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ABSTRACT

This paper depicts the analysis procedures and methods
used to evaluate three existing building structures for
extreme wind loads. The three structures involved in this
evaluation are located at the U.S.Department of Energy's
Hanford Site near Richland, Washington. This site is
characterized by open flat grassland with few surrounding
obstructions and has extreme winds in lieu of tornados as a
design basis accident condition. This group of buildings
represents a variety of construction types, including a
concrete stack, a concrete load-bearing wall structure, and
a rigid steel-frame building. The three structures included
in this group have recently been evaluated for response to
the design basis earthquake that included non-linear time
history effects. The resulting loads and stresses from the
wind analyses were compared to the loads and stresses
resulting from seismic analyses. This approach eliminated
the need to prepare additional capacity calculations that
were already contained in the seismic evaluations.

INTRODUCTION
The intent of this evaluation was

to qualify three structures for the site
design basis wind loads by directly
comparing building member reactions
induced by the wind to those induced by
the seismic excitation for which the
building had already been qualified.
The wind analyses resulted in
component-demand values for moments,
shears, displacements, and stresses.
These were compared to the seismically
generated demand values. As the loads
imposed on the structure by the seismic
excitation were larger than those from
the wind, and the structure responds in
approximately the same fashion to both
phenomena; this procedure eliminated
the need to perform another capacity
calculation. There is also a savings
realized by the use of thewalkdown an'1

test information already completed for
tha seismic evaluation.

291Z STRUCTURE

Stack Description
The 291Z exhaust stack is 200-ft

high and made of reinforced concrete.
It has a base diameter of 18 ft with a
9-inch thick wall that decreases linearly
to the top which has a diameter of 14.5
ft with a 6-inch thick wall. The stack
is supported by a deep block foundation
resting on a sandy-gravel soil. The
stack itself is a low-hazard building
but is close enough to a high-hazard
facility to cause a seismic II over I
concern. As such the stack was analyzed
using the design criteria for a high-
hazard structure.
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Seismic Analysis Procedure
The seismic analysis procedure

consisted of a simultaneous application
of three, free field, acceleration time
histories: two horizontal and one
vertical. The free field horizontal
safe shutdown earthquake (SSE) is a
site-specific smooth response spectra
curve with a zero-period acceleration
of 0.25 g [1]. The free field vertical
component SSE is 2/3 of the horizontal
SSE spectra. The soil-structure
interaction effects on the responses of
the stack were modeled using soil
springs. Two models were used to
calculate the dynamic response; one
was a stick model and the other a more
refined solid model. The reactions
from this seismic excitation were
compared to the calculated capacities
of the stack at reinforcement yield
initiation and at ultimate capacity.

Performance of the Wind Analysis
The wind analysis consisted of

simple calculations of cantilever
moments and shears at 22.5-ft intervals
throughout the height of the stack.
These elevations coincide with those
used in the seismic analysis. The
wind loads were calculated using the
American National Standards (ANSI)
A58.1 [2] wind formula coefficients
with a 90-mi/h extreme wind. These
loads were increased by the appropriate
load factors as set forth in the UCRL-
15910 [3] guidelines. The results of
the wind analysis are plotted on the
seismic demand-capacity curves shown
in Figure 2. By inspection, the demand
from the wind loading is less than
both that from the seismic excitation
and also the stack cross-section
capacity envelope.

236Z PLUTONIUM RECLAMATION FACILTY

Building Description
The second structure to be

evaluated was a 79-ft-square, concrete,
bearing wall-type structure that is
48-ft high. It has a 20- by 29-ft
penthouse that adds an additional 22
ft to the building height. The

200 ft

ts:

Figure 1
291Z Stack
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Figure 2 Concrete Stack Demand-Capacity Curves
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structure has 8- to 12-inch thick
concrete walls and 6- to 10-inch thick
concrete floor slabs. It also has an
interior containment cell structure
integral with the building that contains
both 24-inch walls and ceiling slab.
The roof is a steel/ concrete deck
laminate supported by steel beams and
open web steel joists. The foundation
consists of wall footings that are 3
to 8 feet below grade and rest on sandy-
gravel soil.

Seismic Analysis Procedure
The seismic analysis was completed

by employing the modal superposition
response spectra method, using the site
specific 0.25 g zero-period ground
acceleration spectra in the horizontal
directions and 2/3 of this spectra in
the vertical direction. Both dead
weight and live loads were verified by
field walkdowns and used in this
evaluation. Two seismic models wera
used and the results were enveloped
for the final qualification. The first
model assumed flexible cross walls, and
the second assumed rigid cross walls.
Tables 1 and 2 show the results of the
flexible cross wall model only, as this
model was demonstrated to have the
lower capacity. Conservatively the
shear forces and moments resulting from
the wind loads were compared to those
from the seismic model yielding the
lowest moments and shear forces.

Performance of the Wind Analysis
From the wind analysis, simple

building cantilever moments, shears, and
torsion were calculated for the building
using the ANSI A58.1 wind formulas, and
UCRL-15910 load factors. The building
torsion comes from the wind pressure on
the penthouse structure, which is offset
from the center of building resistance.
These moments, shears, and torsion loads
are listed in Tables 3 and 4 and are
compared to the appropriate seismic
values in Tables 1 and 2. Because the
resultant wind loads are only 10% to 55%
of the seismically induced loads, the
structure is acceptable.

The detailed evaluation of the
concrete walls and metal roof panels to
wind loads required additional
evaluation since the reactions from
wind pressures in some of these small
panel areas are different than those
from the seismic response. The dead
and live load floor moments were
combined with those calculated from
the wind loads using the appropriate
load factors. The wall and roof
reactions were then compared to code
strength allowables, and were found to
be with in acceptable limits.

Figure 3
236Z Building Plan

234-5Z PLUTONIUM FINISHING PLANT

Building Description
The third building to be evaluated

is a three-story, steel-framed building
with braced sheet metal walls and roof.
It has overall dimensions of 150 ft in
the north-south direction, 440 ft in the
east-west direction and is 47 ft high.
There are three internal 8-inch concrete
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Table 1. N-S Seismic Forces.

Elevation
(ft)

56
46
34
24
12
0

Elevation
(ft)

56
46
34
24
12
0

Shear force
(kips)

Torsion
(k-ft)

39
155
323
107

1,506
1,763

1

57
291
,463
,096
,656

6,757

Bending moment
(k-ft)

452
1,996
5,584
16,843
34,871
55,978

Elevation
(ft)

56
46
34
24
12
0

Elevation
(ft)

56
46
34
24
12
0

Table 2.

Shear Force
(kips)

47
186
355
964

1,273
1,456

Table 3.

Shear force
(kips)

21
33
86
123
162
200

E-W Seismic Forces.

Torsion
(k-ft)

288
291

11,237
17,771
23,704
25,305

N-S Wind Forces.

Torsion
(k-ft)

0
0

1,589
887
981

1,149

Bending moment
(k-ft)

543
2,401
6,645
16,144
31,338
48,764

Bending moment
(k-ft)

150
386

1,196
2,235
3,153
5,662

Table 4. E-W Wind Forces.

Shear force
(kips)

15
24
76
112
151
189

Torsion
(k-ft)

49
32
936
,737
,457

2,835

Bending moment
(k-ft)

106
273
948

1,883
2,899
5,052
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walls that run east-west tor a
substantial length of the building.
These encase some of the columns and
extend from the ground floor to the
second floor. These concrete walls add
substantial stiffness in the east-west
direction but are not connected by
reinforcement to the second floor slab.
The external sheet metal wall panels
are fabricated using two metal panels
with internal insulation and bolted to
channel girts. The roof deck is a
single layer of sheet metal spot-welded
to the channel roof members, and covered
with a built-up tar roofing. The "duct
level" floor at the 18-ft elevation is
a corrugated sheet metal deck supported
by open web steel joists and is not
considered a competent diaphragm. The
second floor, located at the 30-ft
elevation, is a 4-inch concrete slab
supported by steel beams. This slab
ties all the columns together and acts
as a diaphragm for lateral load transfer.

The foundation for this building consists
of square column pedestals and footings
that are 4 to 9 feet below grade and rest
on sandy-gravel soil.

Seismic Analysis Procedure
The seismic evaluation of this

structure required a rigorous analysis
that included three-dimensional, dynamic,
nonlinear techniques. It also
necessitated cyclic testing of beam to
column clip-angle type connections,
obtaining linear and nonlinear building
responses, and accounting for the P-A
effects for large building
displacements. Preliminary linear two-
dimensional analysis was not adequate

to demonstrate structural adequacy. The
results of the two- and three-dimensional
seismic and wind analyses are shown in
Table 5. Included in Table 5 are values
for shear, bending stress, and
displacement resulting from both seismic
and wind evaluations.

•440 ft-

220 ft-

Expansion
joint

148 ft

10ft

-N - 180 ft

80 ft

T r
42 ft

-240 ft- -120 ft-

Flgure 4
234-5Z Building Plan
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Performance of the Wind Analysis
The evaluation consisted of a two-

dimensional linear analysis of the
overall building structure in the weakest
or north-south direction only. By
inspection of the seismic analysis
results and the building structure, the
north-south direction was determined to
be the controlling direction. Building
member stresses, moments, forces, and
displacements were calculated with the
aid of the finite element computer
program. This model included the moment
rotation capacity of the building
connections. The resulting member
stresses were compared to American
Institute of Steel Construction (AISC)
[4] allowables as well as the stresses
calculated in the seismic analyses, and
found to be within acceptable limits.
The resulting beam-column connection
moments were found to be less than the
actual tested capacities. The building
displacements from the wind loads were
approximately 1/2 of the displacements
resulting from seismic response.

The evaluation of the wall and roof
panel sections required detailed
calculations based on local wind
pressures. Because of the flexible
nature of the sandwich construction of
the wall panel sections, having spans
up to 16 ft, the calculations regarding
the ability of the panel to remain on
the building during high winds were
inconclusive. A testing program was
completed to qualify these wall panels.

Exterior Wall Panel Testing Program
The testing program included three

separate tests scenarios. The panel
drift tests were completed to determine
the effects of building drift on the
integrity of the attachments of the
wall panels. The second series of
tests were enacted to qualify the
external panels for normal pressure
stemming from wind loads. The third
series of tests was to determine the
adequacy of the panels to withstand
the penetration by extreme-wind missiles.
As no spare building panels were

Table 5. Plutonium Finishing Plant Seismic
and Wind Results Structural Response

Analysis
Type

2D wind analysis
D + L + W (static)

2D seismic analysis
D + L + SSE (static)

2D seismic analysis
D + L + SSE (dynamic)

3D seismic analysis
D + L + SSE (time-history)

Base
Shear

3lK

58K

40K

44K

Beam
Stress
(lb/in2)

10,100

15,500

11,000

not
calculated

Column
Stress
(lb/in2)

23,700

49,400

36,800

not
calculated

Disp.
(in.)

3.

7,

5.

7.

.00

.62

.07

.20

D - dead load
L - live load
W - wind load
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available, new panels were fabricated and
tested.

The panel drift test results showed
the panel to be very stiff in the in-
plane shear direction with bolt hole
enlargement being the only damage
experienced when the structure was
cyclically tested to 150% of the
predicted seismic displacement.

The tests to simulate external
pressure effects qualified the external
wall panels for 150% of the design basis
(90 mi/h) wind load. Some plastic

deformation of the panel (bowing), and
bolt hole enlargement was the only damage
incurred, but with no loss of function,
i.e., the panel remained attached to the
framework.

Finally, the missile test qualified
the panels for an extreme wind missile
having 160% of the energy required by the
criteria. Some ripping of the first
sheet metal layer and denting of the
second as well as bolt hole enlargement
were observed, but no penetration was
experienced during the test series.

Outside Face

Panel Section

Sheet-
metal

screws

Channel
spacer

Detail Section Section A-A

Figure 5
234-5Z Building Wall Panel
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