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FOREWORD 

This report describes the seismic reevaluation of the control and 
administration building at San Onofre Unit 1. It describes in detail the 
stress analysis methods and stress analysis results for typical locations.  

The program under which this structure was reevaluated is entitled the Balance 
of.Plant Structures Seismic Reevaluation (BOPSSR) Program. This program is 
being conducted as part of the Systematic Evaluation Program Topic 111-6, 
Seismic Design Considerations.  

The objective of the BOPSSR program is to demonstrate that the expected 
conditions of stress and deflection induced in the structures as a result of 
the combined influence of normal operating loads and earthquake loads will not 
impair an orderly shutdown of the plant following a DBE.  

The structures included in the BOPSSR Program are: 

o Circulating Water System Intake Structure 
o Reactor Auxiliary Building 
o Ventilation Equipment Building 
C Seawall 
o Control and Administration Building 
o Turbine Building and Turbine Pedestal 
o Fuel Storage Building 

The results of the evaluation of the control and administration building are 
included in this report.  
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1.0 INTRODUCTION 

1.1 Background 

Structures and equipment at San Onofre Unit 1 designated as seismic category A 
were originally designed to withstand a 0.5g Housner Design Basis Earthquake.  
The design work was completed in early 1965. The methods of analysis and 
acceptance criteria were in accordance with accepted practice at that time.  
The technology of seismic analysis has advanced rapidly in the years since the 
original design of San Onofre Unit 1 was completed. This advance has been 
largely in the field of finite-element anaysis and numerical methods. During 
this same period, codes and regulatory practices pertaining to the design of 
nuclear power plants have also changed. This evolution, while not resulting 
in a change in the basic concepts of design, has yielded more detailed 
information concerning the behavior of structures during an earthquake.  

San Onofre Nuclear Generating Station Unit 1 (San Onofre Unit 1) was designed 
before the current technology and codes had fully evolved. In order to obtain 
an updated understanding of the plant dynamic characteristics and to reflect 
an increase of the maximum ground acceleration from O.5g to 0.67g (the design 
basis for Units 2 and 3), a seismic reevaluation program was initiated to.  
evaluate safety related structures and equipment at San Onofre Unit 1. This 
program was based upon the use of.current analysis methods and acceptance 
criteria.  

The first phase of the seismic reevaluation program began in 1974 with the 
reevaluation of the NSSS, the concrete reactor building and the steel 
containment sphere. As a result of this reevaluation, modifications to the 
NSSS supports were installed in 1976. During this same time two new 
structures were constructed. These were the sphere enclosure building and the 
diesel generator building; the former to provide additional biological 
shielding about the containment structure and the latter to house two new 
emergency power diesel generators. Both of these structures were designed to 
the same seismic input levels utilized for Units 2 and 3 (0.67g) and the 
acceptance criteria were based upon current standards. Therefore, these four 
structures have been designed or evaluated to criteria equivalent or greater 
than the BOPSSR criteria and are not included in the seismic reevaluation 
program.  

After the completion of the initial phase of the seismic reevaluation program 
a "balance of plant" program was begun to reevaluate the remaining safety 
related structures. This program was suspended in 1978 to allow time for 
studies of expected site.specific ground accelerations and because the NRC 
staff requested that the seismic reevaluation of San Onofre Unit 1 be 
performed as part of the Systematic Evaluation Program.  

In mid 1980, work was restarted on the Balance of Plant Structures Seismic 
Reevaluation Program. The scope of this program includes all safety-related 
structures not previously reevaluated or otherwise qualified. Analysis of the 
circulating water system intake structure, the reactor auxiliary building, the 
ventilation equipment building and seawall has been completed and the results 
reported to the NRC staff by letter dated December 8, 1981.  
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1.2 Scope 

The control and administration building has been reevaluated as part of the 

BOPSSR Program and the results are discussed in this report.  

This structure was evaluated for the occurrence of a 0.67g Housner design 
basis earthquake in combination with normal plant operating loads. This 

evaluation was based upon the criteria described in Reference 1.  

1.3 Organization of the Report 

This report has been divided into five sections. Section 1 describes the 

background associated with the BOPSSR Program and the scope of this report.  
Section 2 includes a description of the control and administration building.  
Section 3 discusses in detail the various analytical methods utilized in the 

reevaluation process.  

Section 4 describes the results of the evaluation of the structure, including 
a comparison of the results with the provisions of the BOPSSR criteria. The 

computed stresses are compared with the criteria allowables and tabulations of 
these comparisons are included in Section 4. The conclusion of this 

evaluation is provided in Section 5.  

2.0 DESCRIPTION OF STRUCTURE 

A plot plan of San Onofre Unit 1 which shows the location of the control and 

administration building is provided in Figure 1. A-description of the 

building is provided in the following section.  

2.1 Control and Administration Building 

The control and administration building is a three-story reinforced concrete 
structure with a single-story administration' office building attached to the 

east side. The three-story portion of the building (housing the control room 
and cable spreading room) has only a partial second floor slab because 
structural steel framing (without a slab) is used to support electrical 
raceways at this floor level in the 4 kV switchgear room. The north and west 

walls of the control and administration building are 2 feet, 10 inches thick 
while the remainder of the structural walls vary from 8 inches to 13 inches in 
thickness. The building has overall plan dimensions of approximately 110 feet 

wide and 140 feet long and is approximately 36 feet high. The structure is 

slightly embedded with grade level varying from elevation (+) 14 feet, 0 
inches to elevation (+) 19 feet, 9 inches.  

The control and administration building foundation consists of reinforced 
concrete wall footings and individual column footings. The wall footings vary 
in width from 1 foot, 8 inches to 8 feet, 10 inches and their thickness varies 
from 1 to 2 feet. The column footings vary in width from 2 feet to 6 feet, 
6 inches and their thickness varies from 1 foot to 1 foot, 6 inches.  

Refer to Figures 2 through 4 for plans and sections of the control and 
administration building.  

-2-



3.0 ANALYTICAL METHODS 

The ccntrol and administration building was evaluated utilizing a 
three-dimensional finite element model which is described in Section 3.1. The 
model included: all interior slabs and roof slabs, exterior and interior 
reinforced concrete walls, masonry walls, concrete and steel columns, and 
foundation stiffness and damping. The analysis of the building was 
accomplished utilizing five linear elastic analysis methods: (1) the 
eigenvalue-eigenvector computation, (2) modal response spectrum analysis, 
(3) time history analysis, (4) equivalent static analysis, and (5) static 
analysis.  

The eigenvalue-eigenvector computation was used to determine the modal 
frequencies, mode shapes, and the modal participation factors. The response 
spectrum analysis, static analysis, and equivalent static analysis techniques 
were used to evaluate the overall stability of the structure and to compute 
stresses. The time history analysis method was employed to develop 
instructure reponse spectra at various locations throughout the building.  

The procedure utilized to account for the effects of soil-structure 
interaction is delineated in Section 3.7.2.4 of Reference 1. The soil medium 
was represented in the finite element model by including three translational 
and two rotational linear spring stiffness values and their corresponding 
damping values at each foundation nodal point. The soil-structure interaction 
methodology utilized for the reevaluation is described in Reference 3.  

The time history analysis method was used to calculate in-structure response 
spectra which were used in subsystem evaluations. The response spectrum 
method was used to calculate forces, moments and stress resultants in the 
dynamic structural model. Both analysis techniques utilized eigenvalues and 
eigenvectors that were calculated by the subspace iteration method.- For the 
response spectrum analysis, modal responses were combined in accordance with 
the provisions of USNRC Regulatory Guide 1.92. In the time history analysis, 
modal responses are combined directy by adding the computed responses at each 
time step. These analysis techniques are described in detail in Reference 2.  

The responses for each of the three global axes of the model were computed 
separately in both the response spectrum and time history analyses. The 
resulting structural responses due to each of the three components of 
earthquake motion were then combined utilizing the SRSS method as .described in 
Section 3.7.2.6 of Reference 1. These analyses were performed utilizing the 
Bechtel Structural Analysis Program (BSAP) computer code. In addition to the 
BSAP computer code, the SPECTRA computer code was employed to compute response 
spectra from acceleration time histories. A description of each of these 
codes, along with information pertaining to the validation and extent of 
application for each program, is presented in Reference 4.  

Some structural elements that were determined to be capable of inelastic 
response, and for which inelastic deformation was acceptable, were evaluated 
by the inelastic spectrum method. This method is described in the BOPSSR ' 
Program criteria and in NUREG/CR-0098. The interrelationships between forces, 
yield points, displacements, and ductility ratios for the energy balance 
technique is shown in Figure 3.7-6 of the BOPSSR Criteria.  
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A detailed description of the finite element model and the analysis methods 

employed in the structural evaluation of the control and administration 
building is presented in the following paragraphs.  

3.1 Modeling 

A three-dimensional finite element model was developed for the control and 
administration building to analyze the dynamic behavior of this structure.  
The model was prepared utilizing the BSAP computer code. Figures 5 through 7 
show the general characteristics of the finite element model. The model 
consists of 1291 nodal points; 1353 plate elements representing reinforced 
concrete slabs and walls; 304 beam elements representing both reinforced 
concrete and structural steel beams and columns; 103 beam elements 
representing the out-of-plane properties of the masonry walls; 44 membrane 
elements representing the in-plane properties of the masonry walls; 13 truss 
elements representing truss members in the mechanical room; and 543 boundary 
elements representing the stiffness of the soil media.  

The reinforced concrete slabs and walls were modeled with quadrilateral and 
triangular plate elements. These walls and slabs typically have either 
principal reinforcement in one direction with mininum perpendicular 
reinforcement (one way span), or they have principal reinforcement in both 
perpendicular directions (two way plate action). Because of these conditions, 
orthotropic properties were used to model one way action and isotropic 
material properties were used to model two-way action. The input data 
utilized for the isotropic plate elements were: 

modulus of elasticity, E = 3,820 ksi 
poisson's ratio, = 0.20 
mass density, = 0.004658 k-sec 2/ft3 

Two sets of values for the modulus of elasticity and poisson's ratio are 
required for the orthotropic elements, one for the strong direction and the 
other for the weak direction. The modulus of elasticity and poisson's ratio 
for orthotropic elements in the strong direction are the same as those for the 
isotropic elements. For the weak direction the following relationship was 
used in computing the modulus of elasticity and poisson's ratio: 

Ex = Yx = Icr,x 
Ey Vy7 Icr,y 

where: 
Ex; Ey = Modulus of elasticity for strong and weak direction respectively 
Yx; Yy = Poisson's ratio for strong and weak axis respectively 
Icr,x; Icr,y = Cracked section moment of inertia for strong and weak 

direction respectively 

The concrete compressive strength value used in the model included a 50% 
increase due to the effects of aging. An f'c of 4,500 psi was input to the 
model as compared to the original design specified 28 day minimum compressive 
strength of 3,000 psi. A detailed discussion concerning the applicability of 
this increase is presented in Section 4.  
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The control and administration building has three walls which are constructed 
of 8" thick reinforced hollow masonry block. The out-of-plane properties for 
these walls were modeled with beam elements while the in-plane properties were 
modeled with membrane elements. The masonry walls were modeled in this manner 
due to the large differences in stiffness properties associated with in-plane 
and out-of-plane responses. The wall model consisted of a grid of beam 
elements and membrane elements. The properties of the beam elements were 
defined such that the beams would resist all of the resulting out-of-plane 
forces and shear stresses. This was accomplished by making the in-plane beam 
properties (area, moment of inertia and polar moment of inertia) very small 
while using the equivalent cracked moment of inertia and shear area of the 
masonry wall for the out-of-plane beam properties. Since the modulus of 
elasticity is frequency dependent, three values were considered. The three 
values represent the minimum, average, and maximum values associated with 
masonry block. Those values are: 

Em = 800 f'm 
Em = 1000 f'm 
Em = 1200 f'm 

where: f'm = compressive strength of masonry block at 28 days.  
Em = modulus of elasticity 

The specific value of Em used for the masonry wall beam elements was 1200 f'm 
because this value resulted in beam frequencies which were closest to the peak 
of the design spectra. The values used for mass density and poisson's ratio 
for the beams were computed based on the equivalent solid thickness of the 
masonry blocks. The properties for the membrane elements, representing the 
in-plane characteristics of the masonry walls, were established such that the 
elements would resist the resulting in-plane and normal stresses due to the 
applied loads. The material properties assigned to the membrane elements were 
modulus of elasticity,-mass density and poisson's ratio. These were 
incorporated into the analysis in the same way as that described for the beam 
elements.  

The steel truss members in the building were modeled as truss elements with a 
pin joint at each end of the element. The 'material properties specified for 
these elements are modulus of elasticity and mass density. The reinforced 
concrete and structural steel beams and columns were modeled as beam elements 
with uniform properties. The material properties for these elements are 
modulus of elasticity, poisson's ratio and mass density.  

3.2 Modal Analysis 

The modal analysis of the control and administration building was performed 
utilizing the BSAP computer code. The details of the three-dimensional finite 
element model of the structure utilized for the modal analysis are presented 
in Section 3.1. A subspace iteration algorithm was used to calculate the 
first 94 frequencies and mode shapes for the dynamic model. The maximum modal 
frequency computed was 19.26 Hz, which corresponds to the constant 
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acceleration value of the Housner design response spectra for 7% damping. The 
calculated modes account for 97.2% of the total mass participation associated 
with the structure. The computed mode shapes were then selectively plotted 
and examined to insure that the dominant modes depicted motions consistent 
with expected dynamic behavior associated with this structure.  

The modal analysis was also utilized to compute composite modal damping 
values, based upon the strain energy weighting method described in 
Reference 2. The strain energy weighting method was used to incorporate 
different damping values associated with various elements of the dynamic model 
(i.e., concrete, steel, soil). Table 0 provides a listing of the 
characteristics of the dominant frequencies and their composite damping values.  

3.3 Response Spectrum Analysis 

The response spectrum analysis of the control and administration building was 
performed utilizing the BSAP computer code. The mode shapes, frequencies and 
participation factors, which were computed in the modal analysis as described 
in Section 3.2, were employed in the response spectrum analysis. The computed 
composite modal damping ranged from 7.03% to 23.3% of critical damping. The 
max.imum modal damping was conservatively limited to 20% for the response 
spectrum analysis. Design response spectra curves for 7%, 10%, 15% and 20% of 
critical damping were utilized for the analysis. For modes with damping 
values other than these values, logarithmic interpolation was utilized to 
compute the actual spectral displacement associated with those modes. The 
program uses the response spectrum curves that most closely bracket the modal 
damping ratio for the interpolation.  

The resulting structural responses obtained from the response spectrum 
analysis consist of moments, shears, forces and modal displacements for the 
various elements that comprise the finite element model.  

3.4 Time History Analysis 

The time history analysis of the control and administration building was 
performed utilizing the three-dimensional finite element model described in 
Section 3.1. The analysis was performed using the BSAP computer code. The 
results (mode shapes, participation factors, composite modal damping, etc.) 
from the modal analysis were utlilized in the time history analysis. Like the 
response spectrum analysis, the maximum modal damping for the time history 
analysis was conservatively limited to 20% of critical damping. The input 
ground-motion for the time history analysis was a free field synthetic time 
history of 20 seconds duration, digitized at a time interval of 0.01 seconds.  
The free field time history record was developed in accordance with the 
provisions of the Standard Review Plan (SRP), subsection 3.7.1. The time 
history analysis of the control and administration building was used only to 
develop instructure response spectra.  
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3.5 Equivalent Static Analysis 

The equivalent static analysis method was used for the structural evaluation 
of various structural elements of the control and administration building, as 
illustrated in Section 4. The instructure response spectra developed by the 
time history analysis was utilized to determine the appropriate acceleration 
coeffiecients for the various elements being analyzed. The fundamental 
frequency of the element being analyzed was computed and its corresponding 
acceleration coefficient was obtained from the appropriate response spectrum 
curve. If the computed frequency was within the resonance region of the 
amplified response spectrum curve, the resulting acceleration coefficient was 
increased by 50 percent to conservatively account for any increased 
participation from other modes. The resulting acceleration coefficient was 
then used to compute the moments, shears, and forces attributed to the seismic 
loading.  

3.6 Static Analysis 

The control and administration building was analyzed for static load 
conditions using the three-dimensional finite element model of the structure 
with a fixed base. A detailed description of the finite element model is 
presented in Section 3.1. The static loads analysis was performed using the 
BSAP computer code. The static loads include: (1) dead load due to 
mechanical and electrical subsystems and components and the structure itself, 
and (2) live loads of 40 psf due to personnel in the control room area. The 
resulting forces, shears, moments and displacements were computed for all 
elements in the model.  

4.0 STRUCTURAL EVALUATION 

This section provides the results of the evaluation of the control and 
administration building as part of in the BOPSSR program. Unless otherwise 
described herein, the specific reevaluation criteria by which the analytical 
results were evaluated are given in Section 3.8.4 of Reference 1. In general 
the basis for the criteria governing stresses within the elastic range as 
described therein, is current day applicable code requirements.  

The acceptance criteria for concrete structural members include increases in 
concrete strength due to the effects of aging. A concrete compressive 
strenght of 4,500 psi was used for the reevaluation of the control and 
administration building as compared to the original specification which 
required a minimum 28-day compressive strength of 3,000 psi. There are 
several factors that indicate the actual overall compressive strength of the 
in-situ concrete is well in excess of 4,500 psi. First, the 3,000 psi value 
is a minimum allowable and experience with large volume placements of concrete 
in this strength range shows that actual test results at 28 days are generally 
in excess of the required minimum. Secondly, a review of References 5 and 6 
indicates a general increase in strength of concrete over a time span of 10 
years when compared to conventionally controlled cylinders. In some cases the 
compressive strength more than doubled.  
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Another factor which predicts increased compressive strength in the in-situ 
concrete is that Type II Portland cement was specified for the mix.  
Experience has shown that this cement would be expected to provide a 
better-than average strength gain after 28 days. The last factor considered 
was the results of two separate tests conducted in early 1977 on the reactor 
building concrete inside the San Onofre Unit 1 containment. Five tests using 
the Windsor Probe showed an average compressive strength of -6,440 psi and .  
seven tests using the Schmidt Hammer averaged 7,290 psi. The concretes in all 
cases were f'c = 3,000 psi. These test results are both based on the 
manufacturer's calibration curves supplied with the instruments. Since no 
direct calibration of the test instrument against compressive strength 
specimens is available, these results can only be considered as indicative of 
the strength of the existing concrete. It should be noted that a suitable 
strength reduction would be applied to the above values to provide ACI 318 
statistical assurance that the concrete meets the strength requirements. In 
this case (using the Windsor Probe values), the 6,400 psi average strength 
would be reduced by 550 psi (since the standard deviation is 360 psi), giving 
a usable f'c = 5,890 psi.  

Therefore, taking into account all of the above factors a conservative value 
of 4,500 psi (50% increase in the original minimum design value) for the 
in-situ concrete compressive strength was utilized in the structural 
reevaluation of the control and administration building.  

The evaluation of the control and administration building is divided into two 
categories, critical and non-critical portions of the structure. Non-critical 
portions of the structures are those portions whose response or collapse will 
not impair the integrity or function of Seismic Category A structures, systems 
or components. The critical portions of the control and administration 
building include the three-story reinforced concrete portion comprised of the 
control room and 4 kV switchgear room and the southern end of the building 
which houses the safety related station batteries and security batteries. The 
non-critical portion of the structure includes the remaining portion of the 
control and administration building. A detailed evaluation of the structural 
components for both the critical and non-critical portions of the building is 
given in the following paragraphs.  

4.1 Critical Portions Of The Building 

The critical portions of the control and administration building were analyzed 
for the design basis earthquake in accordance with the methodology described 
in Section 3.0. Results of the structural integrity evaluation and a 
comparison with the criteria allowables of Reference 1 are presented in Tables 
1 through 8. The structural evaluation was performed for the following 
elements (see Figures 2 through 4).  

- Walls surrounding the control room area 

- The communictions room and the chemical control room walls; the 
heating, ventilating, and air conditioning equipment room and 
chemical laboratory area walls; the classroom and instrument repair 
area walls 
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- The battery room walls 

- Miscellaneous internal walls 

- The supporting slabs for communication equipment; heating, 
ventilation, and air conditioning equipment; chemical laboratory 
equipment 

- The control room slabs 

- The roof slabs for the battery room and the control building 

- The structural steel members supporting the battery room roof and 
the control room slab 

- Miscellaneous steel and concrete beams 

- Wall footings and isolated column footings 

4.1.1 Reinforced Concrete Walls 

There are a total of 20 reinforced concrete walls which are part of the 
critical portion of the control and administration building. The wall 
thicknesses vary from 8 inches to 2 feet, 10 inches and their heights vary 
from 12 feet, 6 inches to 45 feet, 6 inches. The computed shears, axial 
forces and moments.were compared with the criteria allowables and the results 
are summarized in Table 1.  

The computed in-plane shear stresses were evaluated in the following manner.  
First, the shear resultant was checked against the allowable as determined by 
the following equation from section 11.10.5 of ACI Standard 318-77: 

Vu = 02 \/fc . . . . . . . . . . . . . . . . .. . . . . . (1) 

where 

Vu = allowable shear (psi) 
= capacity reduction factor 

f'c = concrete compressive strength 

If the computed shear exceeded the above allowable, then a more detailed 
method was utilized. This consisted of verifing that the original condition 
of the wall rebar at corners and at intersections with cross walls was 
provided in accordance with current code requirements. Based on this 
condition being met and in accordance with Section.3.8.4.5 of Reference 1, the 
computed in-plane shear stress was computed conservatively with the following 
equation, which includes the effect of reinforcement to concrete section area 
for added shear capacity (see Reference 7): 
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Vi = 2 If'c + p fy . . . . . . . . . . (2) 

where: 

p = the ratio of the area of reinforcement to the area of concrete 
section resisting the shear.  

fy = yield strength of reinforcement (psi) 

In the following text and in the tables all shear allowables are determined by 
equation (1) unless otherwise noted.  

The north communication room wall (see Figures 2 and 4, wall WC-2), the north 
control room walls (see Figures 2 and 4, walls WC-5-a and WC-5-b) and the east 
ventilating equipment room wall (see Figures 2 and 4, wall WC-B are supported 
by the communication room slab (El 30' - 1 1/2" and El 32' - 0"), the chemical 
control room slab (El 42' - 0"), and the roof slab (El 54' - 9 1/2"). The 
principal reinforcement in these walls is oriented vertically with minimum 
horizontal reinforcement. To simplify the analysis in a conservative manner, 
the walls were analyzed as a 1-foot wide, three span, continuous beam. The 
moments and shears for walls WC-2, WC-5-b, and WC-B were all less than the 
criteria allowables (safety factors for shear and moment were 2.78 and 4.51 
for wall WC-2; 1.68 and 1.96 for wall WC-5-b; and 1.12 and 1.10 for wall 
WC-B). For wall WC-5-a the computed moment exceeded the design moment by 
12 percent. However, the resulting ductility ratio for the wall was 1.14 
which is less than the criteria allowable of 3.0.  

The west control room wall (see Figures 2 and 4, wall WC-K) is supported by 
the control room floor slab at El. 42'-0", the control room roof slab at 
El. 56'-7 1/2" and at its base by a continuous spread footing. The west 
communication room walls (see Figures 2 and 4, walls WC-F and WC-H) are 
supported by a continuous spread footing at their base, the communication room 
floor slab at El. 30'-1 1/2", the floor slab at El. 42'-0", and the roof slab 
at El. 54'-9 1/2". The principal reinforcement in these walls is oriented 
vertically with minimum horizontal reinforcement. These walls were analyzed 
elastically utilizing the finite element model and the response spectrum 
technique described in Section 3.0. Computed bending moments and axial loads 
for these walls were compared with the strength design interaction capacity of 
the wall. The results indicated that 20%, 63% and 48% of the interacion 
capacity of walls WC-K, WC-F and WC-H, respectively, were utilized to resist 
the applied loads. Safety factors associated with the in-plane shear ranges 
from 1.52 to 3.68. Therefore, these walls are adequate.  

The south classroom area wall (see Figures 2 and 4, wall WC-8) is divided into 
two segments. Between column lines 'B' and 'C' the wall has an intermediate 
support at El. 35'-6" and spans vertically from El. 12" - 0" to 54' - 9 1/2".  
Between column lines 'C' and 'E' the wall spans vertically from El. 35' - 6" 
to El. 54' - 9 1/2" with an intermediate support at El. 42' - 0". To simplify 
the analysis, a one-foot wide strip was analyzed. The computed moment and 
in-plane shear (see Table 1) for the wall above El. 35' - 6" was less than the 
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criteria allowables. Safety factors for shear and moment were 1.68 and 1.45 
respectively. For the portion of the wall below El. 35' - 6", the computed 
negative moment (6.69 k-ft/ft) was less than the allowable uncracked moment 
(6.79 k-ft/ft).  

The south control room wall (see Figures 2 and 4, wall WC-6) is principally 
reinforced in the vertical direction with minimum reinforcement in the 
horizontal direction. It was analyzed as a two span continuous beam that is 
supported at the top by the control room roof slab at El. 56' - 7 1/2" and 
fixed at El. 42' - 0" by the control room floor slab and at El 12' - 0" by the 
wall footing. The maximum negative moment at the footing and at the interior 
support exceeded the design moment allowables. However, their corresponding 
ductility ratios of 1.34 and 2.23 are less than the criteria allowable of 3.  
The computed in-plane shear stresses from the BSAP analysis (26.37 ksf and 
26.84 ksf) for the portions of the wall just below and above El. 42' - 0" 
exceeded the shear values as determined by equation (1) by 38% and 39% 
respectively. However, when the computed in-plane shear stress was compared 
with the shear values from equation (2) (35.57 ksf and 27.32 ksf), the 
computed shear was acceptable.  

The north wall of the south stairwell (see Figure 2, wall WC 7.5) is supported 
by the floor at El. 32' - 0", the slab at El. 42' - 0" and the roof slab at 
El. 54' - 9 1/2". The principal reinforcement in this wall is oriented 
vertically with minimum horizontal reinforcement. The wall was analyzed as a 
1-foot wide strip, three span, continuous beam. The computed maximum moments 
(see Table 1) were less than the design allowable moments (safety factor for 
moment varies from 1.58 to 3.85). The computed in-plane shear stress (BSAP 
results) between El. 20' - 9" and .El. 32' - 0" exceeded the shear value of 
equation (1) by 34%. However, this shear stress is less than the allowable 
stress computed based on equation (2) (24.84 ksf versus 31.25 ksf). The 
computed in-plane shear stress for that portion of the wall between El. 32' 
0" and El. 42' - 0" exceeds the calculated shear values using equations (1) 
and (2). However, the wall in question represents only 1.11 percent of the 
total shear capacity in the east-west direction for the structure at this 
elevation. Considering the worst case, that being that the wall, WC-7.5, were 
to degrade to a point-of contributing zero shear stiffness to the structure, 
the remaining shear walls are capable of resisting the total calculated shear 
without exceeding the allowable, as computed by equation (2). The resulting 
minimum safety factor is 1.83. Because the capacity exists within the 
structure to accommodate the redistribution of the shear forces, assuming wall 
WC-7.5 completely degrades at this elevation, and the fact that displacements 
associated with in-plane shear forces in a reinforced concrete shear resisting 
structure are small in magnitude, wall WC-7.5 is considered to be acceptable 
in its in-situ condition in accordance with the general criteria of paragraphs 
A and B of Section 3.8.4.5 of Reference 1.  

The east control room wall (see Figures 2 and 4, walls WC-C-b, WC-C-c and 
WC-C-d) is divided into three segments. Between column lines '5' and '8' the 
walls WC-C-b and WC-C-c are supported by the wall's spread footings, interior 
slabs at El. 32' - 0" and El. 42' - 0", and the roof slab at El. 54' 
9 1/2". Between column lines '8' and '9' the wall WC-C-d is supported by the 
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wall's spread footing at its base and the roof at El. 35' - 6". The principal 
reinforcement in these walls is oriented vertically with minimum horizontal 
reinforcement. To simplify the analysis, a one-foot wide strip was analyzed.  
The computed maximum moments (see Table 1) were less than the design allowable 
moments for walls WC-C-b an WC-C-c (safety factor for moment is 5.04 and 4.02 
respectively). The computed moment for wall WC-C-d exceeded the design moment 
capacity by 47%. However, the computed ductility ratio is 2.29 which is less 
than the criteria allowable of 3. The computed in-plane shear for these walls 
was less than the shear value of equation (1) (minimum safety factor for shear 
is 1.07) with the exception of wall WC-C-b whose computed in-plane shear , 
exceeded the shear value of equation (1) by 10%. However, this shear stress 
is less than the allowable stress computed based on equation (2) (18.25 ksf 
versus 27.36 ksf).  

The west wall of the classroom area (see Figure 2, wall WC-E) was analyzed as 
a one foot wide beam, spanning vertically with one end fixed at the control 
room roof (El. 54' - 9 1/2") and the other end simply supported at the 
classroom slab (El. 42' - 0"). The computed maximum moment (2.87 k-ft/ft) was 
less than the uncracked moment capacity (6.79 k-ft/ft) of the wall (see 
Table 1). The computed in-plane shear stress exceeded the shear value of 
equation (1) by 29%. However, the allowable stresses (29.95 ksf) computed 
based on equation (2) are greater than the in-plane shear stress (23.08 ksf) 
due to the applied loading.  

In conclusion, all the reinforced concrete walls satisfy the the BOPSSR 
criteria.  

4.1.2 Reinforced Concrete Slabs 

The floor slabs at El. 32' - 0" and El. 42' - 0" and the control and 
administration building roof slabs (see Figures 2 and 3) were evaluated in 
accordance with the methodology described in Section 3.0. Results of the 
structural integrity evaluation of these slabs are described in the following 
paragraphs.  

The control room roof slab (see Figure 3, slab SC-1); the control and 
administration building roof slabs surrounding the control room area (see 
Figure 3, slabs SC-2 and SC-3); the chemical control room slab (see Figure 3, 
slab SC-5); the communications room slab and the heating-ventilating room slab 
(see Figure 2, slabs SC-8 and SC-9 respectively) were all analyzed in 
accordance with section 3.0. The computed bending moments and axial loads for 
these slabs were compared with the strength design interaction capacity for 
each slab. The analytical results (see Table 2) indicated that between 68% 
and 96% of the interaction capacity of each slab was utilized to resist the 
applied loads.  

The classroom slab at Fl. 32' - 0" (see Figure 2, slab SC-10) is prinicially 
reinforced in the east-west direction with minimum reinforcement in the 
north-south direction. The west and east ends of the slab are supported by 
beam BC-18 and wall WC-C-b respectively. The slab is also supported by the 
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two intermediate beams, BC-17 and BS-25. The floor slab was analyzed as a one 

foot wide, three span continuous beam. The computed maximum moment (2.92 
k-ft/ft) was less than the uncracked moment capacity (3.02 k-ft/ft) of the 

wall (see Table 2).  

The control and administration building roof slab between column lines '6' and 

'8' and 'B' and 'E' (see Figure 3, slab SC-4) is principally reinforced in the 

east-west direction with minimum reinforcement in the north-south direction.  
The west and east ends of the slab are supported by walls WC-E and WC-B 

respectively. The slab is also supported by two intermediate concrete roof 
beams (BC-1 and BC-2). The roof slab was analyzed as a one foot wide, two 
span continuous beam. The resulting maximum slab moment exceeded the design 
moment capacity by about 11% (see Table 2). However, the slab ductility ratio 
is less than 2 which is within the allowable of 3 for overall structure 
ductility. The control and administration building slabs between column lines 
'B' and 'C' and column lines '6' and '8' (see Figure 3, slabs SC-6 and SC-7 
respectively) have principal reinforcement in the east-west direction with 
minimum reinforcement in the north-south direction. The west and east ends of 
the slab (SC-6) are supported by walls WC-C-b and WC-B respectively. Slab 
SC-7 is supported by walls WC-E and WC-C-c at the west and east ends, 
respectively, and by an interior concrete floor beam (BC-12). The slabs were 

analyzed as a one foot wide beam with the applied loadings as described in 
section 3.0. All computed moments and shears (Table 2) in these slabs were 
less than the criteria allowables (safety factors for slabs SC-6 and SC-7 were 
6.72 and 8.82 due to shear and 1.42 and 1.25 due to moment, respectively).  

The control room floor slab (see Figure 3, slab SC-12) has principal 
reinforcement in the east-west direction with minimum reinforcement in the 
north-south direction. Four, one foot wide, continuous beams were analyzed 
which included all of the various edge and interior support conditions, 
associated with the slab (such as slab to wall connection, interior structural 
steel supports, floor openings at the control board and console). The 
analytical results showed that the maximum computed moment (see Table 2) 
exceeded the design moment capacity by 37%. However, the corresponding slab 
ductility ratio was less than 2 which is within the allowable of 3 for overall 
structural ductility.  

In conclusion, all the floor and roof slabs satisfy the BOPSSR criteria.  

4.1.3 Reinforced Concrete Beams 

The concrete beams supporting the second floor slab (see Figure 2, beams 
BC-17, BC-18 and BC-19), the third floor slab (see Figure 3, beams BC-4, BC-9 
through BC-14) and the roof (see Figure 3, beams BC-1 and BC-2) were analyzed 
in accordance with section 3.0. Computed maximum moments and shears (see 
Table 3) in the beams were less than the criteria allowables (safety factors 
for shear ranged from 1.03 to 12.8 and for moment ranged from 1.02 to 10.6), 
with the exception of beams BC-10, BC-11, and BC-13. Analysis of these beams 
resulted in moments which slightly exceed the design moment capacity by 7% to 
23%. However, the maximum element ductility ratio was less than 2 which is 
within the allowable of 3 for overall structural ductility. All shears were 
determined tombe less than the allowable values.  
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The remaining concrete beams (see Figure 2 for beams BC-15, BC-16 and BC-20; 
Figure 3 for beams BC-3, BC-5 through BC-8) were analyzed utilizing the 
equivalent static analysis method described in Section 3.0, assuming simply 
supported end conditions for beams. Computed moments and shears (see Table 3) 
for beams BC-5 through BC-8, were less than the criteria allowables. The 
safety factors for these beams ranged from 8.80 to 13.4 due to shear and from 
4.99 to 11.4 due to moment. Analysis of beams BC-3, BC-15, BC-16 and BC-20 
resulted in moments which exceeded the design moment capacity from 31% to 
46%. However, their corresponding ductility ratios were less than 3 which is 
within the allowable of 3 for overall structural ductility. All shears were 
found to be less than the allowable values. In conclusion, all of the 
reinforced concrete beams are found to be adequate.  

4.1.4 Structural Steel 

The structural steel evaluation included the steel members supporting the 
battery room roof and the control room floor and the steel columns and- their 
connection details. The tabulated results of the structural steel member 
evaluations are given in Tables 4 and 5. The results of the evaluations of 
representative-connection details are given in Table 6. The structural steel 
members were analyzed for the design basis earthquake in accordance with the 
methodology described in Section 3.0. The computed maximum moments, shears 
and axial loads (see Table 4) in the beams (see Figures 2 and 3, beams BS-1 
through BS-30) were less than the criteria allowables (overall safety factors 
ranged from 1.24 to 4.76).  

The steel columns included in the evaluation are: one tube steel column 
outside the battery room, the pipe column located in the communication room 
and three W12 X 65 columns in th switchgear and cable spreading room (see 
Figure 2, columns CS-1 through CS-5 respectively). These columns were 
evaluated based on the results of the finite element analysis described in 
Section 3.0. The calculated maximum compressive stresses of 13.29 ksi and 
6.32 ksi for the tube steel column and the pipe column were below the 
allowable of 13.89 ksi and 16.82 ksi, respectively. The computed maximum 
moments, shears and axial loads for column CS-3 were less than the criteria 
allowables. The overall safety factor for the column is 2.46. Comparison of 
the analytical results showed that the safety factors for columns CS-4 and 
CS-5 were higher than that for column CS-3. Therefore, all steel columns are 
adequate.  

In addition to the evaluation of the main structural elements of the building, 
the connection details were also evaluated. Principally, there are three 
types of steel connections: (1) steel to masonry wall, (2) steel to concrete, 
and (3) steel to steel. The connection stresses for the masonry wall and the 
steel beams were compared against the working stress allowables from Table 
24-G of the 1979 Edition of te Uniform Building Code. The working stress 
allowables were increased by a factor of 1.33 in accordance with the 
provisions of Section 2303 of the Uniform'Building Code. The concrete wall 
and steel beam connection stresses were compared against ultimate strength 
allowables. The computed stresses for steel-to-steel connections were 
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compared against allowables of the BOPSSR criteria. The response spectrum 

analysis and the static analysis results, as described in Section 3.0, were 
utilized for the connection evaluation.  

The shears and the axial loads for beam-to-beam connections or beam to column 
connections are transferred through 3/4" diameter, A325 friction type high 
strength bolts. For steel beam to concrete wall connections or steel beam to 
masonry wall connections, the load transfer path is by 3/4" diameter, A307 
anchor bolts and/or by direct bearing on top of the wall. The calculated 
shears and axial loads for the anchor bolts, the bearing plates, the insert 
plates and the embedded anchors were checked against their allowables. The 
results showed that the safety factors ranged from 1.19 to 7.95 for shear and 
1.05 to 3.72 for axial load (see Table 6).  

In conclusion all structural steel elements of the building satisfy the BOPSSR 
program criteria.  

4.1.5 Footings and Foundation Media 

The foundation for the control and administration building, which consists of 
continuous spread footings beneath the walls and individual footings beneath 
the steel columns, was analyzed conservatively using the maximum computed soil 
bearing value as a uniform load. The representative results of the footings 
and the foundation media are given in Table 7. The resulting maximum moment 
in the wall footing was calculated to be 9.8 k-ft/ft, while the allowable is 
26.4 k-ft/ft. Therefore the footing is adequate. The soil bearing pressure 
beneath the wall footing was found to be acceptable because the maximum 
pressure was determined to be 8.7 ksf as compared to the allowable of 17.0 ksf 
from Reference 3. The computed shears, bending moments and axial loads (145 
kps, 8.1 k-ft/ft and 13.6 ksf, respectively) for the isolated footings are 
well within the criteria allowables (see Table 7). In conclusion all the 
stresses in the footings and the foundation media satisfy the BOPSSR Program 
criteria.  

4.1.6 Reinforced Masonry Block Walls 

There are three reinforced masonry walls in the control and administration 
building. Two are located about the battery room (see Figure 2, walls WM-8-a 
and WM-A-s) while the third is in the administration area (see Figure 2, wall 
WM-A-n). The three masonry walls were first analyzed elastically as part of 
the finite element model, utilizing the response spectrum technique. In cases 
where the response spectrum analysis indicated inelastic behavior, the walls 
were evaluated using the energy balance technique described in Section 3.7.2.1 
of Reference 1. In addition, the walls were compared with the results from 
the non-linear analyses performed on similar walls at San Onofre Unit 1.  

Each of the three walls has principal reinforcement in the vertical direction, 
which consists of #4 rebar at 24" spacing. In the horizontal direction the 
reinforcing consists of Dur-0-Wall truss type S. Each wall spans vertically 
approximately 14' and is supported at its base by a continuous spread 
footing. The top of each wall is connected to its respective roof diaphragm 
in a non-moment resisting manner (see Figure 4).  
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The analysis results for in-plane shear for walls WM-A-n and WM-A-s are within 
the criteria allowables giving a minimum safety factor of 1.0 and 1.02 for 
each of these walls (see Table 8). The computed in-plane shear for wall 
WM-8-a resulted in a minimum safety factor of 0.96 in relation to the criteira 
allowables for sliding. However, wall WM-8-a is partially constrained by the 
reinforced concrete wall it frames into and the sliding criteria itself is 
conservative, as stated in section 3.2.3 of Reference 8. Therefore, the three 
reinforced masonry walls are adequate for in-plane shear.  

For out-of-plane loading conditions, portions of the three walls exceed the 
elastic criteria. Wall WM-A-s exceeds the elastic criteria at mid-span height 
(point of maximum moment) for a region consisting of about 75% of its total 
length. However, the maximum resulting ductility ratio for this wall is 1.4 
(see Table 8) which is less than the criteria allowable of 3. For wall WM-A-n 
the elastic allowable is exceeded for its entire length at its mid-span 
height. For this wall the computed ductility ratio is 3.0 or less for 85% of 
its length with a maximum ductility ratio of 4.0 for the remaining 15%. For 
the third wall WM-8-a 33% of its length meets the elastic criteria for 
out-of-plane loading, while the remaining 67% exceeds the elastic criteria 
with a resulting ductility ratio of 4.1.  

Because portions of wall WM-A-n and wall WM-8-a exceeded the ductility of 3.0, 
these walls were evaluated with respect to similarity to other walls at San 
Onofre Unit 1, which were evaluated by Computech Engineering Services, Inc.  
(CES). The criteria and results for this evaluation were submitted in 
References 8 and 9, respectively. In the CES report, there are two sets of 
walls which are similar in nature to the masonry walls of the control and 
administration building. One set is the Group 2 walls of the reactor 
auxiliary building which span vertically about 15' (as compared to a span of 
14' for the walls in question) and have about 30% less reinforcing. The 
non-linear analysis of this wall resulted in a maximum displacement at 
mid-span of,2.99" and a local steel ductility ratio of 3.78 as compared to a 
criteria allowable of 45. Another similar wall exists in the turbine 
building, wall TB-8, which spans vertically 14' and contains about 
10-20 percent more reinforcing than the control and administration building 
walls. The non-linear analysis of this wall, without attached equipment (same 
condition as walls WM-A-n and WM-8-a, resulted in a maximum mid-span 
displacement of less than 2" and a local steel ductility ratio of 3, as 
compared to an allowable of 45. From these comparisons it is concluded that 
the.three reinforced masonry walls associated with the control and 
administration building are adequate to resist the design loads imposed upon 
them.  

In conclusion, all of the reinforced masonry walls in the control and 
administration building are found to satisfy the BOPSSR criteria.  
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4.2 Non-Critical Portions Of The Building 

The non-critical portion of the structure consists of a single-story 
administration office building located on the east side of the control and 
administration building. The structural elements were analyzed for the design 
basis earthquake in accordance with the methodology described in Section 3.0.  
A comparison with the.criteria allowables of Reference 1 is presented in 
Tables 9 through 12 for the purpose of displaying complete results. However, 
the acceptance criterion for the non-critical portions of this building (as 
stated in Reference 1) is that the response or collapse of these structural 
members will not impair the integrity or function of Seismic Category A 
structures, systems, or components. The non-critical portions of the 
building included (see Figure 8) the structural steel beams supporting the 
administration room slab, two reinforced concrete walls on the north end of 
the building, and the tube steel columns on the east side of the building. It 
has been concluded that these structural elements meet the acceptance criteria 
since there are no safety-related systems in these areas of the building.  
Evaluation methods and results for the reinforced concrete roof slab and the 
reinforced masonry block wall located at the north end of the building, which 
are also non-critical, were described in Sections 4.1.2 and 4.1.6, 
respectively.  

The 13 inch thick reinforced concrete wall (wall NWC-1) has reinforcement in 
both the vertical and horizontal directions, which consists of #4 rebar at 12" 
spacing on each face of the wall, while the 8 inch thick wall (wall NWC-C) has 
central reinforcement which consists of #4 rebar at 12" spacing. Both walls 
are connected to the administration roof diaphragm at the top and are 
supported at their base by a continuous wall footing. These walls were 
analyzed utilizing the equivalent static analysis method described in Section 
3.0 and the analytical results are tabulated in Table 9. The analysis results 
for in-plane shear and moments are within the criteria allowables (the minimum 
safety factor is 1.06) with the exception of wall NWC-1, whose computed 
maximum moment exceeded the allowable by 31%. However, the maximum computed 
ductility ratio for this wall is 1.56 which is less than the criteria 
allowa-ble of 3.  

The structural steel evaluation included all of the steel members supporting 
the administration roof slab (beams NBS-1 through NBS-20), and three tube 
steel columns (NCS-1 through NCS-3). The steel beams and the columns were 
analyzed elastically utilizing the finite element model and the response 
spectrum technique described in Section 3.0.  

The analysis results and their comparison with the criteria allowables (see 
Table 10) for the steel beams indicated that the computed stresses were less 
than the criteria allowables (overall safety factors range from 1.01 to 2.42), 
with the exception of beam NBS-13. The computed moment for beam NBS-13 was 
found to exceed the ultimate allowable moment by 3%. However, the axial load 
for this beam is very small in comparison with the allowable (safety factor of 
18.31) and the beam possesses excess capacity in bending due to ductile 
behavior.  
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Three steel columns (NCS-1 through NCS-3) on the east side of the control and 
administration building, supporting a portion of the administration roof, were 
analyzed elastically utilizing the finite element model and the response 
spectrum technique described in Section 3.0. For all three columns, the 
compressive stress due to the applied loading exceeded the criteria allowables 
by 8% to 17% (see Table 11). However, additional capacity exists in the 
plastic mode of behavior.  

In addition to the main structural steel members, the steel to steel 
connections, the steel to masonry wall connections and the steel and concrete 
connections were evaluated. The evaluation was based on the computed shear, 
bending moment and axial loads for each of the attaching structural members 
utilizing the finite element model and the response spectrum technique 
described in Section 3.0. Except for the east end connection of beam NBS-17, 
the minimum safety margin achieved for all of the remaining connections was 
1.12 (see Table 12). The computed axial load for the east end connection of 
beam NBS-17 exceeded the allowable for the bearing plate by 11%. However, 
additional capacity does exist in the plastic mode of behavior.  

5.0 CONCLUSION 

This report provides results of the evaluation of the San Onofre Unit 1 
control and administration building in accordance with the methodology 
discussed in Section 3. As described in detail in Section 4, all structural 
elements of the control and administration building satisfy the BOPSSR 
criteria. Therefore, no modifications are required for this structure.  
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WC - B FIG. 2 & 4 REINFORCED CONCRETE 
WALL AT EAST SIDE OF 14.69 16.42 1.12 - 2.41 2.65 1.10 - - X WALL IS ADEQUATE.  
CONTROL BLDG.  
THICKNESS: 9".  

WC - C - a Fig. 2 & 4 REINFORCED CONCRETE 
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CONTROL ROOM, BETWEEN 12.93 16.42 1.27 - 1.94 2.35 1.21 - - x WALL IS ADEQUATE.  
LINES 3 & 5.  
THICKNESS: 8".  

WC - C - b Fig. 2 & 4 REINFORCED CONCRETE 
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CONTROL ROOM, BETWEEN 18.2 5 36.92. 2.02 - 2.34 11.79 5.04 - - X WALL IS ADEQUATE.  
LINES 5 & 7.5 
THICKNESS: 1'-O" 

WC - C - c Fig. 2 & 4 REINFORCED CONCRETE 
WALL AT EAST END OF 
CONTROL ROOM, BETWEEN 15.40 16.42 1.07 - 2.93 11.79 4.02 - - I WALL IS ADEUATE.  
LINES .7.5 & 8 
THICKNESS: 1'-O" 

NO TAT/o0N: 
/ £ y- DEFLECTION AT YIELD OF REINFORCEMENT / F. UP - t/T/L/TY FACTOR PERCEAT OF 2. A U- M4K/Af/Af DEFLEG'T/OA/ THE /NTERACTIO CAPACI/Y OENN& UT/L/ED 3. Vc C4LC/14TED 5AR SrRMS, K/PS/T TCC 
4- VA - 4ALZM4&6'BL SHR STRSS A/PS/FT2 

5 srv - SAFETY FAoRFroRSHR 
6- fC - CALCULT DMMENT FEET-K/P/F * SEE EQUATION (Z) OF SECTION 4.1.1.  

Af - CALLALEa4HoENT FEET-K/P/rr 
8- Sw- S&4/FTY FACTOR FOR ofENT 
9L DC - CAL Ce/LATEODI/CT/I/TY R4T/O, AU/Ay 0. -ED/CT//TY RAT/O 

TABLE 1



RE/NFORCED CONCRETE WALLS 
REFERENCE YOM = 6=ME TS /DENT/F/CATIOA/ DESCR/PTOA VC VA Sy: F MD D "A CRITERIA REMARKS 

WC - C - d FIG. 2 & 4 REINFORCED CONCRETE 
WALL AT EAST END OF 
CONTROL ROOM BETWEEN 15.26 16.42 1.08 - 4.45 2.35 0.53 2.29 3.0 X WALL IS ADEQUATE.  
LINES 8 & 9 
THICKNESS: 8" 

WC- D FIG. 2 & 4 REINFORCED CONCRETE 

HAT WEST IDE OF 12.7 16.42 1.28 99.73 -X WALL IS ADEQUATE.  
NORTH STAIRWELL.  
THICKNESS: 8" 

WC - E FIG. 3 & 4 REINFORCED CONCRETE 
WALL AT SOUTH WEST (12) 

END OF CONTROL BLDG. 23.08 29.95 1.30 - 2.87 6.79 2.37 - - X WALL IS ADEQUATE 

THICKNESS: 9" 

WC - F FIG. 2 & 4 REINFORCED CONCRETE 
WALL IN NORTH WEST 
PART OF CONTROL BLDG. 4.46 16.42 3.68 63.49 - - - - - X WALL IS ADEQUATE.  
THICKNESS: VARIES FROM 

1-1" to 2'-5N".  
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WC - H FIG. 2 & 4 REINFORCED CONCRETE 
WALL AT NORTH WEST 

END OF CONTROL BLDG. 10.80 16.42 1.52 48.19 - - - - - X WALL IS ADEQUATE.  

THICNKNESS: VARIES FROM 1'-0" to 2'-10" 
WC - K FIG. 2 & 4 REINFORCED CONCRETE 

WALL AT WEST END OF 

CONTROL ROOM.  
THICKNESS: 2'-10" 9.79 16.42 1.68 20.41 - - - - - x WALL IS ADEOUATE.  

WC - 2 FIG. 2 & 4 REINFORCED CONCRETE 
WALL AT NORTH END OF 
CONTROL BLDG. 5.90 16.42 2.78 - 9.14 41.19 4.51 - - x WALL IS ADEOUATE.  

THICKNESS: VARIES FROM 

2'-10" to 3-2".  

WC- 3 FIG. 2 & 4 REINFORCED CONCRETE 13.45 16.42 1.22 - 1.05 2.35 2.24 - - x WALL IS ADEOUATE.  

WALL AT NORTH SIDE OF 

NORTH STARWELL.  
THICKNESS: 8".  
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THICKNESS: 8"_ 
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I. Ag- EFLECT/OAl AT YIELD OF RE/-iORCEmENT /. U.F - UTILITY FACTOR PERCEN T OF 
SA TE MAXIL/DEFLECTICA/ THE /N TERACrOgJ CAPAC/y. 5E/NG UT/L/ZEC.  

3 Vc- CALCULATED SHiEAR, KIPS/FT' 
4 A - ALLOWABLE S//EAR KiPS/FTr 
5 SF - AFE7Y FACTOR AOR SHE4R 

- rTED HOMEA/{ FEET ki/P 
7 Af4- LLWABLE MO ENTFEE-KIP/FTr 
8. Srm- 9AFETY FACTOR FORHOMEA/T 
9 0: - CALCULATED DLCT/L/TTY RA1 /, nu/ 

I0. th - ALLowABLE D.cT/L/7Y RATIo 

TABLE 1 (CONT .



RE/NFORCED CONCRETE NALLS 

REFERE/CE OESCRIPTIOJ Vc VA UP Mc MA OC D)A C ER/ REMA RKI 
// YES NO 

WC-5-a FIG. 2 & 4 REINFORCED CONCRETE .23 41.42 36.62 0.88 1.14 3.0 X 
WALL AT NORTH SIDE OF 7.36 16.42 2.2 14 66 .6 11 . WALL IS ADEQUATE.  

CONTROL ROOM, WEST END.  

THICKNESS: 2-10" 

WC-5-b FIG. 2 & 4 REINFORCED CONCRETE 
WALL AT NORTH SIDE OF 9.74 16.42 1.69 - 2.81 5.50 1.96 - - x WALL IS ADEQUATE.  

CONTROL ROOM EAST END 
THICKNESS: 1'-O" 

WC-6-. FIG. 2 & 4 REINFORCED CONCRETE 
WALL AT SOUTH SIDE OF 
CONTROL ROOM.  

BELOW EL. 42'-0 26.37 35.5134 - 16.81 12.95 0.77 1.34 3.0 A WALL IS ADEQUATE 
THICKNESS: 1'-1 35. 1.3 

ADOVE EL, 42'-0" 26.84 27.32 0.61 - 10.33 5.44 0.53 2.23 3.0 4 
THICKNESS: 1'-O" 

WC- 7.5 FIG. 2 & 4 REINFORCED CONCRETE WALL 

AT NORTH SIDE OF SOUTH 

STAIRWELL 
THICKNESS: B" 

EL. 20'-S" - 32'-0" 24.4 31.2 1.26 - 1.49 2.35 1.58 - - X WALL IS ADEQUATE.  

AlorAtION: 

/ A-DEFLECTOJm AT YIELD OF REFORCE-mENTII U- UTILITY FACTOR PERCENT OF 
SA M AXUfEFLECTIT TERACO4 CAPACIY 5EIN Ulizo.  

3 Vc - CALCULATED SHEA K/PS1/F' 
4 VA - ALLOWABLE S/EAR KIPS/7' 
5 6F - 5AFETY FACTOR kOR SHEAR 

. -~ CALCULATED mEwr rEET- kp//F 
7 Af4- ALLOWA&E HOMEW, FEET.KIPP7* SEE EQUATION (2) OF SECTION 4.1.1.  

8. 5Fm- 9AFE7Y FACTOR FOROHEAIT 
9. Lt - CALCULATED DL2T/L/TY RATO, Au/y 

/0. LA - ALLOWABLE L/YUrL17YRARIO 

TABLE 1 (CONT.)



RE/FORCED CONCRETE NA L L U 
REFERE4'E SG S N = MEETS 

/DENTIF/CAT/OAl FIG. 140 OESCR/PR/OA/l VA UP Mc MA DG A GR/ TER/A REMA RKS 
YES NO 

WC-7.5 (Cont.) FIG. 2 & 4 EL. 32'-0" - E1.42"-O" 160.51 16.42 0.10 - 0.61 2.35 3.85 - - W WALL IS ADEQUATE (REFER TO 
SECTION 4.1.1) 

EL. 42'.0" - El. 54'-2" 4.25 16.42 3.46 - 0.81 2.35 2.90 - - x 

WC-8 FIG. 2 & 4 REINFORCED CONCRETE 
WALL AT SOUTH END OF 
CONTROL BLDG.  
ABOVE ELEVATION 37'-81" 9.75 16.42 1.68 - 4.16 6.04 1.45 - - X WALL IS ADEQUATE.  

BELOW ELEVATION 37'-8 " 
THICKNESS - 9" (12) 
NEGATIVE MOMENT 11.89 16.42 1.38 - 6.69 6.79 1.10 2.58 3.0 X WALL IS ADEQUATE.  

WC-9 FIG. 2 & 4 REINFORCED CONCRETE 
WALL AT SOUTH END OF 3.97 16.42 4.13 - 5.40 6.04 1.12 X WALL IS ADEQUATE.  

ADMINISTRATION BLDG.  
THICKNESS: 1'-1" 

NOTArioAI : 
./ y - DEFLECT/OAl AT Y/ELD OF RE/PoRcEMENr //. UF -/T/L/TY FACTOR PERCENT OF 2. A at MAX/AUM DEFLECTIOAJ THE /NTERACri4 CAPACITY 5E/NG uT/L//ZEC.  

3 VC- CALC1.AED SHEAR, K/PS/FK e 
4 VA - CALOWABLE S/EAR K/PSf/F' (i2) MA-ALLOWABLE MOMENT AT CRACKING, FEET-KIP/FT.  

- SF - AFETY FACTOR kOR SHEAR 
At -CAIC RTD wwMEN rEE-K*/P 

7 A4 - ALL OWA&E M14EAl7FEET.K/p/Fr 
8 SFm- 9AFE7Y FACTOR FORHOMEA./T 
9. t - CALCULATED DL'T/L/TY RATIO, Au/ty /0. th - ALLOWA&E DucT/L/7YRATio 

TABLE 1 (CONT.)



RE/NFORCED CONCRETE SLABS 
REFERENCE RESM = MARKE /DENT/F/CATCA/ FIG. No OESCRIPrIo VA UC Mc MA A RA CRITERIA 

YES IN o 

SC - i FIG. 3 & 4 REINFORCED CONCRETE 

SLAB AT EL.56'-7 " 8.32 16.42 7.97 86.06 203.4 141.2 0.69 1.54 3.0 X SLAB IS ADEQUATE.  
THICKNESS: V' -11" 

SC - 2 FIG. 3 & 4 REINFORCED CONCRETE 
SLAB AT EL. 54' -9 ". 3.05 16.42 5.38 94.69 - - - - - X SLAB IS ADEQUATE.  
THICKNESS: 1' -11" 

SC - 3 FIG. 3 & 4 REINFORCED CONCRETE 3.24 16.42 5.06 74.6 - - - - - X SLAB IS ADEQUATE.  
SLAB AT EL. 54' -9 ".  

THICKNESS: 7" 

SC - 4 FIG. 3 & 4 REINFORCED CONCRETE 
SLAB AT EL. 54' -9 " 2.13 16.42 7.72 - 3.17 2.81 0.89 1.13 3.0 X SLAB IS ADEQUATE.  
THICKNESS: 7" 

SC - 5 FIG. 3 & 4 REINFORCED CONCRETE 
SLAB AT EL. 42' -0". 5.98 16.42 2.75 68.3 - - - - - X SLAB IS ADEQUATE.  
THICKNESS: 7" 

SC - 6 FIG. 3 & 4 REINFORCED CONCRETE 
SLAB AT EL. 42'-0". 2.45 16.42 6.72 4.90 6.95 1.42 - - X SLAB IS ADEQUATE.  
THICKNESS: 7" 

SC - 7 FIG. 3 & 4 REINFORCED CONCRETE 
SLAB AT EL. 42' -0". 1186 16.42 8..82 - 2.83 3.53 1.25 - - X SLAB IS ADEQUATE.  
THICKNESS: 7" , _ __1_1 

.A y - DEFLEC/OAJ AT YIELD OF RE/FORCECfENT // . L- UTILITY FACTOR PERCENT OF 
2 A (L M/4AX/MU/f DEFLECTIl THE /NTERACT/O1 CAPACITY 5EINO UT/L-/ZfEC.  
3 VC - CALCULATED THEAR K/PS/F7x 
4 VA - ALLOWABLE SHEAR, KR/P Fr7 
J SFy - TAcEY FACTOR FOR SMEAR 
6. / - CAICU1.ATED VME/ FEET-k/P/FT 
7 1t4 - ALLWA&E MH0fEA/lFEET-K/P/F: 
8 5rm- SArETY FACTOR FORMOMEA/T 
9. Lt - CALCULATED DLXT/L/TY RATIO, L\Ls/L6y /0. tA - ALLOWA&E LXT/LITYFAr/o 

TABLE 2



RE/NFORCED CONCRETE, SLABS 
REFEREM'E Sr S~t= MEE TS 

NT/F/CAT/A FIG. DESCRIPrA/ Vc V UP Mc CA OG OA CRI TERA REMARKS 
YES No 

SC - 8 FIG. 2 & 4 REINFORCED CONCRETE 
SLAB AT EL. 30' -1Y". 2.10 16.42 7.82 95.9 - - - - - X SLAB IS ADEQUATE.  
THICKNESS: 6" 

SC - 9 FIG. 2 & 4 REINFORCED CONCRETE 
SLAB AT EL. 32' -0". 3.48 16.42 4.72 86.19 - - - - - X SLAB IS ADEQUATE.  
THICKNESS: 6" 

SC - 10 FIG. 2 & 4 REINVORCED CONCRETE (12' 
SLAB AT EL. 32' -0". 2.30 16.42 7.14 - 2.92 3.02 1.03 - - X SLAB IS ADEQUATE.  
THICKNESS: 6" 

SC - 11 FIG. 2 & 4 REINFORCED CONCRETE 
SLAB AT EL. 35' -0". 1.12 16.42 14.72 - 2.20 4.11 1.86 - - X SLAB IS ADEQUATE.  
THICKNESS: 7" 

SC - 12 FIG. 3 & 4 REINFORCED CONCRETE 
SLAB AT EL. 42' -0". 2.93 16.42 5.62 - 10.34 6.47 0.63 1.77 3.0 X SLAB IS ADEQUATE.  
THICKNESS: 1' -0" 

NorAr/OA: 

/ A I-DEFLECTOAJ AT YIELD OF RE/lroR-imENT //. U.P-UT/L/TY FACTOR' PERCENT OF 
2 A (L MAX/M DEFLECTIOAJ THE /NTERACT/04 CAPACTY 5E/N& ur.iLzac.  
3 Vc - CALCULATED SHA, KIPS/FT 

4 VIA- ALLOWABLE SH1EAR K/PS/FE 

5 -r CAi Dy FACR EO S k/HU R (12)- M ALLOWABLE'MOMENT AT,. CRACKING, FEET- KIP/FT 

7 Af4- ALLOWA&E H0MEA/FEET-KP/rr 
8. SPm- SAFETY FACTOR FORMOM.IEAIT 
9. L - CALCULATED DLT/L/TY RA/, Au /Ay /0. LA - ALLOWA&E Dr.KTIL/7Y RATI 

TABLE 2 (CONT.)



RE/NFORCED CON6CE BEAMS 
REFERENCE S1/ P 'S 

/om/TIF/CAT/OA F/G. t4O OESCRIPToAI VC VA PC A Mc A Dc 0  CR T MR REMARKS 

BC-1 FIC. 3 15"x21" CONCRETE 
BEAN @ EL. 54'-9%" 12.2 32.0 2.62 - 47.6 48.5 1.02 -X BEAM IS ADEOUATE 

BC-2 FIG. 3 12"x18" CONCRETE 
BEAM @ EL. 54'-9%" 5.3 21.1 3.98 - - - 30.7 80.6 2.63 - - X 

BC-3 FIG. 3 24"x23h" CONCRETE 
BEAM @ EL. 56'-7k" 111.9 120.3 1.08 1222.0 658.7 0.54 2.22 3.0 X 

BC-4 FIG. 3 15"x21" CONCRETE 
BEAM @ EL. 42'-0" 9.8 29.7 3.03 86.2 386.7 4.49 - - x 

BC-5 FIG. 3 12"x18" CONCRETE 
BEAM @ EL. 40'-0" 1.6 21.5 13.4 - - 5.3 60.3 11.4 - - x 

Bc-6 FIG. 3 12"x18" CONCRETE 
BEAM @ EL.42'-0" 1.6 21.5 13.4 - - - 5.3 60.3 11.4 - - " 

BC-7 FIG. 3 12"x18" CONCRETE 
BEAM @ EL. 42'-0" 2.5 21.5 8.60 - - - 8.1 40.4 4.99 - - X" 

BC-8 FIG. 3 12"x18" CONCRETE 
BEAM @ EL. 42'-0" 2.5 21.5 8.60 - - - 8.1 40.4 4.99 - - x 

BC-9 FIG. 3 12"x18" CONCRETE 
BEAM @ EL. 42-0" 2.6 17.4 6.69 - - - 12.7 32.5 2.56 - - X 

NorA rOA 

SAy - oEFLECTIOAJ AT Y/ELD OF RE/WFORCEM4ENT /2 / - ALLOWABLE AX/AL L0AQ, k/PS 
2 A L HAX/M/./M DEFLECTIOl, 13 Srp- 54FETY FACTOR FORAX4AL LOAD 
3 VC - CAICULATED SHEA, K/PS 

1(4 - ALLOWAMLE SHEAR K/P 
5 SF - 5AFETy FACTOR OR SHEAR 
6.to CAICULA TED HOMEWT FEE -k/P 
7 Af4- ALLOWA&E MoMEwArFEET-K/P 
8 SFm- SAFETY FACTOR FORMOME/T.  
9 4t - CALCUW/LATED DLT/L/TY RAT/O, Au/A 
/0- A - ALLOWA&E OtXTIL/rYAIrOy 

/. I - CAWULA TED A/AL LOAD, k/pS 

TABLE 3



RE/NFORCED CONCRETE BEAMS 

/N C O RFFE ME DESCIPTOA Vc VA p Pc FHe M~ A & CRI TER REMARKS 

BDN T P C -10 O A FIG . 3 2 x1 "0107 .8 2 . L4.4/ 2 . 7 3 . 3 1 0 3.0 Xc BEA IS ADEQUATE 
BC-11 FIG. 3 12"x18" CONCRETE 

BEAM @ EL. 42'-0" 4.8 21.1 4.40 - - 29.3 27.3 0.93 1.07 3.0 X BEAM IS ADECUATE 

BC-12 FIG. 3 12"x18" CONCRETE 
BEAM @ EL. 42'-0" 4.8 21.1 4.40 29.3 27.3 0.93 1.07 3.0 xI 

BC-12 FIG. 3 15"x24" CONCRETE 
BEAN @ EL. 42'-O" 9.0 29.7 3.30 - - -62.0 353.2 5.70 - - x 

Bc-13 FIG. 3 15"x24" CONCRETE 
BEAM @ EL. 42'-0" 66.9 68.61 1.03 - - - 294.4 226.1 0.77 1.35 3.0 X 

BC-14 FIG. 3 22"x27" CONCRETE 
BEAN @ EL. 42-0" 4.5 57.8 12.8 - - - 25.3 267.4 10.6 - - x 

BC-IS FIG. 2 12"x18" CONCRETE 
BEAM @ EL. 32'-2" 5.2 21.5 4.13 - - 27,1 18.56 0.68 1.57 3.0 " 

BC-16 FIG. 2 12"x18" CONCRETE 
EA @ EL. 321-21-----------------------------------------------x ADEOUATE BY COMPARISON 

BC-17 FIG. 2 18"x27" CONCRETE 
BEA @ EL. 32'-2" 27.3 49.9 1.83 - -- - 43.0 64.5 1.50 - - x BEAM IS ADEOUATE 

BC-l8 FIG. 2 18"x27" CONCRETE 
BEAM @ EL. 32-2" 24.4 50.4 2.07 - - - 100.1 169.7 1.70 - - x 

BC-19 FIG. 2 l8
9
lx2711 CONCRETE 

BEAM @ EL. 32'-2" 11.5 49.9 4.34 - - - 36.7 64.4 1.75 - - x 

wto rA r10A1 
/. A - IDEFLECTIOAJ AT YIELD OF REIroRCEMENT /2. / - ALLOWABLE AX/AL LOAQ K/PS 
2-A U- MX/fL/ DEFLECTIO. /3. S5- 54FETYACTOR FORAX/AL LOAD 

- CALCULATED SHEAR/ K/PS 
4 VA - ALLOWA8LE SNEAR, K/PS 

sr. - vArEY FACTOR FOR SHEAR 
cA- CAcutA TED Pm&MET EET k/P 

7 A4 - ALLOWA&E HOM rEFEET-K/P 
8. SFm- SAFETY FACTOR FORHOMEA/T 
9. : - CALCULATE DLr/L/TY RATIO, Au /Ay 
10. 1) - ALLOWA&E LX*2TIITY fRARIO 
/. - C4LULATED AW1L LOAD, k/PS 

TABLE 3 (CONT.)



RE/NFORCED CONCRETE BEAMS 

/DjENT/F/CATMI oESC.RIPrOi Vc VA £ PC MC A 4 0A CR1TRAA REMARKS 

BC-20 FIG. 2 12"x15" CONCRETE 
BEAM @ EL. 32'-2" 18.13 22.64 1.25 47.35 32.49 0.69 1.56 3,0 X BEAM IS ADEOUATE 

NorA rIOn : 
. A - DEFLECTIOAl AT YIELD oF RE/rORCEmENT f. A - ALLO'WABLE AXIAL LOAD, k/PS 

2. A f- MAX/MI/M 1ELECT/OAl /3. Sp. 54FETY FACTOR FORAX/AL LOA D 
3 VC - CALCULATED SHCAR K/PS 
4 VA - ALLOWABLE SHtEAR KIPS 
5 s, - 5A rETY FACTOR AoRk SHE4R 
6. It - CAlCLtArED HMEIT FEET-.kIP 
7 Af4 - ALL OWA&E MOM-ENTFEET-K/P 
8 SFm- SAFE7Y FACTOR FORHOMEA/T 
9 & - CALCULATEO DWCT/UTY RAT/O, Au/Ay 

/0 IA - ALLOWABLE LXCT/LITY RATIO 
/. I - CALCULATED AY/AL LOAD, k/PS 

TABLE 3 (CONT.)



STRUCTURAL STEEL BSEAMS 

(ERENCE SFr. l SF Pa Fra. ' RC RA SF CRIERIA REMARKS 

IDENTIFICATION FIG. DESCRIPTION Vc Va VA INC 1 F*/r YES NO 

EAC- C :1 p-r N 123 .224.24 .41 1.00 2.46 X. BEAM IS ADEQUATE.  

BS-1 FIG. 2 W8X17 COMMUNICATIONS .57 42.4 74.4 1.94 15.62 8.05 1.23 5.22 4 

ROOM 

BS-2 FIG. 2 w12x14 ADMINISTRATION 8.55 54.9 6.42 13.25 38.4 2.90 2.41 35.2 14.61 .41 1.00 2.44 x BEAM IS ADEQUATE.  

BLDG, ROOF 

BS-3 FIG. 2 4.84 54.9 11.34 10.50 38.4 3.66 1.26 35.2 27.94 .31 1.00 3.24 X BEAM IS ADEQUATE.  

BS-4 FIG. 2 2.20 54.9 25.0 5.76 38.4 6.67 1.29 35.2 27.29 0.21 1.00 4.76 X BEAM IS ADEQUATE.  

BS-5 FIG. 2 W12X27 ADMINISTRATION 2.96 66.1 22.,3 5.70 13.50 2.38 1.15 35.2 30.61 .46 1.00 2.16 X BEAM IS ADEOUATE.  

BLDG. ROOF ADQTEB 

FIG. 
COMPARISON TO BS-5.  

2B5 5.61 .2 .4 1.0 2.1 X ADE A TE BYAEQAE 

BS-7 FIG. 2 12X27 + WTIO.5X22 ON 5.07 149.4 29.5 14.34 38.4 2,68 2.05 35.2 17.2 .47 1.00 2.13 X BEAM IS ADEQUATE.  

BOT. FLNCG.AATO  

BS FIG. 2 W12X27 ADMINISTRATION - - - - - --- COMPARISON TO Bs-5.  

BLDG. ROOF 

BS-9 FIG. 3 w14X30 5.9 86.2 14.61 6.60 22.9 3.47 0.59 15.33 26.0 0.34 1.00 2.96 X BEAM IS ADEOUATE.  

NOTAT/ON: 
S VC- CALCULATED SHEAR.KlPS 
t - ALLOWABLE SHEAR.IPS SAFETY FACTOR FOR AXIAL LOAD 

5 S SF SAFETYALACTAFETORFACTOR 

& R - COMS/YED STRESS FACTOR 

5, pFr- SAFETr FACTOR FOR SHEAR R- 4T SO SF6 GAFETY F-ACTOR bIOAIEAJ1 7. & - ALLOWABLE COM81NED STRESS FACTOR 
5 F - OVERALL SAFETY FACTOR 

S En- SEE A/SC STEEL CONSTRUCTION 
. 6ANUAL 1950;K<SI 

FOOTNOTES.: (DES/GNATED .AYSUPERSCRIP7S) 
I.-JNTERACTION Ea FOR STRUCTURAL LTABLE 4 

Ac, Cmr bV OR _ OR fi_ 
______o~ ,O - OR



STRUCTURAL STEEL 8SEAMS 

IDENTIFICATION FERE E DESCRIP7ON Vc Va SF b x SF6 . F F R CRA7ERIA REMARKS 

BS-10 FIG. 3 W14X30 CONTROL ROOM - . - -- - - - - - X BEAM IS ADEOUATE BY 
COMPARISON BS-9.  

BS-11 FIG. 3 " 

BS-12 FIG. 3 x 

BS-13 FIG. 3 x 

BS-14 FIG. 3 x 

BS-15 FIG. 3 x 

BS-16 FIG. 3 

BS-17 FIG. 3 x 

BS-18 FIG. 2 w16X36 ADMINISTRATION 13.7 109.2 7.97 21.77 35.2 1.62 1.72 35.2 20.5 .81 1.00 1.24 X BEAM IS ADEOUATE.  
BLDG. ROOF 

BS-19 FIG. 3 W16X36 CONTROL ROOM 13.7 109.2 7.97 6.92 20.8 3.01 1.55 13.26 8.56 .39 1.00 2.54 X BEAM IS ADEQUATE, 

BS-20 FIG. 3 *-- -- -- -- - -- -- -- -- -- -- -- X BEAM IS ADEQUATE BY 

COMPARISON TO BS-19.  

NOTAT7/ON: 
I VC -CALCl/LATED SHEAR.KNAPS 
. VA - ALLOMAB&E SHEAR. K/PS . SF,- SAFETY FACTOR FOR AX/AL LOAD 

I. BFr- SAFETY ACTOR FOR SHEAR 4. Rc - COCW/NED STRESS FACTOR 
4 SF- SAFETY FACTOR MOMIEA/T 7. & - ALLOWA8LE COM8/NED STRESS FACTOR 

& SF - OVERALL SAFETY FACTOR 
t I'. 4,,fy, ETC. -SEE A/SC STEEL CONSTRUCTION 

MANUAL /980; KSI 
FOOTHOTES. 1DES/GNATED AY SUPERSCRIPTS) 
. INTiERACT/ON Eg FOR STRUCTURAL STEEL: TABLE 4 (CONT.) 

A Cnsy Cmy fby a s PfAL 4 
*C s CsO - + - + *OR - -O+ 

( 6- F 0.60Fy FM Fy FA Fx Fbj



STRUCTURAL STEEL BSEAMS 
EFERECE - - - -7~.5MEETS 

IDENTIFICATION FERE E DESCR/PTION Vc Va S' xRe AREfK FIGNO_____6__1_60 F , R SF. s CR vo REMfARKS 

BS-21 FIG. 3 W16X36 CONTROL ROOM 13.7 109.2 7.97 5.10 25.3 4.96 .45 17.41 38.7 .23 1.00 4.44 X BEAM IS ADEQUATE.  

BS-22 FIG. 3 "-- - - X BEAM IS ADEQUATE BY 
COMPARISON TO BS-21.  

BS-23 FIG. 3 "- - - - - X 

BS-24 FIG. 3 w16X64 CONTROL ROOM 9.3 163.3 17.56 7.70 23.63 3.07 1.22 9.16 7.50 .37 1.00 2.71 x BEAM IS ADEQUATE.  

BS-25 FIG. 2 W12X40 CLASSROOM 4.60 80.9 17.59 11.16 23.90 2.14 1.78 11.60 6.52 .57 1.00 1.76 X BEAM IS ADEQUATE.  

BS-26 FIG. 3 W21X68 CONTROL ROOM 41.7 209 5.02 12.87 35.20 2.74 2.96 25.4 8.60 .58 1.00 1.74 X BEAM IS ADEQUATE.  

BS-27 FIG. 3 - - - - - - - - - - - - X BRAM IS ADEQUATE BY 
COMPARISON TO BS-26 

BS-28 FIG. 3 - - - - - - - - - - - - x 

BS-29 FIG. 3 "-x 

BS-30 FIG. 3 W24X76 CONTROL ROOM 23.2 242 10.43 10.95 31.5 2.87 .44 23.6 53.6 .36 1.00 2.75 X BEAM IS ADEQUATE.  

NOTATION: 
I VC - CALC/LATED SHEAR.K/PS 
. VA - ALLOMALE. SHEAR, K/PS , SF. - SAFETY FACTOR FOR AX/AL LOAD 

A5 SFr- SAFETY FACTOR FOR SHEAR 4. Rc - CO/NED STRESS FACTOR 
4. SF- SAFETY FACTOR mOmE/.T 7. NA - ALLOWABLE COMS/NED STRESS FACTOR 

SF - OVERALL SAFETY FACTOR 
9 Fa .fA * k*ETC - SEE AISC STE EL CONSTRUC T/ON 

FOTNOTES: TDES/GNATED AYSUPERSCRIPTS) 
i. ANTERACTION Eas FOR STRUCTURAL STEEL: 

;F E CngiF t cpby A by R bx TABLE 4 (CONT.) 

AD 0- e-) 0+- -++ Fu~~~~~~~~ (1&e ) o 1 )Fy0.0y F xF a Fbil



STRUCTURAL STEEL COLLUMNS 

(EC)- MEETS 
IDENTIFICATION REEEEDSRPIN V a @f MF-Fa. S Rc RA &tc EAK DESCRIPTION vc va Srb F6 '~a F0 . F RTEI EAK WETFc~/NFIG. Mv. VA/VC Cb xYES NO _____ 

CS-1 FIG. 2 TS 6X3X- - - 13.29 13.89 1.05 - X COLUMN IS ADEQUATE.  

CS-2 PIG. 2 3" DIA. XS PIPE - - - - - - 6.32 16.82 2.66 - - - x COLUMN IS ADEQUATE.  

COLUMN.  
COMMUNICATIONS ROOM 

CS-3 FIG. 2 W12x65 COLUMNS 1.7 108.9 64.1 1.46 35.20 24.11 7.52 23.78 3.16 0.41 1.00 2.46 X COLUMN IS ADEQUATE.  

CS-4 FIG. 2 SWITCHGEAR AND CABLE - - - - - - - - X COLUMN IS ADEQUATE 

SPREADING ROOM BY COMPARISON 
WITH CS-3.  

CS-5 FIG. 2 "x 

NOTATION: 
L VC - CALC/LATED SHEAR.K/PS 
t. VA - ALLOMA6LE.SHEAR. K/PS , .SF,- SAFETY FACTOR FOR AXIAL LOAD 
5. SFr - SAFETY FACTOR FOR SHEAR 4. Rc - COf&/OED STRESS FACTOR 
4. SF- SAFETY FACTOR I4OMIEA/T 7 RA - ALLOWABLE COMB/NED STRESS FACTOR 

SF - OVERALL SAFETY FACTOR 
-faln.,,f O ETC. -SEE AISC STEEL CONSTRUCTION 

MJNUAL 1980; KSI 
FOOTNOTES: TDES/GNATED BY SU/PERSCRIPTS) 
I INTERACT/ON Eas FOR STRUCTURAL STEEL: 

Cm _ Cmy fy_ > fA fb __ O + + 1; 4 _ ft_)F OR __+_OR 4 AM f 6TABLE 5 

F I _ _ _ _ vf, . 10FFF 6I-o.OF11 Fbi Fby N F&



COA/E C r/ ONS 

/DENTF/CAT/ FIG. A/ E DESC/PrOM%/ Vc VA V Fl, Pc PA sq:ERIT 
A CT R/A EM 

CLIP ANGLE TO WEB FOR 
W12X14, W14X30, 
W16X36, W16X64 AND 
W21X68 BEAMS.  

3/4" DIA. A325F BOLTS CONNECTIONS 
THROUGH BEAM WEB. 5.13 12.32 2.40 - - - - ADEQUA 

3/4" DIA. A325F BOLTS 
THROUGH OUTSTANDING CONNECTIONS 
LEGS OF CLIP ANGLE. 5.21 12.32 2.36 - - - 8.84 23.88 2.70 -ARE ADEQUA 

A/ TAT/OAJ: 
. Ifc - CALCULATED SHEAR, K/PS 

2. VA - ALLOWABLE SHEAR, K/PS 
3 - SAFETY FACTOR, FOR /HEAR 
4. f CALCULATED BE/VDVG STRES SS/ 
5 A - ALLOA/ABZE BEND/NG STRESS, KS/ 

. SF - SAFETY FACTOR FOR BE/AVIVVG STRESS 
7 Pr - CALCL/LATED AX/AL LOAQ k/PS 
6 PA - ALLOWALE AXIAL LOAD, K/PS 
. Se - SAFETY FACTOR FOR AXIAL LOAD 

/0. f4, F, KS/, E C. -SEE A/SC COaSTRUCTON /1AA/AL, /80.  

TABLE 6



COJNIE C T/ OHS 
F=SF: MEETS 

/DENT/F/CAT/O/J FlG. Ato DESCRIPT/Oll Vc VA Pc PA ":'I Rc A Y/ A EMAF5S 

CLIP ANGLE TO INSERT 
PLATE FOR W12X27 & W16X36 

3/4" DIA. A325F BOLTS CONNECTIONS 
THROUGH BEAM WEB. 3.34 12.32 3.68 - - - - - - - - - X ARE ADEQUATE 

A36 STEEL INSERT PLATE 19.98 43.2 2.16 - - - - - - X CONNECTIONS 

ARE ADEQUATE 

3/4 DIA. A307 ANCHORS CONNECTIONS 
ON INSERT PLATE 6.46 7.66 1.19 - - - 4.91 13.12 2.67 0.94 1.00 1.06 X ARE ADEQUATE 

CLIP ANGLE TO WEB AND 
CONCRETE FOR W12X40 BEAM.  

3/4" DIA. A325F BOLTS CONNECTIONS 
THROUGH BEAM WEB. 3.59 8.83 2.46 - - - - - - - - - X ARE ADEQUATE 

3/4" DIA. CONCRETE CONNECTIONS 
FASTENERS. 0.77 6.12 7.95 - - - 3.51 4.00 1.14 0.79 1.00 1.27 X ARE ADEQUATE 

.A/TA T/OA/: 
I. - CALCULATED SHEAR, K/PS 

2. VA - ALLOWABLE SHEAR K/PS 
3 SF,- SAFETY FACTOR, FOR 61/EAR 
4. - CAL CULATED BENDING STRESSKS/I 
5 - AL LOWABLE BENDING STRESS, KS/ 

fs 5-SAFE T-Y FA CTOR FOR ENVD/NG.TRESS 
7 Pr - CALCULATED AXIAL LOAQ kI/PS 
6. PA - ALLOWABLE AXIAL LOAD, K/PS 
9 S'o - SAFETY FACTOR FOR AXIAL LOAD 

/. F, KS/, ErC. -SEE A/SC CoNSRuCh/4N 11AM/AL, /80.  

TABLE 6 (CONT.)



CO0/NE C GONS 
IDEN TIEICAON FI7. " 0/ DESCR/P/FTIO Vc VA S FT PC PADrF CA/ETA P1EA 

COLUMN CONNECTIONS 
3/4" DIA. A307 ANCHOR 
BOLTS FOR: 

W12X65 COLUMN 0.87 4.73 5.44 - - - - - - 0.06 1.0 16.67 X CONNECTIONS 
ARE ADEQUATE TS 6X3X1/4 - - - - - - 22.7 84.4 3.72 - - - x 

BASE PLATES FOR: 

3" DIA. XS PIPE 35.90 43.2 1.20 - - - - - - X 

W12X65 COLUMN - - - 13.93 43.2 3.10 - - - - - - CONNECTIONS 

TS 6X3X1/4 - - - - - - 53.68 56.1 1.05 - - - x ARE ADEQUATE 

A/O TA 77 O/: 
. Vc - CALCULATED SHEAR, K/PS 

2. VA - ALLOWA&E SHEAR, K/PS 
3. Sry - 5'AFETY FACTOR, FOR SHEAR .  
4. f CAL CULATED BENDING STRESSKSI 
5 4 - AL LOWA8L Z BElvNG STRESS, KS/ 
Co SF - SAFETY FACTOR FOR BEND/N; STRESS 
7 F:- CALCULATED AX/AL LOAQ kIP& 
8 PA - ALLOW/A3LE AX/AL LOAD, K/PS 
- So - SAFETY FACTOR FOR AX/AL LOAD 

/0. 14, i, KS/, E rC. -SEASC CO S RUCT/ON' / AA'MAL, /W80.  

TABLE 6 (CONT.),



/4/SCEL LAA/EOUS ELE/ME/TS 

i7O70ICAr 7 F71 IDESCR/PT/Ol VC VA MC MA F P IEES C<RIA REMARKS FIG.Ak2 ___ ___ ___ ___ __ _ _ __ ___ YES Hvo 

BARI SOI - - - - 8.7 17.0 X SOIL BEARING PRESSURE IS 
BEARIG PRESUREACCEPTABLE.  

WALL FOOTINGS - - 9.8 26.4 - - X WALL FOOTINGS ARE ADEQUATE.  

ISOLATED COLUMN 
FOOTINGS 145.0 480.2 8.1 21.0 13.6 17.0 X SPREAD FOOTINGS ARE ADEOUATE.  

4 

AlOTAT/ON.: 
1 CA L CULA rED S/IEAR/'KIP8 

. V E SHEAR, R/ps 
8. 18 CALCULATED COMP/RESS/VE STRESS //Y 
4. A ALLOWABLE CO4PRESS1/VE STRESS K/PS/Fr' 

. Mc CALCULArED MO4E/I/ KIP- F7T Fr 
14 MA ALLOWABLE MOENT k/P-FT/FT TABLE 7



MASOAIRY WALLS 
PEERWES~ - - F - -IDE/1/CA TODrV PA Mc MA Oc D ClrEf/A REVAR/f5 

V4 IYC A10 

WM-A-n FIG. 2 NORTH SIDE OF ADMIN. 60 60 1.00 -8.36 3.16 0.38 4.0 3.0 X WALL IS ADEQUATE.  
BLDG. FACADE 

BY SIMILARITY 
(REFER TO SECTION 
4.1.6) 

WM-A-s SOUTH SIDE OF ADMIN. 59 60 1.02 8.56 6.47 0.76 1.4 3.0 X WALL IS ADEQUATE.  

WM-8-a II NORTH SIDE OF 85 81 0.96 - - - 20.37 7.54 0.37 4.1 3.0 X WALL IS ADEQUATE BY BATTERYROOM 
SIMILARITY (REFER 
TO SECTION 4.1.6) 

"0A T0 AP 
I A - DEFL ECT/OA AT YIELD OF RE/NFORCEMEwT /2. A&idWABLE AX/AL LWALKIP5 
2. MX/MUM oE FLECT/O /3. /3, $4FETYFACTOR FOR AXIAL LOAD 3 VC -CALCULATED SHEAR' PS/ 
4 V - ALO/VABLE SHEAR PSI 
5 - SdFETY FACTOR FOR SHEdR 
6 i -- CCULATED MOMEW FFET-(IP 
7 4 - ALLOVABZ E t4V01/E7 FEET-KIP 
8. SA- soFETY FACTOR FOR MO/4EN1T 
9 b'c - CALCULA TED DUCT/ /TYRATIO, 6u 

/0. 0A - ALtLOMABLE oUC TiL/TY RA770 
/It - C4tWULATEO AXA L LOAD, KPS TABLE 



) ~CAI /' C) A~V~T / L~NON-CRITICAL PORTION 
REINFORCED CONCRETE NA OF THE BUILDING.  

REFENCE SSF= 
/DENT//CAT/OA FIG. "0 OESCRIPrio/ Vc VA MUP Mc MAQA 

NWC-1 FIG. 8 REINFORCED CONCRETE 7.74 16.42 2.12 8.78 6.04 0.69 1.56 3.0 

WALL AT NORTH END OF 
ADIMINISTRATION BLDG.  
THICKNESS: 1'-1".  

NWC-C FIG. 8 REINFORCED CONCRETE 15.48 16.42 1.06 1.94 2.35 1.21 
WALL AT NORTH-WEST 
END OF ADMIN. BLDG.  
THICKNESS: 8" 

NorATOAl: 
n, y - DEFLEC T/M AT YIELD OF RE/NFORCEIfENT //. UF.-UT/L/TY FACTOR PERCENT OF 

2 A a- MAXIm/ DEFLECTIl4 THE /NTERACTio cAPACITY BE/NG UT/L/ZEc 
& Vc - CALCULATED SHEAR STRES, K/PS/Fr 
4 VA - ALLOWABLE SHEAR S7RESS,/f/PS/FT' 
- SF6 - %cETY FACTOR roR SHE4R 
4 l - CALCULATED oMENr rEET k/P/FT 
7 f4 ALL OWA&E /EAlFEET-K/P/Fr 
8 SFm- SAFETY FACTOR FORMOMEA/T 
9. a - CALCULATED Do/LITY RATO, Au/Ay 

/0. LM - ALLOWABLE OAcYTL/rYPAro 

TABLE 9



STRUCTURAL STEEL BEAM4S NON-CRITICAL PORTION 
OF THE BUILDING 

REFERENC SF F* SF,,.*SF 
IDENTIFICATION DESCRIP7ION Vc 64 Fbx SF F..' Re RA 

NBS-1 FIG. 8 W12 X 14 2.18 54.9 25.18 13.99 38.4 2.74 1.82 35.2 19.34 0.41 1.0 2.42 

ADMIN. ROOF 

NBS-2 

NBS-3 

NBS-4 W12 X 22 9.85 73.7 7.48 35.0 38.4 1.10 2.59 35.2 13.59 0.99 1.0 1.01 

ADMIN. ROOF 

NBS-5 

NBS-6 

NBS-7 

NBS-8 

NBS-9 

NOTAT/ON: 
L VC - CALC1LATED SHEAR./KIPS 
t. V- ALLOWA&E SHEAR. X/PS SAFeTY FACTOR FOR AX/AL LOAD 
3. SFr- SAFETY FACTOR FOR SHEAR 
4 sFb- sAFETY FACTOR 140/4Esf 7. P. - ALLOWA45LE COH61/NEO STRESS FACTOR 

SS - OVERALL SAFeTY FACTEOR 
-f'a .fdirb ErC - SEE A/SIC STEEL CONSTRUCTION 

(OOTNOTES: (DESIGNATED BY SUPERSCRIP7.) 
.1 INTERACTION EG- FOR STRUCFURAL STEEL: TABLE 10 

f.a -COMSN STRE SS - - OR FATOR 
ORAl/ Lf1t 0;K 

F0 f-( 1Fbw (I- jk Fbg GOoFu F0 Fk. F. Fs. Fta



NON-CRITICAL, PORTION STRUCTURAL STEEL /5EAMS O TIN 

REFERENCE SFr* SFb SFa-* SFU 
IDENTFF/CATION4 F .O. DESCR/P7/ON Vc Va SF, b 4 0 a. SIa Re RA QRF 

NBS-10 FIG. 8 W12 X 27 3.82 66.1 17.30 17.14 38.4 2.24 2.69 35.2 13.1 0.53 1.0 1.90 

NBS-11 
ADMIN. ROOF 

NBS-12 " 

NBS-13 - - 39.75 38.4 0.97 1.92 35.2 18.33 1.13 1.0 0.89 

NBS-14 - - - 20.91 38.4 1.84 1.15 35.2 30.69 0.61 1.0 1.63 

NBS-15 " 

NBS-16 W16 X 36 7.03 109.2 15.53 10.41 13.82 1.33 1.27 35.2 27.7 0.79 1.0 1.26 

ADMIN. ROOF 

NBS-17 13.67 109.2 7.99 21.77 35.2 1.62 1.72 35.2 20.5 0.81 1.0 1.24 

NBS-18 " 

NBS-19 " 

NBS-20 " 

NOTAT/ON: 
L VC - CALCLATED SHEAR. KIPS 
r. YA - ALLOWABLE SHEAR. KIPS . SF,- SAFETY FACTOR FOR AXIAL L0AD 
S. SFr- SAFETY FACTOR FOR SHEAR C Re - COM8/MED STRESS FACTOR 
4 sF,& - SAly FAcToR /4otfAIJ 7. A4. - ALLOWASLE COMS/NED STRESS FACTOR 

& SF - OVERALL SAFETY FACTOR 
St f4,,N~fb.ETC.-SEE A/SC STEEL CONSTRUCT/ON 

MANUAL 1980; KSI 
fOOTNOTES: (DESIGNATED AY SUPER SCRIP7S) 
1. INTERACTION Eas FOR STRUCTURAL STEEL: 

f Cm__x Cmyy __OR _ +O + + TABLE 10. (CONT.) 

OR- L k.\F. ,R 00F FOR F .. F. F f.lF OF-3 006FY, Fh. F, Fm. F& x Ftu



~I7C~jNON-CRITICAL, PORTION 
STRUCTURAL TEEL COLUMNSOF THE BUILDING 

AT/N ERENCE sFrS& ~
1

. SF,.v ReR SF= lz) 
IDENTIF/CATION IEEEDSCR/PTIO Vc V I' F1 F, RcR 

iN/FCFIG. APO DEW 

NCS-1 FIG. 10 TS 6"X3"X1/4" 16.34 13.88 0.85 

COLUMN 16.83 13.88 0.83 
NCS-2 168 1.8 .3

ADMIN. BLDG 

NCS-3 FOYER _ _ - .- - - 15.10 13.88 0.92 - -

NOTAT/ON: 
L VC- CALCULATED SHEAR.K/PS 
. VA - ALLOWA6LE SHEAR.A/PS - & SF- SAFETY FACTOR FOR AX/AL LOAD 
5. SFr- SAFETY FACTOR FOR SHEAR a RC - COMS/NED STRESS FACTOR 
4. SF~ SAFETY FACTORHOMEWT 7. RA ALLOWABLE COMS/NED STRESS FACTOR 

& SF - OVERALL SAFETY FACTOR 
Afsy~fs ETC.-SEE A/SC STEEL CONSTRUCTION 

/t4 N.A L /9 80; A' sr 
FOOTNOTES: (DES/GNA TED AY SUPERSCR/PTS) TABLE 

. INTERACT/ON Eag FOR STRUCT4RAL STEEL.  
fa Cm _ Cm h fa fa _ f +OR L fbN 'F 

S A +_OR + -O 
F F (- )Fbx (- )Fb O.GOF9 Fbw Fbq Fa. Fb Fb



NON-CRITICAL PORTION 

C AINE C /O 01\15- OF THE B 

/ENT/F/CAT/OAI RI. R DESCR/PrOA Vc VA PC PA r 

W16X36 MEMBERS.  

3/4" DIA. A325F BOLTS 
THROUGH OUTSTANDING 
LEG OF CLIP AGLE. 5.44 12.32 2.26 - - - - - - - -

3/4" DIA. A325F BOLTS 

THROUGH WEB OF BEAM 
AND CLIP ANGLE 5.91 12.32 2.08 - - - 4.19 31.1 7.42 - -

N/O TA T/ 0A.  
I. V - CALCULATED SHEAR, k/PS 

2. VA - ALLObALE SHEAR, K/PS 
3 SFy - 5'AFETY FACTOR, FOR SHEAR 
4. - CALCULATED BENO/NG STReSSKS/ AJ - AL LOWABL E BENDING STRESS, KS/ 
A.54- - SAFETY FACTOR FOR BND/NG'S7TRESS 
7 Pr - CALCULATED AX/AL LOAQ I/PS 
8 PA - ALLO&/A3LE AX/AL LOAD, kIPS 
9 Srp - SAFETY FACTOR FOR AX/AL LOAO 
/0 P4, F, KS/, ETC. -SEE A/SC ONaSTRUCT/OaN IANAA4/ /780.  

TABLE 12



CO /NEC/NSON-CRITIAL 
PORTION 1 ~Co ,ii c r/o0 s' OF THE BUILDI~NG 

iDENrficAr/OAI FEG . E DESC/PTION VC VA A Pc AA 

BEAM TO INSERT PLATE 
CONNECTION FOR W12X27 2.74 12.32 4.50 6.77 43.2 6.38 3.89 13.12 3.37 0.43 1.00 2.33 

BEAM TO INSERT PLATE 
CONNECTIONS FOR W16X36 3.47 12.32 3.55 15.36 43.2 2.81 4.87 13.12 2.69 0.82 1 .00 1.22 

BEAM POCKET CONNECTION 1.45 2.32 1.60 - - - 6.84 6.08 0.89 1.67 1.0 0.60 
AT EAST END OF NBS-17 

/.1c -CALCULATED SHEAR, K/PS 
2. VA ALLOWA/3LE SHEAR, K/PS 
3 SF - SAFETY FACTOR, FOR SMEAR 
4. . -CALCULATED BENO/NG STrE'SKsIff 
5" - AL LOWABL E 6END/NG STR As/ 
Co. SF - SAFETY FACTOR FOR BENDING STRESS 
7. /% - CALCULATED AX/AL LOAQ If/PS 
a PA - ALLOWA/3LE AXIAL LOA, K/PF 
9 SF - SAFETY FACTOR FOR AX/AL LOAD 

/a ., r, KS/, E TC. - SEE A/SC eOA/STRCT/ON IA//UA4, /?80.  

TABLE 12 (CONT.).



CO ANE C T/N NON-CRITICAL PORTION 
C " E rVO - OF THE BUILDING 

REFfRENCE - F 
/DENT/FICAT/O/ FG. O JESCR/PTOWAI Vc VA PA Pc PA 

CAP PLATE CONNECTION FOR 
IS 6X3X1/4 COLUMNS 

3/4" DIA. A325F 
BOLTS THROUGH BEARING 
PLATE. - - - - - - 38.20 62.2C 1.63 - -

COLUMN CAP PLATE - - - 38.70 43.20 1.12 - - - -

BASE CONNECTION 
FOR TS 6X3X1/4 COLUMNS - - - - - - 38.2 84.4 2.22 - -

1. Ic - CALC.LATED SHEAR, k/P& 
2. VA - A LLOVA/3LE SHEAR, KIPS 
3 S G AFETY FACTOR, FOR SHEAR 
4. I -CALCULATED BENO/NG STRESS KS 
5 [4-ALLOWABLE BEND/NG 77T1?ESS, K IS/ 
ro. SF SAFE TY FACTOR OR BENDINVG.-STRESS 
7 /%-CALCULATED AX/AL LOAQ K/PI 
8 A - ALLOWA/3LE AX/AL LOAD, k/PRS 
9 SF 6 AFETY FACTOR FOR AX/AL LOAD 

/4 F 4, KS1, E TC - SEENASC COA/STRUCTr.7N lyANUAL1, /180.  

TABLE 12 (CONT.)
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