Wind Loads:
What's New in ASCE 7-22

John O'Brien, P.E., S.E.

N \ '

" N
" R
\ . s o
\ -
\ . N S
N,
.

7
Q
D
~
(&)
>
oc
-
w

GEORGIA

v

()
e)
()
]
o
=




Agenda

* General

* Chapter 26-31 Change
Highlights

* Tornado Loads
e Q&A
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Navigating Changes

* Look for grey bars in cHAPTER 26
margins

WIND LOADS: GENERAL REQUIREMENTS

26.1 PROCEDURES 26.1.2.2 Components and Cla
buildings and other structures :

26.1.1 Scope Buildings and other structures, including the main . P -
= = following procedures:

wind force resisting system (MWEFRS) and all components and

cladding (C&C) thereof, shall be designed and constructed to I. Analytical Procedures p
resist the wind loads determined in accordance with Chapters 26 appropriate, of Chapter
through 31. 2. Wind Tunnel Procedure

ﬁ Risk Category Il and IV buildings and other structures,
including the MWEFRS and all C&C thereof, shall also be
designed and constructed to resist tornado loads determined in
accordance with Chapter 32, as applicable.
The provisions of this chapter define basic wind parameters for
use with other provisions contained in this standard.

26.1.3 Performance-Based
buildings and other  struct
procedures shall be permittec
Authority Having Jurisdiction
design procedures used shal
Section 1,3.1.3,

User Note: A building or other structure designed for wind
loads determined exclusively in accordance with Chaprer 26
cannot be designated as a storm shelter without meeting

26.2 DEFINITIONS

additional critical requirements provided in the applicable The following definitions appl
building code and 10C 500, the ICC/NSSA Standard for the through 31.
Design and Construction af Storm Skeliers. See Commentary APPROVED: Acceptable
Section C26.1.1 for an in-depth discussion on Storm Shelters. Jurisdiction.

ASCE WIND DESIGN Gl
tabase (version 2022-1.0) of g
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Errata

* Mistakes happen

* Free download from ASCE
Library

e Search “ASCE 7-22 errata”

Structural Engineers Association of Georgia | 2025 Spring Seminar

v Errata for Minimum Design Loz X o

< » C M 25 ascelibrary.org/do...

ASCE |usrary

PREVIOUS CHAPTER

& FREE ACCESS | Correction | Jul 25,2024

Errata for Minimum Design Loads
and Associated Criteria for Buildings
and Other Structures and
Supplement 1

@ You are viewing the correction. VIEW THE CORRECTED ARTICLE

Publication: Minimum Design Loads and Associated Criteria for
Buildings and Other Structures

https://doi.org/10.1061/9780784415788.err

Y\ Structural Engineers
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Supplements

Standard 7-22
Minimum Design Loads and Associated Criteria
Jor Buildings and Other Structures

* Important technical , e
changes

phis reserved

3 Performance Based Procedures
and | ¢ and their connecti

s designed with performance-based
procedures shall be ds by analysis in acc ce with Section 2.3.5 or by analysis procedures
supplemented by testing to provide a reliability that is generally consistent with the target reliabilities
stipulated in this section.

and comp ubjected to dead, live, environmental, and other loads except
earthquake, tsunami, and loads from extraordinary events shall be based on the target reliabilities in Table
1.3-1. Structural ms subjected o earthquake shall be based on the target reliabilities in Table 1.3-2
and 1.3-3. The design of structures subjected fo tsunami loads shall be based on the target reliabilities
Table 1.3-4. Structures, components, and systems that are designed for extraordinary events, using the
requirements of Section 2.5 for scenarios approved by the Authority Having Jurisdiction, shall be based
on the target reliabilities in Table 1.3-5. The analysis procedures used shall account for uncertainties in
loading and resistance.

* Must follow code adoption
process

n

Chapter 2: Combinations of Loads

* Free download from ASC
Library

cd from ascelibrary.onz by 50.237,58,10 on 06/U/23. Copyright ASCE. For personal use

2.2 SYMBOLS
A, = Load or load cffect arising from extraordinary event A4

D = Dead load

D = Weight of ice

E = Earthquake load
. u p p e I I I e I lt S F = Load caused by fluids with well-defined pressures and maximum heights

52-1

L)
I u I S ‘ Minimum Design Loads and Associated Criteria {or Buildings and Other Structures.

Structural Engineers
Association of Georgiq|
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General Provisions

Chapter 26
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Performance Based Wind Design (PBD)
¢ 26.1.3: Charging language

* Design shall conform to 1.3.1.3 Prestandard for
* ASCE/SEI Prestandard for | Performance-Based
Performance-Based Wind Design | Wind Design
* Prestandard is FREE from ASCE §
p u b I |Cat | O n S § American Society of Civil Engineers
* Revised prestandard (V1.1) published
in 2023 ASCE oY e “:,

Structural Engineers Association of Georgia | 2025 Spring Seminar Structural Engineers |
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Wind Hazard Maps

* No paper maps in the
future?

Structural Engineers Association of Georgia | 2025 Spring Seminar

* ASCE Hazard Tool now free
* https://ascehazardtool.org/

v [B ASCE Hazard Tool x

€ C @ 2% ascehazardtoolorg

ASCE HAZARD TOOL

Location

Atlanta, Georgia, , @

- Dunwoody
Sandy Springs 3
7,

Reserve Bash

997 ft with respect to North American
Vertical Datum of 1988 (NAVD 88)

Lat: 33.748547

\, 161
L o ] ;
Long 84391502 & Winings, /Brookhaven &J

5
| th

| ¥ &

\ &

! ) " \ a0 &7

5 5%
7

Standard ASCE/SEI 7-22

r éie
Puth Fory geach\®%~
|~ CEmory

v] University

East F’Oll\l
Ha |\— ille

ollege Park
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Wind Hazard Maps o,

* Special wind regions
updated

* Gulf coast hurricane wind
speeds revised

* Topographic effects
included in Puerto Rico &
US Virgin Islands maps R

~ 180(80)

BRR® Special Wind Region Hocation v tmi
! can Sanms
Guamn & Morthern Manana Islands 180 i
Hawan ASCE Wind Design Geoslatabase
— Puerio Rico ASCE Wind Design Geodatabase
—_— U5 Virgin lslands ASCE Wind Design Geodatabase

Structural Engineers Association of Georgia | 2025 Spring Seminar Structgra_l Engineers .
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Wind Hazard Maps .
+=105(47)

* Georgia: / |
i 1 04(47) Atlanta
Risk Category Il Basic Wind Speed v

7-16 7-22  Change

Atlanta 107 105 0.96
Augusta 113 110 0.95 = I
Macon 109 107 0.96 -_-‘55\\
Savannah 135 135  1.00 ==* \h
|l a=Anri=—n

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers  BEY
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Topographic Effects

*Section 26.8.1

* Conditions 1 & 2 removed

*7-16 required isolated &
unobstructed, and
significant features

* More sites will require K,
evaluation

e Clarifying language added
for table vs equations

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers |
: | Association of Georgig|



Ground Elevation Factor

Table 26.9-1. Ground Elevation Factor, K.

) Cla rIfIEd grou nd elevatlon Ground Elevation above Sea Level

Ground Elevation

above sea level " " ractor, Ke
<0 <0 See note 2
° Zg -> Ze (1),000 (3)05 (I):g(s)
2.000 610 0.93
*z, Was not intended to be o e oo
. . 5,000 1,524 0.83
the z, (gradient height) 5900 1829 2

from velocity pressure

1.
2

coefficient calculations -

Structural Engineers Association of Georgia | 2025 Spring Seminar

Conservative approximation K, =1.00 is permitted in all cases.
Factor K, shall be determined from Table 26.9-1 using interpolation or
from the following formula for all elevations: K, = ¢~00000362 (7 —
ground elevation above sea level, ft); or K, = ¢ %9019 (7 = oround
elevation above sea level, m).

K, is permitted to be taken as 1.00 in all cases.

NP\ Structural Engineers
| Association of Georgig|



Velocity Pressure Coefficients

Table 26.10-1. Velocity Pressure Exposure Coefficients,
Ky and K.

Height above

° BO un d a ry |aye r p rofi | e Ground Level, z or h Exposure

ft m B C D
N 0-15 -6 (.57 (0.70)* (L85 LO3
a J u S e 20 6.1 0.62 (0.70p* 0,90 108
25 7.6 (.66 (0.T0y* (94 112
30 9.1 070 (.98 L16
40 12.2 074 1.04 1.22 Table 26.11-1. Terrain Exposure Constants.
Y 50 15.2 (.79 .04 1.27
a e . - . - 80 183 0.83 113 131 Velocity pressure |
0 213 (.86 L17 1.34
80 24.4 0.90 1.21 1.38 Exposure o« =z, (ft) a
. o0 274 .92 1.24 1.40
o . 100 305 095 1.26 1.43 B 7.5 3280 /7.5
ypical structures:
140 427 L4 1.34 1.52 (b] 11,5 1,935 1111.5
160 48,8 108 1.39 1.55
. . 180 54.9 .11 1.41 1.58
° I I K f 200 61.0 L14 1.44 161
l I I a re u C I O n I n O r 250 76.2 1.21 1.51 1.68 Exposure a z, (m) i
Z 300 al.4 1.27 1.57 1.73
350 106.7 133 .62 L78 B 7.5 10000 1175
Exposure B & C Lo c
5 2 A2 . § &
. 3 39 E:
500 152.4 L46 1.74 1.59 b 1 0 /115
“Use 0,70 in Chapter 28, Exposure B, when = < 30 11 (9,1 m) ¥ i = Minimum height used 1o ensure that the equivalent
Motes: U= Iin-
‘ N O C h a n ge fo r E X p O S u re D 1 ‘?"uluc?ly ||r_\-»«u|\'.\.'\|~usurt coefficient K. may be determined from the
following formula:
For =z < 15 ft .
For z < 46 m .
For 15 fi (46 m) = = < 2, .
For z, = = £ 3280 1t
{1,000 m) K. =24
2. aand 7, are tabulated in Table 26.11-1.
3 Linear interpelation for intermediate values of height @ is aceeptable,
4. Exposure categories are defined in Section 26.7,
Structural Engineers Association of Georgia | 2025 Spring Seminar ) Structural Engineers gk

| Association of Georgig|



Velocity Pressure Coefficients

1000

T

* Boundary layer profile " —ene
adjusted ol
+Table 26.10-1 & 26.11-1 27 s
* Typical structures: Lol
* Small reduction in K, for o "\\
Exposure B & C " B\
 No change for Exposure D  Relaive change of Kz (%)

* Very tall structures:

*K,increase up to 20%

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers P
: | Association of Georgig|




Directionality Factor

* K, moved from Velocity Pressure (q,) to Pressure Equations
g.=0.00256K K., K,K,V? (Ib/f2); Vinmi/h  (26.10-1)

* MWERS: p=qK,GC, — q;K4(GC,,) (27.3-1)

* C&C: (h<60’): p=q,K4[(GC,) — (GC,)|(Ib/f?) (30.3-1)

* C&C (h>60’): p=qK4(GC,) — q:iKa(GCp;)(Ib/1ft%) (30.4-1)

* Tornado MWERS: Pr=49GrK K, rC, = qi(GCpir) (Ib/f1%) (32.15-1)

¢ TOrnaC O C&C ( 1<60’): Pr =th[KdTKvT(GCp) - (GCpiT)] (lb/ftz) (32]7'])
* Tornado C&C (h>60’): rr=4KurK.r(GC,) — ¢:(GCpir) (Ib/ft?) (32.17-2)

/AN Structural Engineers  [RfE
| Association of Georgig|

Structural Engineers Association of Georgia | 2025 Spring Seminar



Gust Effect Factor
* Table 26.11-1 adjustments

Table 26.11-1. Terrain Exposure Constanis.

+26.11.5 Flexible Buildin T e —
. . g S Exposure it z, () & b i i e ify
B 7.5 3,280 1/7.5 .84 1/4.5 047 (.30 220
* Multiple clarifications to b s @8 |wns Lo @D WB o &
. SI Units
flexible gust effect factor, G, boowe |« o | & &« 1 iw
B 7.5 1,000 1/7.5 0.84 /4.5 0,47 (.30 97.54
variables and equations b 1S e s e ame om o e
* oz = Minimum beight used o ensure that the equivalent height = is the greater of (0Gh or 2. For buildings or other sirsctures

s -"|IIIII

Structural Engineers Association of Georgia | 2025 Spring Seminar AAJfAN\ Structural Engineers
: | Association of Georgig|



Wind Borne Debris Region

 Definition change in 26.12.3.1

e Areas in hurricane prone
region where:

*V > 140 mph, or

*V > 130 mph & within 1 mile of
the ceastal mean high water line
where an Exposure D condition
exists upwind of the water line

Photo credit: FEMA P-2077 Mitigation Assessment Team
Report: Hurricane Michael in Florida

Structural Engineers Association of Georgia | 2025 Spring Seminar T\[AR Structl_Jra_I Engineers_ 17
: | Association of Georgig|



Main Wind Force Resisting System
Chapter 27 & 28

({M\ Structural Engineers
| Association of Georgia

Structural Engineers Association of Georgia | 2025 Spring Seminar



MWFRS Tabular Methods

* Chapter 27 Part 2: Enclosed
Simple Diaphragm Buildings

* Chapter 28 Part 2: Enclosed
Simple Diaphragm Low-Rise
Buildings

FF EE EE EEEE.EEEE EEEEEEEEFEEEEEEEH

* Removed entirely

Structural Engineers Association of Georgia | 2025 Spring Seminar A\ Structural Engineers BT
: | Association of Georgig|



Pressure Equations: K,

* K, moved from Velocity Pressure (q,) to Pressure Equations
q, = 0.00265K,K, K;K.V>  (26.10-1)

* MWEFRS:
p = qKzGC, — q;K4(GCy;) (27.3-1)

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers PR
: | Association of Georgig|



Elevated Buildings

* New in ASCE 7-22!
* MWERS

Structural Engineers

Structural Engi A iation of Georgia | 2025 Spring Seminar oL .
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Elevated Buildings

* Check “blocked area” * Yes to both:

under structure e MWFRS Loads per 27.3.1.1.1
* Vertical cross section: —27.3.1.1.2

blocked area less than 75%  * No to either:

of gross area? * Assume solid structure for

* Plan area: blocked area MWERS loads

|eSS than Specrﬂed L/B Plan Area Blocked
<2.5 50%
percentages? 30 45%
3.5 40%
4.0 36%
4.5 33%

5.0

U U ra | N ——

30% | eminar (A Structural Engineers [lPH
— @ | Association of Georgig|




Elevated Buildings

*Section 27.3.1.1.1:
Elevated Building Loads

* Roof & wall loads h

¥y £
+
h,
; v ¥

Typical Elevated Tall Building - Elevation

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers  BPEi
: | Association of Georgig|



Elevated Buildings

e Section 27.3.1.1.2: Lateral
Loads on Elements Below
Elevated Building :

* Projected area of elements

7y 2 |

* Net force coefficient = 1.3

0.25h;
' |

— hy -
— ; v ¥

Typical Elevated Tall Building - Elevation

*q, elevation = h,; + 0.25h,

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers — BB
: | Association of Georgig|



Elevated Buildings

*Section 27.3.1.1.3: External
Loads on Horizontal Bottom
Surfaces of the Elevated :
Building

* Roof pressure coefficients (flat L
roof) N | }

*h = h, for windward edge zone |1 1‘M‘H\ hy
(elevated level height) '

v ¥

Typical Elevated Tall Building - Elevation

*q, elevation = h; + 0.25h,

Structural Engineers Association of Georgia | 2025 Spring Seminar A\ Structural Engineers  BPI3
: | Association of Georgig|



Diagrams

P1] o IFTETY!
-l ¥ - ¥ - v -
] L | L. 0.75pw 4] —x [T 075p,
s [ ‘*1*4,* Py I EEEXE]

[ . ’
*Figure 27.3-8 revise
o CASE 1 CASE3
Full design pressure on the projected wall area perpendicular 1o

Wall pressures are 75% of Case 1. For roof pressures,
see Note 2. Al pressures act simultaneously,

h principal axis. Full design press
al for wind along each principal ax

* Load direction clarified

¥
° : LELEEE 075m
&
s€ MmaXx, Not compine R
8, t : M, |, + 0.563puy 0.563p,,
. - .
X
0,750, 0.7%0., I T EEEE R [EEEE L]
rootr 10ad 10r Lase
M, = 0.75(Pws + PudBie. M. = 0.75(pw, + P8, €, M, = 0.563(pw, + PuiB.e, + 0.563(pw, + py,)Be,
€, =10.158, e,=10.158, e,=10.158, e,=10.158,
CASE 2 [SEE APPENDIX D FOR EXCEPTIONS| casea
Three-quarters of design wind pressure on the projected wall area Wall pressures and torsional moment are 75% of Case 2

° " - N -
. perpendicular to cach principal axis of the structure and sidewalls {wall pressures are 56.3% of Case 1), For roof
O I S I O n a I I I O I I l e I I in conjunction with a torsional moment, considered separately pressures see Note 2. All pressures and lorsion act
along each principal direction. Roof pressures ar of e 1. simultaneously,

Al pressures and torsion act simultaneously for each principal wind

dircction,
[ [ [] Notation
Puses By = Windward wall design pressure acting in the v, y principal direction, respectively.
a p p I I C a t I O n t O fI eX I b I e Do Py = Leeward wall design pressure acting in the v, v principal direction, respectively,
B, B, = Horizontal dimension of building normal to the wind in the x, v principal direction, respectively.
e, e, = Eceentricity from the x, y principal axis of the structure, respectively; as shown for rigid buildings, or as defined by

Equation {27.3 See also Note 4.

. . e M, = Torsional moment per unit height acting about a vertical axis of the building,
IapnNragms Claritieq (Note 4
1. Diagrams show plan views of buildings.
wes on roof are not shown for clarity. For Cases 3

nd 4 the resulting pressure on any roof area defined by the two
| wind directions of Cases | and 2 shall be 100% of the larger value of the roof pressures defined for Cases 1 and 2,

4} for flexible buildings

pectively.

3. Pressures on sidewalls for Cases 1 and 2 are not shown for clarity and need not be considered at floors with rigid diaphragms
continuous with the sidewalls.

4. M- shall be applied on rigid diaphragms. On floors with semi-rigid or flexible di gms, or without diap it shall be
permitted to apply M. using an equivalent distributed pressure block on all walls receiving normal wind pressure, applied in the
proportion specified for cach wall in Figure 27.3-1, or using other rational methods.

Figure 27.3-8. Main wind force resisting system, design wind load cases.

Structural Engineers
Association of Georgiq|
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Bullding Appurtenances & Other
Structures

Chapter 29

({M\ Structural Engineers
| Association of Georgia

Structural Engineers Association of Georgia | 2025 Spring Seminar



Pressure Equations: K,

* K, moved from Velocity Pressure (q,) to F & P Equations

q; = 0.00265K,K,: K;K,V?

F = q,K;GC, A, (29.3-1)
F = q,KqGCrAs (29.4-1)
Fr, = qnKq(GC)A; (29.4-2)
E, = qyK4(GC)A, (29.4-3)

p = quKa (GC, — (GCpi))  (29.4-0)

(not all Chapter 29 equations shown for brevity)

Structural Engineers Association of Georgia | 2025 Spring Seminar

(26.10-1)

A\ Structural Engineers
] | Association of Georgig|




Solid Signs & Walls === T

NN sih<1 slh=1
GROUND SURFACE

[ F i g u re 2 9 . 3 - 1 ELEVATION VIEW CROSS-SECTION VIEW

* Notes cleanup

b |
—_—
=
I
|'n
P
~
|
@
n
(=]
]
m
S
N\
m
-
I
m ]
—

§

* Clarify load cases — Fo= ST
b Case A & C: AIWayS CASE A CASEB CASEC N

Notes
1. Force coeffic iem-. fior mlid »m]ln m signs with openings less than 3(0% ol gross area shall be permitted 1o be multiplied

*Case B: Not required for B/s ' micanici™ s

T'n allow for both normal and uhhquc wind directions, the fellowing cases shall be considered;
R . For s/ < 1: [Elevated sign)
> 2 I e S I n S 2 X I O n e r t h a n Case A: Resultant force acts normal 1o the face of the wall or sign through the geometric center.
i g g Case B: Resultant force acts normal to the face of the wall or sign at a distance from the geometric center toward
the windward edge equal to (0.2 times the average width of the wall or sign.
For double-faced signs with all sides enclosed and Ry, <04, it 18 permitted o use foree eccentricity, = (0.2 = 0,258 ... |8

L]
h e Ig h t) For double-faced signs with all sides enclosed and R, 075, it is permitted to multiply tabulated Cp values in Cases A and B
by the reduction factor, (1 = 013385,

For B4 = 2, Case B need not be considered, while Case C must be considered;
Case C: Resultant forces act normal o the face of the wall or sigin through the geometric centers of each region.
For sdr=1: (Mo legs)
The same cases as above except that the vertical locations of the resultant forces oceur at a distance above the geometric center
equal to 0,05 times the av cr:y:' height of the wall or sign.
3. Tor Case C where 57 > 0.8, ficients shall be multplied by the reduction factor (1.8 = s/, It 1s permitted w apply this
reduction with those specified in I\cnr 2
4. Linear interpolation 1s permitted for values of s, B4, and L. other than shown,

\ Structural Engineers %
| Association of Georgig|
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Roof Mount Solar

e Parallel to roof
*Section 29.4.4

* Pressure equalization
reduction for certain
conditions (Fig 29.4-8)

s [ gaps 2 0.75 (19 mm]
and hz £ 5" (127 mm)
gap = 0.25" (6.4 mm)

0.8
. and fz = 10: (254 mm)

D6 mmmmmmmta

=<l
-
e

Selar Array Pressure
Equalization Factor, ya
[=} [=]
] B

=]

10 100 1000
Effective Wind Area, ft?

Figure 29.4-8. Solar panel pressure equalization factor, y,, for enclosed and partially enclosed buildings of all heights.
Note: Bilinear interpolation between the solid line and the dashed line is permitted. Change to = signs for solid line.

-t

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers R
: | Association of Georgig|




Ground Mount Solar

* New section 29.4.5
* Adds guidance for fixed-tilt

systems

Solar Array Prossure
Equaliston Factor, o

o 100
Effective Wind Area, !

Figure 29.4-8. Solar
Bllnear meoation baeen e 5k s e shed b o

The roof shall be designed for both of the following:

1+ Inthe cae where sl pancls e prse
rdan.

it

o
pied ‘mk sec
e pia prjecion of
ol wind ot e ther
i areas of th rof cocred by the plan pojcton
of olar ollecion.
2. Case where the solar panels have been removed.

2045 Ground-

founted Fixed-Tilt Solar Panel Systems

5.1 Sope Wind lods shall b e in sordace
ectons 20.4.3 2 and 29,43 o ground mouned inedi

2.
with

e lowig seomerte miions

GROEmSL S I4nddm

Number of rows >3
The rows have the same chord kengeh
The ratio of arca blocked by support framing o total area
below lowest edge of pancls <8% over any length of 4L,

where

Panel chord length, i ().
W, = Shortest row length in armay. ft (m
= Angl hetwcen the solar paels and the ground surface

= Mean heght of pusel, ().
ot ow cy. B 7).
ent panch
&2 oo dane Lot Ao ofop e

H

thin a single
7 = Horizontal distance in transverse dircction of open arca
between adjacent rows.

e S 07 A9

1000

ol pressure oqualization factor, 7y for enclosed and partally enciosed builings ¢

o1 i o sl

52 Desgn Wind Loads The de

moment about the center-of-plane

o v el e dker mined o
and Equation (29.4-9), especiiv

i o
i

GC A (1b)

GCL AN

WK [(GC, AL (1b/f

M=

J(GC AL (N/m)

where

+(6C,

)£ (6Cumn)]

.= Vecky gl
mean height o

K, = Direcionalty Fac ion
(6C,y,.) = Static net Wuum‘ cocticent
+10;
(G,

(Gc,

(Ge

Diagrams

= —f'

st =
L w, - - -
Nesstn

dy = horizontal distance of Zone 2 from row end. i
d, = horizonta offet between adjacent rows with st

)5 dp = 4L 0r 30 (9.1 m), whichever i sma

gered row ends. 1

1. Where an open area for access andior clearance purposes exceeds  distance equal to 0.25L. in the longiudinal diection or 25
inthe transverse direction, a new Zone 2 s formed where the array meets i,

2. Whered, > 1.5L, the Zone 2 width shall b incressed to d in the longitudina direction.

3. The Zone

width shll slways be three rows i the transverse direction

Figure 29.

Parameters for application of ground-mounted fixed-tilt solar panel system roquirements.

applcaton of he desig o, and osign moment. M, The 206 ROOF OVERHANGS

that yields the most adverse load
Effective wind area of elemen, i

I toldZao | exhor pimcer
deaned and desgnted. s shown n i 29
For amay n 020 £ (1/9) < 05, al
dynamic coelf
C, shall m ecominedpr bl
Where Ky enceed 1 per Eaon' 205

dynamic coellicients for the Zone 2 shall be us
the entire am

3 Design Suppot Poss and
o .t v St

STANDARD &'

 shallnocbe Jons ol oetangs e e n S
i o bt desncd v e Diecs
20,454 Rediced Frequency for Ground-Mownted Solar o1 Secion 3535 1o Jew s b dedaned v e

ihan 01 e e v corponeat o Fr

Panel Systems The reduced frequency, N, for ground-  Envelope Procedure.
mounted solar_panel sysiems. shall be determined by
Equation (29.4-12) 297 MINIMUM DESIGN WIND LOADING
oL,V 412 wind force for other structures shal be not less than
o82nl. [V D TN o> mliied by e e 2
Le/V @.125)
298 CONSENSUS STANDARDS AND OTHER
. REFERENCED DOCUMENTS

here n is the lowest natural frequency
it e o s oY iy he e o Thefllovingcosensus sadurs nd oter documents sl be
speed mifh (i),

Desin of Sl Lightg Sysen Support bole

295 PARAPETS
Wind Toads on parapets are specified in Section 2734 for \duced Forces, Wind
buildings of all heighis designed using the Directional PROCCAUTe L s fo Petrochemical and Orher industral Faciliies, Ameti
and in Section 28.3.4 for low-rise buklings designed using the can Sccaety of Civil Engineers. 2011
Envelope Procedure. "Cied . Secions 20 mnd C294

g5 and Other Structures an

Structural Engineers s
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Components & Cladding
Chapter 30
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3018, V=95-130 mph

Wind Specd (mph)

130

Tabular Methods

T =% EE
4 20 2 290 -316
] 7z s
) 39 s
T o W04 07
s o
s oW
s | m

e Removed from ASCE 7-22 H

 Moved to Guide to the
Wind Load Provisions of
ASCE 7-22

° S p re a d S h e et S / “;““‘”“;‘ ‘“W"°““’°“'““’"';“S‘.’,:L:ﬁ;‘"w’..‘ﬁ?;‘;".f
Commercial software .

Flat/Hip/Gable Roof 0 to 7 Degrees

Gable Roof > 7 t0 20 Degrees

50
10 66 27| 33 wo| w1 w3
otes: PIUS A GRS STEm SIEHITY prossusos acing foward and away Trom

Guide to the
Wind Load Provisions of ASCE 7-22

T. Eric Stafford, P.E.

Timothy Reinhold, Ph.D., P.E.

Structural Engineers e
Association of Georgiq|
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Pressure Equations: K,

* K, moved from Velocity Pressure (q,) to Pressure Equations

q, = 0.00265K,K, K;K,V? (26.10-1)
e C&C:
p = qnKq|(GC,) — (GCyy)] (30.3-1)
p = qK4(GCy) — qiKa(GCpy) (30.4-1)

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers W
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Elevated Buildings
* New in ASCE 7-22!

*C&C

Structural Engineers

Structural Engi A iation of Georgia | 2025 Spring Seminar oL .
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Elevated Buildings

* Bottom Horizontal —— |ttt
Surfaces of Elevated
Buildings
*Section 30.3.2.1: h < 60 ft N

*Section 30.4.2.1: h > 60 ft M

COLUMN i

WALL

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers R
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Elevated Buildings

fe—>ie—>
0.6h50.6hg !
1

L —
0.6hg ! 0.6hg|

O

Plan reflected soffit view

—
0.6h

&

: Io,:shE

Elevation

Figure 30.3-1A. Components and cladding [h < 60 ft (18.3 m)]: external pressure coefficient zones for enclosed, partially
enclosed, and partially open elevated buildings with partially enclosed spaces and areas beneath the elevated building—

bottom horizontal surface of elevated buildings.

Diagrams

Plan Reflected Soffit View

Elevation

Figure 30.4-1A. Components and cladding, part 3 [h> 60 ft (h> 18.3 m)]: external pressure coefficient zones for enclosed,
partially enclosed, and partially open elevated buildings with partially enclosed spaces and areas beneath the elevated
building—bottom horizontal surface of elevated buildings.

Structural Engineers Association of Georgia | 2025 Spring Seminar
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Roof External Pressure Coefficients (GC,)

* Gable: Fig 30.3-2B-2D ’ . L. ‘ e
* Hip: Fig 30.3-2E - 2G R g e R

£ "
R )

Photo credit: FEMA P-2342 Mitigation Assessment Team Report: |
Hurricane lan in Florida

* ASCE 7-16: Ridge, eave,
corner zones

* ASCE 7-22: Simplified!

Structural Engineers Association of Georgia | 2025 Spring Seminar AT Structural Engineers RS
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Low-Rise Gable Roofs

* External pressure coefficients, (GC))

G

’ |

External Pressure Coefficient, (€

-40
A8
36
34

4 ASCE7-16

HoL-2

+03

+0.7

20 50 100 200 5001000
[09) 18 e N} (86) (485)(29)

Effective Wind Area, ft (m )

Table C30.3-3. Gable Roof, 7° <0<20° (Figure 30.3-2B)

Positive with and without overhang

All Zones (GC,)=0.7 for A <2 ft?
(GC,)=0.7709 —0.2354 log A for 2 <A < 100 fi2
(GC,)=03 for A > 100 fi2
- Negative without overhang
a1 Zones 1 (GC,)= =20 for A <20 ft?
341 and 2e (GC,)= —4.7920 + 2.1460log A for 20 < A < 100 fi?
a1 (GC,)= =05 for A > 100 fi2
ped Y ) Zones 2n,  (GC,)= =3.0 for A < 10 (2
K ae 2r,and 3¢ (GC,)= —4.4307 + 1.4307logA  for 10 < A <250 ft?
E _; (GC,)= =10 for A > 250 fi?
B Zone 3r (GC,)= =36 for A < 10 2
S 1% " (GC,) = =5.4000 + 1.800logA  for 10 <A <100 ft?
E 14 (GC,) = —1.8000 for A > 100 fi?
£ 2 Negative with overhang i _
E 1 Zones | (GCI,) ==25 for A <20 ft*
i = as and 2e (GC,)= —43614 4+ 1.4307logA  for 20 < A < 100 ft®
2 GC,)=-15 for A > 100 fi2
. ASCE 7'22 Zones 2n EG ;= =35 for A < 10 f2
o4 M“'-‘ and 2r (GC,) = —45730 + 1.0730log A for 10 < A < 250 f2
o8 | (GC,)= =20 for A > 250 fi?
+14 Zone 3e (GC,)==4.1 for A < 10 ft®
on an SHhuo®@n M (GC,)= =5.9599 + 1.85991ogA  for 10 < A < 250 fi’
EfSactive Wind Asa, 8 (=) (GC,)=—15 for A > 250 ft?
Zone 3r (GC,,) =—47 for A < 10 f®
(GC,)= =7.1000 + 2.4000log A for 10 < A < 100 fi?
(GC,)= =23 for A > 100 fi?

Structural Engineers Association of Georgia | 2025 Spring Seminar
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Low-Rise Hip Roofs

Positive /1/B > 0.8

g ( G C p) F un Ct i on Of h / B i N A S C E 7 _ 1 6 Table C30.3-6. Hip Roofs, No Overhang, 7°<0<20° (Figure 30.3-2E)

All Zones  (GC,)=0.7 for A < 10 f?
. . o (GC,) =1.1000 — 0.4000 log A for 10 < A < 100 fi*
[ ASCE 7 22 . S | I l I f d l (GC,) =03 for A > 100 fi?
- o I p I I e o Negative /B > 0.8
Zone | (GC,)=—18 for A <20 fC2
(GC,) = =3.2891 + 1.1445log A for 20 <A < 100 f2
(GC,)= =10 for A > 100 fi®
-40 2 r . -40 D L Zone 2r (Gci) = =24 for A <10 f¢?
s WBs=08 | | e WB<=05 | | z: T (GC,)= =3.2455 + 0.8455log A for 10 < A <200 f¢*
34 Y . (GC,)= =13 for A 2 200 f@
12 N N 12 N N A b Zones 2 (GC,)=—26 for A <10 f2
-30 : -30 il and 3 (GC,)= —3.5223 + 0.9223logA  for 10 < A < 200 fi?
228 228 p= g (GC,))=—14 for A > 200 fi?
3 §: g: 3 ii ® T T 1. & i: Positive /i/B < 0.5
= 22 o 2 \ 1 8. 14 All Zones  (GC,)=0.7 for A< 10 17
B 90 B 20 - a3 (GC,)=1.1000—0.4000logA for 10 <A < 100 f?
2 -3 18 2 8 ) N 18 % =4 (GC,)=0.3 for A > 100 2
2 -6 g -6 N s 0 Negative 71/B < 0.5
= 1 Y B < - ) — | —d43 § 08 Zone | (GC,)=—13 for A <20 fi*
2 -10 | 10 § 10 - h % 081 (GC,) = —1.8584 + 0.4292logA  for 20 <A < 100 2
£ o i I I I 2:"; 08 I I i I g :: (GEC,) = =10 for A > 100 f2
& 0 ASCE 7_16 B 06 A SCE]_] 6 g 927 ASCE 7_22 Zone 2r (GC,) = —2.4 for A < 10 1
g 71 E 0 o el i %1 (GC,) = =3.2455 + 0.8455log A for 10 < A <200 f?
2 436 Er=r=1=1 2 0 | i 1 +02 1 +03 (GC,) = =13 for A > 200 fi2
. ] - = 9 —] ] o4 Zones 26 (GC,)= =18 for A < 10 12
w2 403 oy #3  +06 {07 OO ! - 2
W T =7 1 04 M w03 and 3 (GC,)= =2.3380 + 0.5380log A for 10 < A <200 fe
3.6 - i +06 : 0 my (GC,)= =11 for A > 200 fi?
+1'3 — ;fcs’ ‘ on o oy doa 69
0 20 50 100 200 5001000 1 0 20 50 100200 5001000 : _
(01 09) (9) “6) (B3 (85) (65E29) fon 09 19 6 63 (B8 (659 Effective Wind Area, ' ()
Effective Wind Area, ft 2(mz}; Effective Wind Area, ft 2(m"’)
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Low-Rise Hip Roofs

* ASCE 7-22 External pressure coefficients, (GC)
*h/B removed
«27°- 45° changed to 6 = 45°

*Interpolate between Figures 30.3-2G and -2F:
|GC,,(2G) — GC,(2F)] * (8, — 27°)

+ GC,(2F)

(45° — 27°)

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers ]
: | Association of Georgig|



Low-Rise Roof Overhangs
*(GC,) Included only in 6 <

7° roof figure .\ ’\ \
*Removed from gable & hip %o \ R

* Section 30.7 §
*Wall +(GC;) on bottom m %
surface > Tzﬁ
*Roof -(GC,) on top surface — =

Building Section

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers  Bpp)
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Low-Rise Arched Roofs
*Figure 30.3-8

* Not new content; previously pointer to Chapter 27

Notation
L = Horizonial dimension of building. 1T (m), measured narmal o ridge.
r = Rise-lo-span ratio = ‘rise"/L.
i = Roof height as defined in Chapter 26 for roof angle 8.

ARCH
§ ARCH ste 1’3_‘ Ii r’qme l B = Angle of plane of roof from horizontal, in degrees, measured at cave.
i j External Pressure Coefficient, GCp
| Ao
i e :_ _: i 1|— _: Conditions Rke-to-Span Ratio, r (GC,)
i ° :
< [ ! [ Zone A Zone B
o (I ! (.
] - -
= Roof on elevated O=r=02 —1.0% —0.84-1.2r
x '~ | Lyl
SPRINGLINE (C)[A) @ ®IC) structure L 0,36
[ | [ 02<r<(3 724252 — 841 2r
B o i o y
1o I (I s !
. _©_ = 5 03<r<06 08 pgayoy
A 06
Ve //////////////////////r/// % T Roof springing from | 68
L L ging i - - ; )
‘ z Li4 L/2 L/4 ground level Dzpr=06 06 0.84-1.2s
T T -
ELEVATION L Notes
PLAN 1. Atroof perimeter Zone C, use the roofl zones (Zone 2 and 3) amd external pressure coefficients in Fig, 30.3-2A, B, C, and D with “0" based

on springline slope, In the case of Fig. 30.2-24 use 0.6k as the size of the roof perimeter Zone C. For roof Zones A and B, use extemal
pressure coelficients shown o this table.

2. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively,

[

Where multiple values of (GC ) are listed, the rool zone is subjected 1o gither positive or negative pressures and the strugture shall be
designed for all conditions,

\ Structural Engineers el
| Association of Georgig|
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h > 60 ft Wall External Pressure Coeff (GC)
* Small EWA (GC)) allgned with 10 ft?

10 20 External Pressure Coefficients
A6
34 0 :2
32 32 22
30 s
28 28
“a& 26
Qi i =
(] 72‘2 23 24
- 22
T 20 g 2
g 1.8 13 gi-‘..e
g MO o
(=] : L E .14
‘z 12 3,
£ 1.0l R ‘19 -
2 0.8 R e 'g? H_E 08
& g5 ; £,
a 24 H 08
-5 . _¥ .. — o~ 04 . )
02
s SFASCE /6 ASCE 7-22
- (W j =y m o\ 0
W +02 0.2 ‘ {
‘0.4 o. : ‘
08 +06 o,: 5
w08 (5 ] . o K —
+1.0 - . | i
1 10 20 50 100 200 5001000 ~ ] e .
01 09 (1.9 (46 (93 (165 (465 [B29 1 1 100 1000
< . 2,2
Effective Wind Area, ft* (m") Effective Wind Area, 17 ()
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Stepped Roofs

* Low roof at step: PO 550 || La spa
«Zone 2&3 negative -> - b [ Ay
Zone 1&2 negative o W [ w | %
*Zone 2 & 3 positive -> ASCE 7-16
Zone 4 & 5 wall positive o )
e ASCE 7-22: " P 71
*Same process as 7-16 &7 3 it |
*Figure will be revised in* ™+ _—
ASCE 7-22

Supplement

Structural Engineers Association of Georgia | 2025 Spring Seminar A\ Structural Engineers I3
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1609.1.2.1 Stepped Roofs: Replace ASCE 7 Figure 30.3.3 with the following:

Stepped Roofs T ke

* Proposed Georgia
Amendment

A

}
bl
5

L as i e

NS® L / @ L ’/
O.M//L- o 7/ / S

X 3 [ / 3 o5 g
05— ‘.'ﬁ"! 2 “'ri J
R J,_t._L;,FJr /
1[ #; | m; | », {
Notation

h = Mean roof height, ft (m)

W= Building width

& = Angle of the plane of the rool from horizontal, degrees
b = 1.5h,, but not greater than 100 {t (30.5 m)

Notes

On the lower level of flat, stepped roofs shown here, the zone designations and pressure coefficients
shown in Figure 30.3-2A shall apply. For the upper figure, the zones for the lower height roof are to be
applied from the edge of the rool inward towards the taller building. Positive values of {(GUp) equal to these for
walls in Fig. 30.3-1 shall apply on the cross-hatch

eas shown here

Figure 30.3-3. Components and cladding [h < 60 ft (h < 18.3 m)): external p fici
partially enclosed, and partially open buildings, % < 7°—stepped roofs.

(GCp), for enclosed.

Structural Engineers Association of Georgia | 2025 Spring Seminar
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Attached Canopies

*h <60 ft added in 7-16
e7-22 adds h > 60 ft

e Separate (upper, lower)
surfaces

* Net (combined upper +
lower)

Structural Engineers Association of Georgia | 2025 Spring Seminar A\ Structural Engineers By
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Diagram

Attached Canopies

_——/'\._ —

*h <60 ft added in 7-16
*7-22 adds h > 60 ft he

* Separate (upper, lower)
S u rfa Ces Net Pressure Coefficient

-3.0
.‘7.3

0.9<k N <1

-2.3

> —— - 21

i AR L) \ .
“e.y

2

x>

* Net (combined upper +
lower)

* Function of h./h,

20O ER>RSiv

Pressure Coeffcient, (GCpn)
—-,:,_\,_\o_c,.};,_'c_'g'o;—LL .'_..'..glvg'qrbr'w'r

D nivS

0.65
09

All b sh,

10 100 1000
0.9) (9.3) (92.9)

Effective Wind Area, ft* (m?)

—~
=
—
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Roof Pavers

* New in ASCE 7-22!
* Pedestal & loose laid pavers

* Not just “roofs”
* Elevated amenity spaces
* Balconies

‘P = qnKqaCr_,

’ CLnet :
*Roof (GC,), wind tunnel data

Figure 1 - View of lifted pavers on the fifth floor roof. The red arrow indicates a paver resting
on the top of the parapet.

Figure 5 - View of lifted pavers {Trwin 2012, Figure 5).

¥\ Structural Engineers

Structural Engineers Association of Georgia | 2025 Spring Seminar ) oL ;| 4°
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Wind Tunnel Procedure

Chapter 3l
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Computational Fluid Dynamics (CFD)

*Section 31.1

* CFD shall be validated by
physical wind tunnel

* Comply with ASCE 49

* Peer review per Section
1.3.1.3.4

Structural Engineers Association of Georgia | 2025 Spring Seminar \ Structl_Jre_ll Engineers_ 51
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Other Changes

e Guidance for:

* Ground mounted solar —
31.4.5

* Loads for structures at
multiple sites —31.5.1

* Rooftop solar—31.5.2

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers )
: | Association of Georgig|



Tornado Loads
Chapter 32
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Chapter 32

* New Chapter and Commentary
* Different from wind loads
* Subscript T or Tor

* Point back to Chapters 26-31
for applicable criteria

CHAPTER 32
TORNADO LOADS

321 PROCEDURES

Scope Buildings and other structures classified as Risk
ory 11 or IV and located in the tomado-prone region as
shown in Figure 32.1-1, including the main wind force resisting
system (MWFRS) and all components and cladding (C&C)
thereof, shall be designed and constructed (© resist the grealer
of the torado loads determined in accordance with the
provisions of this chapter or the wind laads determined in
accordance with Chapters 26 through 31, using the load
combinalions provided in Chapler 2

User Note: The tomado loads specified in this chapter
provide reasonable consistency with the reliability delivered
by the existing criteria in Chapiers 26 and 27 for MWFRS,
and therefore are only required for Risk Category 11l and IV
buildings and other structures (see Return Period discussion in
Section ("32.5.1 for more information). The tomado loads are
based on tornado speeds using 1,700- and 3.000-year return
periods for Risk Category 11 and IV, respectively (which are
the same retum periods used for basic wind speeds in Ch
e tornado speed al any given geographic location will
range from approximately Enhanced Fujita Scale EF0 — EF2
intensity, depending on the risk category and effective plan
area of the building or other structure (see Section C32.5.1).
Options for protection of life and property from more intense
tomnadoes include construction of a storm shelter andfor
design for longer-return-period wmado speeds a3 provided
in Appendix G, including performance-based design. A
building or other structure designed for tomado loads deter-
mined exclusively in accordance with Chapter 32 cannot be
designaied as a storm shelter without meeting additianal
critical requirements provided in the applicable building code
and ICC 500, the ICC/NSSA Standard for the Design and
Construction of Storm Shelters. See Commentary Section
€32.1.1 for an in-depth discussion on storm shelters.

32,12 Permitted Procedures The desizn wmado loads for
buildings and other structures, including the MWERS and
C&C elements thereof. shall be determined using one of the
procedures as specified in this section and subject 10 the
applicable limitations of Chapters 26 through 32, excluding
Chapter 28.

An outline of the overall process for the determination of
the torado loads, including section references, is provided in
Figure 32.1-3,
32.1.2.1 Tornade Loads on the Main Wind Force Resisting
System Tomado loads for the MWFRS shall be determined

using onc or more of the following procedures, as modificd
by Chapter 32

cctional Procedure for buildings of all heights as speci-
ter 27 for buildings meeting the requirements

specifi B
2. Directional Procedure for Building Appurtenances such as

roofiop structures and rooftop equipment) and Other Struc-
res (such as solid freestanding walls and solid freestand-
ing signs, chimneys, tanks. open signs, single-plane open
frames, and trussed towers) as specified in Chapter 20 for
buildings meeting the requirements specified therein: or

3. Wind Tunnel Frocedure for all buildings and all other
structures as specified in Chapter 31 for buildings mecting
the Tequirements specified therein.

32.1.2.2 Tornade Loads on Components and Cladding
Tomado loads on the C&C of all buildings and other
structures shall be determined wsing one or more of the
following procedurcs, as modified by Chapier 32:

1. Analytical Procedures as specified in Parts 1 through 5, as
appropriate, of Chapter 30, for buildings or other structures
meefing the requirements specified therein; or

Wind Tunnel Procedure for all buik and other struc-
tures as specified in Chapter 31, for buildings meeting the
requirements specified thercin,

32.1.3 Performance-Based Procedures Tomado design of
buildings and other struclures using  performance-based
procedures shall be permitted subject to the approval of the
Authority Having Jurisdiction. The performance-based tomado
design procedures used shall, at a minimum, conform to
Section 13.13 and be documented and submitied 1o the
Authority Having Jurisdiction in accordance with Section 1.3.1.3.

32.2 DEFINITIONS

The following definitions apply to the provisions of Chapier 32.
Terms not defined in this chapter shall be defined in accordance
with Chapters 26 through 31, as appropriate, excluding Chapter
28.

ASCE TORNADO DESIGN GEODATABASE: The ASCE
database (version 2022-1.0) of geacoded tornado speed design
data.

OTHER STRUCTURES, SEALED: A stucture that is
completely scaled or has controlled ventilation such that torma-
e pressure changes will not be transmitted
10 the inside of the structure, including but not limited 1o ce
tanks and vessels.
RNADO-PRONE REGION: The area of the
nous United Sta
Figure 32.1-1

n

contermi-
es most vulnerable 10 tomadoes, as shown in

Minimum Design Loads and Associated Criteria for Buildings and Other Structures 353
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Chapter 32

* Intended to improve resilienc
and life safety

*EFO — EF2

* Higher levels of protection?
*|CC 500 Storm Shelter

* Longer return period tornado
speeds (Appendix G)

* Performance Based Design

CHAPTER 32
TORNADO LOADS

321 PROCEDURES

Scope Buildings and other structures classified as Risk
ory 11 or IV and located in the tomado-prone region as
shown in Figure 32.1-1, including the main wind force resisting
system (MWFRS) and all components and cladding (C&C)
thereof, shall be designed and constructed (© resist the grealer
of the torado loads determined in accordance with the
provisions of this chapter or the wind laads determined in
accordance with Chapters 26 through 31, using the load
combinalions provided in Chapler 2

User Note: The tomado loads specified in this chapter
provide reasonable consistency with the reliability delivered
by the existing criteria in Chapiers 26 and 27 for MWFRS,
and therefore are only required for Risk Category 11l and IV
buildings and other structures (see Return Period discussion in
Section ("32.5.1 for more information). The tomado loads are
based on tornado speeds using 1,700- and 3.000-year return
periods for Risk Category 11 and IV, respectively (which are
the same retum periods used for basic wind speeds in Ch
e tornado speed al any given geographic location will
range from approximately Enhanced Fujita Scale EF0 — EF2
intensity, depending on the risk category and effective plan
area of the building or other structure (see Section C32.5.1).
Options for protection of life and property from more intense
tomnadoes include construction of a storm shelter andfor
design for longer-return-period wmado speeds a3 provided
in Appendix G, including performance-based design. A
building or other structure designed for tomado loads deter-
mined exclusively in accordance with Chapter 32 cannot be
designaied as a storm shelter without meeting additianal
critical requirements provided in the applicable building code
and ICC 500, the ICC/NSSA Standard for the Design and
Construction of Storm Shelters. See Commentary Section

©32.1.1 for an in-depth discussion on storm shelters.

32,12 Permitted Procedures The desizn wmado loads for
buildings and other structures, including the MWERS and
C&C elements thereof. shall be determined using one of the
procedures as specified in this section and subject 10 the
applicable limitations of Chapters 26 through 32, excluding
Chapter 28.

An outline of the overall process for the determination of
the torado loads, including section references, is provided in
Figure 32.1-3,
32.1.2.1 Tornade Loads on the Main Wind Force Resisting
System Tomado loads for the MWFRS shall be determined

using onc or more of the following procedures, as modificd
by Chapter 32

cctional Procedure for buildings of all heights as speci-
ter 27 for buildings meeting the requirements

specifi B
2. Directional Procedure for Building Appurtenances such as

roofiop structures and rooftop equipment) and Other Struc-
res (such as solid freestanding walls and solid freestand-
ing signs, chimneys, tanks. open signs, single-plane open
frames, and trussed towers) as specified in Chapter 20 for
buildings meeting the requirements specified therein: or

3. Wind Tunnel Frocedure for all buildings and all other
structures as specified in Chapter 31 for buildings mecting
the Tequirements specified therein.

32.1.2.2 Tornade Loads on Components and Cladding
Tomado loads on the C&C of all buildings and other
structures shall be determined wsing one or more of the
following procedurcs, as modified by Chapier 32:

1. Analytical Procedures as specified in Parts 1 through 5, as
appropriate, of Chapter 30, for buildings or other structures
meefing the requirements specified therein; or

Wind Tunnel Procedure for all buik and other struc-
tures as specified in Chapter 31, for buildings meeting the
requirements specified thercin,

32.1.3 Performance-Based Procedures Tomado design of
buildings and other struclures using  performance-based
procedures shall be permitted subject to the approval of the
Authority Having Jurisdiction. The performance-based tomado
design procedures used shall, at a minimum, conform to
Section 13.13 and be documented and submitied 1o the
Authority Having Jurisdiction in accordance with Section 1.3.1.3.

32.2 DEFINITIONS

The following definitions apply to the provisions of Chapier 32.
Terms not defined in this chapter shall be defined in accordance
with Chapters 26 through 31, as appropriate, excluding Chapter
28.

ASCE TORNADO DESIGN GEODATABASE: The ASCE
database (version 2022-1.0) of geacoded tornado speed design
data.

OTHER STRUCTURES, SEALED: A stucture that is
completely scaled or has controlled ventilation such that torma-
e pressure changes will not be transmitted
10 the inside of the structure, including but not limited 1o ce
tanks and vessels.
RNADO-PRONE REGION: The area of the contermi-
nous United States most vulnerable 1o tomadoes, as shown in
Figure 32.1-1

n
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Tornado Loads is Required

[ Determine whether Design for ]

Scope

Risk Category |1l or IV,
per Section 1.57

* Risk Category Ill or IV

In Tornado-Prone Reglon,
per Figure 32.1-17
Design for
Tornado
Loadsis
NOT
Required
V2 60 mph (26.8 m/fs), per
Section 32.5.27

For Exposure B: V', 2 0.5V, or
For Exposure C: V2 0.6V, or
Far Exposure D: Ve = 067V
per Section 32.5.27

Deslgn for Ternado Loads
is Required

Figure 32.1-2. Flowchart of process for determining when design for tornado loads is required.
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Tornado Loads is Required

[ Determine whether Design for ]

Scope

° 1 Risk Category |1l or IV,
* Risk Category Ill or IV
L)
* Tornado prone regio
r n r n r I n 2 In Tornado-Prone Reglon,
per Figure 32.1-17
Design for
Tornado
Loads is
NOT
Required
3 V= 60 mph (26.8 m/s), per
Section 32.5.27
a For Exposure B: V', 2 0.5V, or
For Exposure C: V2 0.6V, or

Far Exposure D: Ve = 067V
per Section 32.5.27

Deslgn for Ternado Loads
is Required

Figure 32.1-2. Flowchart of process for determining when design for tornado loads is required.
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FIGURE 1609.5—TORNADO-PRONE REGION

Scope

 Risk Category Ill or IV
* Tornado prone region

Tornado-prone region

[ Areas outside tormado-prone region

Tomado-prone region

Areas outside tormado-prone region

Structural Engineers Association of Georgia | 2025 Spring Seminar Structural Engineers B
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Scope

* Risk Category Ill or IV
* Tornado prone region
*V;:>60 mph
*V.>
*0.5*V (Exposure B)
*0.6*V (Exposure C)
*0.67*V (Exposure D)

Tornado Loads is Required

[ Determine whether Design for

|

Risk Category |1l or IV,
per Section 1.57

In Tornado-Prone Region,
per Figure 32.1-17

v,z 60 mph (26.8 m/s), per
Section 32.5.27

For Exposure B: V', 2 0.5V, or
For Exposure C: V2 0.6V, or
Far Exposure D: Ve = 067V
per Section 32.5.27

Deslgn for Ternado Loads
is Required

Design for
Tornado
Loadsis

NOT

Required

Figure 32.1-2. Flowchart of process for determining when design for tornado loads is required.
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Tornado Basic Criteria

Chapter 32: General Requirements. The basic parameters nsed in determination of tornado
loads on both the MWFRS and C&C are
#  Tomade speed, . see Seetion 32.5.1
#  Effective plan area, A, see Section 32.5.4
#  Tomado directionality factor, Koy, see Section 32.6
# Ground elevation factor, K. see Section 32.9
#  Tomado velocity pressure exposure cocfTicients, K .. and K., sec Section 32,10
Fa Tomado gust effect factor, Gy, see Section 3211
#  Tomado enclosure classification, see Section 32,12
=  Tomado intemal pressure coefTicient, GOy, see Section 32,13
#  Tomado pressure coelficient adjusiment factor, K, see Section 32,14,
Tormado loads on the MWFRS shall be Temado loads on the C&C shall be
determined by one or more of determined by one or more of
Chapter 27: Directional procedure for Chapter 30;
#  buildings of all heights as modified by Section Part 1, Buildings with b = 60 fi{ 18.3 m), or
32,15, Part 2, Buildings with k=40 fif 18.3 m), or
" Part 3, Open buildings, or
Part 4, Building appurtenances, rooftop
Chapter 2% Directional procedure for structures, and equipment, or
p| building appurtenances (rooftop structures and Part 5, Nonbuilding structures,
equipment, rool overhangs, and parapets) and Wiﬂl_aﬂ] parts as modified by
other structures as modified by Section 3216, Section 32.17.
} - N = Chapter 31: Wind tunnel procedure for any
> I'_I:!a[frcr 31: Wind tunncl p:l'i.'l\'.‘l.‘dl.!r{.‘ for any building or other structure as modified by
hullt?mg or other structure as modified by Section 32,15,
Section 3218,

Figure 32.1-3. Qutline of process for determining tornado loads.

Structural Engineers
| Association of Georgig|
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Tornado Speed, V-
* Risk Category

* Effective Plan Area, A,
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Tornado Speed, V-

* Risk Category
*|ll =1,700 year MRI
*|V = 3,000 year MRI
* 8 maps for each Risk Category (lll & IV):

*1 ft2 (point target), 2,000 ft2, 10,000 ft2, 40,000 ft?, 100,000 ft?,
250,000 ft2, 1,000,000 ft2, 4,000,000 ft?

*V;=50-124 mph (Risk Category lll)
*V;=50-138 mph (Risk Category IV)

Structural Engineers Association of Georgia | 2025 Spring Seminar A\ Structural Engineers )
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Tornado Speed, V-

* Effective Plan Area, A,

Essential Facilities with
Functionally Dependent Structures

Individual Building
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Tornado Speed, V- : Risk Category |lI

RC 111 10,000 ft?

4. Islands, coastal arens, and land boundaries cutside ©
3. Tomnado speeds comespond to approximst
£ i sk speed is permitted Lo be determined using the

i rohability = 0000388, MBI = 1,700 vears ). 5 pond 1o app =(LODDSER, MRI =1,
ase, available ot the ASCE 7 Hazard Tool (htpeVasce Thazardool ooline) o speed is permitted to be det E Tor sl cod ble ot the ASCE 7 Huzard T (hitp: e Thacrardinol online)

Figure 32.5-1C (Continued). Tornado speeds for Risk Category Ill buildings and other structures, for effective plan area of Figure 32.5-1E (Continued). Tornado sg for Risk Category lll buildings and other structures, for effective

10,000 ft* (929 m¥). plan area of 100,000 ft* (9,290 m®).
N\ Structural Engineers [P
| Association of Georgig|
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Tornado Speed, V- : Risk Category IV

RC 111 100,000 ft?

sbability = (L0033, MRT = 300K years)
ilable at the ASCE 7 Huzard Tool (hipe/fusce Thaardtool.online)

Figure 32.5-2C (Continued). Tornade speeds for Risk Category IV buildings and other structures, for effective plan area of Figure 32.5-2E (Contil Tornado sp for Risk Category IV buildings and other str , for effective plan

10,000 f* (929 m?). area of 100,000 f* (9,290 m?).
N\ Structural Engineers [l
| Association of Georgig|
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Tornado Speed, V;

v [ ASCE Hazard Tool X

< C @ % ascehazardtoolorg

ASCE HAZARD TOOL

Measure Basemap Share

Location
Atlanta, Georgia, ,
(MRI = MRI = MRI = MRI =
1700 10,000 100,000 1,000,000 10,000,000
Elevation 997 ft with respect to North American ‘. N ) . years years years years
Vertical Datum of 1988 (NAVD 88) T years)
Lat: 33.748547
Effective = Tornado Tornado Tornado Tornado Tornado
Long: -84.391502 Plan Area  Speed Speed Speed Speed Speed
2 mph mph mph mph mph £ A UA
Standard:  ASCE/SEI 7-22 () (mph)  (mph)  (mph)  (mph) (mph) 5
7
Risk ;ﬁi\'
Category: Ag= Vi= Vi= Vi= Vr= Vi= o
1 50 108 157 196 236 /
Soil Class:  Default »
= Vi= Vi= Vi= Vr= Vi= Lakeview
Estates
Tornado 2,000 51 109 158 199 239 3%
See details for V DETAI East Point
! / = Vi= Vis= Vi = Vr= Vi= Ba
o) &
College Park” Hage ville : 52 114 159 199 239 w,s
FULL REPORT SUMMARY /4( - S
1 Vi= Vy= Vy= Vr= Vi= N
All data are per the requirements of published ASCE )l L : 54 119 165 204 242 pary
standards; local requirements may vary ‘ ‘ 1 tural Engineers
vi= Vi= Vi V= vi= . [ciation of Georgig




Tornado Directionality Factor, K

*Sec 32.6 & Table 32.6-1
* Main Wind Force Resisting System

® K dT = O 80 Table 32.6-1. Tornado Directionality Factor, Kyr.
[ ]

Structure Type Tomado Directic

* Components & Cladding

Components and cladding
For Essential Facilies and Tor buildings and other structures required to madntain the functionality of Essential Faciliies 1.0
Boof Zone 17 as shown in Figune 50.3-24 .90

*Kqr = 1.0 Essential Facilities & it wu w e
buildings intended to remain
operational

* K47 = 0.90 for Roof Zone 1’

* K4 = 0.75 for all other cases

Structural Engineers Association of Georgia | 2025 Spring Seminar

Y\ Structural Engineers [P
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Tornado Velocity Pressure
° Sec 3 2 . 10 & Ta b I e 3 2 . 10_ 1 Table 32.10-1. Tornado valacit:an::i::u Exposure Cosfficients, K,ror

* No exposure category — —
* No topographic effects o gt

Hotes:

() K & K . The tomade velocity pressure exposure coefficient, K. is permitted o be
zTor hTor

determimed as follows

For (0 < 7 = 200 [ (60 m) Koy =110

For 2000 < ¢ < 328 Kogor = [(2820 ;:Iu"El!':Efl'I:. where 2 05 in 1

i C t t p t 200 ft (For 61 <z = 100 m) Kepar = (1861 — 208001, where = is i m)
O n S a n u O For 7 > 328 it (100 m) Ko = 05K

2. Linear interpoladion for intermediae values of height @ is permitied,

* \Velocity pressure:
* g~ = 0.00256*K

* Ke*VTZ

zTor

Structural Engineers Association of Georgia | 2025 Spring Seminar Structgra_l Engineers .
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Tornado Gust Effects
*Sec 32.11

* G; = 0.85 permitted for all structures

* Option to calculate G per Chapter 26, use Exposure C

26.11.4 Rigid Buildings or Other Stroctures For rigid
buildings or other structures as defined in Section 26.2, the
gust-effect factor shall be taken as 085 or calculated by this
formula:

1+ 1.7gad
G ={1.925( it “Q)

26.11-6
[+ 170 : :

* G; does not apply to tornado loads

Structural Engineers Association of Georgia | 2025 Spring Seminar Structgra_l Engineers .
: | Association of Georgig|



Tornado Enclosure Classification

*Sec 32.12
* Enclosure per Chapter 26

* Unprotected glazing on
windward wall = openings for
enclosure classification (32.12.2)

Photo credit: FEMA

* Impact resistant glazing or
impact-protection required for
essential facilities (32.12.3)

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers 4]
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Tornado Internal Pressure Coefticient, GC

*Sec 32.13 & Table 32.13-1

*GC,; = +1.0 for sealed structures

*GC,;; =+0.55,-0.18 enclosed

* GC,;; = +0.55, -0.55 partially enclosed

*GC,;; = +0.18, -0.18 partially open

*GC,;; = 0.00 open —

Sealed other structures See Section 12 E +1.0
Enclosed buildings and other structures See Table 26.13-1 High +(1.55
=1l
Partially enclosed buildings and other structuses Bee Table 26.13-| High +0.55
1155
Parially open buildings and other structurcs See Table 26.13-] loderate 018
.18
Open buildings and other structures See Table 26.13-] eligibl (VA

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers ]
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Tornado Pressure Coeff Adjustment Factor, K -

*Sec 32.14 & Table 32.14-1
e Adjustment factor for

Megative (Uplifl) Pressures on Rools
Main Wind Force Resisiing Sysiem 1.1
Components and Cladding

vertical (uplift) loads
*K .= 1.10 for MWFRS i< :

Uplift pressure on roof it f

Negative (Uplift) Pressures on Rooffop Structures and
Equipment and Roaftop Solar Panels Paralled to the Rool Surface

Main Wind Force Resisting System 11
. — - O r Components and Cladding Use values for building ClC
I [] []

Megative (Uplift} Pressures on Roofs of Bins, Silos, and Tanks
Main Wind Foree Resisting System

(varies by roof slope and
zone)

Table 32.14-1. Tornado Pressure Coefficient Adjustment Factor for Vertical Winds, K.

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers  BF7)
: | Association of Georgig|



Tornado Loads: MWFRS

Chapter 32: Genceral Requirements. The hasic parameters uscd in determination of tornado
Toads on both the MWFRS and C&C are
7 Tomado speed, Fy, see Section 32,501
K Effiective plan area, A, see Section 3254
*  Tomado directionality factor, Rar, see Section 32.6
# Ground elevation factor, K., see Section 32.9
»  Tomado velocily pressure exposure cocflicients, K. and K., see Section 32,10
F Tomado gust effect factor, Gr, see Seetion 32,11
#  Tomado enclosure classification, see Section 32.12
= Tomado internal pressure coetficient, GOy, see Section 32,13
»  Tomado pressure cocllicient adjustment factor, K, see Section 32,14,
Tornado loads on the MWFRS shall be lemado lopds on the C&C shall be
determined by ene or more of determined by one or more of
Chapter 27: Divectional procedure for Chapter 30;
p  buildings of all heights as modified by Section Pant 1, Buildings with fr < 60 (18,3 m), or
3215 Part 2, Buildings with =60 fi{ 18.3 m), or
™ Pari 3, Open buildings, or
Part 4, Building appurtenances, rooftop
Chapter 29: Directional procedure for siruciures, and equipmeni, or
g building appurtenances (rooftop structures and Part 5, Monbuilding structures,
equipment, rool overhangs, and parapets) and with all parts as modified by
other struetures as modified by Section 32,16, Section 32,17,
) - X —#  Chapter 31: Wind tunnel procedure fir any
» l'_h.aPN:r 31z Wind tunnc] pmccd"!r? for any building or other structure as modified by
building or other structure as modified by .
X Section 32,18,
Section 32,18,

Figure 32.1-3. Qutline of process for determining tornado loads.

Structural Engineers Association of Georgia | 2025 Spring Seminar
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Tornado Loads: MWFRS

*32.15.1 Enclosed, Partially Enclosed, and Partially Open
Buildings
*Pr=0*Gr K"K ™ Cp = i(GChip)
*q = q,7 External pressure on all walls
*q = g, External pressure on roofs
*q; = g7 Internal pressure on roofs (enclosed, partially open)
*q; = g,7 Internal pressure on walls (enclosed, partially open)

*0; = d,0p Internal pressure on roofs, walls (partially enclosed)
*FYl q,; = q,; for h < 200 ft!

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers o2
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Tornado Loads: Components & Cladding

Chapter 32: Genceral Requirements. The hasic parameters uscd in determination of tornado
Toads on both the MWFRS and C&C are
7 Tomado speed, Fy, see Section 32,501
K Effiective plan area, A, see Section 3254
*  Tomado directionality factor, Rar, see Section 32.6
# Ground elevation factor, K., see Section 32.9
»  Tomado velocily pressure exposure cocflicients, K. and K., see Section 32,10
F Tomado gust effect factor, Gr, see Seetion 32,11
#  Tomado enclosure classification, see Section 32.12
= Tomado internal pressure coetficient, GOy, see Section 32,13
»  Tomado pressure cocllicient adjustment factor, K, see Section 32,14,
Tornado loads on the MWFRS shall be lemado lopds on the C&C shall be
determined by ene or more of determined by one or more of
Chapter 27: Divectional procedure for Chapter 30;
p  buildings of all heights as modified by Section Pant 1, Buildings with fr < 60 (18,3 m), or
3215 Part 2, Buildings with =60 fi{ 18.3 m), or
™ Pari 3, Open buildings, or
Part 4, Building appurtenances, rooftop
Chapter 29: Directional procedure for siruciures, and equipmeni, or
g building appurtenances (rooftop structures and Part 5, Monbuilding structures,
equipment, rool overhangs, and parapets) and with all parts as modified by
other struetures as modified by Section 32,16, Section 32,17,
) - X —#  Chapter 31: Wind tunnel procedure fir any
» l'_h.aPN:r 31z Wind tunnc] pmccd"!r? for any building or other structure as modified by
building or other structure as modified by .
X Section 32,18,
Section 32,18,

Figure 32.1-3. Qutline of process for determining tornado loads.
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Tornado Loads: Components & Cladding

*32.17.1 Low-Rise Buildings
*Pr = Ayr [Ker™Kr*(GC,) = (GCip)]
*32.17.2 Buildings with h > 60 ft
*pr = 9 Ky ¥ K7 ¥ (GCp) — a,(GCy)

Structural Engineers Association of Georgia | 2025 Spring Semi
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Tornado Load Combos

* Chapter 2

* Strength Design
*1.2D + 1.0(W or W,) + L + (0.5L, ~68-3S or 0.5R)
*0.9D + 1.0(W or W4)

* Allowable Stress Design

*D +0.6(W or W,)

*D +0.75L + 0.75(0.6(W or W;)) + 0.75(L. e+8-7S or R)
*0.6D + 0.6(W or W-)

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers B9
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Tornado Load Design Example
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Design Example

* Fire / Police Station * Wind Criteria
* Risk Category IV *V =117 mph
e Cartersville, GA * Exposure B
* No Topographic Effects

*z, =750 ft

*G = 0.85 (Rigid Building)
4. *Enclosed Building
aell o oh =24 ft
*Flat roof

Structural Engineers Association of Georgia | 2025 Spring Seminar
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| Association of Georgig|



Tornado Criteria

* Effective plan area, A, =

24,000 ft?
* Includes auxiliary buildings

that support functions of the
essential facility (32.5.4.1)

{M\ Structural Engineers
| Association of Georgig|
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Sl Tornado Details

Tornado Criteria

* Effective plan area, A_ =

766 ft with respect to North American

2 Elevation
2 4 OOO ft Vertical Datum of 1988 (NAVD 88)
4

* Includes auxiliary buildings S

that support functions of the | ©

essential facility (32.5.4.1)
 Vp =86+

(90-86) ado
(log 24,000 — log 10,000)x (log 40,000—10g 10,000) | .. ...,
= 88.5 mph

b

e
113
0 Cartersville
,"/
.
S

100,000 96

Structural Engineers Association of Georgia | 2025 Spring Seminar | Structural Engineers R
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Verify Tornado Design Required

[ Determine whether Design for ]

Tornado Loads is Required

*Figure 32.1-2

Risk Category 1l or IV,
per Section 1.57

-

v

In Tornado-Prone Reglon,
per Figure 32.1.17

Design for
Tornado
Loads is

NOT

Required

3 0 V=60 mph (26.8 m/'s), per
Section 32.5.27

For Exposure B: V= 0.5V, or
For Exposure C: Wy 2 0.6V, or
For Exposure D: Ve = 0.G7V

Design for Ternado Loads
is Reguired

fr—
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Tornado Parameters

Chapter 32: General Requirements. The hasic parameters used in determination of tornado
Ioads on both the MWFRS and C&C are
#  Tomado speed, Py, see Seetion 32.5.1
= Effective plan area, A,, see Section 32,54
#  Tomado directionality factor, Koy, see Section 32.6
# Ground elevation factor, K. see Section 32.9
¥ Tomado velocity pressure exposure coefficients, &, and Ky, sce Section 32,10
K Tomado gust effect factor, Oy, see Section 32.11
= Tomado enclosure classification, see Section 32.12
#  Tomado imternal pressure coetficient, GO s, see Section 32,13
#  Tomado pressure coellicient adjusiment factor, K, see Section 3214
Tornedo loads on the MWFRS shall be Tomado loads on the C&C shall be
determined by one or more of determined by one or more of
Chapter 27; Directional procedure for Chapter 30:
# buildings of all heights as modified by Section Part 1, Buildings with & < 60 0183 m), or
32.15. Part 2, Buildings with =60 i 18.3 m), or
™ Part 3, Open buildings, or
Part 4, Building appurtenances, rooftop
Chapter 29: Directional procedure for shructures, and equipment, o
gl building appurtenances (rooftop structures and Part 5, Nonbuilding structures,
equipment, rool overhangs, and parapets) and Wiﬂl_a]] parts as modified by
other structures as modified by Section 32 16, Section 32.17.
) - . = Chapter 31: Wind tunnel procedure for any
> LI:!a[..m:r 31: Wind tunnel Frrncc:ll.!:rr-: for any building or other structure as modified by
hull:?mg or other structure as moditied by Section 32,18,
Section 3218,

Figure 32.1-3. Qutline of process for determining tornado loads.

Structural Engineers el
| Association of Georgig|
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Tornado Parameters

Chapter 32: General Requirements. The basic parameters used in determination of tornado
loads on both the MWFRS and C&C are

>
1

24,000 ft?
*V;: =89 mph

Tornado speed, V7, see Section 32.5.1

Effective plan area, 4,, see Section 32.5.4

Tornado directionality factor, K, see Section 32.6

Ground elevation factor, K,, see Section 32.9

Tornado velocity pressure exposure coefficients, K.z, and K7, see Section 32.10
Tornado gust effect factor, G, see Section 32.11

Tornado enclosure classification, see Section 32.12

Tornado internal pressure coefficient, GC,ir, see Section 32.13

Tornado pressure coefficient adjustment factor, K., 7, see Section 32.14.

YV VVVYVYVYYYVY

*0.80 MWERS
1.0 C&C (Essential facility)

K, =0.97
* KzTor = |<hTor =1.0
*G; =0.85

Structural Engineers Association of Georgia | 2025 Spring Seminar Association of Georgialll
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Tornado Parameters

Chapter 32: General Requirements. The basic parameters used in determination of tornado
loads on both the MWFRS and C&C are
® E n C | Ose d St r u Ct u re Tornado speed, V7, see Section 32.5.1
Effective plan area, 4,, see Section 32.5.4
Tornado directionality factor, K, see Section 32.6
Ground elevation factor, K,, see Section 32.9
Tornado velocity pressure exposure coefficients, K.z, and K7, see Section 32.10
Tornado gust effect factor, G, see Section 32.11
Tornado enclosure classification, see Section 32.12
Tornado internal pressure coefficient, GC,ir, see Section 32.13
Tornado pressure coefficient adjustment factor, K., 7, see Section 32.14.

* Impact glazing required for
essential facilities

YV VVVYVYVYYYVY

+GC,jy = +0.55,-0.18
*Kor =

*1.1 MWEFRS Roof Uplift
*1.2 C&C Zone 1 Uplift

*1.05 C&C Zones 2 & 3 Uplift

Structural Engineers Association of Georgia | 2025 Spring Seminar A\ Structural Engineers T3
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Tornado Loads — MWEFRS

Chapter 32: General Requirements. The hasic parameters used in determination of tornado
Ioads on both the MWFRS and C&C are
#  Tomado speed, Py, see Seetion 32.5.1
= Effective plan area, A,, see Section 32,54
#  Tomado directionality factor, Koy, see Section 32.6
# Ground elevation factor, K. see Section 32.9
¥ Tomado velocity pressure exposure coefficients, &, and Ky, sce Section 32,10
K Tomado gust effect factor, Oy, see Section 32.11
= Tomado enclosure classification, see Section 32.12
#  Tomado imternal pressure coetficient, GO s, see Section 32,13
#  Tomado pressure coellicient adjusiment factor, K, see Section 3214
Tornedo loads on the MWFRS shall be Tomado loads on the C&C shall be
determined by one or more of determined by one or more of
Chapter 27; Directional procedure for Chapter 30:
# buildings of all heights as modified by Section Part 1, Buildings with & < 60 0183 m), or
32.15. Part 2, Buildings with =60 i 18.3 m), or
—_ ™™ Part3, Open buildings, or
Part 4, Building appurtenances, rooftop
Chapter 29: Directional procedure for shructures, and equipment, o
gl building appurtenances (rooftop structures and Part 5, Nonbuilding structures,
equipment, rool overhangs, and parapets) and Wiﬂl_a]] parts as modified by
other structures as modified by Section 32 16, Section 32.17.
) - . = Chapter 31: Wind tunnel procedure for any
> LI:!a[..m:r 31: Wind tunnel Frrncc:ll.!:rr-: for any building or other structure as modified by
hull:?mg or other structure as moditied by Section 32,18,
Section 3218,

Figure 32.1-3. Qutline of process for determining tornado loads.

Structural Engineers
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Tornado Loads — MWERS
Net Lateral Pressures (internal cancels)

Wind Tornado
Height Pressure Pressure Tornado
Level (ft) (psf) (psf) / Wind
High Roof 24 21.1 17.4 0.83

Low Roof 14 19.4 17.4 0.9

—12-0" ——— 12'»0"T —12/-0" ——— 12'-0"T

WIND TORNADO

DIHECTION' ‘T—T—T T T T T T DIFlECT\ONI ‘T—‘—fl T T T . T

I Roof

M
I 0 I e A O e PR O O O O
™ « Positive _, — « Positive _,
: : Internal  —» I :: Internal
Ll . Pressure =} [ .. Pressure [}
"l 1% Floor 1" Floor
L |

Building Section Building Section
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Tornado Loads — MWEFRS

Roof Uplift Pressures (positive internal)

Wind Tornado
Distance from Pressure Pressure Tornado /
windward edge (psf) (psf) Wind
0to h/2 -18 -24.1 1.34
h/2 to h -18.0 -24.1 1.34
h to 2h -11.5 (-16.0) -18.2 1.58
> 2h -8.3(-16.0) -15.3(-16.0) 1.84(1.0)

Structural Engineers Association of Georgia | 2025 Spring Seminar
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Tornado Loads — C&C

Chapter 32: General Requirements. The hasic parameters used in determination of tornado
Ioads on both the MWFRS and C&C are
#  Tomado speed, Py, see Seetion 32.5.1
= Effective plan area, A,, see Section 32,54
#  Tomado directionality factor, Koy, see Section 32.6
# Ground elevation factor, K. see Section 32.9
¥ Tomado velocity pressure exposure coefficients, &, and Ky, sce Section 32,10
K Tomado gust effect factor, Oy, see Section 32.11
= Tomado enclosure classification, see Section 32.12
#  Tomado imternal pressure coetficient, GO s, see Section 32,13
#  Tomado pressure coellicient adjusiment factor, K, see Section 3214
Tornedo loads on the MWFRS shall be Tomado loads on the C&C shall be
determined by one or more of determined by one or more of
Chapter 27; Directional procedure for Chapter 30:
# buildings of all heights as modified by Section Part 1, Buildings with & < 60 0183 m), or
32.15. Part 2, Buildings with =60 i 18.3 m), or
™ Part 3, Open buildings, or
Part 4, Building appurtenances, rooftop
Chapter 29: Directional procedure for shructures, and equipment, o
gl building appurtenances (rooftop structures and Part 5, Nonbuilding structures,
equipment, rool overhangs, and parapets) and Wiﬂl_a]] parts as modified by
other structures as modified by Section 32 16, Section 32.17.
) - . = Chapter 31: Wind tunnel procedure for any
> LI:!a[..m:r 31: Wind tunnel Frrncc:ll.!:rr-: for any building or other structure as modified by
hull:?mg or other structure as moditied by Section 32,18,
Section 3218,

Figure 32.1-3. Qutline of process for determining tornado loads.

Structural Engineers
| Association of Georgig|
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Tornado Loads — C&C

Wind Tornado
EWA Pressure Pressure Tornado
(ft?) Zone (psf) (psf) / Wind
10 4 -21.2 -30.4 1.44
5 -26.0 -35.7 1.37
Positive  19.5 21.3 1.09
100 4 -18.3 -27.3 1.49
5 -20.3 -29.4 1.45
Positive  16.7 18.2 1.09

Structural Engineers Association of Georgia | 2025 Spring Seminar F\[AR Structl_Jra_I Engineers .
: | Association of Georgig|




Tornado Loads — C&C

Wind Tornado
EWA Pressure Pressure Tornado
(ft?) Zone (psf) (psf) / Wind
10 i -19.5 -32.2 1.65
1 -34.0 -51.1 1.50
2 -44.9 -58.5 1.30
3 -61.1 -77.2 1.26
Positive 8.7 (16) 9.5(16) 1.09 (1.0)

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers |
: | Association of Georgig|




Tornado Loads — C&C

Wind Tornado
EWA Pressure Pressure Tornado
(ft?) Zone (psf) (psf) / Wind
100 1’ -19.5 -32.2 1.65
1 -26.6 -41.4 1.56
2 -35.3 -47.5 1.35
3 -42.0 -55.2 1.32
Positive 6.9 (16) 7.5(16) 1.09 (1.0)

Structural Engineers Association of Georgia | 2025 Spring Seminar A\ Structural Engineers )
: | Association of Georgig|



@NCSEA

Additional Examples

@NCSEA

* NCSEA Wind Engineering Committee
Example Problems

*RC Il School & RC IV Hospital :

* Free download from NCSEA.COM -> Education
& Events-> Publications -> FAQ's & White Papers

* FEMA/NIST Design Guide for New Tornado
Load Requirements in ASCE 7-22
*RC IV Hospital
* Free download from FEMA.GOV R

Structural Engineers Association of Georgia | 2025 Spring Seminar AT\ Structural Engineers e
: | Association of Georgig|

Design Guide for New Tornado Load
Requirements in ASCE 7-22




Tornado Key Takeaways

* ASCE 7-22 Tornado Provisions B
*Improve resiliency & life safety
*EFO — EF2

* Buildings are NOT storm
shelters!

* Design Impacts
* Low rise buildings

* Interior roof zone uplift
* Wall C&C pressures

Structural Engineers Association of Georgia | 2025 Spring Seminar T\[AR Structl_Jra_I Engineers_ 94
: | Association of Georgig|




Tornado Key Takeaways

* Construction Cost Impacts:
*< 0.25% Increase
* NIST Technical Note 2214

({M\ Structural Engineers
='ml) Association of Georgia

Structural Engineers Association of Georgia | 2025 Spring Seminar



Tornado Loads FAQ
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How do | document tornado design?

Y I B C 1 603 1 4 o W . d d GROUND SNOVY LOAD, Fa 0 PSE
oo To I n a n DESIGN WIND LOAD:
. ULTIMATE DESIGN WIND SPEED (3 SECOND GUST), Vult 201 MPH
to r n a d O d e S | g n d ata NOMINAL DESIGN WIND SPEED, Vasd 156 MPH
RISK CATEGORY v
WIND EXPOSURE CATEGORY D
° T d d V COMPONENTS AND CLADDING WIND PRESSURE SEE SCHEDULE
Oornado s p ee ) T INTERNAL PRESSURE COEFFICIENT 0
. DESIGN TORNADO LOAD: (PER FBC REQUIREMENTS)
° Effe ctive o) | an area. A TORNADO SPEED (3 SECOND GUST), Vt 113 MPH
’ e EFFECTIVE FLAN AREA FOR TORNADO DESIGHN, Ae 4,000,000
RISK CATEGORY IV
° T d I COMPONENTS AND CLADDING TORNADO PRESSURE SEE SCHEDULE
ornado | nte rna p ressure TORNADO INTERNAL PRESSURE COEFFICIENTS +1.0
P DESIGN SEISMIC LOAD:
coefficients

e C&C pressures: “...maximum
of wind or tornado...”

Y\ Structural Engineers [
| Association of Georgig|
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Renovations: Do tornado loads apply?

8s] 906.1 General.

Where buildings are undergoing Level 3 alterations, the provisions of this section shall apply.

Bs] 906.2 Existing structural elements resisting lateral loads.

Where work involves a substantial structural alteration,the lateral load-resisting system of the altered building shall be shown to satisfy the

° ° requirements of Section 1609 of the International Building Code and Section 304.3.2 of this code. Where the building is assigned to Seismic
a S S O ‘ I a e W I S ‘ O e O WO r Design Category D or F, supports and attachments for nonstructural components required to serve any portion of the building with a use
included in Risk Category IV shall comply with Section 1613 of the International Building Code or shall comply with ASCE 41 using an

objective of Position Retention nonstructural performance with the BSE-1E earthquake hazard level.

Exceptions:

[
1. Buildings of Group R occupancy with not more than five dwelling or sleeping units used solely for residential purposes that are
u I altered based on the conventional light-frame construction methods of the International Building Code or in compliance with the

provisions of the /nternational Residential Code

* No “catch all”

2. Where the intended alteration involves only the lowest story of a building, structural components of the lateral load resisting
system above that story need not comply with this section

« “ satisfy the requirements of -~ e oo
Secti O n 1 609 Of t h e I BC . )) <1 G0 2 Seismic Nasian Catanary F

*|Includes tornado loads

Structural Engineers
Association of Georgiq|
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Renovations: Do tornado loads apply?

8s] 906.1 General.

Where buildings are undergoing Level 3 alterations, the provisions of this section shall apply.

* Tornado design may apply for:

Bs] 906.2 Existing structural elements resisting lateral loads.

Where work involves a substantial structural alteration,the lateral load-resisting system of the altered building shall be shown to satisfy the
requirements of Section 1609 of the /nternational Building Code and Section 304.3.2 of this code. Where the building is assigned to Seismic

L] L]
[ ) IVI a O r re a I rS Design Category D or F, supports and attachments for nonstructural components required to serve any portion of the building with a use
J included in Risk Category IV shall comply with Section 1613 of the International Building Code or shall comply with ASCE 41 using an
objective of Position Retention nonstructural performance with the BSE-1E earthquake hazard level.

Exceptions:

.
‘ [ 1. Buildings of Group R occupancy with not more than five dwelling or sleeping units used solely for residential purposes that are
I ° V altered based on the conventional light-frame construction methods of the International Building Code or in compliance with the
provisions of the /nternational Residential Code

2. Where the intended alteration involves only the lowest story of a building, structural components of the lateral load resisting
system above that story need not comply with this section.

e Substantial structural alterations ... .. .. ..

me1 ANA R Seiemic Necinn Catenory F

* Change of occupancy (increase
risk category)

* Additions where not structurally
independent

* Relocated buildings

Structural Engineers

Structural Engineers Association of Georgia | 2025 Spring Seminar o .
¢ g | P Association of Georgiq|




Building has a shelter, can | ignore Ch. 327

*|CC 500:
* FEMA P-361: ...safe room that provides ==
near-absolute protection...for occupants.
* Shelters are often limited to small areas of —____“—"'!—“-
the overall building =

Office Entrance

({M\ Structural Engineers
‘=d'm¥| Association of Georgig|
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Building has a shelter, can | ignore Ch. 327
* ASCE 7:

* Improved resiliency and life safety in
lower intensity tornadoes

* Applies to entire structure
* ASCE 7-22 Chapter 32 applles |
even if there is a shelter o i SRR

I\ Structural Engineers [T}

Structural Engineers Association of Georgia | 2025 Spring Seminar oL .
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What's the deal with the impact glazing?

* ASCE 7 Sec 32.12.3;
e Use ASTM E1996 Tables 2 & 3

*Select wind zone using V; in
place of V

* Lowest wind zone is 130
mph, but V; <130 ?



What's the deal with the impact glazing?

* ASCE 7-22 Supplement 3 proposal:
*Use ASTM E1996 Tables 2 T

B 90 g+ 1009 (20 k0252 =4in 15.25 (50 Us)
525 crm = 100 mm (1 ff — 9 in. = 4in.) lumber

TABLE 2 Applicable Missiles

c 20500 2 100 g (451b x 025 1b) 2 = 4 in. 1219 (40 fis)
1.2 m= 100 mm (4 ft + 4 in.) lumber

o 4100 g = 100 g (8.0 b x 0.25 |b) 2 = 4 in. 15.25 (50 fis)
2.4 m= 100 mm (8 ft + 4 in.) lumber

* Use missile level D as described in Table —_—

2.4 = 100 mm (& ft + 4 in) lumber

2 of ASTM E1996 -

Mo 1—For Misiles B (' D, and E, also x5e Missile A for porous
impact protective N ¢ B.5).

* Comply with impact pass/fail criteria for T " S Bg\

Assembly Elevation /<891m >8.1m =91 >3.1m _Q 1m =3.1m

Enhanced Protection (Section 7 ASTM ey <& R T B 2
E1996)

A Mome Mone
A Mome  Mone
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Questions?

John O’Brien, P.E., S.E.
jobrien@pesengineers.com
678.539.4928

Structural Engineers Association of Georgia | 2025 Spring Seminar
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