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SPRI Wind Design Seminar
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Agenda
ASCE 7
{(American Society of Civil Engineers)
* Background

* ASCE 7 and why it is important for roof wind design
* ASCE 7 and the IBC

= Building Characteristics

* location and Use
* Physical Parameters
* Changes from ASCE 7-10, ASCE 7-16 & ASCE 7-22




Why is ASCE 7 important?

+ The code {IBC) req roof blies resist the uplift pressures calculated
by the ASCE 7

* Independent testing of the assembly (ANSI/FM 4474} is used to certify compliance
with the IBC

Rating achieved by assembly must be greater than or equal to the ASCE 7 results.
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Background
ASCE 7
(American Society of Civil Engineers)

Provides method to calculate building pressure loads (Ibs./sqft.} due to:
* soil
* Hydrostatic Pressure
Floods
Snow
* Rain
Earthquake
Wind
Ete.

.
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Standard !
ASCE 7
(American Society of Civil Engineers)

* 1988 was first edition of the ASCE 7

¢ Updated - 1993, 1995, 1997, 2002, 2005,
2010, 2016 & 2022

* Latest publication is 1,046-pages

* Roof Systems uplift, approximate 100-pages,
lait hods on how to calculated wind

loads (Ibs./sqft.)
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Ad Option by State International Code Council (February 2024)

FBC/ IBC edition ; ASCE 7 edition States
FBC 2024 2022 ] FL®
AL, AK, AR, CA, CT, FL, GA, HI, ID, LA, MD, MN, MS,
MT, NE, NH, NJ, NY, ND, OH, OK, OR, PA, RI, SC, 5D,
2018 & 2021 2016 UT, VA, WA, WV, & WY
Total 31 States
IN, 1A, KY, ME, MA, MI, NM, NC, TN, TX, VT, & WI
20128 208 200 Total 12 States & DC**
2006 & 2009 2005 0
Adopted by Local » AZ, O, DE, IL, KS, MO, & NV
Governments Total 7 States

*Florida 8t Edition = IBC 2021 **District of Columbla

T o i e o 2

Factors to Determine Uplift
ASCE7

* Building location
* Wind
* Terrain

* Building use
* Risk Category

o Lol

* Height
* Openings

e T

Building Location
Terrain & Wind

]

Terrain
* Exposure
* “B” = urban/suburban
« “C” = open terrain
* “D” = close to a large body of water
* Hills & Escarpments
Wind
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* ASCE 7 Basic Wind Maps (Ultimate Winds or Vult)
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Risk Categories (suilding use)

Risk Categories Ultimate Wind Speed Maps

Risk Category
v
Eccentrical

{Police / Fire
Stations, Hospitals,
etc.}

High Occupancy
(Schools, Health-

Care Facilities, etc.)

---------- - b v e e i o

Building Physical Parameters
Characteristics

Roof Area
* Height & Slope
+ Parapets Heights
Building Structure
* On a hill or precipices
* Building Openings
* Open, Partially Open, Partially Enclosed, Enclosed
 Building Overhangs

T -

Building Location
Hills and Escarpments

Special calculations are required for hills and escarpments:

Note: No calculations available for intensified winds at the end of
valleys. Local authorities would need to help.
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Building Physical Parameters
Openings

Consider closely, truck dock doors, il or other

on a single wall with a combined total greater than 4-sq.ft.

Building Physical Parameters
Openings

Open Building: A building have each wall at least 80% open.

14
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Basic Information to Determine Uplift
" Check List

Applicable Code and Standard
= Building Location for:
+ Ultimate wind speed
+ Topography
* Surounding Terrain
= Wind Direction
Building Use
Building Physical Parameters
* Height
« Openings

15
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Velocity Pressure Formula

ASCE 7-10: qz = 0.00256 x Kz x Kt x Kd x V2
ASCE 7-16: 02 = B.00256 X K2 x K2tx X Kd % V? x 0.6
| ASCE 7-22: 42 = 0.00256 x Kz x Kat xKe X V' 0.6

« qz = veloclty pressuro = V =basic ultimate wind speed
« 0.00256 = numerical coofficient (air density) = 0.6 = allowabls stress factor
® Kz = exposure coafficient evaluated at height » Ke = Elevation Factor

& Kzt = topographic factor

* Kd =wind directionality factor

. . T LT Ty

Design Pressure Calculations
{Zonal Pressure Calculation)

P = qz [(GCp) - (GCpi)]
» P =Design Pressure for each roof Zone

* GCp = external pressure coefficient & gust-effect factor

+  GCpi = internal pressure coefficient & gust-effect factor

17
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ASCE 7-2010, 7-2016, & 7-2022

Minimum Design Loads and Associated
Criteria for Buildings
and Other Structures
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ASCE 7-10, 7-16, & 7-22

Cladding and Components

Both standard refer to roofing systems and materials as
cladding. Roofing assemblies are not structural members.
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ASCE 7 Similarities

Chapters

ASCE-7 edition 2016 2022
" | Chapters 2631 | Chapters 26-22

x x

x x

x x

x x

x x

X x
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ASCE-7 edition 2010 2016
Scope X
Definitions X
Ultimate Wind Speed X

Topographic Factor

Elevation Above Sea Level

21

X
X
X
Wind Directionality Factor X
X
X
X

ASCE 7

Chapter 26 - General Requirements

Maps

Exposure

Gust Factor

Factor

>




10/10/2024

h = W - A A m
ASCE 7

Chapter 30 ~ Components & Cladding
ASCE-7 edition
Analytical Method {h <= 60-ft)
Simplified Method (h<= 60-ft)
Analytical Method (h> 60-ft)
Simplified Method (h <= 160-ft)

Internal Pressure Coefficient
(GCpi)

External Pressure Coefficient
(GCp)

22

ASCE 7

Chapter 31 - Winq Tunnel Procedure
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ASCE 7-2016

Minimum Design Loads and Associated
Criteria for Buildings and Other Structures

26

ASCE 7-16 g

Adjusted from ASCE 7-10

«  Adjusted the Calculations

* Reduced Exposure “B” Kz factor for bldg. heights < 30-ft
+  New Wind Speed Maps (4 sets)

«  New Roof Area Zones (60-ft or less in height)

*  Higher GCp for 60-ft or less height

Incorporate in 1BC 2018 & 2021

£ c S s

27
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ASCE 7-16

Modified Uplift Equation

ASCE 7-10
gz = 0.00256 x Kz x Kzt x Kd x V2

ASCE 7-16
gz = 0.00256 x Kz x Kzt x Ke x Kd x V2
Ke = Ground Elevation Factor

e I T T Ty

ASCE 7-16

Table 26.9-1 Ground Elevation Factor, K.
Ground Efevation ahove Sea Leve) - ;-
fl
Note:

<0 See note 2 1. The conservative
0 1.0 approximation Ke = 1.00 is
1000 0.96 permitted in all cases
2,000 0.93 2. The factor Ke shall be
3,000 0.90 determined using
:1'0(. ) S interpolation or from

(X 0.86 another formula
5,000 .83
HAHX) .80 Can reduce uplift from 4% to

20% depending 6n elevation
above sea level

£k v R\~

>6.000 See noke 2

29
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ASCE7-16

Modified Kz Factor for less than 30-ft high
Table 26.10-1 Velocity Pressure Exposure Coefficients,
K, and K,

Exposwz
Zo% ¢

0.57 (0.70y" 085 1.03

0,62 (0.70)°
0,66 .70
0.70

30
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ASCE 7-10 & 7-16 Wind Maps

Risk Category Based

ASCE 7-10
Based on Risk Category (use of bldg.) return period:
= RiskCatl: = 105-mph)

3,000-year *MRI means
1/3000 chance in one year of
wind of this wind speed may
happen.
{0.00033)

U0-mph <)
(US = 105-mph <)

*Mean Recurrence Interval

31
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ASCE 7-10 & 7-16 Wind Maps

3-Sec Peak Gust Wind

ASCE 7-2010
Risk Category HI/IV Risk Category IV

S AP ENES R e e
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ASCE 7-10 & 7-16

Roof Zone Layout (60-ft or less)

T . ";“f‘
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3

. ‘o
- a=0dxheightor0ixwidth, ~ 2one Y =‘OnePrime”

whicheveris fess, but notless  *  0-6 X height for all areas, except
than 0.04 x width or 3-ft. corner which is 0.2 x height
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ASCE 7-10, 7-16, & 7-22

Roof Zone Layout (greater than 60-ft)
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a=0.1x width, but not less than or 3-ft.
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ASCE 7-16 & 7-22

GCp =external pressure coefficient

Design Pressure Calculations
« P (pressure) = q, [(GC,) ~(GC,)]

* GG, = external pressure coefficient & gust-effect factor

¢ GC, = internal pressure coefficient & gust-effect factor

GCp is determined based on roof zones:

Roof Zonesfor | ASCE 7-10 GCp Roof Zones for ASCE 7-16 & 7-22
Blidgs. 60 or less | Coefficient Bldgs. 60 or less GCp Coefficient
’
o) 1 Zone 1’ 09
e Zonel 17
Zone2 Zone 2 23
Zone 3 2.8 Zone 3 3.2

35
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ASCE 7-16 & 7-22

GCpi = internal pressure coefficient

Opening Types ‘ g’;‘::;‘; go.f GCpi Coefficient

Enclosed Less than 10% .18
Partially E 10% to 20% 55
Partialy Open D998 ot comply D

Open 80% [}

36
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ASCE 7 Calculations
Wind Loads on the Roof

P - e

37

Examples
Determine the forces exposed to a roof using
ASCE 7-16 Calculations

Chapter 30 Components and Cladding Examples
Part 1 - Analytical method for h < 60 ft

Part 2 — Simplified method for h < 60 ft

Part 3 - Analytical method for h > 60 ft

Part 4 - Simplified method for h < 160 ft

38
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Building Configuration

Location: Concord, NC

Building Elevation: 597-ft

Exposure Category: “C” Flat open terrain
Building Height: 40-ft

Parapet Height: 18-inches

Roof Width: 200-ft

Roof Length: 400-ft

Enclosure Type: Enclosed

Occupancy: Risk Category IV

39
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Analytical Method for
h <60 ft

ASCE 7-16 Calculation for
Wind Loads on a Roof
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Except for Oregon
S,
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ASCE 7-16
gz = 0.00256 x Kz x Kzt x Ke x Kd x V2

0.00256 = numerical coefficient to be used except where sufficient
climatic data are available

Kz = velocity pressure exposure coefficient evaluated at heightz = h
Kzt = Topographic factor

Ke = Elevation above sea level

Kd = wind directionality factor

V2 = basic ultimate wind speed base on Risk Category

P (pressure) = q, [(GC,) - (GC,)]

GC, = external pressure coefficient & gust-effect factor
GC,, = internal pressure coefficient & gust-effect factor

14
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Kz

(TABLE 26.10-1)

Table 26.10-1 Velocity Pressure Exposure Coafficients,

Kyand X,
Height sbove Ground Lavel, 7 Exposure
" - <=
4.6 .37 (7 0RS 1)
61 D42 ) 70 0940
T LR ety 094
93 070 1498
122 036
152 .81 19
K0 0.5% 113

43
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Kzt
Topographical Factor
Figure 26.8-1
e S
i —dT N
H o (R %, V-
T e
}m....,,....m
Kzt = (1+,K,K,)?

* K1 = Factor to account for shape of topographic feature and
maximum speed-up effect.

K2 = Factor to account for reduction in speed-up with distance
upwind or downwind of crest.

K3 = Factor to account for reduction in speed-up with height
above local terrain.

.

s % = e - Y

Ke
Elevation Factor
o SN2 oot S Foeet. ¥,

N "

45
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Kd

Wind Directionality
Table 26.6-1

Tubia 26.6:1 Wind Diceckonaiey Factor, K,

] Orrvmwny e K

Bt
T
Lompmests und Cikiong 088
AT
Tieruior s

Ubinenrs, T, s Nowbar Siree e
S

Sekid ¥ rvestsmdteg ¥roh, Kred Tup
Bapbpmcen, wnd it ¥ veriinding. oot
Atacnd

g Sigm. wné Siamh Pone (ipe §rmmes
Trod Tenens

Toeyude, e o Avtomrize
A hee e o
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Velocity Pressure Calculation

gz = 0.00256 x Kz x Kzt X Ke x Kd x V2
ASCE 7-16
Height & Terrain 1.04
Topographic 1
Wind
Directionality il
Elevation above N
Sea Level
Risk Cat Maps 124-mph

Results  34.8-lbs/sqft

47
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Wind Load
Calculating Uplift Pressure

P=qz{GCp—Gepi}
* Gep = External Pressure Coefficlent {Table 30,3-2A}

0.6 x height for all areas, except
corner which is 0.2 x helght ASCE 7-16
S

48
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Wind Load
Calculating Uplift Pressure

P=qz{GCp-GCpi }
*  GCpl = Internal Pressure Coefficient{Table 26.13-1)

T s e e e

Calculating Uplift Pressure

P=qz{GCp~GCpi}

| Ult. Strength

Roof Area gz | GCp GCpi Result in

| | Lbs/5qft
Zone 1 3438 -0.9 0.18 -37.6
Zone 1 34.8 -1.7 0.18 -65.4
Zone 2 348 -23 0.18 -86.3
Zone 3 348 -3.0 0.18 -117.6

Ly ¢ SR
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ASCE Ultimate Wind Maps

ASCE 7-10 & ASCE 7-16
ASCE 7-05 results where Allowable Stress Design, while
7-10, 7-16, & 7-22 results are Ultimate Strength
Allowable Stress Design (Vasd)
Are nominal loads for cladding so as not to exceed the
structure. Roofing assemblies are defined as cladding.
Ultimate Strength {Vuit}
Are the strength loads necessary for structural members

51
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ASCE Ultimate Wind Maps

Allowable vs. Ultimate
ASCE 7-10 & 7-16 Results are Ultimate Strength Pressures {Ult.)

But...

Cladding uses Allowable Stress Design Pressures (ASD}, how is this
determined?

ASD = ASCE 7-16 Ult. results x 0.6
Or
Convert wind speed back to Allowable for Calculations

52
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International Building Code:
Editions 2012, 2015, 2018, 2021 & 2024

1609.3.1 Wind speed conversion. When required, the
ultimate design wind speeds of Figures 1609A, 1609B and
1609C shall be converted to nominal design wind speeds,
V.« using Table 1609.3.1 or Equation 16-33.

Voo = V06 =Vultx 0.775 {Equation 16-33)

TABLE #0231
SPECD CONVERSIONS ¢
N N I ST DN WL EI I |
£ IS O A T B T |

FEVENE SN

53
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Design Pressure

Roof Area ’ ASCE 7-16 Results in 1bs/sqft.

Zone 1’ -37.6x0.6=-22.5
Zone 1 -65.4x0.6=-39.3
Zone 2 -86.3x0.6=-51.8
Zone 3 -117.6 x 0.6 = -70.6

Ultimate or strength-based wind speeds are used in the
wind speed maps. Apply 0.6 factor for allowable stress
design

54
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Building Configuration

Location: St. Petersburg, FL
Building Elevation: 597-ft
Exposure Category: “D” within 1 mile of the ocean
Building Height: 100-ft
Parapet Height: 24-inches
Roof Width: 200-ft

Roof Length: 400-ft
Enclosure Type: Enclosed

10/10/2024
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Occupancy: Risk Category IV

Analytical Method for h > 60 ft

ASCE 7-16 Calculation for
Design Pressures on a Roof

T = o 0

ASCE 7-16
gz = 0.00256 x Kz x Kzt x Ke x Kd x V? i

0.00256 = numerical coefficient to be used except where sufficient
climatic data are available

Kz = velocity pressure exposure coefficient evaluated at heightz = h
Kzt = Topographic factor

Ke = Elevation above sea level

Kd = wind directionality factor

* V2= basic ultimate wind speed base on Risk Category

P (pressure) = q, [(GC,) — (GC,,)]

* GC, = external pressure coefficient & gust-effect factor
* GC, = internal pressure coefficient & gust-effect factor

19
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OTC Hazands by Location

Saaroh information e g 2
[, b vsh =55
Gt aasersi. smse % t
Bt 0 o
9 wvgia !

H— A - =-Chaglotie g
Mo Type: Ve s " Snamain

iy - Fovd MO L s 00591 Ot et g e

http://hazards.atcouncil.org

Except for Oregon

58
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Kz
(TABLE 26.10-1/Exposure D)

Height sbowe Ground Lowe, 2 Exposure

] = ] € <

058 Lo
094 108
094 L
(2] Lie
164 522
109 7
[RE) {3
t17 (&)
(B4} L3
{32 bty

136
L3

4

59
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Velocity pressure calculation
gz = 0.00256 x Kz x Kzt x Kd x Ke x V2

Variabte ] Building ASCE
Kz Hight & Terrain 1.26

Kzt Topography 1

Kd Wind Directionality 0.85
Ke Elevation Factor 1

v Risk Cat Maps 124-mph

q, Results  42.2-lbs/sqft

60
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GCp Coefficient
Figure 30.5-1

F) 2
o I W -z
RO TRHNC ] 5

K ¥ 1 @

' &

H - Y
5 © d G

H i
- L

3 1 1
. k.:.a,@.»urt’a 18

0.1x width but not less than 3-ft.

——— — ———— YTy
Gcpi Coefficient
Table 26.13-1
Enclosure Classification Internat Pressure Cosfficient, {GC )
Enclosed buildings
Partially enclosed buitdings HLS5
-0.55
Panialty open buildings

Open buildings

62

Calculating Design Pressure

P=qz{GCp—-GCpi}
RoofArea | gz ‘ GCp | GCpi | Resultin
| Lbs/Sqft
Field 42.2 -1.4 0.18 -66.6
Perimeter 422 -2.3 0.18 -104.6
Corner 422 -3.2 0.18 -142.5

63

10/10/2024

21



L= X i A o 3 o

Design Pressure

Roof Area ASCE 7-16 Results in Lbs/Sqft
|
Field -66.6 x 0.6= -40.0
Perimeter -104.6 x 0.6 = -62.7
Corner -142.5 x 0.6 = -85.5

Ultimate or strength-based wind speeds are used
in the wind speed maps. Apply 0.6 factor for

allowable stress design

10/10/2024
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ASCE 7-2022

Minimum Design Loads and Associated
Criteria for Buildings and Other Structures

P e en— T

ASCE 7-22

Adjusted from ASCE 7-16

Adjusted the C: wind factor)
Removed Simplified Methods to determine uplift pressures
New Roof Area Zones for Steep Sloped Roofs

New Chapter 32 on Tornados Loads

New Calculations for tornados

New Maps for tornados

Incorporate in IBC 2024

66
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ASCE 7-22

2a=a

Velocity Pressure
q,=0.00256 x Ky x Kz, x K, x V2x 0.6

t climatic data are available
hfrom Table 26.10-1

0.00256 = numerical cosfficient to be used except where suffic?
Kz = velocity pressure exposure coefficient evaluated at height
Kz = topagraphic factor as defined in Figure 26.8-1

K, = ground elevation factor in Table 26.9-1

V2 = basio wind speed obtained from Fig. 26.5-1A through 26.5-14,
0.6 =load factor to convert to allowable stress design Section 2,

combination 5a assuming D =0

Design Pressure {Zonal Pressures)
P =q,x Ky x [(GC,) - (GC)]
GG, = external pressure coefficient & gust-effect factor from Figure 30.3-24 (60-ft or less & Slope 7° or less)

GCy,; = internal pressure coefficient & gust-effect factor in Table 26.13-1
K, = wind directionality factor in Table 26.6-1

67
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Vasd Wind Load: ASCE 7-16 vs 7-22 :
Concord, NC 1
Vult Wind ¥ .l
124-mph 122-mph
Exposure “C” Sheed |
Zone 1 23 psf 22 psf.
Enclosed Bldg Zone 1 40 psf £
Zone 2 52 psf 51 psf
Category IV Zone 3 Tipst | eopst
i s a

69
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Tornado Loads

T z T - o s

T rrrr-

) e T B Y

¥
(%77 b
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o
Risk Category IV
Effective Plan Area: 40,000 sqft

VEVIETEE I SR G N

Enhanced Fujita Scale

I Effective Plan Area (sqft)

EFO - EF2 intensity

16 maps

¢ 1

= 2,000

- 10,000
40,000

-+ 100,000

= 250,000
1,000,000

4,000,000

-

o o o0

CO|

Vit: Tornado Wind
Risk Category

Vult: Wind Speed: 122-mph
Effective Plan Area: 40,000 sqft

In Tornado-Prone Region {Yes)
Vt = 60-mph (Yes)
Exposure B: 50-mph 2 61-mph (Yes)
Exposure C: 50-mph = 73-mph (Yes)
Exposure D: 50-mph 2 81-mph (Yes)

All Terrain: Tornado Loads

Hospital: Risk Category IV

C

Speeds: 80-mph
Il or IV {Yes)

10/10/2024
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Hospital: Risk Category IV E
Melville, NY
’— Vult: Wind Speed: 136-mph
Effective Plan Area: 4,000,000 sqft
o Vt: Tornado Wind Speeds: 97-mph
s Risk Category Il or IV (Yes)
In Tornado-Prone Region (Yes)
Vit 2 60-mph (Yes)
Exposure B: 97-mph 2 67.50-mph {Yes)
Exposure C: 97-mph 2 81.00-mph (Yes)
Exposure D: 97-mph 2 90.45-mph (Yes)

All Terrain: Tornado Loads

Results ASCE 7-22 “Wind” vs. “Tornado” ?
Concord, NC :

40-ft high ASCE 7-22
e Tomado Loads

Exposure “C” =
g < Vult: 122-mph ‘ Vt: 80-mph

Enclosed Bldg Zone 1" 22 psf | 1§_psf

Zone 1 aspsf | 26psf

Category IV Zone 2 51 pst 30 e

Effective Plan Area: Fooms fopet R
4,000,000 sqgft Results above are all ASD

74
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10,000,000-year MRl means

1/10000000 chance in one year of wind of this amount may h

(0.0000001)
Tornado Speeds for =X

10,000,000-year MRI L)

£ o i _SER .~
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ANY
QUESTIONS
5/

Please send to
info@spri.org
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