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DOE-STD-1020 "Natural Phenomena Hazards Design and Evaluation Criteria for DOE
Facilities," was updated in early 1996 (Change Notice #1) and referenced ASCE 7-95 which

was also approved for use in June 1996. ASCE 7-95 has several noteworthy changes from
ASCE 7-93 and ASCE 7-88.

With the release of the latest version, ASCE 7-95, the description of the basic wind speeds was
changed from "fastest mile" to "peak gust." The National Weather Service phased out the
measurement of fastest-mile wind speeds and has redefined the basic wind speed as the peak
gust that is associated with an averaging time of approximately three seconds. The basic
methodology employed by ASCE 7-95 remains the same (refer to Attachment "B" for
variations), but the coefficients and factors used to obtain pressure loading have changed to
reflect the peak gust wind definition.

Table 3-2 of DOE-STD-1020 should not be used any longer for straight winds with the new
provisions of ASCE 7-95. Attachment "A"gives the revised "peak gust" speeds for various
DOE sites for different performance categories. Please note that it is no longer necessary to use
"importance factor” of 1.07 previously given in Table 3-1, since this is now factored in
Attachment "A". An attempt has been made in Attachment "A" to conform to basic concepts
outlined in ASCE 7-95. The hurricane importance factor for sites within 100 miles of the coast
has also been built into wind speeds in Attachment "A".

For sites where design for performance categories 3 and 4 is controlled by tornadoes, please
continue to use the criteria in Table 3-1 and revised wind speeds in Attachment "A" until further
notice. This subject is under active review and you will be advised of changes, if any. The
Change Notice #2 to incorporate all these changes to DOE-STD-1020-94 will follow later.

The changes stated above will necessitate some minor editorial changes to Chapter 3 and
Appendices D and E. These are being provided to you in Attachment "C".
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Attachment A
Recommended Peak Gust Wind Speeds
[ in miles per hour at 33 Ft. (10m) above ground for ASCE Exposure C Category ]

PC3 PC3 PC4 PC4

Current Performance Category Pc1  Pc2"  Wind® Tornado®® Wind"  Tornado®™®
Return Period (yrs) 50 100 1000 50000 10000 500000
Annual Probability 2.00E-02 1.00E-02 1.00E-03 2.00E-05 1.00E-04 2.00E-06

Site
Kansas City Plant, MO 90 96 - 162 - 219
Los Alamos National Laboratory, NM 90 96 117 - 135 -
Mound Laboratory, OH 90 96 - 154 -- 208
Pantex Plant, TX 90 96 - 150 -- 202
Rocky Flats Piant, CO 125 134 163 4) 188 4)
Sandia National Laboratories, NM 90 96 117 - 135 -
Sandia National Laboratories, CA 85 N 111 - 128 -
Argonne National Laboratory--East, IL 90 96 - 160 - 216
Argonne National Laboratory--West, 1D 90 96 117 - 135 -
Brookhaven National Laboratory, NY® 125 138 178 (4) 219 (4)
Princeton Plasma Physics Laboratory, NJ®@ 110 122 156 (4) 193 (4)
Idaho National Engineering Laboratory, 1D 90 96 117 - 135 --
Oak Ridge, X-10, K-25, and Y-12, TN 90 96 - 130 - 192
Paducah Gaseous Diffusion Plant, KY 90 96 - 162 - 219
Portsmouth Gaseous Diffusion Plant, OH 90 96 - 127 -- 185
Nevada Test Site, NV 90 96 117 - 135 -
Hanford Project Site, WA 85 91 111 - 128 -
Lawrence Berkeley Laboratory, CA 85 M 111 - 128 --
Lawrence Livermore National Laboratory, CA 85 91 111 - 128 -
LLNL, Site 300, CA 95 102 124 - 143 -
Energy Technology & Engineering Center, CA 85 91 - 111 - 128
Stanford Linear Accelerator Center, CA 85 91 111 -- 128 --
Savannah River Site, SC 100 107 -- 155 -- 212
Notes:

(1) Unless otherwise noted PC1 values are modified as follows:

PC2 =PC1x1.07

PC3=PC1x1.30

PC4 =PC1x1.50

PC2=PC1x1.105

PC3=PC1x142

PC4=PC1x1.75

Vi = (Vi + 11.34)/0.958

Although straight wind speeds govern, because the potential for a tornado strike is high, it is recommended

that facilities be designed for tornado missiles using the missile speed for the relevant performance category.

APC need not be considered.
Tornado speed includes rotational and translational effects.




Attachment B

ASCE 7-95 was a major revision to the wind loads section. The following changes occurred:

Basic Wind Speed

Importance Factor

Hurricanes

Classification

Coefficients

Formulas

ASCE 7-93
Fastest-mile
(avy
Thus I(7-95) = I*(7-93)

Treated with
Variable 1

IV
I
I
I

ASCE 7-95
3 sec gust

(V).

Included in Basic
Wind Speed Map

|
I-PC1
I
IV-PC2

Adjustments were made to be
consistent with 3-sec gust
windspeed

Some refinements and
additional features

Pressures on windward, leeward, side walls and roofs were computed by the ASCE 7-93 (7-88)
and 7-95 procedures and compared. The pressures were computed for an enclosed rectangular
building 50 ft. high, 100 ft. wide (across-wind direction) and 200 ft. long (along-wind direction).
The facility was a PC 2 facility and Exposure C was used. The comparisons are shown in

Table 1.
Table 1. Comparison of wall and roof pressures (psf) on 50' x 100' x 200’ enclosed
Performance Category (PC2) building for Exposure C
Component ASCE 7-93 (7-88) ASCE 7-95
Top of windward wall +15.71 +15.71
Side Walls -13.75 -13.75
Leeward Walls -5.89 -5.89
Roof - 13.75 uniform - 17.68 maxm
Internal Pressure +4.06 +4.16

+ = Pressure
- = Suction

As can be seen from this comparison the pressures are essentially the same (for PC 2) with
ASCE 7-95. ASCE 7-95 has a variable roof pressure distribution. The new roof pressure
distribution is based on the latest research results. PC 3 & PC 4 comparisons will result in

variations between two standards.
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Chapter 3 Attachment C

Wind Design and Evaluation Criteria

3.1 Introduction

This chapter presents a uniform approach to wind load determination that is applicable
to the design of new and evaluation of existing structures, systems and components (SSCs).
As discussed in Appendix D.1, a uniform treatment of wind loads is recommended to
accommodate straight, hurricane, and tornado winds. SSCs are first assigned to appropriate
Performance Categories by application of DOE-STD-1021. Criteria are recommended such
that the target performance goal for each category can be achieved. Procedures according to
the wind load provisions of ASCE 7 (Ref. 3-1) are recommended for determining wind loads
produced by straight, hurricane and tornado winds. The straight wind/tornado hazard models
for DOE sites published in Reference 3-2 are used to establish site-specific criteria for 25 DOE
sites. For other sites, the wind/tornado hazard data shall be determined in accordance with
DOE-STD-1023.

The performance goals established for Performance Categories 1 and 2 are met by
model codes or national standards (see discussion in Appendix B). These criteria do not
account for the possibility of tornado winds because wind speeds associated with straight winds
typically are greater than tornado winds at annual exceedance probabilities greater than
approximately 1x10™4. Since model codes specify winds at probabilities greater than or equal to
1x10-2, tornado design criteria are specified only for SSCs in Performance Categories 3 and
higher, where hazard exceedance probabilities are less than 1x10-2.

In determining wind design criteria for Performance Categories 3 and higher, the first
step is to determine if tornadoes should be included in the criteria. The decision logically can
be made on the basis of geographical location, using historical tornado occurrence records.
However, since site specific hazard assessments are available for the DOE sites, a more
quantitative approach can be taken. Details of the approach are presented in Appendix D. The
annual exceedance probability at the intersection of the straight wind and tornado hazard
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curves is used to determine if tornadoes should be a part of the design criteria. If the
exceedance probability at the intersection of the curves is greater than or equal to 2x10-5 then
tornado design criteria are specified. By these criteria, tornado wind speeds are determined at
2x10-5 for PC-3 and 2x10-6 for PC-4. If the exceedance probability is less than 2x10-3 only the
effects of straight winds or hurricanes need be considered. For straight winds and hurricanes,
wind speeds are determined at 1x10-3 for PC-3 and 1x10-4 for PC-4.

3.2 Wind Design Criteria

The criteria presented herein meets or exceeds the target performance goals described
in DOE 5480.28 for each Performance Category. SSCs in each category have a different role
and represent different levels of hazard to people and the environment. In addition, the degree
of wind hazard varies geographically. Facilities in the same Performance Category, but at
different geographical locations, will have different wind speeds specified to achieve the same
performance goal.

The minimum wind design criteria for each Performance Category are summarized in
Table 3-1. The recommended basic wind speeds for straight wind, hurricanes and tornadoes
are contained in Table 3-2 for laboratories, reservations, and production facilities. All wind
speeds are 3 sec peak gust, which is consistent with the ASCE 7 approach. Importance factors
as given in ASCE 7 should be used were applicable

Degrees of conservatism are introduced in the design process by means of load
combinations. The combinations are given in the appropriate material-specified national
consensus design standard, e.g. AISC Steel Construction Manual. Designers will need to
exercise judgment in choosing the most appropriate combinations in some situations. Designs
or evaluations shall be based on the load combination causing the most unfavorable effect. For
PC-3 and 4 the load combination to be used should invoke either wind or tornado depending on
which speed is specified in Table 3-2.

Most loads, other than dead loads, vary significantly with time. When these variable
loads are combined with dead loads, their combined effect could be sufficient to reduce the risk
of unsatisfactory performance to an acceptably low level. When more than one variable load is
considered, it is unlikely that they will all attain their maximum value at the same time.
Accordingly, some reduction in the total of the combined load effects is appropriate. This
reduction is accomplished through load combination multiplication factors as given in the
appropriate material-specific national consensus design standard.
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Table 3-1 Summary Of Minimum Wind Design Criteria

height 75 ft, 35 mph (vert.)

Performance Category 1 2 3 4
Hazard
Annual Probability 2x102 1x102 1x103 1x104
of Exceedance
wW
i Importance 1.0 1.0 1.0 1.0
n Factor
d
Missile Criteria NA NA 2x4 timber plank 15 Ib 2x4 timber plank 15 Ib
@50 mph (horiz.); max. @50 mph (horiz.); max.
height 30 ft. height 50 ft.
Hazard Annual
Probability of NA NA 2x105 2x106
Exceedance
Importance Factor NA NA 1=1.0 1=1.0
APC NA NA 40 psf @ 20 psf/sec 125 psf @ 50 psf/sec
T
(] 2x4 timber plank 15 Ib @100 | 2x4 timber plank 15 Ib @150
r Missile Criteria NA NA mph (horiz.); max. height mph (horiz.), max. height
n 150 ft.; 70 mph (vert.) 200 ft.; 100 mph (vert.)
a
d 3in. dia. std. steel pipe, 75 Ib | 3 in. dia. std. steel pipe, 75 Ib
o} @ 50 mph (horiz.); max.

@ 75 mph (horiz.); max.
height 100 ft, 50 mph (vert.)

3,000 Ib automobile @
25 mph, rolls and tumbles
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Table 3-2 Recommended Basic Wind Speeds for DOE Sites, in miles per hour

Peak Gust Wind Speeds at 10m Height
Performance Category 1 2 3 4
Wind Wind Wwind | Tornado® | Wind | Tornado®
DOE PROJECT SITES 2x10-2 1x10-2 1x10-3 2x10-5 1x10-4 2x10-6
Kansas City Plant, MO 90 96 -- 162 -- 219
Los Alamos National Laboratory, NM 90 96 117 - 135 --
Mound Laboratory, OH 90 96 -- 154 - 208
Pantex Plant, TX 90 96 -- 150 -- 202
Rocky Flats Plant, CO 125 134 163 (3) 188 (3)
Sandia National Laboratories, NM 90 96 117 -- 135 --
Sandia National Laboratories, CA 85 91 111 -- 128 --
Argonne National Laboratory--East, IL g0(™M 96" - 160 -- 216
Argonne National Laboratory—West, 1D g0 g6 117 - 135 --
Brookhaven National Laboratory, NY 125(1) 138 178 3 219 3)
Princeton Plasma Physics Laboratory, NJ 110(M 122(1) 156 3 193 (3)
Idaho National Engineering Laboratory oo(h gs(l) 117 - 135 -
Oak Ridge, X-10, K-25, and Y-12, TN g0 g -- 130 -- 192
Paducah Gaseous Diffusion Plant, KY g0 96(1) - 162 - 219
Portsmouth Gaseous Diffusion Plant, OH g0(M o6(1) - 127 - 185
Nevada Test Site, NV 90 96 117 -- 135 -
Hanford Project Site, WA g5(1) 91(M 111 - 128 -
Lawrence Berkeley Laboratory, CA 85 91 111 -- 128 --
Lawrence Livermore National Lab., CA 85 o1 111 - 128 -
LLNL, Site 300, CA 95 102 124 - 143 --
Energy Technology & Engineering Center, CA 85" 91(1) - 11142 - 128
Stanford Linear Accelerator Center, CA 85 91 111 -- 128 --
Savannah River Site, SC 100 107 -- 155 -- 212
NOTES:
4] Minimum straight wind speed.
@) Minimum tornado speed.
3) Although straight winds govern, because the potential for a tornado strike is high, it is recommended that

facilities be designed for tornado missiles using the missile speed for the relevant performance category. APC

need not be considered.

4) Tornado speed includes rotational and translational effects.
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3.2.1 Performance Category 1

The performance goals for Performance Category 1 SSCs are consistent with objectives
of ASCE 7 Building Class Il, Ordinary Structures. Similar criteria in model building codes such
as the current Uniform Building Code (Ref. 3-3) are also consistent with the performance goal
and may be used as an alternative criteria. The wind-force resisting system of structures
should not collapse under design load. Survival without collapse implies that occupants shouid
be able to find an area of relative safety inside the structure during an extreme wind event.
Breach of structure envelope is acceptable, since confinement is not essential. Flow of wind
through the structure and water damage are acceptable. Severe loss, including total loss, is
acceptable, so long as the structure does not collapse and occupants can find safe areas within
the building.

In ASCE 7 Wind design criteria is based on an exceedance probability of 2x10-2 per
year. The importance factor is 1.0.

Distinctions are made in ASCE 7 between buildings and other structures and between
main wind-force resisting systems and components and cladding. In the case of components
and cladding, a further distinction is made between buildings less than or equal to 60 ft and
those greater than 60 ft in height.

Terrain surrounding SSCs should be classified as Exposure B, C, or D as defined in
ASCE 7. Gust effect factors (G) and velocity pressure exposure coefficients (K) should be used
according to the rules of the ASCE 7 procedures.

Wind pressures are calculated on walls and roofs of enclosed structures by using
appropriate pressure coefficients specified in ASCE 7. Internal pressures on components and
cladding develop as a result of unprotected openings, or openings created by wind forces or
missiles. The worst cases of combined internal and external pressures should be considered in
wind design as required by ASCE 7.

SSCs in Performance Category 1 may be designed by either allowable stress design
(ASD) or strength design (SD). Load combinations shall be considered to determine the most
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unfavorable effect on the SSC being considered. When using ASD methods, customary
allowable stresses appropriate for the material shall be used as given in the applicable material
design standard (e.g. see Reference 3-4 for steel).

The SD method requires that the nominal strength provided be greater than or equal to
the strength required to carry the factored loads. Appropriate material strength reduction
factors should be applied to the nominal strength of the material being used. See Reference 3-
5 for concrete or Reference 3-6 for steel for appropriate load combinations and strength
reduction factors.

3.2.2 Performance Category 2

Performance Category 2 SSCs are equivalent to essential facilities (Class 1V), as
defined in ASCE 7 or model building codes. The structure shall not collapse at design wind
speeds. Complete integrity of the structure envelope is not required because no significant
quantities of toxic or radioactive materials are present. However, breach of the SSC
containment is not acceptable if the presence of wind or water interferes with the SSCs
function.

An annual wind speed exceedance probability of 1x10-2 is specified for this
Performance Category. The importance factor is 1.0.

Once the design wind speeds are established and the importance factors applied, the
determination of wind loads on Performance Category 2 SSCs is identical to that described for
Performance Category 1 SSCs. ASD or SD methods may be used as appropriate for the
material being used. The load combinations described for Performance Category 1 are the
same for Performance Category 2.

3.2.3 Performance Category 3

The performance goal for Performance Category 3 SSCs requires more rigorous criteria
than is provided by national standards or model building codes. In some geographic regions,
tornadoes must be considered.
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Straight Winds and Hurricanes

For those sites where tornadoes are not a viable threat, the recommended basic wind
speed is based on an annual exceedance probability of 1x10-3. The importance factor is 1.0.

Once the design wind speeds are established and the importance factors applied,
determination of Performance Category 3 wind loads is identical to Performance Category 1,
except as noted below. SSCs in Performance Category 3 may be designed or evaluated by
ASD or SD methods, as appropriate for the material used in construction. Because the hazard
exceedance probability in Performance Category 3 contributes a larger percentage to the total
probabilistic performance goal than in Performance Categories 1 or 2, less conservatism is
needed in the Performance Category 3 design and evaluation criteria. This trend is different for
seismic design as discussed in Chapter 2 and Appendix C. (See Appendix D for further
explanation.) Thus, the load combinations given in the applicable material-specific national
consensus design standard may be reduced by 10 percent. In combinations where gravity load
reduces wind uplift, the reduction in conservatism is achieved by modifying only the gravity load
factor.

When using ASD, allowable stresses shall be determined in accordance with applicable
codes and standards (e.g. see Reference 3-4 for steel). Load combinations shall be evaluated
to determine the most unfavorable effect of wind on the SSCs being considered. The SD load
combinations shall be used along with nominal strength and strength reduction factors.

A minimum miséile criteria is specified to account for objects or debris that could be
picked up by straight winds, hurricanes or weak tornadoes. A 2x4 timber plank weighing 15 Ibs
is the specified missile. This missile represents a class of missiles transported by straight
winds, hurricanes and weak tornadoes. Recommended impact speed is 50 mph at a maximum
height of 30 ft above ground. The missile will break annealed glass; it will perforate sheet metal
siding, wood siding up to 3/4-in. thick, or form board. The missile could pass through a window
or weak exterior wall and cause personal injury or damage to interior contents of a building.
The specified missile will not perforate unreinforced concrete masonry or brick veneer walls or

other more substantial wall construction. See Table 3-3 for recommended wall barriers (Ref. 3-
7).
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Table 3-3 Recommended Straight Wind Missile Barriers
for Performance Categories 3 and 4

Missile Criteria Recommended Missile Barrier

2x4 timber plank 15 1b @ 50 8-in. CMU wall with trussed horiz joint reinf
mph (horiz.) @ 16 in. on center

max. height 30 ft. Single wythe brick veneer with stud wall

above ground
Performance Category 3

max. height 50 ft. 4-in. concrete slab with #3 rebar @ 6 in. on center each way in middle of
above ground slab
Performance Category 4

Tornadoes

For those sites requiring design for tornadoes, the criteria are based on site-specific
studies, as presented in Reference 3-2. An annual exceedance probability of 1x10-3, which is
the same for straight wind, could be justified. As explained in Appendix D, a lower value is
preferred because (1) the straight wind hazard curve gives wind speeds larger than the tornado
hazard curve and (2) a lower hazard probability can be specified without placing undue
hardship on the design. The basic tornado wind speed associated with an annual exceedance
probability of 2x1 0-5 is recommended for Performance Category 3. Use importance factor of
1.0 for Performance Category 3.

The equations in ASCE 7 Table 6-1 should be used to obtain design wind pressures on
SSCs. Exposure Category C should always be used with tornado winds regardless of the
actual terrain roughness. Unconservative results will be obtained with exposure B. Tornadoes
traveling over large bodies of water are waterspouts, which are less intense than land-based
tornadoes. Thus, use of exposure category D also is not necessary. The velocity pressure
exposure coefficient and gust effect factor are obtained from ASCE 7. External pressure
coefficients are used to obtain tornado wind pressures on various surfaces of structures. Net
pressure coefficients are applicable to systems and components. On structures, a distinction is
made between main wind-force resisting systems and components and cladding.

If a structure is not intentionally sealed to maintain an internal negative pressure for
confinement of hazardous materials, or, if openings greater than one square foot per 1000
cubic feet of volume are present, or, if openings of this size can be caused by missile
perforation, then the effects of internal pressure should be considered according to the rules of
ASCE 7. If a structure is sealed, then atmospheric pressure change (APC) associated with the
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tornado vortex should be considered instead of internal pressures (see Table 3-1 for APC
values).

The maximum APC pressure occurs at the center of the tornado vortex where the wind
speed is theoretically zero. A more severe loading condition occurs at the radius of maximum
tornado wind speed, which is some distance from the vortex center. At the radius of maximum
wind speed, the APC may be one-half its maximum value. Thus, a critical tornado load
combination on a sealed building is one-half maximum APC pressure combined with maximum
tornado wind pressure. A loading condition of APC alone can occur on the roof of a buried tank
or sand filter, if the roof is exposed at the ground surface. APC pressure always acts outward.
A rapid rate of pressure change, which can accompany a rapidly translating tornado, should be
analyzed to assure that it does not damage safety-related ventilation systems. Procedures and
computer codes are available for such analyses (Ref. 3-8).

When using ASD methods, allowable stresses appropriate for the materials shall be
used. Since in this case, the hazard probability satisfies the performance goal, little or no
additional conservatism is needed in the design. Thus, for ASD the tornado wind load
combinations are modified to negate the effect of safety factors. For example, the
combinations from ASCE 7 become:

(a) 0.63 (D + W)
(b) 0.62 (D +L+Lp+W,)
(€) 062 (D +L+Ly+W+T) (3-1)

Along with nominal material strength and strength reduction factors, the following SD
load combinations for Performance Category 3 shall be considered:

(a) D+W;
(b) D+L+Lp+W
() D+L+Lp+Wi+T (3-2)

where:

W = tornado loading, including APC, as appropriate.
The notation and rationale for these load combinations are explained in Appendix D.
Careful attention should be paid to the details of construction. Continuous load paths shall be

maintained; redundancy shall be built into load-carrying structural systems; ductility shall be
provided in elements and connections to prevent sudden and catastrophic failures.
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Two tornado missiles are specified as minimum criteria for this Performance Category.
The 2x4-in. timber plank weighing 15 Ibs is assumed to travel in a horizontal direction at speeds
up to 100 mph. The horizontal speed is effective up to a height of 150 ft above ground level. If
carried to great heights by the tornado winds, the timber plank can achieve a terminal vertical
speed of 70 mph in falling to the ground. The horizontal and vertical speeds are assumed to be
uncoupled and should not be combined. Table 3-4 describes wall and roof structures that will
resist the postulated timber missile. A second missile to be considered is a 3-in. diameter
standard steel pipe, which weighs 75 Ibs. Design horizontal impact speed is 50 mph; terminal
vertical speed is 35 mph. The horizontal speed of the steel pipe is effective up to a height of 75
ft above ground level. Table 3-4 summarizes certain barrier configurations that have been
successfully tested to resist the pipe missile. Although wind pressure, APC and missile impact
loads can occur simultaneously, the missile impact loads can be treated independently for
design and evaluation purposes.

Table 3-4 Recommended Tornado Missile Barriers
for Performance Category 3

Missile Criteria

Recommended Missile Barrier

Horizontal Component:

2x4 timber plank
15 b @ 100 mph

max. height 150 ft.
above ground

8-in. CMU wall with one #4 rebar grouted in each vertical cell and trussed
horiz joint reinf @ 16 in. on center

Single wythe brick veneer attached to stud wall with metal ties

4 in. concrete slab with #3 rebar @ 6 in. on center each way in middle of
slab

Vertical Component:

2x4 timber plank
151b @ 70 mph

4 in. concrete slab with #3 rebar @ 6 in. on center each way in middle of
slab

Horizontal Component:

3-in. diameter
steel pipe 75 Ib
@ 50 mph

max. height 75 ft.
above ground

12-in. CMU wall with #4 rebar in each vertical cell and grouted; #4 rebar
horizontal @ 8 in. on center

Nominal 12-in. wall consisting of 8-in. CMU with #4 rebar in each vertical
cell and grouted; #4 rebar horizontal @ 8 in. on center; single wythe brick
masonry on outside face; horizontal ties @ 16 in. on center

9.5- in. reinforced brick cavity wall with #4 rebar @ 8 in. on center each
way in the cavity; cavity filled with 2500 psi concrete; horizontal ties @
16 in. on center

8-in. concrete slab with #4 rebar @ 8 in. on center each way placed 1.5
in. from each face

Vertical Component:

3-in. diameter steel pipe 75 |b
@ 35 mph

6-in. concrete slab with #4 rebar @ 12 in. on center each way 1.5 in. from
inside face
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3.2.4 Performance Category 4

The performance goal for Performance Category 4 requires more conservative criteria
than Performance Category 3. In some geographic regions, tornadoes must be considered.

Straight Winds and Hurricanes

For those sites where tornadoes are not a viable threat, the recommended basic wind
speed is based on an annual exceedance probability of 1x10-4. The importance factor is 1.0.

Once the design wind speeds are established and the importance factors applied,
determination of Performance Category 4 wind loads is identical to Performance Category 3,
except as noted below. SSCs in category Performance Category 4 may be designed or
evaluated by ASD or SD methods, as appropriate for the material being used in construction.
As with Performance Category 3, the wind hazard exceedance probability contributes a larger
percentage of the total probabilistic performance goal than Performance Categories 1 or 2.
Less conservatism is needed in the design and evaluation procedure. The degree of
conservatism for Performance Category 4 is the same as Performance Category 3. Thus, the
load combinations for both the ASD and SD are the same for Performance Categories 3 and 4.

Although the design wind speeds in Performance Category 4 are larger than
Performance Category 3, the same missiles are specified (Table 3-3), except the maximum
height above ground is 50 ft instead of 30 ft for Performance Category 4.

Tornadoes

For those sites requiring design for tornadoes, the criteria are based on site-specific
studies as presented in Reference 3-2. Again, as with Performance Category 3, an annual
exceedance probability of 1x10-4 could be justified. However, for the same reasons given for
Performance Category 3, a lower value is recommended. The basic tornado wind speed
associated with an annual exceedance probability of 2x10-6 and an importance factor of 1.0 is
recommended. Once the basic tornado wind speed is determined for the specified annual
exceedance probability, the procedure is as described for Performance Category 3, except as
noted below.

Three tornado missiles are specified for Performance Category 4: a timber plank, a steel
pipe and an automobile. The 2x4 timber plank weighs 15 Ibs and is assumed to travel in a
horizontal direction at speeds up to 150 mph. The horizontal component of the timber missile is
effective to a maximum height of 200 ft above ground level. If carried to a great height by the
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tornado winds, it could achieve a terminal vertical speed of 100 mph as it falls to the ground.

The second missile is a 3-in. diameter standard steel pipe, which weighs 75 Ibs. It can achieve

a horizontal impact speed of 75 mph and a vertical speed of 50 mph. The horizontal speed

could be effective up to a height of 100 ft above ground level. The horizontal and vertical

speeds of the plank and pipe are uncoupled and should not be combined. The third missile is a

3000-Ib automobile that is assumed to roll and tumble along the ground at speeds up to 25

mph. Table 3-5 lists wall barrier configurations that have been tested and successfully resisted

the timber and pipe missile. Impact of the automobile can cause excessive structural response

to SSCs. Impact analyses should be performed to determine specific effects. In structures,

collapse of columns, walls or frames may lead to further progressive collapse. Procedures for

structural response calculations for automobile impacts is given in References 3-9, 3-10 and 3-

11. Although wind pressure, APC, and missile impact loads can occur simultaneously, the

missile impact loads can be treated independently for design and evaluation purposes.

Table 3-5 Recommended Tornado Missile Barriers

for Performance Category 4

Missile Criteria

Recommended Missile Barrier

Horizontal Component:

2x4 timber plank
15 1b @ 150 mph

max. height 200 ft.
above ground

6 in. concrete slab with #4 rebar @ 6 in. on center each way in middle of
slab

8-in. CMU wall with one #4 rebar grouted in each vertical cell and horiz
trussed joint reinf @ 16 in. on center

Vertical Component:

2x4 timber plank
15 b @ 100 mph

4 in. concrete slab with #3 rebar @ 6 in. on center each way in middle of
slab

Horizontal Component:

3-in. diameter
steel pipe 75 Ib

@ 75 mph

max. height 100 ft.
above ground

10-in. concrete slab with #4 rebar @ 12 in. on center each way placed 1.5
in. from each face

Vertical Component:

3-in. diameter steel pipe 75 Ib
@ 50 mph

8-in. concrete slab with #4 rebar @ 8 in. on center each way placed 1.5
in. from inside face

3-12
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3.2.5 Design Guidelines

Reference 3-12 provides guidelines and details for achieving acceptable wind resistance
of SSCs. Seven principles should be followed in developing a design that meets the
performance goals:

(a) Provide a continuous and traceable load path from surface to foundation

(b)  Account for all viable loads and load combinations

(c) Provide a redundant structure that can redistribute loads when one
structural element is overloaded

(d)  Provide ductile elements and connections that can undergo deformations
without sudden and catastrophic collapse

(e) Provide missile resistant wall and roof elements

() Anchor mechanical equipment on roofs to resist specified wind and
missile loads

(@@  Minimize or eliminate the potential for windborne missiles

3.3 Evaluation of Existing SSCs

The objective of the evaluation process is to determine if an existing SSC meets the
performance goals of a particular Performance Category.

The key to the evaluation of existing SSCs is to identify potential failure modes and to
calculate the wind speed to cause the postulated failure. A critical failure mechanism could be
the failure of the main wind-force resisting system of a structure or a breach of the structure
envelope that allows release of toxic materials to the environment or results in wind and water
damage to the building contents. The structural system of many old facilities (25 to 40 years
old) have considerable reserve strength because of conservatism used in the design, which
may have included a design to resist abnormal effects. However, the facility could still fail to
meet performance goals if breach of the building envelope is not acceptable.

The weakest link in the load path of an SSC generally determines the adequacy or
inadequacy of the performance of the SSC under wind load. Thus, evaluation of existing SSCs
normally should focus on the strengths of connections and anchorages and the ability of the
wind loads to find a continuous path to the foundation or support system.

3-13
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Experience from windstorm damage investigations provide the best guidelines for
anticipating the potential performance of existing SSCs under wind loads. Reference 3-13
provides a methodology for estimating the performance of existing SSCs. The approach is
directed primarily to structures, but can be adapted to systems and components as well. The
methodology described in Reference 3-13 involves two levels of evaluation. Level | is
essentially a screening process and should normally be performed before proceeding to Level
Il, which is a detailed evaluation. The Level |l process is described below. The steps include:

(a) Data collection

(b)  Analysis of element failures

(c)  Postulation of failure sequence

(d)  Comparison of postulated performance with performance goals

3.3.1 Data Collection

Construction or fabrication drawings and specifications are needed to make an
evaluation of potential performance in high winds. A site visit and walkdown is usually required
to verify that the SSCs are built according to plans and specifications. Modifications not shown
on the drawings or deteriorations should be noted.

Material properties are required for the analyses. Accurate determination of material
properties may be the most challenging part of the evaluation process. Median values of
material properties should be obtained. This will allow an estimate of the degree of
conservatism in the design, if other than median values were used in the original design.

3.3.2 Analysis of Element Failures

After determining the as-is condition and the material properties, various element
failures of the SSCs are postulated. Nominal strength to just resist the assumed element failure
is calculated. Since the nominal strength is at least equal to the controlling load combination,
the wind load to cause the postulated failure can be calculated. Knowing the wind load, the
wind speed to produce the wind load is determined using the procedures of ASCE 7 and
working backwards. Wind speeds to cause all plausible failure modes are calculated and
tabulated. The weakest link is determined from the tabulation of element failures. These are
then used in the next step to determine the failure sequence.
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3.3.3 Postulation of Failure Sequence

Failure caused by wind is a progressive process, initiating with an element failure.
Examples are failure of a roof to wall connection, inward or outward collapse of an overhead
door, window glass broken by flying roof gravel. Once the initial element failure occurs at the
lowest calculated wind speed, the next event in the failure sequence can be anticipated. For
example, if a door fails, internal pressure inside the building will increase causing larger outward
acting pressures on the roof. The higher pressures could then lead to roof uplift creating a hole
in the roof itself. With the door opening and roof hole, wind could rapidly circulate through the
structure causing collapse of partition walls, damage to ceilings or ventilation systems or
transportation of small objects or debris in the form of windborne missiles. Each event in the
sequence can be associated with a wind speed. All obvious damage sequences should be
examined for progressive failure.

3.3.4 Comparison of Postulated Failures with Performance Goals

Once the postulated failure sequences are identified, the SSC performance is compared
with the stated performance goals for the specified Performance Category. The general SSC
evaluation procedures described in Apendix B(Figure B-2) are followed. If an SSC is able to
survive wind speeds associated with the performance goal, the SSC meets the goal. If the
performance criteria are not met, then the assumptions and methods of analyses can be
modified to eliminate conservatism introduced in the evaluation methods. The acceptable
hazard probability levels can be raised slightly, if the SSC comes close to meeting the
performance goals. Otherwise, various means of retrofit should be examined. Several options
are listed below, but the list is not exhaustive:

(a) Add x-bracing or shear walls to obtain additional lateral load resisting
capacity

(b)  Modify connections in steel, timber or prestressed concrete construction
to permit them to transfer moment, thus increasing lateral load resistance
in structural frames

(c) Brace a relatively weak structure against a more substantial one

(d) Install tension ties that run from roof to foundation to improve roof
anchorage
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(e) Provide x-bracing in the plane of a roof to improve diaphragm stiffness
and thus achieve a better distribution of lateral load to rigid frames,
braced frames or shear walls.

To prevent breach of structure envelope or to reduce the consequences of missile
perforation, the following general suggestions are presented:

(a) Install additional fasteners to improve cladding anchorage

(b)  Provide interior barriers around sensitive equipment or rooms containing
hazardous materials

(¢) Eliminate windows or cover them with missile-resistant grills

(d) Erect missile resistant barriers in front of doors and windows

(e) Replace ordinary overhead doors with heavy-duty ones that will resist the
design wind loads and missile impacts. The door tracks must also be
able to resist the wind loads.

Each SSC class will likely have special situations that need attention. Personnel who
are selected to evaluate existing facilities should be knowledgable of the behavior of SSC
classes subjected to extreme winds.
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