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ABSTRACT 

In the spring of 1988, DOE Order 643 0.lA, General 
Design Criteria [1], was issued for use. This 
document references UCRL-15910, Design and 
Evaluation Guidelines for DOE Facilities 
Subjected to Natural Phenomena Hazards [2], which 
is to be used as the basis for the design and 
evaluation of new and existing facilities to 
natural phenomena loading. Rather than use the 
historical deterministic methods for computing 
structural and component loading from potential 
natural phenomena, UCRL-15910 incorporated the 
years of hazards studies conducted throughout the 
U.S. Department of Energy complex into 
probabilistic-based methods. 

This paper describes the process used to 
incorporate U.S. Department of Energy natural 
phenomena design guidelines into the Hanford 
Plant Standards - Standard Design Criteria for 
Architectural and Civil Standards [3]. It also 
addresses the subsequent use of these criteria 
during structural assessments of facilities, 
systems, and components of various vintage in 
support of updating safety analysis reports. The 
paper includes comparison of results using these 
most recent probabilistic-based natural phenomena 
loading criteria to those obtained from previous 
assessments, and it addresses the lessons learned 
from the many structural evaluations of 1940-
through-1960 vintage buildings. 

INTRODUCTION 

With the issuance of U.S. 
Department of Energy (DOE) Orders 
6430.1A, General Design Criteria 
[1], and 5480.IB, Safety Analysis 
and Review [4], the DOE has 
placed an unprecedented emphasis 
on maintaining up-to-date safety 
analysis reports (SAR) and 

readily available supporting 
documents for nonreactor nuclear 
facilities. This documentation 
justifies the functionality and 
availability of safety class 
systems to the facility design 
basis events. One subset of the 
design basis events is natural 
phenomena. The principal 
reference in DOE 643 0.lA for 
evaluating nonreactor facilities 



and components to the design 
basis loads stemming from natural 
phenomena is UCRL-15910, Design 
and Evaluation Guidelines for DOE 
Facilities Subjected to Natural 
Phenomena Hazards [2]. Because 
the Hanford Site is pursuing a 
new mission of site remediation 
and restoration, facility 
managers are emJDarking on long-
range programs to alter the 
original process for which their 
buildings were designed to be 
supportive of these new goals. 
In concert with upgrading the 
plant process flow diagrams, 
updates to final SARs (FSAR) are 
required. 

Some of the major activities 
associated with updating the 
FSARs are the structural 
evaluations of existing 
facilities and safety class 
components to natural phenomena 
loads using the current 
methodology embodied in UCRL-
15910. In most cases this effort 
requires reconstituting design 
analysis reports for existing 
buildings. This process 
inherently poses unique problems 
in determining use to date, 
pedigree of material, as-built 
configurations, and the influence 
of aging. Once this information 
is compiled and its influence on 
the as designed configuration 
quantified, the current strength 
and structural capacity for the 
1940-to-1960 vintage facilities 
can be estimated. 

Experience over the past 
three years has revealed a number 
of tactics that are more 
successful than others, has shown 
us how to organize better for 
such ambitious tasks, and has 
demonstrated which structural 
analysis software is best suited 
for these tasks. 

EXECUTIVE SUMMARY 

Prompted by the issuance of 
DOE Order 5480.IB, Safety 
Analysis and Review [4], the 
Hanford Site has embarked on a 
program to update the SARs of the 
nonreactor nuclear facilities. 
In support of this effort, all of 
the existing buildings and 
associated safety class 
components must be evaluated to 
determine structural adequacy to 
withstand the design basis 
natural phenomena events. These 
facilities were designed and 
constructed in the 1940s through 
the 1960s to early versions of 
the Uniform Building Code. In 
some cases, wind forces 
represented the worst lateral 
loads these buildings were 
expected to endure. Moreover, 
all historical assessments of 
these buildings, since their 
original construction, using 
simplified assumptions and 
contemporary classical structural 
analysis methods failed to 
demonstrate positive margins of 
safety against more recent 
estimates of design basis natural 
phenomena loads. In some cases, 
this later design basis seismic 
criterion can be a multiple of 
two to four times greater than 
the original design basis. 

Since 1988, a number of 
these existing buildings and 
components in the Plutonium 
Finishing Plant Complex, the 300 
Area Hot Cell Complex, and 
B Plant Complex have been 
demonstrated to be structurally 
adequate to meet current DOE 
natural phenomena design basis 
criteria. The construction 
varies from lightly reinforced 
concrete canyon buildings to 
lightly braced steel frame 
buildings on concrete basemats, 
to normally braced steel frame 
structures on reinforced concrete 



foundations, and lightly 
reinforced concrete exhaust 
stacks. 

This effort has required a 
rigorous, disciplined approach to 
structural mechanics. Some of 
the ingredients of these 
successful assessments included 
using existing live loads; non
destructive examination (NDE) 
methods to determine material 
properties, placement of rebar, 
and potential deterioration of 
concrete and rebar; mock-up 
testing to determine connection 
capacities; and sophisticated 
nonlinear time history ultimate 
loads analysis with soil 
structure interaction (SSI) 
effects. The analytical effort 
was complemented with 
documentation easily reviewable 
by third parties, quality 
assurance, and independent safety 
review personnel. None of the 
buildings evaluated to date to 
the Hanford Site natural 
phenomena loads have required 
major structural upgrades to meet 
current DOE natural phenomena 
criteria. 

Similarly, the safety class 
components and systems contained 
within the above structures are 
being structurally assessed to 
ensure compliance with mission 
requirements stipulated in the 
FSARs. These evaluations are 
conducted by teams of structural 
analysts and designers initially 
recording as-built dimensions, 
equipment configurations, weight 
and center-of-gravity estimates 
using walkdown procedures, 
photographs, and video tapes. 
This information then is used to 
determine on a case-by-use basis 
the adequacy of the anchorage for 
all components in question. The 
results of these component 
evaluations to date usually 
demonstrate a need for either 

additional anchorage, additional 
bracing, or a combination of 
both. 

The results of these 
structural evaluations justify 
the continued use of some of the 
existing facilities in the DOE 
complex to support new missions. 

DISCUSSION 
In the process of 

implementing UCRL-15910, as is 
the case with the issuance of any 
DOE Order, it is necessary to 
provide a consistent 
interpretation for the Site 
personnel through use of local 
standards. Implementing 
UCRL-15910 for use by all 
contractors on the Hanford Site 
was no different. The design and 
evaluation of Hanford Site 
facilities and components to 
natural phenomena is governed by 
a Hanford Plant Standard, 
Standard Design Criteria 
HPS-SDC 4.1, [3]. 

Because the natural 
phenomena hazards studies 
referenced in UCRL-15910 had been 
completed some years before its 
issuance, new wind and seismic 
hazards studies were conducted to 
account for data recently 
compiled for the Basalt Waste 
Isolation Project and the 
Washington Public Power Supply 
System reactor located on the 
Hanford Site. Because the Site 
covers approximately 560 mi^ of 
terrain, it was also beneficial 
to determine the seismic exposure 
at specific locations where the 
major nonreactor facilities were 
located. The results of the 
seismic hazards studies are 
contained in Reference 2 and are 
shown in Figure 1. Results show 
significant difference in the 
seismic exposure between the 2 00 
Areas and the 300 or 400 Areas. 
These differences are due to the 



variation in distance between 
these locations and the faults 
assumed in these studies. 

The maximum free-field 
accelerations we have elected to 
use at the Hanford Site are also 
reflected in Figure 1 and 
envelope all previous data. 
These accelerations are used to 
anchor the Newmark-Hall spectra 
from UCRL-15910 as part of the 
prescription for seismic 
evaluation for nonreactor 
facilities on the Hanford Site. 
Figure 2 shows a comparison 
between the UCRL-15910 spectra 
for a high-hazard nonreactor 
facility anchored at 0.20 g and 
the historical Fast Flux Test 
Facility reactor site-specific 
spectra anchored at a 
deterministic value 0.25 g. 

Once the hazards studies 
were completed and technically 
reviewed by an independent third 
party, the results and 
methodology for structurally 
evaluating nonreactor facilities 
and components to natural 
phenomena were recommended for 
incorporation into HPS-SDC 4.1. 
The subsequent approval process 
included the Westinghouse Hanford 
Company Oversight Safety 
Organization, the Safety and 
Environmental Advisory Council, 
the technical review committee 
comprising members from the 
Hanford contractors, and, 
finally, the DOE Field Office, 
Richland, Washington. 

CURRENT SEISMIC EVALUATION OF 
PLUTONIUM FINISHING PLANT 
FACILITIES 

This assessment addressed 
three structures: Buildings 
234-5Z and 236Z and the 291Z 
stack. 

Building 234-5Z is a three-
story structural steel frame 
building 450 ft by 150 ft in plan 
and 50 ft high. It has three 
major internal 8-in.-thick 
reinforced concrete walls running 
in the east-west direction. This 
building is placed on an 8-in.-
thick reinforced concrete slab 
with strip foundations and has a 
seismic joint at column line 12, 
which divides the building into 
two almost identical halves. See 
Figures 3 and 4 for plan and 
elevation views. The steel frame 
consists of beams connected to 
the columns by double angles 
bolted to the columns and welded 
to the webs of the beams. The 
external skin is a layered 
sandwich design made up of a 
0.05-in.-thick carbon steel 
sheet, 1.5-in.-thick layer of 
insulation, and a 0.06-in.-thick 
corrugated sheet of aluminum 
siding bolted to building framing 
members. 

Historically, structural 
evaluations of this facility used 
two-dimensional adaptations of a 
lightly braced frame in the 
weakest direction. The analysis 
run stream included the original 
dead and live load 
specifications, and assumed no 
moment capacity at the 
connections. The results of 
these evaluations indicated this 
building was capable of 
withstanding only a fraction of 
the 0.25 g safe shutdown 
earthquake (SSE) without severe 
structural damage. 

Most recently, following the 
implementation of a detailed 
seismic assessment that included 
the items listed below, this 
building was shown to be capable 
of withstanding the 0.2 5 g SSE. 

• Thorough review of previous 
evaluations, drawings, and 



structural upgrades 

• Extensive site walkdowns to 
document actual live and dead 
loads, connection details and 
consistency, and inspection of 
building framing members 

• Removal and testing of the 
hybrid fasteners used in the 
building connections to determine 
stress strain characteristics 

• Mock-up testing of the 
structural connections to 
determining moment/rotation 
capacity 

• Development of a detailed two-
dimensional model of the 
building's weak axis and 
completion of sensitivity studies 

• Development of a detailed 
three-dimensional model that 
included the reinforced concrete 
walls in the east-west direction 
and accounted for the 
moment/rotation relationship for 
all of the major beam column 
connections 

• The simultaneous application 
of three time histories that 
enveloped a 7% damped design 
basis spectra anchored at 
0.25 g. 

The results of this lengthy 
program indicated that only four 
connections in the facility moved 
slightly into the non-linear 
regime of the moment-rotation 
curve during the seismic event. 

Extensive testing of the siding 
that was based on the predicted 
motions at the building floor 
levels demonstrated its ability 
to withstand the building seismic 
response and not fail. 

The next structure to be 
evaluated was Building 236Z. It 

is a reinforced concrete 
building, four stories high and 
79 ft square in plan. It has a 
central canyon with 
2-ft.-thick walls and is 
supported by strip foundations. 
Plan and elevation views are 
shown in Figures 5 and 6, 
respectively. 

Previous structural 
evaluations using two-dimensional 
models of the building neglected 
the diaphragm action of the floor 
slabs and indicated overstressed 
conditions as a result of 
spectral analysis using original 
estimates of live and dead loads. 
Recommendations were to 
strengthen the building by means 
of external buttresses. 

This building also has been 
recently demonstrated to be 
capable of withstanding the SSE 
as a result of implementing the 
following program: 

• Thorough review of drawings, 
major structural upgrades, and 
previous structural assessments 

• Extensive walkdowns to note 
live and dead loads and condition 
of building components 

• Completion of a simple shear 
wall analysis accounting for 
floor diaphragm action 

• Development of a three-
dimensional beam mass model using 
building cross-section, centers 
of mass, centers of rigidity, 
shear areas, moments of inertia, 
and shear stiffness to determine 
beam shear and bending properties 

• Application of a 5% damped 
0.25 g SSE response spectra and 
component evaluation to ACI-318 
[5] code allowables. 



other buildings in the 
Plutonium Finishing Plant complex 
have been qualified to the 
guidance stipulated in 
UCRL-15910 [2], but the last 
major structure reported herein 
is the 291-Z exhaust stack. This 
structure is made of reinforced 
concrete and is 200 ft tall. Thfe 
stack has an interior diameter 
varying from 13 ft 6 in. at the 
top to 16 ft at the base. The 
thickness of the wall varies 
uniformly from 6 in. at the top 
to 9 in. at the base (see 
Figure 7). 

The stack foundation is a 
massive concrete footing block, 
octagonal in shape, with a 
dimension of 3 2 ft across the 
flat sides. The foundation block 
is 27 ft 2 in. thick. The top 3 
ft 5 in. extends above grade. 

Previous structural 
evaluations of the 291-Z stack 
indicated that it would be 
overstressed during a 0.25 g SSE 
event and would probably 
collapse. The seismic demand on 
the stack had been calculated by 
a linear elastic response 
spectrum procedure that assumed a 
fixed base. 

The 291-Z stack, like 
Buildings 234-5Z and 236Z, also 
has been shown recently to be 
capable of withstanding the 
0.25 g SSE without threat of 
collapse. The successful 
assessment was based on the 
following: 

• Thorough review of drawings, 
structural upgrades, and previous 
analyses 

• Extensive walkdowns to note 
the condition of the stack 
concrete 

• Development of a dynamic stick 
model to calculate dynamic 
response force and moments. 

• Application of three 
simultaneous time histories that 
enveloped a 10% damped SSE 
spectra 

• Use of the software code 
RCCOLA [6] to determine capacity 
of sections of the stack 

• Use of a detailed finite 
element model of the lower 
sections of the stack to 
calculate the stresses/strains in 
the reinforcing steel. 

The purpose of this study 
was to assess whether the stack 
can resist the postulated SSE 
loading without collapse. 
Therefore, the acceptance 
criterion adopted in this study 
was the comparison of the demand 
to the ultimate capacity of the 
stack, including its ductile 
behavior. The criterion is based 
on demonstrating low yielding in 
the steel and large ductile 
capacity remaining in the stack. 

The results are given in 
Figure 8, which shows the 
overturning moment demand 
calculated by means of the 
cracked stick model to be 
significantly less than the 
demand calculated for the 
uncracked model, and also less 
than the ultimate capacity of the 
stack. 

B PLANT CANYON STRUCTURAL 
EVALUATION 

The B Plant canyon building 
is a reinforced concrete 
structure, constructed during 
1943 and 1944. Figure 9 shows a 
typical cutaway cross section. 
The overall length of the canyon 
in 810.5 ft. The canyon is 77 ft 



2 in. high with partial 
embedments on a 6-ft-thick 
concrete slab. The cross-
sectional width is a constant 
55 ft 2 in. up to a height of 
59 ft and then increases to a 
maximum of 68 ft 2 in. at the 
roof top. The roof top slab is a 
constant 3 ft for the center half 
of the span and increases to 4 ft 
at the edges. The exterior walls 
vary in thickness from 3 to 5 ft. 

The structure is divided 
into 2 0 sections with transverse 
section joints provided at 40-ft 
intervals. All expansion joints 
are keyed and offset to ensure 
necessary shielding requirements. 
There are two interior 
longitudinal walls, neither 
extending to the roof. 

As in the other historical 
structural evaluations referenced 
herein, previous attempts to 
demonstrate that the B Plant 
canyon building would withstand 
the SSE indicated areas of 
overstress. Recently during the 
initial field inspections, 
drawing review, and review of 
previous structural assessments, 
the canyon's main reinforcement 
steel was noted to be heavy where 
required by classical sizing 
design calculations, but other 
areas had only minimum 
temperature and shrinkage steel. 
Also, some of the construction 
joints did not seem to be fully 
bonded. This lack of full bond 
on a construction joint is not an 
unusual occurrence and is not 
detrimental to typical reinforced 
concrete structures. It does 
take on special significance with 
a lightly reinforced structure. 
These through-wall cracks provide 
preferential locations for the 
formation of tension cracks 
during flexure. These locations 
deform more quickly than 
adjacent, more solid or uncracked 

sections, thus allowing an 
accumulation of deformation to 
occur at the construction joint 
locations. 

Therefore, extensive NDE was 
employed to locate the 
construction joints. A special 
hybrid finite element was 
designed to model the behavior of 
such joints. The locations of 
the construction joints are shown 
in Figure 10. The hybrid element 
used to model the construction 
joints employed an assemblage of 
elements resembling a bow tie in 
cross section. This element 
represents the elastic-plastic 
action of the rebar, allows the 
neutral axis of the section to 
move as the tension steel yields, 
and includes, by way of a gap 
element, the compression-only 
capability allotted for concrete. 

Using this hybrid element to 
represent the construction 
joints, a two-dimensional non
linear time history analysis wds 
completed for the weakest cross 
section of the building, via 
application of the results of a 
previous soil structure 
interaction analysis at the 
canyon's basemat. Successive 
evaluations were completed until 
the 0.40 g analysis indicated the 
structure was nearing its total 
capacity at the construction 
joints. This corresponds to a 
seismic margin of approximately 
100%. Figure 11 is an artist's 
concept of the predicted response 
of the weak axis of the B Plant 
canyon building showing the 
cumulative rotation at the 
construction joints. This motion 
is considerably different from 
that previously estimated for the 
canyon as a continuous structure. 



300 AREA HOT CELL BUILDINGS 

The hot cell buildings (324, 
325) are two- and three-story 
steel braced frame structures, 
mounted on reinforced concrete 
basements. The roofs are made 
from insulated steel decking with 
built-up tar and gravel finish. 
The external siding is a sandwich 
design made of steel panel, 
insulation, and a corrugated 
aluminum panel. Both buildings 
were designed and built in the 
late 1950s and early 1960s. Both 
were originally smaller in plan 
than they exist today. 
Throughout the years, the 
buildings were expanded to 
accommodate different missions. 
See Figure 12 for a plan view of 
Building 324. 

During this most recent 
effort to assess the seismic 
adequacy of these structures, the 
original design and sizing 
calculations could not be 
located. Previous attempts to 
demonstrate structural adequacy 
for the design basis earthquake 
(DBE) showed components of these 
buildings to be severely 
overstressed. Through the use of 
rigorous structural analysis 
techniques using detailed three-
dimensional finite element models 
and site-specific probabilistic-
based anchor points for the 
Newmark-Hall spectra, these 
facilities have been shown to 
successfully withstand the DBE 
with minor alterations. 

The ingredients that led to 
the successful structural 
evaluation consisted of the 
following: 

• Thorough review of previous 
evaluations, drawings, and 
structural upgrades 

• Extensive site walkdowns 
documenting live and dead loads, 
connection details, and 
interfaces between the original 
building and subsequent 
expansions 

• Development of detailed 
three-dimensional finite element 
models including the reinforced 
concrete basement and all major 
beams and columns (see Figure 13 
for a finite element models 
representation of Building 325) 

• Simultaneous application of 
three 7% damped spectra 

• Data reduction and strength 
evaluations of all building 
components to ACI-3 49 [6] and 
ANSI 649 [7] allowables. 

The results of the building 
evaluations indicated some 
members were overstressed. The 
models were re-run without these 
overstressed members, and the 
results demonstrated that the 
adjacent structure was capable of 
withstanding the loads. The 
siding was qualified by 
association, as it is identical 
to that already qualified from a 
previous building evaluation 
(Building 234-5Z). 

COMPONENT AND SYSTEM 
QUALIFICATION 

Following the seismic 
assessments of the high and 
moderate facility use category 
buildings, it is necessary to 
evaluate the safety class systems 
and components for the effect of 
natural phenomena. The initial 
step requires development of the 
safety analysis scenarios. These 
yield the components and systems 
that are the major contributors 
to on and offsite releases and 
the safety functions required by 



each to mitigate the potential 
releases. 

potential missiles within the 
glovebox during a DBE 

Structural evaluations of 
these safety class components to 
seismic demands require 
determining the safety function 
required of the component (active 
or passive) followed by an 
assessment of its ability to 
function during the seismic 
event. The evaluation also 
includes a seismic II/I 
determination to ensure that 
items in the seismic zone of 
influence do not jeopardize the 
safety function of the safety 
class component. 

The steps necessary to 
complete and document a 
successful component seismic 
qualification include the 
following: 

• Determination of component 
safety class and safety function 

• Determination of component 
as-built configuration and 
condition 

• Determination of local floor 
response spectra 

• Generation of particular 
zones of influence for a variety 
of weights and locations of 
components 

• Extensive walkdowns to 
measure and document the location 
of and obtain the physical 
properties and anchorage for all 
items in the seismic zone of 
influence 

• In the case of components 
like gloveboxes, the 
determination of impact 
resistance for the lexan or 
plexiglass material is also 
required to ensure integrity from 

• Use of analytical or testing 
techniques to ensure the safety 
function of the component is 
maintained and that it will not 
be compromised by interaction 
with other items in the zone of 
influence 

• Documentation of the above 
methods, results, and items in 
the zone of influence to be used 
in a configuration control system 
to ensure ongoing compliance with 
the evaluated item and components 
in the seismic zone of influence. 

These evaluations were 
completed for specific 
gloveboxes, filter boxes, and 
connecting ducts in the Plutonium 
Finishing Plant buildings. The 
results indicated only a need for 
anchorage and crossbracing 
upgrades for nonconforming items. 



LESSONS LEARNED 

As a result of using the 
guidance of UCRL 15910 to assess 
the structural capacity of 
existing facilities and safety 
grade systems to design basis 
natural phenomena loads, a number 
of lessons are worthy of 
discussion. 

Because UCRL-15910 [2] 
represents a universal design and 
structural evaluation document, 
it is subject to interpretation. 
To clarify the extent of its 
application on the local level, a 
site-specific interpretation/ 
implementation document is 
recommended to ensure consistency 
among structural analysts, 
quality assurance, and safety 
personnel and oversight 
organizations. 

Also, because some of the 
hazards studies were completed in 
years past, it is suggested that 
these studies be updated to 
include the latest technology and 
data bases. 

Preparation and 
implementation of a method to 
determine the safety 
classification of buildings and 
systems is a prerequisite to the 
structural assessment as are 
formal field walkdowns to 
document as-built details of all 
buildings and components of 
interest. More often than not, 
the load paths in older 
facilities have been altered to 
some degree to accommodate system 
upgrades or building expansions. 
It is suggested that the analyst 
responsible for the structural 
assessment lead the walkdowns and 
review all differences between 
original design and existing 
configurations. 

All field notes and sketches 
should have a one-over-one and 
quality assurance review and 
sign-off. If the facility does 
not have an essential drawing 
list or up-to-date configuration 
control system, these data files 
will be the basis of initiating 
such. 

In regard to the approach of 
the structural assessment, it is 
recommended to start simple in 
order to understand the basic 
response of the building or 
component and contributions of 
various loads to ultimate stress 
state. 

It is also suggested to 
prepare an analysis specification 
(work plan) for each building or 
system to be evaluated noting 
applicable codes and standards, 
materials, types of probable 
deterioration, and the analysis 
methodology to be employed. 

The structural assessment 
team should take the time to 
thoroughly review original design 
calculations and any subsequent 
analyses efforts to assess the 
capability of the structure. Use 
of NDE and nondestructive 
testing, as necessary, to 
determine the condition and 
location of structural elements 
and detailing that may be in 
question. 

Because the complete 
structural assessment of a 
building takes months in 
duration, it is suggested that 
analysts work in teams. This 
ensures less modeling errors, 
fewer controversial assumptions, 
continuity through absence, and 
an organizational memory. 

The reporting of the task 
and results should be prepared as 
a stand-alone document, easily 



reviewable by third parties. It 
should be stored under a document 
control system where it is easily 
retrievable and the evolution 
through the review/approval 
process can be shown. 

As the requirements for more 
rigorous structural assessments 
grow, so will the need for 
qualified software analysis 
tools. Some of the analysis 
software employed at Westinghouse 
Hanford Company include ANSYS, 
RCCOLA, ABACUS, COSMOS, PIPESD, 
AUTOPIPE, FLUSH, and SASSI. 

The structural evaluation of 
existing facilities and systems 
usually takes longer and is more 
costly than the design 
calculations required for new 
construction. Invariably, the 
evaluation requires a number of 
iterations to understand the 
basic response of the facility 
and continually remove analytical 
conservatisms through more 
rigorous and exact modeling 
techniques. The goal of this 
process is to demonstrate an 
adequate structural capacity 
commensurate with the design 
function of the structure in 
question. 
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PREDICTED FAILURE- NORTH ACCELERATION 
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mi/h, an importance factor of 1.0, 
and an exposure category C. 
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324 BuUd i n 9 
v e A 

r 

constructed of a corrugated metal 
deck supporting 1 igtt^^^ight 
concrete and built-up roofing. The 
wall panels are bolted to the wall 
girts with sheet metal screws, and 
the roof deck is welded to the 
underlying roof purlins. 

> ^ 
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found to be overstressed 
wind pressure is inward, 

Figure 1 

When large'structures like the- , 
Hanford Site 3Z4 Building are >«->»X-Ĵ f' 
dooigned for w n d loads, two in-ain 
categories oi>''failure need to be 
investigated'. First, the overall 
building structure requires analysis 
to predict'overturning, sliding, and 
columnar/girder failures, "fiw 
SecondySjin category i-s- the building 
envelope and components such as wall 
and roof panels, wall/girts, roof f, \^^ 
purl ̂ ITSj_^oa5<€ctio^'i and anchors A * ^ 
For -i:no-pvrt̂ pose of 
latter type of/_fail 
discussed in mr^^ 
the most 

ur^ will 
^^^er, the 

be 
wL̂ PJ"̂  

common type 
id^tb, as it is 

of failure. 

The 324 Building envelope is 
made up of corrugated sheet metal 
wall panels, each of two metal 
layers bolted to the wall girts; 
additionally, one wall in the offic^ 
area of the building was of misoqffy ) \ 
construction. The building roof Ts 

Walls and wall panels The 
324 Building corrugated sheet metal 
wall panels and their connectors 
were found to be acceptable in all 
cases for the wind pressure and wind 
suction forcgj.. 'The single two-
story masoQ^ry wall, located in the 
office portion of the building, was 

When the 
the wall 

has support at the top, bottom, and 
middle by the roof slab, second 
floor, and first floor slabs. 
However, in the suction mode or 
outward wind load direction, the 
lack of a proper connection to the 
second floor caused a separation and 
increase in span that in turn caused 
an overstressed condition in the 
masonary blocks. No upgrade 
modification was made to this wall 
because it was a non-supporting wall 
and its failure would not cause a 
containment breach to a critical 
part of the facility. 

Roof panels Experience in 
considering the building envelope, 
wall panels, and roof panels/^shows 
that the roof deck corners receive 
by far the largest pressures of any 

1. These pressures are suction 
pward pressures on the decking 

and need to be considered for all 
corners; if more than one roof 
elevation occurs in a building, all 
elevations must be considered. In 
the case of the 324 Building, the 
roof deck corners were not typical 
in sizSj^herefore the span length 
of eacn corner was examined. 
Analysis shows that for all three 
roof elevations a total of ten 
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