signs 2002
File Design Calculators Standards Options  Window Help

D el & F <E | &

W& Sions Design Information

Mumber of Supports |41 - Structure Category |1l hd

Panel Propetties
Description Top Height | Wickh Center

Offzet
(m) (m) (m) (m)
»

Top Panel 120 4.2 a0 21

Figure A.17: Location Information Button

20. The location information window appears with the terrain exposure box highlighted.
Press on the [~] arrow and select “Terrain Exposure” B as Figure A.18 shows. Press

the tab key. This will highlight the topographic shape. Since this example does not
take into consideration topographic shape, press the tab key again.
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8 | ocation Information

Terrain Exposure Basic Wind Speed

I - Wind Speed Yalue o mis
j Wiewy Map

=]

3 L |continental LS,
o

Topography

Topographic Shape Lk H b
m m m

More -

Figure A.18: Selecting the Terrain Exposure

21. The Wind Speed Value should now be highlighted. Click on the button

and a map of the US appears. Scroll over and down until the map shows Florida.
Double click on the Florida Keys as Figure A.19 shows. This will hide the velocity
map and automatically places the selected Basic Wind Speed in the Wind Speed

Value textbox.

W Basic Wind Speed Map - Continental US
TR | IR e -
B it T

- T L ‘ B LN

S SN

il
__’ )
Tl
i

140(63)  150(67)

Figure A.19: Wind Speed Maps

22. Close the “Location Information” window by pressing them button in the top right
hand corner. This closes the “Location Information” window. To change the values

in this window simply follow step 17 to open the “Location Information” window
again. (Note: Although the window is closed, WLSGNO?2 stores all the user-defined

information.)
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23. Now click the “Optional Factors” button as Figure A.20 shows.

& YWind Loads on Signs 2002 ‘

File Design Calculators Standards  Options  Window  Help

D #8567 <& s

W& Sions Design Information

Mumber of Supports |41 - Structure Category |1l hd

Panel Propetties

Description Top Height | Wickh Center
Height Offzet
(m) (m) (m) (m)
» Top Panel 120 42 a0 21

1

Figure A.20: Opening the “Optional Factors” Window

24. The “Optional Factors” window appears. The curser is in the damping ratio textbox.
Enter a damping ratio of 5% and press tab. Enter a natural frequency of 0.7 Hz as
Figure A.21 shows.

¥ (Optional Factors Eﬂil@

Check to Set Gust Effect
Factor to 0.55

Damping Ratio 5 % Critical
Matural Fregquency 07l Hz

Check if using losd combinations
from sources other than in ASCE
7 Section 2

Figure A.21: Optional Factors
25. Close the optional Factors window by pressing on the button on the top right hand
corner of the window.
26. All the required information is now complete for the sign structure design. The next

step consists of running the MWFRS calculations. Simply press “Design/Results/All
MWEFRS Calculations” shown in Figure A.22. This brings up the result windows.

A-11



#% Wind Loads on Signs 2002

ECEEN Calculators  Standards  Options  Window  Help

Iput || O | oy @ | g S|
Results MWFRS Wind Loads
MWFRS Support Forces

 Calculations

9% Signs Design Information

Mumber of Supports |1 vI Structure Category ||| -

Dezcription Top Heighit Wickth Center | Solidity
Height Offset Ratio | N
(m) (m) (m) (m) (%)
» Top Panel 120 42 9.0 21 BS

Figure A.22: Main Wind Force Resisting System Results Menu

27. The “Shear, Bending Moment, and Torque on Critical Section” (Figure A.23)
window appears first. These values represent the internal forces acting on the critical
support at the critical sections.

& Structural Design Properties

Shear* foment* Torgue* Support Wall Click to
at Jaint at Jairt at Jaint Wit Thickness Dispay
[m) [cm) (kM) [kPr-m] (k-] [cm) [cm) Crogs-Sections
Suppott 1 .00 300 Round 113 441 436 I IR Dizplay Cross-Sections
Support 2 3.00 s00 Raourd 114 782 436 I, i, Display Cross-Sections
Support 3 3.00 oo Sguare 118 1130 436 i PR Dizplay Cross-Zections

* acting on

support structure.

Figure A.23: “Shear, Bending Moment, and Torque at Critical Sections” Results Screen

28. Click on the “Display Cross-Sections” button (Figure A.23). This displays all defined
supporting structures that are adequate to resist the bending in the support due to the
wind loads in the “Results” window (Figure A.24)
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9 Rosults - Support 1 |Z||E|E|

Pipe Tables
Check ta Morment Diamneter Thickness Weight Remarks 4|
Select Capacity
crogz-gection [kM-mn) () [cm) [kgdm]
B 9415 BG6.04 0714 115
B 949.8 50.8 1.27 155 1
[ 1042 BG.04 0792 127
[ 1055 B0.96 0952 iE
[ 1144 BE.04 n.ard 140
[ 1243 EE.04 0,952 1583
[ 1260 7E.2 n7az 147
B 1341 BE.04 1.031 165
B 1385 E0.96 1.27 187
B 1441 BG.04 1.113 178
B 1532 762 0.avd 162
B 1538 BG.04 1.191 190
B 1545 B0.96 1.427 209
[ 1633 BG.04 1.27 203
[ 1664 7E.2 0952 177
[ 1796 7E.2 1.03 191
[ 1823 EE.04 1.427 227 -
| il

Figure A.24: Support Cross-Section Results Window

29. Select the first allowable size for this example as shown in Figure A.25 and close the
window. This selection displays in the design report. Continue steps 28 and 29 until
all supports segments cross-sections have been selected.

= Results - Support 1
| Pipe Tables
Check to | rdoment | Dliameter | Thickness | “Weight | Remarks -
Select Capacity
cosssection | (KNml ] feml | lem)  legim]
v 205.9 40.64 0,792 77.8
r 223 4572 0635 70.5
[ 2405 35.56 1.27 107
[ 2445 40.64 0952 93.1
I 2622 4572 0,792 877
[ 263.2 50.8 0635 785
I 3.9 4572 0952 105
[ 364 40.64 1.27 123
[ 7 35.56 1.905 158
r 345 £0.96 0635 94.4
[ 360.5 4572 1113 122
[ 3875 50.8 0.952 17
I 395.5 B6.04 0635 102
[ 407.2 4572 1.27 139
I B02.6 B6.04 0714 115
[ 507 50.8 1.27 155
[ 55 66.04 0,792 127 =
I | rJ|

Figure A.25: Selecting a Cross-Section
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30. The second window is the MWFRS Force Details. To access this window click on
“Window/ASCE 7-02 MWFRS Force Details” as Figure A.26 shows, or simply click
on any portion of the window. This makes the MWFRS Force Details window the
current window.

& Wind Loads on Signs 2002

File Design Calculators  Standards  Options R

Dl=sHEle | W g s

ails
Torgue at Cr\tl Sections

% Shear, Bending Moment, and Torgque at Critical Sections

Width Shear™ Moment*

Lencth Shape Torgue*

at Joirt at Joirt ‘ at Joirt
(m) (m) (kK (kM=) (kM=)
Support 1 600 03 Round M3 441 436
Support 2 300 0s Round 114 7e2 436
Sup| Support 3 300 o7 Square 118 1130 436
Sy [Suppo
i *gcting on
Suppon support structure.

Figure A.26: MWFRS Force Details Window Access

31. This window shows MWFRS wind forces acting on the sign structure and the
intermediate values used to calculate these forces. Double clicking on a value in this
window brings up the calculation details for the value. Double click the top Cs value
for the top panel as shown in Figure A.27.

9% ASCE 7-02 MWFRS Force Details =3

De=cription z [+] G cf At Force
(m) (kPa) (s0m) (kM)
Top Panel 120-914 177 1.07 1k 257 77Ta
914 - 750 1.64 1.07 1 '-k 34
Diouble Click For Details
Supporting Structure 7.80-762 157 1.07 1.09 0.0s 0.09
TE2-610 146 1.07 1.09 046 054
E.10-6.00 146 1.07 1.09 003 0.0s
Supporting Structure 5.00 - 457 1.45 1.07 055 o7 0.64
4.57-3.00 135 1.07 055 07a 066
Supporting Structure 300-0 1.35 1.07 1.35 241 4.1

Figure A.27: ASCE 7-02 MWREFS Force Details Window
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32. This brings up the detail screen for the external pressure coefficient as shown in
Figure A.28. To print these details click the “Print” button on the bottom of the
screen. Click the “Done” button to close the window.

120-914 177 1.07 16 257
91 ) — i1
£ MWFRS Ex Force Coeff - Details EH_,@
ure & Structure Type: Signs k 05
TE 45
6.1 Sign iz ahove ground level 03
e 59 | Entered Data "
4.5 79
h = 42 m
ure 3 W= am A

s = 65 %
Members are flat
o= o m B

158 kP

Calculated Data

Cf = 16

Figure A.28: MWFRS External Force Coefficient Details Window

33. The final window is the foundation design results. Displayed is the input information
as well as the calculated depth, Figure A.29.

\* | Foundation Design

Soil Type: Fair

zand, zilty sand, clayey sand, =ity gravel, and clayey
aravel - Typical Blaw Count: 7 to 25

Diameter: 140 cm

D epth: I m

A.29: Foundation Results Display

A-15



34. Finally, to print a detailed report of the project, click “File/Print” as shown in Figure
A.30.

& YWind Loads on Signs 2002
FEM Design Calculators  Standards  Options  Window  Help

Mew Sign Design Chrl+M "'_" 3
Open Design Chr+O

Save Design Chrl+5
Save Design As Steichea atanoee L

Repart Prink Options Moment and Tarnne at Critical Sar
Print Presviev FRS Force Details

9
(kPa)

z
Project Info (m)

Exit
TGy 120-914 177
914 -750 1.64
Supporting Structure 7.80-7E2 1.57

Figure A.30: Printing

35. This brings up the “Print Design” window shown in Figure A.31. This allows the
user to select the pages to print. Leave all pages checked and press __ 0Ok

& Print Design [Z|

v Title Page

/| Location Information
v Sign Structure Data
v/ MAFRS Results

OK%

Figure A.31: Print Design Window

36. This brings up the “Print” window shown in Figure A.32. Select the current printer
name and click ok | This sends the detailed report to the printer. This completes
the design example for WLSGNO2.
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Print

Prirter
M ame: C 4550 PCLE Properties...
Status: Ready

Type: HF Color Lazerlet 4550 FCL B
“Where:  HPColorLaser)et4550

Camment: [ Pritit to file
Print range: Copiez

v all Mumber of copies: 1 El:
© [ e

- g
Ok [\} | Cancel

Figure A.32: “Print” Window
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