6/6/2023

ASCE | £ERNRE

Unit 3

Equations

Tornado Load Coefficients and
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Tornado Load Coefficients and Equations

m Exposure, Topographic and Ground Elevation
Effects

= Tornado Velocity Pressure
= Tornado Directionality and Gust Effect Factors

m Tornado Enclosure Classification, Internal Pressure
Coefficients, and Protection of Glazed Openings

m Tornado External Pressure Coefficients

= Main Wind Force Resisting System Loads
m Components and Cladding Loads

= Wind Tunnel Method

= Summary
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AGCE | SNEMMNREE | Unit 3: Learning Outcomes

= Upon completion of this unit, you will be able
to:

Explain the differences between wind load and
tornado load coefficients and equations

Choose appropriate values for the different
tornado load coefficients

Calculate tornado velocity pressures and design
pressures for various elements of a building or
other structure

= This is important on the job because ...

Establishes the foundation for calculation of
tornado loads

ASCE | £1ENRRE

Wadena Deer Creek High School
Wadena, Minnesota
June 17,2010

Credit: FEMA

Tornadic Wind Characteristics

Very different from straight-line
winds

= Short duration

= Rapidly changing speeds and directions
m Strong updrafts

m Decreasing speed with height above ground
= Atmospheric Pressure Change

= More intense windborne debris

Source: NSF

06 08 1 12 14
Normalized Tornado Velocity Profiles

Height (m)

ASCE 7-22 Velocity Pressure Profiles
for Tornadic and Straight-Line Winds
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Wind
Direction

Tornadic Wind-Structure Interaction

Very different from straight-line winds

= Short duration
Changes to gust effect factor

= Rapidly changing speeds and directions
Changes to directionality factor

m Strong updrafts
New factor accounting for increase in roof uplift pressures

m Decreasing speed with height above ground
Changes to velocity pressure exposure coefficient

m Atmospheric Pressure Change
Changes to internal pressure coefficient to account for
contributions of APC

= More intense windborne debris

Credit: NIST
Requirements for protection of glazed openings 5
Chapter 32: General Requirements. The basic parameters used in determination of tornado
ornado Loa roceaures
loads on both the MWFRS and C&C are
) Tornado speed, V7, see Section 32.5.1 H
= Based on wind load procedures Effective plan area, A., see Section 32.5.4 Unit 2
framework Tornado directionality factor, Kqz, see Section 32.6 Unit 3

Ground elevation factor, K., see Section 32.9

Most wind load parameters and
equations have been modified to
reflect differences between tornadic
and non-tornadic wind and wind-
structure interaction characteristics

YVVYYVYYVVY

Tornado velocity pressure exposure coefficients, K.7,, and Kjz,, see Section 32.10
Tornado gust effect factor, Gr, see Section 32.11

Tornado enclosure classification, see Section 32.12

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

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

A few wind parameters have been
dropped and new tornado

Tornado loads on the MWFRS shall be
determined by one or more of

Tornado loads on the C&C shall be
determined by one or more of

parameters added

Chapter 27: Directional procedure for
buildings of all heights as modified by Section
32.15.

Tornado chapter heavily references
wind chapters 26-31, except 28

Chapter 28 (Envelope Procedure for
MWFRS Loads) not applicable to
tornadoes

Chapter 29: Directional procedure for
building appurtenances (rooftop structures and
equipment, roof overhangs, and parapets) and
other structures as modified by Section 32.16.

Explicit provisions permitting the use
performance-based tornado design

Chapter 31: Wind tunnel procedure for any
building or other structure as modified by
Section 32.18.

Chapter 30:

Part 1, Buildings with /2 < 60 ft(18.3 m), or

Part 2, Buildings with #>60 ft(18.3 m), or

Part 3, Open buildings, or

Part 4, Building appurtenances, rooftop
structures, and equipment, or

Part 5, Nonbuilding structures,
with all parts as modified by
Section 32.17.

“—»| Chapter 31: Wind tunnel procedure for any
building or other structure as modified by

Section 32.18.

ASCE|:

Figure 32.1-3. Outline of process for determining tornado loads.
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Unit 3 Introduction

Questions / Discussion

marc.l.levitan@gmail.com

Credit: Joshua Jans, Creative_Commons

Exposure, Topographic and Ground Elevation Effects
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Exposure, Topographic and Ground Elevation
Effects

m Surface Roughness and Exposure

= Topographic Effects

= Ground Elevation Factor
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* Review ASCE 7-16 Wind Provisions

» Changes for ASCE 7-22 Wind

» Changes for ASCE 7-22 Tornado

Surface Roughness:
Part 1

m Surface roughness
effects the vertical
velocity profile

® z, = roughness length,
which is a length-scale
representation of the
roughness of the surface

ASCE 7-16 and ASCE 7-22
Wind Provisions

ASCE £k

Table C26.7-2. Davenport Classification of Effective Terrain Roughness.

Class

2, ft (m)”

o?

2z, ft (m)”

z, (ft or m)°

Wind Flow and Landscape Description®

o

0.0007 (0.0002)

0.016 (0.005)

0.1 (0.03)

0.33 (0.10)

0.82 (0.25)

164 (0.5)

33 (1.0)

2matu (Zmar)

12.9

1.4

9.0

77

6.8

57

52

509 (155)

760 (232)

952 (290)

1,107 (337)

1,241 (378)

1,354 (413)

1,476 (450)

1,610 (490)

;=0

2=0

=0

24=02zy

2,=05z

24 =0Tz

Sea: Open sea or lake (irrespective of wave size), tidal flat, snow-
covered flat plain, featureless desert, tarmac, and concrete, with
a free fetch of several kilometers.

Smooth: Featureless land surface without any noticeable obstacles
and with negligible vegetation (e.g., beaches, pack ice without
large ridges, marsh, and snow-covered or fallow open country).

Open: Level countryside with low vegetation (e.g., grass) and
isolated obstacles with separations of at least 50 obstacle
heights (e.g., grazing land without windbreaks, heather, moor,
and tundra, runway area of airports). Ice with ridges across-
wind.

Roughly open: Cultivated or natural area with low crops or plant
covers, or moderately open country with occasional obstacles
(e.g., low hedges, isolated low buildings, or trees) at relative
horizontal distances of at least 20 obstacle heights.

Rough: Cultivated or natural area with high crops or crops of
varying height and scattered obstacles at relative distances of
12 to 15 obstacle heights for porous objects (e.g., shelterbelts)
or 8 to 12 obstacle heights for low solid objects
(e.g., buildings).

Very rough: Intensely cultivated landscape with many rather large
obstacle groups (large farms, clumps of forest) separated by
open spaces of about 8 obstacle heights. Low, densely planted
major vegetation like bushland, orchards, young forest. Also,
area moderately covered by low buildings with interspaces of 3
to 7 building heights and no high trees.

Skimming: Landscape regularly covered with similar-size large
obstacles, with open spaces of the same order of magnitude as
obstacle heights (e.g.. mature regular forests, densely built-up
area without much building height variation).

Analysis by wind Chaoric: City centers with mixture of low-rise and high-rise

tunnel advised

buildings or large forests of imegular height with many
clearings. (Analysis by wind tunnel advised.)
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Surface Roughness: Part 2

= Surface roughness is handled in ASCE 7 wind

provisions using 3 roughness categories 26.7.2 Surface Roughness Categories.

= For each upwind direction considered in the Surface Roughness B. Urban and suburban
design of the bu||d|ng, surface roughness(es) areas, wooded areas, or other terrain with
are characterized for the for the purpose of numerous, Closely spaced obstructions that have
assigning an exposure category the size of single-family dwellings or larger.

Surface Roughness C. Open terrain with

= The commentary of ASCE 7-22 (Section scattered obstructions that have heights generally

C26.7) describes modest changes in the less than 30 ft (9.1 m). This category includes
assumed z, values used to derive the actual flat, open country and grasslands.

velocity profiles, but no changes were made to
the general surface roughness category
descriptions shown at right

Surface Roughness D. Flat, unobstructed areas
and water surfaces. This category includes
smooth mud flats, salt flats, and unbroken ice.

ASCE 7-16 and ASCE 7-22 Wind Provisions

ASCE ("

11

Exposure: Part 1

26.7 EXPOSURE

For each wind direction considered, the upwind exposure shall y North Northeast

be based on ground surface roughness that is determined from

natural topography, vegetation, and constructed facilities. 8 1

26.7.1 Wind Directions and Sectors. 7 2

For each selected wind direction at which the wind loads are to x East

be determined, the exposure of the building or structure shall be § \\\

determined for the two upwind sectors extending 45° on either 6 3 ki

side of the selected wind direction. The exposure in these two 5 4

sectors shall be determined in accordance with Sections 26.7.2

and 26.7.3, and the exposure the use of which would result in the Figure C26.7-8. Determiga'atio?' of wind loads from different
Irections.

highest wind loads shall be used to represent the winds from that
direction.

ASCE 7-16 and ASCE 7-22 Wind Provisions

ASCE ("

12
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Exposure: Part 2

26.7.3 Exposure Categories.

Exposure B:

Exposure C: Exposure C shall apply for all cases
where Exposure B or D does not apply.

Exposure D:

For a site located in the transition zone between

Figure C26.7-1.Upwind surface roughness conditions required for Exposure B

Wind
—p

Any Roughness

Building or

Forh< 301t,dy= 1500 ft
Other Structure

For h > 30 ft, d, > greater of 2,600 ft or 20h

Roughness B

T" Any Roughness

Figure C26.7-2.Upwind surface roughness conditions required for Exposure D,
for the cases with (a) Surface Roughness D immediately upwind of the building,
and (b) Surface Roughness B and/or C immediately upwind of the building.

| Building or

exposure categories, the category resulting in the Wind | 42 greater of 5,000 £ or 20k Other Structure
largest wind forces shall be used. /
. . Any Roughness Roughness D h Any Roughness
EXCEPTION: An intermediate exposure between
the preceding categories is permitted in a transition <d—>]
zone, provided that it is determined by a rational @)
analysis method defined in the recognized Building or
K Wind dy > greater of 5,000 ft or 20A, and Ofther Structure
llterature. d, < greater of 600 ft or 20h /
| ASCE 7-16 and ASCE 7-22 Wind Provisions | ™" RouhesD R BanderC [, anyRoghnes
| | .
d, d
(0) 13
13
Exposure: Part 3
8 | _ 1 -~
= Commentary provides much more guidance on " /

exposure considerations
Guidance on to handle “open patches” in
Exposure B (Section C26.7)
= how big can these patches be an still be
considered B

Method for determining velocity pressure profile
for “intermediate” exposure between B and C, or
between C and D (Section C26.10.1)

m Selection of correct exposure has significant
impact on wind loads, and on determination of
when tornado loads are required

For a building with mean roof height of 15 ft —
= Exposure C results in 49% greater wind loads
than Exposure B

= Exposure D results in 81% greater wind loads
than Exposure B

N~ Open B a4 ,
7L Patehes %
/ \//” s / N 2600t
\ ~
7 // s \ \ 2 /
/ P R \ |4

,’ / \‘ \
! A \ \ _
. { \/\ ‘/ \ | o,
{ \ )//f\i so0m I-1s00m [“26001 /

\ \ e / ! A

\ Building / 1500 ft

\ 7 LY /

\ orOther ./ y

6\ /\ - Structure ,)\ ;3 v
\ o g / o
\_ 7 < X

Pt 2N 5001t

Notes:

1. For each selected wind direction at which the wind loads are
to be determined, the exposure of the building or structure
shall be determined for the two upwind sectors extending 45
degrees to either side of the selected wind direction.

2. Consider open patches of sizes equal to or grea
areas given in Figure C26.7-4 per Commentary
Section C26.7.

Figure C26.7-3. Sector analysis for Exposure B
with upwind open patches.

ASCE [

ASCE 7-16 and ASCE 7-22 Wind Provisions

14



6/6/2023

Exposure: Part 4

26.7.4 Exposure Requirements.

26.7.4.1 Directional Procedure (Chapter 27).

For each wind direction considered, wind loads for the design of the MWFRS of enclosed and partially enclosed
buildings using the Directional Procedure of Chapter 27 shall be based on the exposures as defined in Section 26.7.3.
Wind loads for the design of open buildings with monoslope, pitched, or troughed free roofs shall be based on the
exposures, as defined in Section 26.7. 3, resulting in the lughest wind loads for any wind direction at the site.

26.7.4.3 Directional Procedure for Building Appurtenances and Other Structures (Chapter 29).
Wind loads for the design of building appurtenances (such as rooftop structures and equipment) and other structures
(such as solid freestanding walls and freestanding signs, chimneys, tanks, open signs, single-plane open frames, and
trussed towers) as specified in Chapter 29 shall be based on the appropriate exposure for each wind direction
considered.

26.7.4.4 Components and Cladding (Chapter 30).

Design wind pressures for C&C shall be based on the exposure category resulting in the highest wind loads for any

wind direction at the site.

ASCE KNOWLEDGE ‘ ASCE 7-16 and ASCE 7-22 Wind Provisions

& LEARNING

15

Exposure Examples

m Several examples of Exposures B, C,
and D provided in ASCE 7 Commentary
Section C26.7

Figure C26.7-5(b). Exposure B: Urban area
with numerous closely spaced obstructions
having the size of single family dwellings
or larger. For all structures shown, terrain
representative of Surface Roughness
Category B extends more than 20 times the
height of the structure or 2,600 ft (792 m),
whichever is greater, in the upwind
direction.

ASCE KNOWLEDGE ‘ ASCE 7-16 and ASCE 7-22 Wind Provisions

& LEARNING

16
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m Effects of terrain exposure on tornado
velocity profiles are not well understood at
this time

m Commentary section C32.7 provides a
brief description of the state of knowledge
and references

m Exposure can also change during the
tornado due to damage

KNOWLEDGE
& LEARNING

ASCE

Exposure

32.7 TORNADO EXPOSURE

Tornado velocity pressure exposure coefficients K.

zTor and

K1, are determined in Section 32.10.1.

Exposure requirements in Section 26.7 shall not apply to

the determination of K

zTar

and K7,

17

Surface

e E S -

& LEARNING

Roughness and Exposure can Change During the Tornado

Credit: Robert Webster / CC-EY-SA-3.0

18
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Topographic Factor: Part 1

= K, accounts for speed-up

26.8 TOPOGRAPHIC EFFECTS

26.8.1 Wind Speed-Up over Hills, Ridges, and Escarpments.

Wind speed-up effects at isolated hills, ridges, and escarpments constituting
abrupt changes in the general topography, located in any exposure category,

effects of wind flowing over
hills and escarpments

1.

| ASCE 7-16 Wind Provisions

shall be included in the determination of the wind loads when site conditions
and locations of buildings and other structures meet all of the following
conditions:

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

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

The building or other structure is located as shown in Fig. 26.8-1 in the upper
one-half of a hill or ridge or near the crest of an escarpment.

H/L, >0.2

is greater than or equal to 15 ft (4.5 m) for Exposure C and D and 60 ft (18 m) for
Exposure B.

ASCE | 5EVE

19
FIGURE 26.8-1 Topographic Factor, K
Topographic Factor: . !
. Parameters for Speed-Up over Hills and Escarpments
K, /(1L A
. Exposure
Equations B [¢ D Y | Upwind | Downwind
Hill Shape of Crest of Crest
K., =(1+KK,K, )? 2D ridges (or valleys with negative H in K, /(H /L,) | 130 | 145 | 15513 |15 L5
2D escarpments 0.75 0.85 095 |25 | 15 4
K. = determined from table 3D axisymmetrical hill 095 [1.05 1154 1.5 15
1 3 :
i
K, =(-|x|/uL,)
Topographic Multipliers for Exposure C**
—y=/L,
K ;=€ o K, Multiplier K, Multiplier K, Multiplier
/L | 2DRidge 2D 3D /L 2D Al | z/p 2D 3D
" Escarpment ~ Axisym- g Escarpment | Other " Ridge | Escarpment | Axisym-
metrical Cases metrical
Hill Hill
ESCARPMENT 0.20 0.29 0.17 021 | 0.00 1.00 1.00 000 1.00 1.00 1.00
025 036 021 026 050 0.88 0.67 010 074 078 0.67
Y 030 043 026 032 1.00 075 033 020 055 061 045
035 051 030 037 | 150 0.63 0.00 030 041 047 030
o 040 058 034 042 2.00 0.50 0.00 040 030 037 0.20
- ! t 045 0.65 0.38 047 250 038 0.00 050 022 029 0.14
AS.CE 7-1 6 . Speed-up 0.50 072 043 053 3.00 025 0.00 060 0.17 022 0.09
Wind Provisions 3.50 013 000 | 070 012 017 0.06
*(Downwind) 400 0.00 0.00 080 0.09 0.14 0.04
T 090 007 [ ol 0.03
i 100 005 0.08 0.02
14 050 0.01 0.02 0.00
} 2.00 | 0.00 0.00 0.00
2-D RIDGE OR 3-D AXISYMMETRICAL HILL
20
20

10
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Topographic Factor: Part 3

= Limitations 1 and 2 were
removed

m Scope of Topographic
Multiplier Tabular solution
(bottom right on previous
slide) was expanded to
cover all Exposures, not
just Exposure C

Reduced accuracy

| ASCE 7-22 Wind Provisions

ASCE | £1ENRRE

26.8 TOPOGRAPHIC EFFECTS
26.8.1 Wind Speed-Up over Hills, Ridges, and Escarpments.

Wind speed-up effects at isolated hills, ridges, and escarpments constituting
abrupt changes in the general topography, located in any exposure category,
shall be included in the determination of the wind loads when site conditions
and locations of buildings and other structures meet all of the following
conditions:

3. The building or other structure is located as shown in Fig. 26.8-1 in the upper
one-half of a hill or ridge or near the crest of an escarpment.

4. HIL,>02

5. is greater than or equal to 15 ft (4.5 m) for Exposure C and D and 60 ft (18 m) for

Exposure B.

21

ASCE | S\ERNRNE

time

and references

ASCE | £1ENRRE

m Effects of topography on tornado velocity
profiles are not well understood at this

m Commentary section C32.8 provides a
brief description of the state of knowledge

Topographic Factor

Section 32.10.2.

32.8 TOPOGRAPHIC FACTOR

Tornado velocity pressures ¢.rand g, are determined in

Topographic speedup effects in Section 26.8 shall not apply

to the determination of g, and ;5.

22

22

11
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AGCE | SNEMNREE | Ground Elevation Factor

n Ke’ accounts fOf' reduced air density at Table 26.9-1. Ground Elevation Factor, K.
locations with higher ground elevation Ground Elevation above Sea Level
; i Ground Elevation
Lower density means lower design pressures f m Factor, K,
= No difference in ground elevation effects for <0 <0 See note 2
. 0 0 1.00
Wlnd or tornado 1,000 305 0.96
2,000 610 0.93
3,000 914 0.90
4,000 1,219 0.86
5,000 1,524 0.83
6,000 1,829 0.80
>6,000 >1.829 See note 2
Notes:
1. Conservative approximation K, =1.00 is permitted in all
cases.

2. Factor K, shall be determined from Table 26.9-1 using
interpolation or from the following formula for all eleva-
tions: K, =¢ 00000362 (7 = oround elevation above sea
level, f1); or K, =000 (7 = oround elevation above

ASCE 7-16 and 7-22 Wind Provisions, and Tornado sea level, m).

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

23

Exposure, Topographic and Ground
Elevation Effects

Questions / Discussion

marc.l.levitan@gmail.com

12



6/6/2023

Credit: Joshua Jans, Creative_Commons

ASCE | SNENRE Tornado Velocity Pressure -

25

KNOWLEDGE i
ASCE | SNEENRE Velocity Pressure
= Velocity Pressure Exposure Coefficient * Review ASCE 7-16 Wind equation and parameters
= Wind Speed + Changes for ASCE 7-22 Wind
= Velocity Pressure Equation + Changes for ASCE 7-22 Tornado
ASCE | £NENNRE 2

26
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AGCE | SNEMNREE | Velocity Pressure - Vertical Profiles

= New research indicates that the effects of surface roughness extend higher above the earth’s
surface than previously understood

= Gradient heights (z,) have increased in ASCE 7-22, power law coefficients (a) also slightly
modified (see Table 26.11-1)

Kz coefficient profile over Exp. B Kz coefficient profile over Exp. C Kz coefficient profile over Exp. D
1000 - r 1000 ' b . . 1000
= = = ASCE7-16 | = = = ASCE7-16 ! = ASCE7-16 !
900 {f e ASCE 7:22 ! 900 || s ASCE 722 00 b ASCE 7-22
1
800 ' 800 800
1
700 : 700 700 F
1
— 600 — 600 L
E ! E €5
£ s00 £ s00 £ soof
3 h < 2
T I
400 ) 400 T a00r
’
300 4 300 300 -
200 200 200
100 100 100 b
% o 1 2 2 3 ? 0 ;
5 15 5 0 05 3 o 05 3

AGSCE | SNOWLERCE | \/elocity Pressure Exposure Coefficient
Table 26.10-1
Velocity Pressure Exposure Coefficients, Kh and Kz .
T T m K, accounts for boundary layer effect, where wind speed

ft m B_Jc]o increases with increasing height above ground

0-15 0-4.6 0.57 (0.70)7)0.85|[1.03
20 6.1 0.62 (0.70)9)0.90]1.08 . . . . . .
m e I Y b = Rate of increase is a function of upwind terrain exposure, which
o & pro Joed)c depends on surface roughness
40 12.2 0.76 1.04)1.22]
50 15.2 0.81 1.09]|1.27]
60 18.0 0.85 1.13|[1.31
70 21.3 0.89 1.17)]1.34] ASCE 7'1 6
80 24.4 0.93 1.21)|1.38]
90 27.4 0.96 1.24]1.40
100 30.5 0.99 1.26)|1.43]
120 36.6 1.04 1.31]]1.48] Notes
140 42.7 1.09 1.36((1.52] N - . .
0 s D ol = 1. The velocity pressure exposure coefficient K, may be determined from the following
180 54.9 117 1.43)|1.58] formula:
200 510 120 1eejiel For15 ft (46 m)< z=< z, K= 2.01(z/ zg)z'ﬂ
250 76.2 1.28 1.53)|1.68] - 5 -
300 914 135 1.59][1.73 Forz< 15 ft (4.6 m) K= 2.01(15/z)“"
350 106.7 1.41 1.64((1.78]
200 1219 a7 T 691a2 2. g and z, are tabulated in Table 26,11-1.
:Zz 1::‘21 122 12 1‘:2 3. Linear interpolation for intermediate values of height z is acceptable.
2 Use 0.70 in Chapter 28, Exposure B, when z < 30 ft (9.1 m). a, Exposure categories are defined in Section 26.7. 28

14
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Table 26.10-1 Velocity Pressure Exposure Coefficients, K, and K. ‘

K, Changes for 7-22

Final ASCE 7-22 K, Table

Height above Ground Level, z Exposure |
Ft m B C D Table 26.10-1.
0-15 0-4.6 0.57 (0.70)" 0.85 1.03 Velocity Pressure Exposure Coefficients, Kh and Kz.
20 6.1 0.62 (0.70)°" 0.90 1.08 -
25 76 0.66 (0.70)° 0.94 112 Height above Ground Level, z or h|| Exposure
30 9.1 0.70 0.98 1.16 ft m B cjb
40 122 0760.74 1.04 122 o-15 o-4.5 0.57 (0.70)%|0.85])1.03
50 152 084 0.79 1.09 1.27 20 6.1 0.62 (0.70)*|10.90[|1.08
60 180183 0850.83 113 131 o e .65 10.700.04]1.12
70 213 0-89 0.86 L17 1.34 = o) b0 A IRE
80 244 0:93 0.90 1.21 1.38
90 274 096 0.92 1.24 1.40 20 22 s Loel2
100 305 0.99 095 1.26 143 =0 o2 o7 Lo
120 36.6 1.04 1.00 131 148 50 183 083 E) Y
140 42.7 +691.04 1361.34 1.52 70 21.3 0.86 117024
160 48.8 +131.08 1.39 1.55 80 24.4 0.90 1.21][1.38
180 549 +71.11 143141 1.58 50 27.4 0.92 1.24(1.40
200 61.0 +201.14 +461.44 1.6l 100 305 0.95 126|143
250 76.2 128121 153151 1.68 0 oo o0 il s
300 914 1351.27 159 1.57 173 = VPR ou v e
350 106.7 +4+1.33 164 1.62 1.78
400 121.9 1471538 169 1.66 182 10 ki |08 LA
450 1372 FEEyp) 13170 186 180 549 1.11 1.41][1.58
300 1524 156 1.46 177174 1.89 200 g1.0 1.14 1.24]1.61
a Use 0.70 in Chapter 28, Exposure B, when z <30 ft (9.1 m). 250 762 1.21 1.51](1.68
300 514 1.27 1.57]1.73
ASCE 7-22 Wind Provisions 50 1067 5 Jreafizs
» Increased gradient heights z, and revised power law coefficient a — = — e R
: . o g < 450 137.2 1.42 1.70])1.86
» Resulting slight revisions to K, in lowest few hundred feet 500 1520 26 1 7ale0
° Greater |mpaCtS for ta” bUlldlngS * Use 0.70 in Chapter 28, Exposure B, when z< 30 ft (9.1 m). 29

29

ASCE | S\ERNRNE

Tornado Speed — Vertical Profiles: Part 1

1600

1400

1200

1000

Height (ft)
=1
o

500

Horizonal Speed, Normalized
at Height = 164 ft (50 m)

Height (m)

= Worked closely with mobile radar
community to obtain records and
analyze radar-measured tornadic wind
speeds to develop tornado velocity
profile of horizontal winds

Blue lines are profiles from 36 individual

tornadoes

Black line is the median profile

Dashed lines are median +/- one standard

deviation

30

30
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A SCE | SheVLEPcE Tornado Speed — Vertical Profiles: Part 2

Height (ft)

T T T 500
1600 [
m Tornado profile used in the standard
1400 - (red) closely follows the median profile
J . 4400 . _
200l o \ \‘ Normalized speed = VK,
N N \
1000 \ f 1 1300 .
1 1 £
L 1 { =
800 / w \ .%‘3
’ \ 200
600 ¢ \
\ } /
\ 4
400 -
! J 100
\ 1
200 =<\ 7
NS
1 S
0 L . . 0
0.4 0.6 0.8 1 1.2 1.4 1.6
VE.ro

Horizonal Speed, Normalized
at Height = 164 ft (50 m)
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Velocity Pressure Exposure Coefficient

» Tornado velocity pressure variation with exposure 500

is not yet understood

* Therefore, K,,, as currently defined is independent

of exposure

Table 32.10-1 Tornado Velocity Pressure

Exposure Coefficients, K., and K7, .
Height above Ground K:10r and
Level, =z Kii1or
ft m

0-200 0-61.0 1.0

250 76.2 0.96

300 91.4 0.92

>328 =100 0.90

1150

400

1100

w
=1
S

Height (ft)
Height (m)

N
=]
S

——ASCE 7-16 Exp. C
........ ASCE 7-16 Exp. B -
—— ASCE 7-22 Tornado ‘.f"

150

100

K. and K7, .

Figure C32.10-2 Vertical profiles of tornado velocity pressure
(K.1,) versus that of Exposure B and Exposure C for non-
tornado winds (K) in Chapter 26 for the lowest 500 ft (152.4 m) -,

32
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= V, in mph (m/s)

= RC Il maps shown (1,700 year MRI)

10045) 10547)

S T 1H04)

0\ msen

95(42) 7120054

95062) 100145

190(85)

200(89)

130(s8)| 150(67)
140(63)

ASCE 7-16 Wind Speed Map

Basic Wind Speed: Part 1

m ASCE 7-22 maps have updated hurricane
wind speeds
Modest increases along Gulf Coast
Slight decreases in New England

100(45) 105(47)
B )

15(51)

115(51) [ 110(49)

95(42)

110049)* N
_/ ___/7:\\‘

e

200(89)
 200(08)

| ASCE 7-22 Wind Speed Map
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33
KNOWLEDGE i i .
ASCE | SNEXNRE Basic Wind Speed: Part 2
m Other changes in ASCE 7-22 Location V (mifh) V (mfs)
Modifications to special wind regions American Samoa 170 (76)
PR 4 USVI inh d tool includ Guam & Northern Mariana Islands 210 (94)
an maps In hazard tool Incluae
K p Hawaii ASCE Wind Design Geodatabase
topographic effects
. . . . . Puerto Rico ASCE Wind Design Geodatabase
HI maps include topographic and directionality effects U.S. Virgin Islands ASCE Wind Design Geodatabase
Some special wind regions have wind speeds
available in the Hazards Tool — Colorado and So. Cal.
Maps notes reordered — 5 and 8 are new 3
ASCE 7-22 Wind Speed Map
Notes:
1. Values are 3 s gust wind speeds in mi/h (m/s) at 33 ft (10 m) above ground for Exposure Category C.
2. Linear interpolation is permitted between contours. Point values are provided to aid with interpolation.
3. Islands, coastal areas, and land boundaries outside the last contour shall use the last wind speed contour.
4. Lecation-specific basic wind speeds shall be permitted to be determined using the ASCE Wind Design Geodatabase.
5. Wind speeds for Hawaii, US Virgin Islands, and Puerto Rico shall be determined from the ASCE Wind Design Geodatabase.
6. Mountainous terrain, gorges, ocean promontories, and special wind regions shall be examined for unusual wind conditions. Site-
specific values for selected special wind regions shall be permitted to be determined using the ASCE Wind Design Geodatabase.
7. Wind speeds correspond to approximately a 15% probability of exceedance in 50 years (Annual Exceedance Probability =
0.000588, MRI = 1,700 years).
8. The ASCE Wind Design Geodatabase can be accessed at the ASCE 7 Hazard Tool (https://asce7hazardtool.online) or approved
equivalent
Figure 26.5-1C. Basic wind speeds for Risk Category Il buildings and other structures. o
34

17



6/6/2023

Design for Tornado Loads Not Required

A flowchart is provided at the beginning of Chapter 32
identifying the process to determine where design for
tornado loads are not required

m Steps 1 and 2 — per Section 32.1.1

m Steps 3 and 4 — per Section 32.5.2

The tests on V; represent approximate threshold tornado
speeds at which tornado loads might begin to control
some aspect of the wind load design

For step 4, the Basic Wind Speed V and the exposure
category are determined accordance with Ch. 26, based
on the exposure resulting in the greatest wind loads for
any wind direction at the site

FIGURE 32.1-2 Flowchart of
Process for Determining
when Design for Tornado
Loads is Required

KNOV J'E! <. E
& LEAR

ASCE|

Tornado Loads is Required

Risk Category lll or IV,
per Section 1.5?
In Tornado-Prone Region,
per Figure 32.1-1?

V; 260 mph (26.8 m/s), per
Section 32.5.27

[ Determine whether Design for ]

Design for
Tornado
Loads is
NOT
Required

For Exposure B: V, 2 0.5V, or
For Exposure C: V2 0.6V, or
For Exposure D: V, 2 0.67V
per Section 32.5.2?

Design for Tornado Loads
is Required

35
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Wind Velocity Pressure: Part |

mqg=%p\V?
m q = 0.00256"K K, K K, V?

q Velocity pressure (psf)
p Air density
= 0.00256 = %% p (incl. unit conversions)
K, Velocity pressure exposure coefficient
K,; Topographic factor
K, Directionality factor
K, Ground elevation factor
V Basic wind speed (mph)

(section C26.10.2)
(equation 26.10-1)

ASCE 7-16 Equation

36

36
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AGCE | SNEMMNREE | Wind Velocity Pressure: Part 2

mqg=%p\V? (section C26.10.2)
mQg= 0.00256*KZKZ@<6V2 (equation 26.10-1)
q Velocity pressure (psf) Notes:
p Air density + ASCE 7-22 equations

= 0.00256 = %% p (incl. unit conversions)
K, Velocity pressure exposure coefficient

K, slightly revised
* K, slightly revised
K, has been removed from this equation

Kzt Topographic factor and p!aced i!'lto thg pressure and force.
- - - equations, since it is not purely a function
of the extreme wind climatology (it also
Ky f the ext ind climatology (it al

depends on the geometry of the building)

Ke Ground elevation factor » Vslightly revised basic wind speed maps

V' Basic wind speed (mph)

37

37

SN T el Velocity Pressure
Red indicates differences from ASCE 7-16 wind load parameters
mqg=Y%pV? (section C26.10.2)

m q; = 0.002567K,;, K,V (equation 32.10-1)

q; Tornado velocity pressure (psf)
p Air density ) SIS

= 0.00256 = % p (incl. unit conversions) * Different exposure coefficients
» No topographic factor for tornadoes

K, Tornado velocity pressure exposure coeff Tornado directionality factor moved
to pressure and force equations

K,—Topegraphicfactor—— « Tornado speed uses different maps

K, Ground elevation factor LIERE e
V; Tornado speed (mph)

38

38
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Tornado Velocity Pressure

Questions / Discussion

marc.l.levitan@gmail.com

20



6/6/2023

ASCE | S\eRNRE

= Directionality Factor

= Gust Effect Factor

ASCE | £1ENRRE

Tornado Directionality and Gust Effect Factors

* Review ASCE 7-16 Wind parameters
* Changes for ASCE 7-22 Wind

» Changes for ASCE 7-22 Tornado

41

41
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K, accounts for

1. The reduced probability of maximum winds coming
from any given direction, and

2. the reduced probability of the maximum pressure
coefficient occurring for any given wind direction

Ky is a function of both

1. The extreme wind climate

2. Type and shape of building or structure

ASCE 7-16 and ASCE 7-22* Wind Provisions

* No direct changes to K, in ASCE 7-22, but the
factor is now used in a different equation.

Directionality Factor

Table 26.6-1. Wind Directionality Factor, K.

Structure Type Directionality Factor K4

Buildings
Main wind force resisting 0.85
system
Components and cladding 0.85
Arched roofs 0.85

Circular domes 1.0*
Chimneys, tanks, and similar

structures

Square 0.90

Hexagonal 0.95

Octagonal 1.0*

Round 1.0*
Solid freestanding walls, roof 0.85

top equipment, and solid
freestanding and attached

signs

Open signs and single-plane 0.85
open frames

Trussed towers
Triangular, square, or 0.85
rectangular
All other cross sections 0.95

*Directionality factor K, = 0.95 shall be permitted for round or octagonal
structures with nonaxisymmetric structural systems.

42

42
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Methodology to determine K,
adapted from K, analysis for

Directionality Factor

Table 32.6-1 Tornado Directionality Factor, Kjr

Chapter 26, incorporating the
tornado model used to develop

the hazard maps

Unlike straight-line winds, the
wind speeds acting on a building
during a tornado can vary
significantly over the building at

any given instant in time,
particularly for large buildings.
= These variations in tornado speed

as a function of building size are
captured in the modeling process

Structure Type Tornado Wind Directionality
Directionality Factor Factor (Ch. 26)
Kar K,
Buildings
Main Wind Force Resisting System 0.80 0.85
Components and Cladding 0.85
For Essential Facilities and for buildings and 1.0
other structures required to maintain the
functionality of Essential Facilities
Roof Zone 1’ as shown on Figure 30.3-2A 0.90
All other cases 0.75
Arched Roofs, Circular Domes, and All Other Use value from Table Table 26.6-1
Structures 26.6-1

to determine Kyr

43

43
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For Essential Facilities, it is critical to avoid
breaches in the building envelope

Loss of any wall cladding can permit intrusion of
wind, wind-borne debris, wind-driven rain, and/or
falling rain into the building

Even minor damage to these elements, such as roof
coverings, can allow significant amounts of
rainwater to enter the building

Directionality Factor - Essential Facilities

It is likely that for a design tornado event that
one or more portions of the building envelope
are loaded with the maximum pressure, so there
would be no reduction in probability

a K,y value of 1.0 is therefore appropriate, as
some portion of the envelope is nearly certain to

have its maximum pressure coefficient at the

This often results in serious damage to building
interiors, contents, and mechanical and electrical
systems, rendering the facility or parts of it
nonoperational

direction of the maximum winds

44

44
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ASCE | SNEXNRE | Gust Effect Factor for Rigid Buildings/Structures

G accounts for the decorrelation of wind gusts
over the size of the structure, and the background
response of the structure to the wind loads

G =0.85, or

Value from full rigid structure analysis using
Section 26.11.4

Depends on wind gust size and building size
characteristics

BUILDING OR OTHER STRUCTURE,
RIGID:

A building or other structure whose
fundamental frequency is > 1 Hz.

ASCE 7-16 and ASCE 7-22* Wind Provisions

video

* No direct changes to G in ASCE 7-22, but
Table 26.11-1 Terrain Exposure Constants has
been updated as mentioned in the previous

45

45

A SCE | SNEAXNRE  Gust Effect Factor for Flexible Buildings/Structures

G; additionally accounts for the load magnification
effect caused by gusts, in resonance with along-
wind vibrations of flexible buildings

dependent on dynamic characteristics of the
structure, including

= fundamental natural frequency

= damping

Procedure to determine G;in Section 26.11.5

G; does not account for across-wind loading,
vortex shedding, or instability caused by
galloping or flutter

BUILDING OR OTHER STRUCTURE,
FLEXIBLE:

Slender buildings and other structures that
have a fundamental natural frequency < 1 Hz

‘ ASCE 7-16 and ASCE 7-22* Wind Provisions

* No changes G; ‘values’ in ASCE 7-22, but the
provisions and equations have been revised
Jmake them easier to follow

46

46
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ASCE | S\eRNRE Gust Effect Factor

G Uses the rigid structure gust effects Tornadic winds may vary in both direction
provisions from Chapter 26 and speed over the building or structure,

= 0.85, or resulting in lower peak load effects
compared to atmospheric boundary layer
winds, whose mean wind speed and
direction are comparatively more constant
over the building or structure

= Full rigid structure analysis
with exposure C terrain constants

The duration of a tornado is sufficiently short
such that the gust factor provisions for flexible
or dynamically sensitive buildings and other
structures (Gy) do not apply.

47

47

Tornado Directionality and Gust Effect
Factors

Questions / Discussion

marc.l.levitan@gmail.com
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End of Day 1

Tornado Load Design per ASCE 7-22 and the

2024 International Building Code
Seminar Day 2

Marc L. Levitan, PhD, F.SEI

marc.|.levitan@gmail.com

ASCE | SERNRE

Distribution of the webinar materials outside of your site is prohibited.
Reproduction of the materials and pictures without a written permission of the copyright holder is a violation of the U.S. law.
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ASCE |12 | Unit3 Outline

’ mo e
Tornado Load Coefficients and Equations e T oo SR
. Hop- 8 - Rk

e Lk - ——

u s e D
. o =
H- EQE“‘ Bl
= Tornado Enclosure Classification, Internal Pressure L =R
Coefficients, and Protection of Glazed Openings - — e,
= Tornado External Pressure Coefficients D e
= Main Wind Force Resisting System Loads e "'jm F= ol
. : ! i B
m Components and Cladding Loads R
= Wind Tunnel Method ton oo e

ASCE | £1ENRRE . )

51

Credit: NOAA Weather in Focus Photo Contest 2015

X Tornado Enclosure Classification, Internal Pressure
ASCE KNOWLEDGE . . . -
& LEARNING Coefficients, and Protection of Glazed Openings 52

52
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m Enclosure Classification

m Protection Requirements for Glazed
Openings

m Internal Pressure Coefficient and
Atmospheric Pressure Change

ASCE 5215

b

Enclosure Classification and Internal Pressure

* Review ASCE 7-16 Wind parameters
» Changes for ASCE 7-22 Wind

» Changes for ASCE 7-22 Tornado

53
. . BUILDING, ENCLOSED: A building that has the total area of openings in each wall, that receives
E n CI OS u re C | ass Ifl Catl O n . P a rt 1 positive external pressure, less than or equal to 4 sq ft (0.37 m2) or 1% of the area of that wall, whichever
. is smaller. This condition is expressed for each wall by the following equation:
A, <0.014,.0r4 sq ft (0.37 m?). whichever is smaller,
‘ o . .
m Enclosure ‘Definitions’in Section 26.2 where A, and 4, are as defined for Open Buildings.
BUILDING, PARTIALLY ENCLOSED: A building that complies with both of the following
e . conditions:
= 4 Classifications . .
1. The total area of openings in a wall that receives positive external pressure exceeds the sum of the
Encl d areas of openings in the balance of the building envelope (walls and roof) by more than 10%.
nclose 2. The total area of openings in a wall that receives positive external pressure exceeds 4 ft* (
Partial |y Enclosed (Dom inant Open i ng) 0.37 m*) or 1% oﬁ.he.area of that wall, whichever is smaller, and the percentage of openings in
the balance of the building envelope does not exceed 20%.
. These conditions are expressed by the following equations:
Partially Open
4,>1.104,|
Open
A4, >4 f(0.37 m*)or
. . . . . >0.014,, whicheverissmaller, and 4, / 4,, <0.20
= Application requirements in Section
26 1 2 where 4, and 4, are as defined for Open Building;
A,; = sum of the areas of openings in the building envelope (walls and roof) not including 4, ,
K . in ft* (m?); and
OPENINGS: Apertures or holes in the building ) !
K o 4,, = sum of the gross surface areas of the building envelope (walls and roof) not including 4, ,
envelope that allow air to flow through the building in £ (m?).
envelope and that are designed as “open” during BUILDING, PARTIALLY OPEN: A building that does not comply with the requirements for open,
. . . partially enclosed, or enclosed buildings.
design winds as defined by these provisions.
BUILDING, OPEN: A building that has each wall at least 80% open. This condition is expressed for
each wall by the equation 4, > 0.84, , Where
. . A, = total area of openings in a wall that receives positive external pressure, in ft* (m?>); and
ASCE 7-16 Wind Provisions K
4, = the gross area of that wall in which 4, is identified, in ft* (m?).
54

54
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Enclosure Classification: Part 2

m “Openings’ redefined

Holes in the building envelope, including air intake and

m Clarifications to application requirements exhaust vents for ventilation systems, should always be
in Section 26.12 considered as openings. Whether doors, operable windows
and skylights, and flexible and operable louvers are
m Extensive and much needed additions considered as openings depends on their intended use
and revisions to commentary during a storm event. For example, a door of a fire station

or hospital ambulance bay should be considered an opening
if the intended function for such essential facilities requires
the door to remain in an open position during a design wind
event. However, if doors, windows, and skylights are likely
be in a closed position during a design wind event, they do
not need to be considered as openings.

OPENINGS: Holes that allow air to flow through
the building envelope during a design wind event.

ASCE 7-22 Wind Provisions

ASCE | SNEWIERSE Enclosure Classification: Part 1

32.12.2 Openings. m Sealed structures are very susceptible to
loads induced by atmospheric pressure

To assign the tornado enclosure classification, the change associated with a tornado

amount of openings in the building envelope shall be
determined by taking each wall of the building or other = New enclosure classification of “sealed”
structure, assuming it functions as the windward wall, added

and summing the total area of openings present with
respect to the area of the remaining building envelope.

32.2 Definitions.
Buildings shall be classified as enclosed, partially OTHER STRUCTURES. SEALED: A structure
. . . 9 °
enclosed, partially open, or open as defined in Section that is completely sealed or has controlled
26.2. ventilation such that tornado-induced atmospheric
pressure changes will not be transmitted to the
Other structures shall be classified as sealed, defined inside of the structure, including but not limited to
in Section 32.2, or enclosed, partially enclosed, certain tanks and vessels.

partially open, or open as defined in Section 26.2.

56
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ASCE | SNEWIEReE Enclosure Classification: Part 2

32.12.2 Openings. (Continued) = Wind-borne debris hazards are greater for

Where not required by Section 32.12.3 to tornadoes than for hurricanes
protect glazed openings, enclosed

buildings and other structures shall either: m The updrafts in a tornado can loft debris higher in

the air, creating the opportunity for more, larger,
and faster traveling debris compared to hurricanes,
where debris is mainly transported horizontally

(1) be reevaluated for classification as
partially enclosed, with all unprotected
glazed openings on each assumed

windward wall considered as openings; or = Unprotected glazing in any building is considered
(2) be protected in accordance with as an opening for determination of Enclosure
Section 32.12.3.1. Classification (one windward wall at a time)

57
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AGCE | SNEMNREE | Debris Considerations

Roof aggregate
inside building

i IOk

Most of the glazing destroyed

Credit: NIST

Interior following "~

breach of envelope 58

58
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Credit: NIST

Windows remained intact on fifth floor of West Tower

Debris Considerations: Part 2

The Behavioral
Health Unit had
impact resistant
glazing - for
patient protection

59
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Protection of Glazed Openings: Part 1

= Applicable to

Risk Category I, lll and IV
buildings, located in the

Wind-Borne Debris Region

| ASCE 7-16 Wind Provisions

ASCE | 19457

26.12.3 Protection of Glazed Openings.

Glazed openings in Risk Category II, III, or IV buildings located in hurricane-prone regions shall be
protected as specified in this section.

26.12.3.1 Wind-Borne Debris Regions.
Glazed openings shall be protected in accordance with Section 26.12.3.2 in the following locations:

1. Within 1 mi (1.6 km) of the coastal mean high water line where the basic wind speed is
equal to or greater than 130 mi/h (58 m/s), or

2. Inareas where the basic wind speed is equal to or greater than 140 mi/h (63 m/s).
For Risk Category II buildings and other structures and Risk Category III buildings and other structures,
except health-care facilities, the wind-borne debris region shall be based on Figs. 26.5-1B and 26.5-2B.
For Risk Category III health-care facilities, the wind-borne debris region shall be based on Figs. 26.5-1C
and 26.5-2C. For Risk Category IV buildings and structures, the wind-borne debris region shall be based
on Figs. 26.5-1D and 26.5-2D. Risk Categlries shall be determined in accordance with Section 1.5.

EXCEPTION: Glazing located more than 60 ft (18.3 m) above the ground and more than 30 ft (9.2 m)
above aggregate-surfaced roofs, including roofs with gravel or stone ballast, located within 1,500 ft
(458 m) of the building shall be permitted to be unprotected.
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m Updated definition of Wind-
Borne Debris Region

= Additional commentary,

including coverage of
sectional, rolling, and flexible
doors (i.e., garage doors)

| ASCE 7-22 Wind Provisions

ASCE | £1ENRRE

Protection of Glazed Openings: Part 2

26.12.3.1 Wind-Borne Debris Regions.

Glazed openings shall be protected in accordance with Section 26.12.3.2 in the following locations:

1. Within 1 mi (1.6 km) of the eeastal-mean high water line where an Exposure D condition

exists upwind of the waterline and the basic wind speed is equal to or greater than
130 mi/h (58 m/s ), or
2. Inareas where the basic wind speed is equal to or greater than 140 mi/h (63 m/s ).

61
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= Only required for Essential
Facilities and associated
structures

= Commentary recommends
for other buildings with
functional performance
objective

ASCE {2

Protection of Glazed Openings

32.12.3 Protection of Glazed Openings. Glazed openings shall
be protected for Essential Facilities and for buildings and other
structures required to maintain the functionality of Essential
Facilities.

Commentary: For buildings and other structures intended to
remain operational in the event of a tornado (including Essential
Facilities) and where a building owner’s tornado performance
objective is to reduce occupancy disruption and interior damage
during a tornado, it is important to specify glazing assemblies that
have been tested for wind-borne debris impact, in addition to
meeting static pressure requirements.
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Protection Requirements for Glazed Openings

m Protection Requirements
Impact-resistant glazing, or
Impact-protective system

m Testing Requirements
Missile test and cyclic
pressure differential tests
= ASTM E1996
(Specification) and
ASTM E1886 (Test
Method)

= ANSI/DASMA 115 for
glazed openings in
sectional garage doors,
rolling doors, and flexible
doors

26.12.3.2 Protection Requirements for Glazed Openings.

Glazing in buildings requiring protection shall be protected with an impact-protective system or shall be
impact-resistant glazing.

Impact-protective systems and impact-resistant glazing shall be subjected to missile test and cyclic
pressure differential tests in accordance with ASTM E1996 as applicable. Testing to demonstrate
compliance with ASTM E1996 shall be in accordance with ASTM E1886. Impact-resistant glazing and
impact-protective systems shall comply with the pass/fail criteria of Section 7 of ASTM E1996 based on
the missile required by Table 3 or Table 4 of ASTM E1996. Glazing in sectional garage doors and rolling
doors shall be subjected to missile tests and cyclic pressure differential tests in accordance with
ANSI/DASMA 115 as applicable.

Glazing and impact-protective systems in buildings and other structures classified as Risk Category IV in
accordance with Section 1.5 shall comply with the “enhanced protection” requirements of Table 3 of
ASTM E1996. Glazing and impact-protective systems in all other structures shall comply with the “basic
protection” requirements of Table 3 of ASTM E1996.

ASCE 7-16 and ASCE 7-22 Wind Provisions

63
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m Protection Requirements
Impact-resistant glazing, or
Impact-protective system

= permanently affixed non-operable systems, or

= permanently affixed operable systems capable
of being fully deployed from inside the building
within five minutes and used in buildings that
are staffed 24 hours per day

m Testing Requirements

Missile test and eyelie static pressure differential

tests

= ASTM E1996 (Specification) and ASTM E1886

(Test Method)

= ANSI/DASMA 115 for glazed openings in
sectional garage doors, rolling doors, and flexible

doors

Protection Requirements for Glazed
Openings

Credit: FEMA
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A SCE | SNOWLEDGE | |nternal Pressure Coefficient

GC,; internal pressure coefficient, accounts for internal pressures ASCE 7-16 and ASCE 7-22*
due to wind field surrounding the building Wind Provisions

* Much more commentary

Table 26.13-1 Internal Pressure Coefficient, (GCpi)

Enclosure Classification Internal Pressure Internal Pressure

Coefficient, (GC)

Enclosed buildings Moderate
-0.18

Partially enclosed High +0.55
buildings -0.55

Partially open buildings Moderate +0.18
-0.18
Open buildings Negligible 0.00

65
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KNOWLEDGE et
ASCE | sheWiERCE Internal Pressure Coefficient
Plan View
) o ) Wind
GC,,;r Tornado internal pressure coefficient, accounts for combined FFfff
effects of internal pressure and atmospheric pressure change (APC) » : Parc : Enclosed
= based on tornado load simulations RN
Table 32.13-1 MWFRS and C&C Tornado Internal Pressure Coefficient, (GC,,;7) » El I pI I |_. Partially
+Fint  _J
Enclosure Classification Internal Pressure Tornado Internal Enclosed

combined with APC | Pressure Coefficient,

Sealed Other Structures Extreme .

Enclosed buildings High +0.55 “— Note the high positive internal
-0.18 pressures for both enclosed

Partially enclosed High +0.55 «<—— and partially enclosed buildings

Partially open buildings Moderate +0.18
-0.18
Open buildings Negligible 0.00
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Tornado Enclosure Classification,
Internal Pressure Coefficients, and
Protection of Glazed Openings

Questions / Discussion

marc.l.levitan@gmail.com

AGCE | SNEWERGE Tornado External Pressure Coefficients o
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AGCE | SNEMMNREE | Tornado External Pressure Coefficients

= Building Aerodynamics

= MWFRS Pressure Coefficients * Review ASCE 7-16 Wind parameters

m C&C Pressure Coefficients . Changes for ASCE 7-22 Wind

m Tornado Adjustment Factor for Vertical

Winds » Changes for ASCE 7-22 Tornado

ASCE | £1ENRRE o
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AGCE | ShEMNREE | Aerodynamics of Low-Rise Buildings: Part 1

Separation Shear layer positions:
“bubble” High turbulence

K\ ﬁ Low turbulence
S =4 -~

/////////// ry ///AQ///////

) Fluctuating re-
Stagnation attachment
Point point

m General flow characteristics governed by roof height

= Flow characteristics over the roof

Flow separates at leading edge of roof

N T X .
Flow separates at ridge for roof pitches > = 10 degrees

Credit: John Holmes

Distance to reattachment depends on turbulence
70

70
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ASCE | {NOWLERCE | Aerodynamics of Low-Rise Buildings: Part 2

& LEARNING

® Fluctuating and peak pressures at corners of roofs

m Formation of conical vortices

Credit: John Holmes

7

71

AGCE | SNEMMNREE | Aerodynamics of Tall Buildings

m General flow characteristics —

governed by the plan aspect ratio J
—
/ i

[ ]
Credit: John Holmes
/D 3
J Section
A-A
\))> )
ASCE | £ENNRE 7
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AGCE | SNEMMNREE | Codification of Pressures

m Structural loads (MWFRS)

Calculate peak structural loads and
effective static load distributions

Instantaneous load around frame will
vary in magnitude and distribution

Codes and standards give simplified
uniform distributions on surfaces

= Components and Cladding

Area averaging of pressure from

wind areas and locations

ASCE | 19457

nearby taps for different size effective Credit John Holmes
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ASCE | SNEWIERSE Aerodynamics of Low-Rise Buildings
Separation Shear layer positions:
= Not yet well understood ‘bubble” High lurbulence
= Modest number of experiments conducted Straight-line wind = "[\

Tornado-like vortex simulators

Boundary-layer wind tunnels (with models

adapted to increase relative angle of attack) Fluctuating re-
Stagnation attachment
Point point
Larger separation
“bubble”

Tornadic wind
with updraft ~ \ _=I777"

]
Fluctuating re-attachment

ASCE | KNOWLEDGE point moves farther downwind
= | & LEARNING
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ASCE

m Chapter 27 — Directional Procedures
for Buildings of All Heights

MWFRS Pressure Coefficients, Cp

h = roof height of elevated building

hs = height of elements below

b, = height of elevated portion of the building

2= height above grade to be used to calculate q ,
for determining wind loads on elements below

m Chapter 29 — Directional Procedure
for Building Appurtenances and Other

Structures i o bt ot ou
h
Major Changes in ASCE 7-22 o i f
0.25h, hy i
= Chapter 27 ' H.” il LT

Removed the simplified/tabular methods
Added Elevated Buildings

m Chapter 29
Added ground-mounted fixed-tilt solar panels

PP
Typical Elevated Tall Building - Elevation

Typical Elevated Beach House - Elevation

Figure C27.3-1. High-rise and low-rise examples of dimensions and heights used in Section 27.3.1.1.

ASCE 7-16 and ASCE 7-22 Wind Provisions

75

75

ASCE | \eXkNiNe = C&C Pressure Coefficients, (GC,)
0.6h,
= Chapter 30 — Wind Loads: or 5} I
Components And Cladding oaef - gt-ﬂ i
Applicable to buildings and non-building oo © oo Z[
structures B
o e A
Major Changes in ASCE 7-22 Notation
B = Horizontal dimension of building measured normal to wind direction, ft (m).
62 A o ot oo horon, s
m Removed all simplified/tabular methods External Pressure Cosfiicients
A 100 1 100
o 4 e i Fozars]
= Added Elevated Buildings o i -
§ 22 § ;;Z;L
= Added Roof Pavers Eug Sa -
g S 4§ e
: » § s
= Modest changes to many of the (GC,) i wf i
plots vs effective wind area for consistency = 0
ASCE 7-16 and ASCE 7-22 Wind Provisions ‘ O et e ey LI A .
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Modifications for Tornadic Updrafts

m Conducted tests in boundary layer wind tunnel where

building model was ‘tipped’ into the floor, to simulate
relative change in roof angle-of-attack due to vertical
component of wind

m Developed a new coefficient that is applied to existing

external pressure coefficients

m Coefficient includes a reduction factor accounting for

WEF Fration from OTC Strikes

average percentage of design tornado strikes where
target building is outside the core (OTC)

WEF Risk Fraction for OTC Target Strikes (Point Target)

090 ——Region 1 ——Region 2
Region 3 —a—SubRegion 4-N&E 406

080 ——SubRegion 4-Center 407  —=—SubRegion 5-North 511 Tornado Climatology Regions

——SubRegion 5-South 512 —s=SubRegion 6-Inland 606

e
3

°
8

°
8

°
8

°
8

4
S

e
s

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270

Reference Torando Wind Speed

Credit: NIST

Wind
Direction

77
ASCE KNOWLEDGE
& LEARNING
STRUCTURE TYPE K
New modifier on external pressure coefficients to
i Buildings
account for effects of updrafts in the core of the
. . . Negative (Uplift) Pressures on Roofs
tornado (vertical component of tornadic wind)
Main Wind Force Resisting System 1.1
. i L. Components and Cladding
K, used to modify roof uplift pressure coefficients
. Roof Slope <=7 degrees
that were previously developed for boundary layer Zone 1 12
winds to account for these effects Zone? o
C d GC 9 K C d K GC Roof Slope > 7 degrees
Zone 1 1.2
p an ( p) vT™~p an VT( P) Zone 2 12
Zone 3 1.3
K,+> 1.0 for roof uplift coefficients (from 1.05 to 1.3)
. . Positive Pressures (Downward acting) 10
K,+= 1.0 for downward acting roof pressure coefficients on Roofs ’
and wall coefficients Wall Pressures 10
All Other Cases 1.0
78
78
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Tornado External Pressure
Coefficients

Questions / Discussion

marc.l.levitan@gmail.com

79

JOPLIN MISSOURI TORNADO PATH IMPACTED AREA it

Legend

=3 UsACE - RFO

Structure
Damage

. Catastrophic Damage

H Moderate Damage

Location Map

ASQCE | $NoyLepeE Main Wind Force Resisting System Loads

80

80
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AGCE | SNEMMNREE | Main Wind Force Resisting System Loads

Review ASCE 7-16 Wind load equations

= MWFRS Pressure and Load Equations } « Changes for ASCE 7-22 Wind

» Changes for ASCE 7-22 Tornado

ASCE | £1ENRRE o

81

AGCE | ShEMMNREE | General Form of Wind and Tornado Load Eqgns

= Design pressure =

External pressure — Internal pressure

= Sign Convention /(?}

Positive pressure act towards surface A
. LN +/ — Internal Pressure

negative pressures act away from ’ll
surface {

A (

After: John Holmes
ASCE | £\ONNRE o2
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ASCE | SNEARNRE Wind Design Pressures (Ch 27): Part 1

Buildings

=MWFRS p=qGC, -q(GC,)

_Q(')G)QTJ

Design wind pressure (psf)
Velocity pressure (psf)

Gust effect factor

External pressure coefficient

ASCE | £1ENRRE

(eqn 27.3-1)

ASCE 7-16 Equations

83

83

ASCE

ASCE | SNERNRE Wind Design Pressures (Ch 27): Part 2

Buildings

= MWFRS p= CIKQGCp - qiﬁg(GCpl)

Design wind pressure (psf)
Velocity pressure (psf)
Directionality factor

Gust effect factor
External pressure coefficient

KNOWLEDGE
& LEARNING

(eqn 27.3-1)

Notes:

» ASCE 7-22 equations

* K, has been removed from velocity
pressure and placed into the pressure
and force equations, since it is not
purely a function of the extreme wind
climatology (it also depends on the
geometry of the building)

84

84
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KNOWLEDGE
& LEARNING

ASCE

Design Pressures: Part 1

Buildings

s MWFRS p;= qTGTKdTKVGC - Qi GCpiT)

pr Tornado design pressure (psf)

qr Tornado velocity pressure (psf)

Gr Tornado gust effect factor

Kyr Tornado directionality factor

K.t Tornado pressure coefficient adjustment factor
C, External pressure coefficient

(GC,;r) Tornado internal pressure coefficient

ASCE | 19457

(eqn 32.15-1)

Note — K, is not applied to tornado
internal pressure coefficient (GC,;7),
since atmospheric pressure change
(APC) dominates internal pressures
for enclosed buildings and APC is not
dependent on direction.

85

32.15 TORNADO LOADS ON BUILDINGS: MAIN WIND
FORCE RESISTING SYSTEM

32.15.1 Enclosed, Partially Enclosed, and Partially Open
Buildings Section 27.3.1 shall apply for determination of
MWERS loads for buildings of all heights, as modified in this
section. Design tornado pressures, pg, for the MWEFRS of
enclosed, partially enclosed, and partially open buildings of
all heights shall be determined in accordance with the
following equation, which replaces Equation (27.3-1):

Pr =4GrKarK,rCp — q;(GCpir) (Ib/11%) (32.15-1)

Pr= qGTKdTKvTCp - qi(GCpiT) (N/mz) (3215- 1 SI)

where

g = g,y For external pressure on all walls evaluated at height
z above the ground, 1b/f? (mez).

¢ = g7 For external pressure on roofs evaluated at height A,
Ib/ft* (N/m?),

q; = q;7 For internal pressure evaluation of roofs of enclosed
and partially open buildings, Ib/ft* (N/m?),

¢; = g.7 For internal pressure evaluation of walls of enclosed
and partially open buildings, b/ (N/m?),

g; =g, For internal pressure evaluation of the roof and
all walls in partially enclosed buildings, where
height z,, is defined as the level of the lowest
opening in the building that could affect the posi-
tive internal pressure, Ib/f* (N/m?). Glazed open-
ings not meeting the protection requirements of
Section 32.12.3.1 shall be considered as openings.

Gy =Torado gust-effect factor from Section 32.11,
K, r=Tornado directionality factor from Section 32.6,
K,r=Tomado pressure coefficient adjustment factor from
Section 32.14,
C, = External pressure coefficient from Section 27.3.1, and
GCpr =Tornado  internal  pressure  coefficient  from
Section 32.13.

ASCE | 19457

86
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A SCE | KNENKERCE Design Pressures: Part 2

Section 32.15 also includes MWFRS  Section 32.16 has MWFRS provisions

provisions for for
Elevated Buildings Solid Freestanding Walls and Solid Signs
Roof Overhangs = chimneys, tanks, open signs, single-plane
P ¢ open frames, and trussed towers
arapets Trussed Towers
m Based on Chapter 27 equations, with Rooftop Structures and Equipment for
similar tornado modifications to associated Buildings

design pressure and force equations Roofs of Isolated Circular Bins, Silos, and
Tanks

Rooftop Solar Panels

m Based on Chapter 29 equations

87

87

Main Wind Force Resisting System
Loads

Questions / Discussion

marc.l.levitan@gmail.com

88

6/6/2023
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Components and Cladding Loads

ASCE | £ENRE

Components and Cladding Loads

m C&C Pressure and Load Equations } .

ASCE

KNOWLEDGE
& LEARNING

Review ASCE 7-16 Wind load equations
Changes for ASCE 7-22 Wind

Changes for ASCE 7-22 Tornado

90

90
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ASCE |SIEARNRE = C&C Wind Design Pressures (Ch 30)

u C&C (h<60) p = qu(GC,) - (GC,)] (eqn 30.3-1)
s C&C (h>60) p =q(GC,) - q(GC,) (eqn 30.5-1)

p Design wind pressure (psf)

q Velocity pressure (psf)

(GC,) External C&C pressure coefficient
(GC,,) Internal pressure coefficient

Notes:

» ASCE 7-16 equations shown
* h =mean roof height

91

91

ASCE | SNERNRE C&C Wind Design Pressures (Ch 30)

m C&C (h<60’) p = q:K4[(GC,) - (GC,)] (egn 30.3-1)
= C&C (h>60) p =qK,(GC,) - K, (GC,) (egn 30.4-1)
p Design wind pressure (psf)

q Velocity pressure (psf)
K, Directionality factor
éC External C&C pressure coefficient ? RS e R S
X iCi
( p) P u * InASCE 7-22, K, has been removed

(GC,) Internal pressure coefficient from velocity pressure and placed into
the pressure and force equations, since
it is not purely a function of the extreme
wind climatology (it also depends on the
geometry of the building)

Notes:

92

92
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ASCE | S\eRNRE

m C&C (h<60’)  pr=q, /KK, {(GC,) - (GC,7)]
= C&C (h>60’) pr = qKygK,r (GCp) - qir(GC7)

pr Tornado design pressure (psf)

qr Tornado velocity pressure (psf)

Kyr Tornado directionality factor

K,r Tornado pressure coefficient adjustment factor

(GC,) External C&C pressure coefficient
(GC,;r) Tornado internal pressure coefficient

C&C Design Pressures: Part 1

(eqn 32.17-1)
(eqn 32.17-2)

Note — K, is not applied to tornado
internal pressure coefficient (GC,;7),
since atmospheric pressure change
(APC) dominates internal pressures
for enclosed buildings and APC is not
dependent on direction.

93

93

32.17 TORNADO LOADS: COMPONENTS AND
CLADDING

32.17.1 Low-Rise Buildings Section 30.3 shall apply for
determination of component and cladding tornado loads on
low-rise buildings, as modified in this section. The design
tornado pressures, py, on C&C elements in low-rise
buildings and buildings with 7 < 60 ft (2 < 18.3 m) shall
be determined in accordance with the following equation,
which replaces Equation (30.3-1):

Pr=aur[KarK 1 (GCp) — GCpir] (Ib/ft?) (32.17-1)

Pr=4dnr [KdTKvT(GCp) - GCpiT} (N/mz) (32.17-1.S1)

where
gnr = Tormado velocity pressure from Section 32.10.2 evalu-
ated at mean roof height A, b/t (N/mz);
K, r=Tornado directionality factor from Section 32.6;
K,r=Tomado pressure coefficient adjustment factor from
Section 32.14;
GC, = External pressure coefficient from Section 30.3; and
GCpir = Tornado internal pressure coefficient from Section 32.13.

ASCE £k

04
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where

g =q.r For external pressure on all walls evaluated at height z
above the ground, b/t (N/m2);

32.17.2 Buildings with & > 60 ft (k > 18.3 m) Section 30.4 g )
g = For external pressures on roofs evaluated at height /, Ib/

shall apply for the determination of component and cladding

tornado loads on buildings with 2 > 60 ft (h > 18.3 m), as i (N/m_‘): . o
modified in this section. The design tornado pressures, py, on qi = qur For internal pressure evaluation of roofs of enclosed
C&C elements for all buildings with 4 > 60 ft (4 > 18.3 m) shall and partially open buildings. Ib/ft” (N/m”):

be determined in accordance with the following equation, which q; = ¢ For internal pressure cvaluatlonq of wuLIs of enclosed
replaces Equation (30.4-1): and partially open buildings, Ib/ft™ (N/m~):

q; =q0p For internal pressure evaluation of the roof and all
walls in partially enclosed buildings, where height z,,, is

Pr=4Kir Ky (GCp) — q:(GCpir) (Ib/ft) (32.17-2) defined as the level of the lowest opening in the buil'ding
thilt could affect the positive internal pressure, lb/ft= (N/
Pr=4K 1K 7(GC,) — q:(GCpir) (N/m?)  (32.17-2.8) m~). Glazed openings not meeting the protection require-

ments of Section 32.12.3.1 shall be considered as openings:
K r=Tornado directionality factor from Section 32.6:
K,r=Tormado pressure coefficient adjustment factor from
Section 32.14;
GC, =External pressure coefficient from Section 30.4: and
GCp = Tornado internal pressure coefficient from Section 32.13.

ASCE | £1ENRRE o

95

SN ] ] tetEs C&C Design Pressures: Part 2

Section 32.17 includes C&C provisions Nonbuilding Structures

for Buildings Isolated Circular Bins, Silos, and Tanks
Low-rise Buildings
Buildings with h>60 ft

Bottom Horizontal Surfaces of Elevated
Buildings (for low-rise and h>60 ft)

m Based on Chapter 30 equations, with
similar tornado modifications to
associated design pressure and force

Building Appurtenances and Rooftop equations

Structures and Equipment
Parapets
Roof Overhangs
Attached Canopies

ASCE | £1ENRRE o
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Components and Cladding Loads

Questions / Discussion

marc.l.levitan@gmail.com

““-—ln—im—;.——aa-——-‘. '
e

ASCE | :'RE Wind Tunnel Method o
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A SCE | KNOVWLEDGE Wind Tunnel Method

m Wind Tunnel Testing Overview

) » Review ASCE 7-16 Wind Tunnel Method
= Wind Tunnel Method

. * Changes for ASCE 7-22 Wind
m Referenced Wind Tunnel Test Standard

* Changes for ASCE 7-22 Tornado

=
=]

Credit: ASCE

ASCE | £1ENRRE o
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AGSCE | SNOWLERGE | Boundary Layer Wind Tunnel Testing

= World Trade Center — New York
1973-2001

m First buildings to be tested in a
turbulent boundary-layer flow
wind tunnel (mid 1960’s)

1973
| WORLD TRADE ceNTER

Credit: John Holmes

ASCE | £1ENRRE
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ASCE | S\eRNRE

= Tall buildings
Exploration of shapes
Design pressures
Dynamic and Crosswind loads

= Unusually shaped buildings
m Long span bridges

m Parametric studies for codification
of wind loads

= Non-structural
Pedestrian-level winds
Dispersion studies

Credit: John Holmes

Wind Tunnel Testing Applications

101

101

ASCE | S\ERNRNE

= First Boundary Layer Wind Tunnel Laboratory

m ASCE’s Civil Engineering Magazine
Oct 2019

Wind Tunnel Testing Background

Force ofjNature:
The Bourttary Layer
Mmﬂfunnel
Labi étory

Cll & STORS* LESSHING

shapea
o the CN Tower

Toronte.

102

102
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A SCE | NeWLEncE Wind Tunnel Method: Part 1

m Test Conditions — per ASCE 49 CHAPTER 31
WIND TUNNEL PROCEDURE
m Limitations on loads
C&C loads can'’t be less than 80% of wind
loads from Ch. 30, with some exceptions

31.1 SCOPE

The Wind Tunnel Procedure shall be used where required by
Sections 27.1.3, 28.1.3, and 29.1.3. The Wind Tunnel Procedure
.. shall be permitted for any building or other structure in lieu of
= Provisions for roof-mounted solar the design procedures specified in Chapter 27 (main wind
collectors force resisting system [MWFRS] for buildings of all heights
and simple diaphragm buildings with A < 160 ft (48.8 m)),
Chapter 28 (MWFRS of low-rise buildings and simple dia-

= Reference Standard phragm, low-rise buildings), Chapter 29 (MWFRS for all other
ASCE 49, Wind Tunnel Testing for stmactures), and Chapter 30 (components and cladding [C&C] for

Buildings and Other Structures, 2012 all building types and other structures).

User Note: Chapter 31 may always be used for determin-
ing wind pressures for the MWFRS and/or for C&C of any
building or other structure. This method is considered to
produce the most accurate wind pressures of any method
specified in this standard.

ASCE | £1ENRRE 103

ASCE 7-16 Wind Provisions

103

A | s Wind Tunnel Method: Part 2

= Provisions added for Numerical Wind
Tunnel (i.e., computational fluid dynamics)

= New Peer-review requirements
Wind Tunnel

m Revisions to solar panel systems Taesting for
Buildings and

= Updated Reference Standard AR CUE

ASCE 49, Wind Tunnel Testing for Buildings
and Other Structures, 2021

ASCE 7-22 Wind Provisions

ASCE | £1ENRRE o4
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%SCE ﬁh{?ﬂﬁ'ﬁ%& Wind Tunnel Procedure

32.18 TORNADO LOADS: WIND TUNNEL PROCEDURE

The wind tunnel procedure, as described in Chapter 31, is permitted for determination
of external pressure coefficients and force coefficients for use with the tornado loading
provisions of Sections 32.15 through 32.17.

The wind tunnel test shall be performed on an isolated building model (without a
proximity model) in a boundary layer wind tunnel for open (Exposure C) terrain.

= Wind tunnel procedure is limited to determination of pressure and force
coefficients for use with MWFRS and C&C

= Testing of isolated models in Exposure Category C is specified to be
consistent with typical test conditions used for development of pressure
and force coefficients in Chapters 27, 29, and 30

105

105

A SCE | SNOWLEDGE | \\ind Tunnel Method Applicability

Scenario —

A museum has contracted with the famous architect Frank Gehry to
design a signature museum being planned for downtown St.

Louis. The building has a very unusual shape. The design team
contracts with a laboratory to conduct boundary layer wind tunnel
tests on the model of the museum

a) as an isolated building in exposure C terrain, and

b) with an area model in place (containing all buildings for the
surrounding few blocks in every direction) in exposure B terrain

Question —

o ) ) ) IAC Building in New York — one of
For determination of tornado loads, will the engineering many unusual designs by Gehry.

team be able to use all results from both test conditions
a) and b), or only a subset of these results?

106

106
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Wind Tunnel Method

Questions / Discussion

marc.l.levitan@gmail.com
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ASCE | SNEWIEReE Unit 3: Summary Part 1

Upwind surface roughness conditions required for Exposure B

m Exposure, Topographic and Ground Elevation

Effects Wind E:: ijg)r:f'dflzz glr.:(:::v:lnf 2,600 1t or 20h gl'j'i‘ﬁig‘ff::z‘"re
Importanc? of gcgtljratde determination of - S— T” p——
exposure for wind loads
Single, undefined exposure for tornadoes I ” |

m Topographic Effects 500

None for tornadoes at this time

= Velocity Pressure
Wind velocity pressure exposure coefficients
modified in 7-22 — primarily impacts to tall
buildings

Height (ft)

St
ASCI

Tornado - Uniform (K., = 1.0) velocity pressure 100
below 200 ft, decreases slightly above that

E 7-16 Exp. C
CE 7-16 Exp. B
'E 7-22 Tornado| | .+

3
8

Height (m)

50

0.4 06

ASCE | £1ENRRE

08 1 12 14 16 18
K. and K.z,,

109
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AGCE | SNEMMEREE | Unit 3: Summary Part 2

= Tornado Directionality Factor

Generally less than for wind, except for roof
zone 1’

Kyr= 1.0 for C&C on Essential Facilities

= Tornado Gust Effect Factor
Use 0.85 or Rigid Structure wind provisions
No flexible gust effect factor for tornadoes

m Tornado Enclosure Classification

Unprotected glazing must be assumed to have
been broken by windborne debris

m Debris Considerations
Glazing protection required for Essential Facilities

ASCE | £1ENRRE
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ASCE | SNEWIEReE Unit 3: Summary Part 3

= Protection Requirements for Glazed Openings
Impact resistant glazing, or

impact-protective system
= permanently affixed non-operable systems, or
= permanently affixed operable systems capable of
being fully deployed from inside the building within
five minutes and used in buildings that are staffed
24 hours per day

m Tornado Internal Pressure Coefficients Wind

Enclosed buildings have high internal pressure
due to APC (GC,;r = +0.55)

= Tornado External Pressure Coefficients

increased uplift on roofs due to updrafts

ASCE | £1ENRRE

Plan View

P Tfi]

Parc

New K, rmodification factor to account for »

EEREEN

+Pint

2

Enclosed

111
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ASCE | SheXSRE | Unit 3: Summary Part 4

= Main Wind Force Resisting System Loads
Adaptation of Ch 27 and 29 methods
K7 only applies to external pressures
Differences in treatment of velocity pressure q

= Components and Cladding Loads
Adaptation of Ch 30 methods
K7 only applies to external pressures
Differences in treatment of velocity pressure q

= Wind Tunnel Method

Can only be used to determine pressure
coefficients from isolated building model in
Exposure C

ASCE | £1ENRRE
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