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EXECUTIVE SUMMARY

The purpose of the technical report is to analyze the existing conditions of the site of the Westinghouse
Electric Company Corporate Headquarters Building One and design as was designed by LLI Engineering
and IKM, Inc. One of the other goals of the report is to understand the structural design of the building so it
can correctly be analyzed and adjusted in future reports.

The Westinghouse Electric Company Corporate Headquarters will be a three building campus with site
features such as asphalt walking paths and volleyball courts on eighty-three acres in Cranberry, PA. For
the purpose of the project, only Building One will be analyzed as the other two are considered a separate
project by all parties involved. The truncated V-shape building has been given a look of importance with
polished concrete block merging into brick stepped-out columns to accentuate the verticality of the five-
story 74’-6” tall structure.

The report discusses the main structural framing, foundation types, and material types. The gravity load
system is a composite metal deck and beam system using 2” 22 gage deck and 2-1/2” topping. Lateral
load resisting systems are mentioned, but not discussed in detail as the system is an ordinary moment
frame connection for wind moment connections. Spot checks of several members for gravity loading using
Load and Resistance Factor Design (LRFD) are included in Appendix D of the report. All members looked
at in the report have been determined to be acceptable.

All wind and seismic loads were determined using ACSE 7-05 chapters 6, 11, and 12. The wind loads
were determined to be reasonable as well as the seismic. The seismic loads were calculated and then
studied with more care. The design professionals used an R=3.5, which is certainly attainable for this
building. However, due to the extra care buildings with an R>3 require, the buildings have a higher
potential for incorrect installation. Therefore, the building was studied using an R=3 and an R=3.5s0 a
comparison could be made with the design professionals’ values.

The appendices of the technical report include a typical floor plan with spot check columns labeled detailed
wind calculations, seismic calculations, and spot checks.
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INTRODUCTION

WESTINGHOUSE ELECTRIC COMPANY CORPORATE HEADQUARTERS BUILDING ONE

The Corporate Headquarters building for the Westinghouse Electric Company is located in Cranberry, Pennsylvania.
Just north of the city in Butler County, the site is on 83 acres in an office park easily accessible by I-79 and PA-228.
With five above grade floors and a full 17’ high basement, Building One will be the main building on this campus.
Complete with cafeteria, gym, locker rooms, offices, and executive conference rooms, the flagship building comes
well equipped. At 434,800 square feet, the building makes quite an architectural statement.

The main building utilizes a powerful T —— T

entrance with a two-story atrium to
express its importance. The first floor
also has a height of 18’-0" to emphasize a
larger space while floors two through four
have floor-to-floor heights of 14’-0”. The
fifth floor has a height of 14'-6". Building
one has a total height of 74’-6” above
grade. Aluminum and glass curtain walls
add light and make the building feel more open while polished concrete at the base of the brick fagade accentuate
the height. The foundation system consists of caissons in addition to some spread footings and grade beams. A
typical bay is 45’-0” by 24’-0”, and uses a steel system with composite beams and deck. In most of the building, the
girders are not composite, but the beams framing into the girders have some composite action. The floor system is a
2" 22 gage steel deck with 2-1/2” of lightweight concrete topping. The Westinghouse Electric Company Corporate
Headquarters Building One has two expansion joints present, thus creating essentially three structural buildings
inside of one. The expansion joints create the East, Center, and West parts of the building. These joints can be
seen along column lines 7.9 and 8 between the east and center portions, and column lines 21 and 21.1 between the
center and west parts of the building.

Lateral loads were calculated in preliminary fashion and torsion was not considered. Wind and seismic loads were
calculated using ASCE 7-05. Member checks were performed for a column on each floor, the deck, a beam, and a
girder.
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STRUCTURAL SYSTEMS

FOUNDATIONS

Caissons are the main element in the foundation system. Each was designed to carry 8,000 psf. The
caissons range from 36" to 84" in diameter and from 8-0” to 30’-8” in height. On top of each caisson, there
is a 2™-6” cap with #6@8” each way on the top and the bottom and base plates for the columns. The 5" slab
on grade in the basement bears directly on the soil and the thickened slabs under the non-load bearing
walls. On the south side and the east portion of the building, where the sixty-seven caissons (67) are not
present, there are spread footings or grade beams. The sub-grade walls in the basement (referred to in
drawings as grade beams) range from 1’-4” to 1’-8” wide and are 14’-4” deep. The bottom reinforcement in
the grade beams is mainly (3) #6, but varies from #6 to #9 and in number. Top reinforcement also varies
from #6 to #9 and from two bars to four bars. All end reinforcing bars are #6, but vary from two bars to four
bars.

FLOOR SYSTEM

The floor system for the corporate headquarters main building consists of 2” 22 gage metal deck with 2 %2
lightweight concrete topping, for a total slab depth of 4 %2". The typical bay size of this composite steel
system is 24’-0” by 45’-0". W21 beams (W21x44 typ.) spaced 24’-0" on center and W18x35 beams spaced
8-0” on center support the deck and transfer the load to the W24 girders (W24x55 typ.). The girders then
continue to transfer the load to the columns. The 5” thick slab-on-grade in the basement of the
headquarters is the exception to the typical floors. The roof uses a different system consisting of 1 2" 20
gage roof deck, steel beams and steel K series joists. However, the roof system uses 2” 20 gage metal
deck with a 2 %2" lightweight concrete topping at the penthouse. Where the penthouse is absent, roof uses
a fully adhered EPDM roofing system including the membrane over %" protection board over tapered
insulation over 5/8” type X GWB over the roof decking.

LATERAL SYSTEM
The Westinghouse Corporate Headquarters Building One uses moment connections at every column to
resist lateral loads.

COLUMNS

The columns used in the headquarters are typical for a mid-rise building. The large columns in the
basement and first floor of the building are W36x230 at the largest, but typically are W14x90. The
W36x230 columns are so large due to the entire front fagade of the building bearing on a W36x230 beam
and the two columns. On the roof, any columns that do not continue up from the fifth floor are W10x49 or
W10x33. The rest of the building is generally the same size, of course with some smaller sizes of columns,
such as W10’s on the fifth and roof levels. The base plates have four possible layouts and range in
thickness from 1 %" to 3”.
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CODE AND DESIGN REQUIREMENTS
These are the design standards, codes, and design criteria used by the design professional and in the calculations
for this report.

APPLICABLE DESIGN STANDARDS
THE 2006 INTERNATIONAL BUILDING CODE

ACI 318-05 (REINFORCED CONCRETE DESIGN)
AISC STEEL CONSTRUCTION MANUAL, 13™ EDITION
ACI 530 (MASONRY STRUCTURES)

ASCE 7-05 (MINIMUM DESIGN LOADS FOR BUILDINGS AND OTHER STRUCTURES)

DEFLECTION CRITERIA
FLOOR DEFLECTION CRITERIA

L/240 TOTAL LOAD
L/360 LIVE LOAD
L/600 CURTAIN WALL LOAD
LATERAL DEFLECTION CRITERIA
H/400 TOTAL ALLOWABLE WIND DRIFT
H/400 STORY WIND DRIFT

H/50 TOTAL ALLOWABLE SEISMIC DRIFT (A=0.02Hsx FROM TABLE 12.12-1 ASCE 7-05)
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MATERIALS

The materials used in the Westinghouse Electric Company Corporate Headquarters as listed on the
general notes page of the structural drawing set are as follows and were used in design and analysis as
appropriate.

CONCRETE
Freezing Temperature Exposure Air entrained (6% +1%)
Slab-on-grade 4,000 PSI
Slab-on-deck 4,000 PSI
Caissons 3,000 PSI
Footings and Caisson Caps 3,000 PSI
Walls and Piers 4,000 PSI
Over excavation fill 2,000 PSI
REINFORCING STEEL
Reinforcing Bar ASTM A-615
Welded Wire Fabric ASTM A-185
STRUCTURAL STEEL
W-Shapes ASTM A-992
C-Shapes ASTM A-36
Steel Pipe ASTM A-501
Tubes ASTM A-500 Grade B
METAL DECK
Bolts ASTM A-325, %" diameter
Deck ASTM A611 Grade Cor D
Studs %"x 3 %" headed stud
MASONRY
CMU ASTM C-90
Concrete Brick ASTM C-55 type N-1
Mortar ASTM C-270

Grout ASTM C-476
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GRAVITY AND LATERAL LOADS

The loads on the building are applied as such based on the design professional’s specification on the drawings. It is
understood these values are conservative since the live load of 80 PSF is used everywhere on the upper floors and a
partition load is also used. This is discussed further in other sections of the report. The load combinations from IBC
2006 were taken into consideration and the boxed ones were used for the lateral analysis of the frames in the
building.

Dead Loads

Construction Dead Load

Concrete 115 PCF
Steel 490 PCF
Partitions 10 PSF
M.E.P. 5PSF
Finishes 3 PSF
Live Loads

Public Areas 100 PSF
Lobbies 100 PSF
Corridors above 18t 80 PSF
Office 50 PSF
Mechanical 150 PSF
Stairs 100 PSF

From IBC 2006:
1605.2.1 Basic Load Combinations
(As applied to this Report)

14D Eq 16-1
12D +1.6L Eq 16-2
1.2D+1.0L Eq 16-3
1.2D+0.8W Eq 16-3
1.2D+1.0L+1.6W Eq 16-4
1.2D+1.0E+1.0L Eq 16-5
0.9D+1.6W Eq 16-6

0.9D+1.0E Eq 16-7
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WIND DESIGN

Wind loads were analyzed using section 6.5 of ASCE 7-05. The loads were calculated as well as analyzed for the
North-South direction in addition to the East-West direction. Despite the fact two other buildings will be in place on
each side of Building One of the headquarters campus, the wind loads were calculated as if buildings two and three
were non-existent. Appendix B contains a detailed analysis of this calculation. The footprint was considered to be
rectangular with the one of the sides the maximum length of the exterior of the building for this analysis. Wind effects
on the roof were also neglected. The fundamental period was determined using a simplified method. Since the
building is much longer in the chosen N-S direction than the E-W direction, the wind analysis shows the N-S direction
controlling the design.

Wind Pressures (psf)
HFe'i‘;ﬂ:s Level J;;'t K, - [ Ns N-S NS | EW | EW E-W
Windward [Leeward Side Wall |Windward [Leeward Sidewall
14.5 Roof 74.5 0.908] 13.924 11.09 -8.13 -10.38 11.86 -4.84 -10.69
14 5 60 0.85] 13.034 10.54 -8.13 -10.38 11.67 -4.84 -10.69
14 4 46 0.79] 12.114 9.97 -8.13 -10.38 11.26 -4.84 -10.69
14 3 32 0.712] 10.918 9.24 -8.13 -10.38 10.85 -4.84 -10.69
18 2 18 0.59] 9.201 7.89 -8.13] -10.38 10.64 -4.84 -10.69

Figure 1: Wind Pressure with respect to height

The wind story forces are summarized in these pictures of each side of the building. The story forces are on the left
and the story shears are on the right side of the pictures.

Wip  MoZTH - SewrH S1oRy FortEs A SHEARS

151.(6"———
¢ M5 AT
H“\',B — | 3
) r]‘f' —— 9.1
174 ——
. ' —u
1325 —— r
f | S
139.5—| | "
I?. , .|
———— 544! 4

Figure 2: N-S Distribution of Wind Pressure
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Figure 3: E-W Distribution of Wind Pressure
Wind Design
Level Load (kips) Shear (kips) Moment (ft-k)
N-S E-W N-S E-W N-S E-W
Roof 151.6 30.5 0 0 2198.6 442 .4

5 144.8 20.7 151.6 30.5 2026.7 415.2
4 137.9 284 296.4 60.2 1930.7 397.7
3 132.3 27.7 434.3 88.6 1852.1 387.5
2 139:5 31.2 566.6 116.3 25111 562.0
Total 706.1 147.5 706.1 147.5 | 10519.2 | 2204.8

Note: Total Base Shear includes load from Windward and Leeward pressures
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SEISMIC DESIGN AND ANALYSIS

Seismic loads were calculated using ASCE 7-05, Chapters 11 and 12. Since the design professional used a
response modification factor of 3.5, R= 3.5 was used. However, because not all structures are constructed to the
higher standards used for this building, an R-value of 3 was also used for comparison. The site falls into site class D,
seismic category B, and occupancy category Il. Factors and accelerations were calculated using ASCE 7-05. After
analysis, a response factor of R=3.0 would result in higher story forces and therefore higher shears and moments
than the R=3.5 from the analysis performed and the design professionals’ analysis.

The values calculated for R=3.0 and R=3.5 are not very different. More conclusive calculations are shown in the
Appendix. The values used for all the seismic calculations, including the MCE Spectral Response Acceleration short
and 1 second, the Design Spectral Acceleration short and for 1 second, and the Spectral Response Acceleration
short and 1 second all are reasonably close to the United States Geological Survey website’s calculations for the site.
The weight of each of the floors of the building was calculated using slabs, exact weights of the columns, and
approximate weights of all beams and connections. Some of the floor calculations are shown in the Appendix.

Seismic Design Values, ASCE 7-05
Occupancy Il Table 1-1
Importance Factor I=1 Table 11.5-1
Site Class D Table 20.3-1
Spectral Response Acceleration, short Ss= 0.12 Figure 22-1
Spectral Response Acceleration, 1 sec S1=0.046 Figure 22-2
Site Coefficient F, F.=16 Table 11.4-1
Site Coefficient Fy Fv=24 Table 11.4-2
MCE Spectral Response Acceleration, short Sus= 0.192 Eqg. 11.4-1
MCE Spectral Response Acceleration, 1 sec Syi= 0.1104 Eq. 11.4-2
Design Spectral Acceleration, short Sps= 0.128 Eq. 11.4-3
Design Spectral Acceleration, 1 sec Sps= 0.0736 Eq. 11.4-4
Seismic Design Category B Table 11.6-1

Figure 5: Seismic Design Values

Seismic Design Values, ASCE 7-05
Response Modification Coefficient R=3 R=3.5 Table 12.2-1
Coefficient Cy=17 Cy=17 Table 12.8-1
Fundamental Period T= 1.497 T=1.497 Sec. 12.8.2
Seismic Response Coefficient Cs= 0.016 Cs= 0.014 Eq. 12.8-3
Building Height (above grade) h=74.5 h=74.5

Figure 6: Seismic Design Values for R=3 and R=3.5
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Figure 6: Story Shears, Forces and Moments for R=3.0

Figure 7: Story Shears, Forces, and Moments for R=3.5

Figure 8: Story Shears, Forces, and Moments, R=3.5 and Cs from design professional, conservative values
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MEMBER CHECKS

Five members were chosen to determine the adequacy of their loading and size. All five members chosen were
proven to be adequate. In actuality, for pure gravity loading, the columns are shown as oversized. This is due to the
moment connections for the lateral system. The columns must take more lateral load in addition to the gravity loads.
A composite girder was also checked for this report and found to be adequate. Appendix D contains these
calculations. Aside from this column, the rest were calculated using a simplified method.
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CONCLUSIONS

The Westinghouse Electric Company Corporate Headquarters is a typical building with steel framing and composite
floors. The spots checks chosen proved the building worked, but according to the loads used in this report, the
columns were over-designed. The members appear to be over-designed due to the wind moment connections at
every column and the fact that the moment connections were not taken into consideration. It is important to note
wind and seismic loading were both ignored in the analysis of each member and the lateral system is a wind moment
connection on every column. The wind moment connection is most likely the reason the columns appear to be over-
designed, but the moment connection is the only lateral framing system which means the columns take more load
than those with which they were checked. Also, second order effects and column and beam stiffness were not taken
into consideration. In later reports and calculations, these effects will be addressed and accounted for in design. Al
these items taken into consideration, it is quite acceptable for a first analysis.

The lateral loads were only analyzed in a preliminary manner. The seismic loads have been are reasonably
comparable to the design professionals’ values for the same loads. Both R=3.5 values are within reason to each
other, thus proving the accuracy of the calculations. An R=3 value was used since it is the highest value that does
not require extra inspection and care in the design of the connections. The R values were analyzed with two different
values for comparison since the design professional used R=3.5 and the typical value was used as a comparative
value. The R=3.0 value gives the highest story shears and story forces. In the seismic loading, torsion was not
considered, and the loads are therefore not as high as they have the potential to be. The wind design did not
consider torsion either. The wind analysis was performed using ASCE 7-05 as a guide and making sure to meet all
the code requirements.

The main difference in the spot checks stems back to the lateral system of the building. If there were different
framing, braces or other types, the loads on the columns could be greatly reduced, and thus the size reduced. So if
the size of each column could be reduced, money could potentially be saved, but the appearance and grandeur of
the corporate headquarters building could also be greatly reduced. One of the main reasons for a separate
headquarters building is to have it as a symbol of the building and the current design certainly does provide a symbol.
The building currently has a composite metal deck and beam system. The deck and beams were found to be
adequate in the member check portion of this report and the appendix.

Further calculations, tables, and notes are contained in the appendices.
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APPENDIX A: TYPICAL FLOOR LAYOUT
First Floor Layout
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APPENDIX B: WIND LOAD CALCULATIONS

MAIN WIND-FORCE RESISTING SYSTEM (ASCE 7-05) Wind Direction
Variable [N-S E-W
-Basic Wind Speed (V) mph S0 Stiffness Flex Flex
B 544 126
Exposure Category B
L 126 544
Importance Factor (I) 1 - A5 G
Wind Directionality Factor (Kd) 0.85 — —
Topographic Factor (Kzt) 1 z 30 30
[y 320 320
€ 0.333 0.333
WHOLE BUILDING L/B AND VALUES — - o 025 025
P B 0.05 0.05
East-West Direction Vv 90 90
Windward 4.317 0.8 V, 64.082 | 64.082
;‘?;Wa’ﬁ :21; '8-? L, | 354.06 | 354.06
North-South Direction e . | :11 0.706 0.706
Windward 0.232 0.8 R1 03'09509 03'09509
Leeward 0.232 -0.5 L . .
Sidewal 0.232| -0.7 Ry 0.230 | 0.230
Ry 0.036 0.144
R, 0.046 0.011
b 0.45 0.45
R 0.073 0.145
I, 0.285 0.285
dr 4.106 4.106
(of 13.924 13.924
Q 0.726 0.833
Gy 0.771 0.839
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WIND CALCULATIONS CONTINUED:

dp = 0.00256 K, KK V?I= 13.924
GCpn= 1.5 -1
Pp = q,GCpn = 20.885 -13.924
ny=222 = 0.706
——
Oa = gv = 34

gr = V(2In(3600n;,)) +0.577/(N(2In(3600n1))=

z= 0.6h= 447
Zmin = 30"
|, = ¢(33/2)"= 0.285
L, = I(z/33)° = 354.06
Qus=  V(1/(1+0.63( B+h/L,)*%*) = 0.726

Qew=  V(1/(1+0.63( B+h/L,)*®®*)) =  0.833
V, = b(z/33)"V(88/60)= 64.082
N,= nL/V,= 3.90
R,= 7.47N,/(1+10.3N,)**= 0.059

R,= 1/h-1/(2n%)(1-e") = 0.230
h= 4.6n,h/V,=  3.774

4.106
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WIND CALCULATIONS CONTINUED:

NS
R,= 1/h-1/(2h%)(1-e") = 0.036
h=4.6n,B/V; 27.558
R.= 1/h-1/(2h%)(1-e2") = 0.046

h=15.4n,L/V. 21.36901

R

V((1/b)(R,R,Ry(0.53+0.47R, )= 0.073

G 0.925 [ (1+1.71,¥(9°Q%*+gx*R?))/(1+1.7g,1,)]= 0.771
E-W

Ry= 1/h-1/(2h%)(1-e™") = 0.144

h=4.6n,B/V;  6.383

R.= 1/h-1/(2n?)(1-e™") = 0.011
h= 15.4n,L/V. 92.25985

R= V((1/b)(R,R,R,(0.53+0.47R, )= 0.145
G 0.925[(1+1.71,V(9°Q%+gx’R?))/(1+1.7g,l,)]=  0.839

9= 0.00256K,K,K;V? = 15.33427 K,
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WIND CALCULATIONS CONTINUED:

Design Wind Pressures p in E-W Direction (Table 5.41)
Height External | Internal
Location above q(psf) Pressure | Pressure Net Pressure p (psf)
Ground 4GC, (psh]| anGC,
Level z (ft) P P +Gepi -Gepi
Windward 74.5 13.92 9.35 2.51 6.84 11.86
70 13.65 9.17 2.51 6.66 11.67
60 13.03 8.75 2.51 6.25 11.26
50 12.42 8.34 2.51 5.84 10.85
46 12.11 8.14 2.51 5.63 10.64
40 11.65 7.83 2.51 5.32 10.33
32 10.92 7.33 2.51 4.83 9.84
30 10.73 7.21 2.51 4.70 9.72
25 10.12 6.80 2.51 4.29 9.30
20 9.51 6.39 2.51 3.88 8.89
18 9.20 6.18 2.51 3.67 8.69
15 8.74 5.87 2.51 3.36 8.38
Leeward |AIl 13.92 -2.34 2.51 -4.84 0.17
Side All 13.92 -8.18 2.51 -10.69 -5.68
Design Wind Pressures p in N-S Direction (Table 5.41)
- ';g;%r: External | Internal Net Pressure p (psf)
Location q(psf) Pressure | Pressure
Ground qGC, (pshH| anGC,
Level z (ft) P " | +Gepi | -Gepi
Windward 74.5 13.92 8.58 2.51 6.08 11.09
70 13.65 8.41 2.51 5.91 10.92
60 13.03 8.03 2.51 5.53 10.54
50 12.42 7.66 2.51 5.15 10.16
46 12.11 7.47 2.51 4.96 9.97
40 11.65 7.18 2.51 4.68 9.69
32 10.92 6.73 2.51 4.22 9.24
30 10.12 6.24 2.51 3.73 8.74
25 9.51 5.86 2.51 3.35 8.37
20 8.74 5.39 2.51 2.88 7.89
18 8.74 5.39 2.51 2.88 7.89
15 8.74 5.39 2.51 2.88 7.89
Leeward |All 14.61 -5.63 2.51 -8.13 -3.12
Side All 14.61 -7.88 2.51 -10.38 -5.37
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WIND CALCULATIONS CONTINUED:

Wind Pressures (psf)
HFe'iZ‘r’]'t's Level J;;ar:t K, dz N-S N-S NS | EW | EW E-W
Windward [Leeward Side Wall |Windward [Leeward Sidewall
14.5] Roof 74.5 0.908] 13.924 11.09 -8.13| -10.38 11.86 -4.84 -10.69
14 5 60 0.85] 13.034 10.54 -8.13( -10.38 11.67 -4.84 -10.69
14 4 46 0.79] 12.114 9.97 -8.13] -10.38 11.26 -4.84 -10.69
14 3 32 0.712] 10.918 9.24 -8.13| -10.38 10.85 -4.84 -10.69
18 2 18 0.59] 9.201 7.89 -8.13] -10.38 10.64 -4.84 -10.69
Wind Design
Level Load (kips) Shear (kips) Moment (ft-k)
N-S E-W N-S E-W N-S E-W
Roof 151.6 30.5 0 0 2198.6 442 .4
5 144.8 29.7 151.6 30.5 2026.7 415.2
4 137.9 28.4 296.4 60.2 1930.7 397.7
3 132.3 27.7 434.3 88.6 1852.1 387.5
2 139.5 31.2 566.6 116.3 2511.1 562.0
Total 706.1 147.5 706.1 1475 | 10519.2 | 2204.8

Note: Total Base Shear includes load from Windward and Leeward pressures
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APPENDIX C: SEISMIC LOAD CALCULATIONS

Seismic Design Values, ASCE 7-05

Response Modification Coefficient
Coefficient

Fundamental Period

Seismic Response Coefficient
Building Height (above grade)

R=3
Cy=17

T=1.497
Cs=0.028

h=74.5

R=35 Table 12.2-1
Cu= 1.7 Table 12.8-1
T=1497  Sec.12.82
Cs=0.014  Eq. 1283
h=74.5

F, Values (Table 11.4-1 ASCE 7-05)

F, Values (Table 11.4-2 ASCE 7-05)

Se=025  Sg=05 S¢=0.75  S=1.0 Sg=1.25 Si<01  S$=03  §=03  S,=04  $;205
D 16 14 12 12 1||o 24 2 18 16 15
Calculated Values USGS Website Values
Ss= 0.12 (From Figure 22-1) Ss=0.125
S4=0.046 (From Figure 22-2) S;=0.048
SMS_ Fa*SS = 0.192 SMSZ 0.2
Swi= F/Si= 0.1104 Syi= 0.116
Sps=  2Sys/3= 0.128 A (Table 11.6-1) Sps= 0.133
Spi= 25y/3=  0.0736 B (Table 11.6-2) Spi= 0.077
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SEISMIC CALCULATIONS CONTINUED:

The values for all the seismic coefficients were determined using ASCE 7-05 equations and tables. The building was
first confirmed as Seismic design category B by using Table 11.6-2 of ASCE 7-05. Once the design category had
been confirmed, the approximate period was calculated by using equation 12.8-7 and table 12.8-2. Since ASCE 7-05
section 11.6 requires where an Sq value is less than 0.75 the Seismic Design Category can be determined solely on
table11.6-1 and 11.6-2 when T2> 0.8Ts, the period used to calculate drift is less than Ts, equation 12.8-2 is used to
find Cs, and rigid diaphragms are present.

Calculated Values USGS Website Values
Ss=0.12 (From Figure 22-1) S¢= 0.125
S;=0.046 (From Figure 22-2) S,= 0,048

. S|v|s= 0.2
SMS= Fa SS = 0192 SM1= 0 116
Sw= F/Si= 01104 Sos= 0133
Sps=  2Sys/3= 0.128 A (Table 11.6-1) Sn= 0.077
D1™ V.

Spi=  2Sy4/3= 00736 B (Table 11.6-2)

Cr=0.028 (From Table 12.8-2)
X=028 (From Table 12.8-2)

T,= Chy = 0.8808116
Te= Spi/Sps= 0.575
08Ts= 046  <T,therefore must use Table 11.6-1,2

T.= 12 (From Fig. 22-15 p. 228 ASCE 7-05)

Cs values were calculated according to Section 12.8.1.1 equations 12.8-2, 12.8-3, and 12.8-4 and checked against
the minimum requirement from EQ 12.8-5 of Cs=0.01. Equation 12.8-3 is a maximum for this structure, and
equation 12.8-4 does not apply since equation 12.8-3 does. The values were then compared based on R and what

the professional calculated.
R=3 R=3.5 R=3.5, consultant

Sps/(RN) = 00427  0.0366 0.0382
Cs= MAX Sp/(T*R/I) = 0.0164  0.0140 0.0147
for >T,  SpTU(T?RIN) = 0.3795 0.3253 0.1181

T= Cy'T.= 14973798
k= 1.499 W= 285024
v=CsW 466.99 R=3.0

400.28 R=3.5
419.85 R=3.5 from consultant
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Floor #3

Approx. Area: 72932 ft° Floor to Floor Height: 14 ft
Slab:

22 GA Deck 2

Thickness= 2.5

unit weight= 34 PSF

total weight= 2480 kips

Columns:

Shape Quantity Um;[IZ\//f?)lght H(t:a?;ﬁ;n(?t) Total Weight
W14x99 19 99 14 26.3 kips
W14x132 6 132 14 11.1 kips
W14x120 18 120 14 30.2 kips
W14x90 8 90 14 10.1 kips
W14x109 109
W14x145 12 145 14 24.4 Kips
W14x159 6 159 14 13.4 kips
W14x82 12 82 14 13.8 kips
Total Weight= 129.2 kips
Beams
Connections,

Bracing, etc.

allowance= 11 psf

Total Weight= 802.3 Kkips

Super Imposed Dead:

partitions= 10 psf

MEP= 5 psf

Finishes= 3 psf

Total Weight= 1312.8 kips

TOTAL FLOOR WEIGHT: 4724.0 or 64.8
kips psf

Typical floor weight calculation.

The floor weights used for the seismic
calculations were calculated using a 34
PSF deck weight from United Steel
Deck over the entire area, added to the
column weights. Also, the
superimposed loads were added and a
bracing allowance to account for
beams as part of the floor system.
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The different response modification coefficients yield different story forces, story shears, and moments as seen

below.

Floor @ | n® | e | owet |G PR 0 e
Roof 4240.5 74.5 639.41| 2711449 0.359 167.42 0] 12473.065
5 4713.6 60 462.27( 2178985 0.288 134.55 167.42| 8072.7394
4 4726.5 46 310.43| 1467216 0.194 90.60 301.97| 4167.4204
3 4724.0 32 180.20 851252 0.113 52.56 392.57| 1681.9916
2 4653.4 18 76.08 354028 0.047 21.86 445.13] 393.48265
1 5444 .4 466.99

Sum 28502.4 745 1668.39| 7562930 1.000 466.99 466.99| 26788.699

Story Shears, Forces and Moments for R=3.0

Floor w | n | onim | owet | e SRR ity
Roof 4240.5 74.5 639.41| 2711449 0.359 143.51 0] 10691.199
5 4713.6 60 462.27| 2178985 0.288 115.32 143.51| 6919.4909
4 4726.5 46 31043 1467216 0.194 77.65 258.83| 3572.0746
3 4724.0 32 180.20 851252 0.113 45.05 336.48| 1441.7071
2 4653.4 18 76.08 354028 0.047 18.74 381.54( 337.27085
1 5444 4 400.28

Sum 28502.4 745 1668.39] 7562930 1.000 400.28 400.28| 22961.742

Story Shears, Forces, and Moments for R=3.5

Floor w® | hty | hEm | wh Co Stﬂ?: Fkt;rce St°\"/3i (Sk*;ear '\F"l‘;:)”re(’;tt:)t
Roof 4240.5 74.5 639.41| 2711449 0.359 150.53 0] 11214.138
5 4713.6 60 462.27( 2178985 0.288 120.97 150.53| 7257.9442
4 4726.5 46 310.43| 1467216 0.194 81.45 271.49| 3746.7956
3 4724.0 32 180.20 851252 0.113 47.26 352.94| 1512.2254
2 4653.4 18 76.08 354028 0.047 19.65 400.20] 353.76779
1 5444 .4 419.85

Sum 28502.4 74.5 745 7562930 1.000 419.85 419.85] 24084.871

Story Shears, Forces, and Moments, R=3.5 and Cs from design professional

Results: The story forces, shears, and moments are similar between all three different coefficients. The R=3.0
values are the most conservative, as was expected.
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APPENDIX D: SPOT CHECKS
First Floor Column B-14

-H ¥ Aoor

(oLoMN Size: W Kx2il Aq= (2.0 0*
HEIGHT ¢ H=1B" Iy= 2060 w! Mk=0HN
R = F2H Iy = 1050 W (‘VH.O? N
OPn=22730"

Heen =3B.125%24 =95
L. 180 - 3 Defto- 4P X 125
R 055 Lve = BOPORx Lo x 4

I = 16 Yoyl x4
L - I82) - 52 € omoLs "

I-‘fl J\)':}

K}
B < 43 fE7#y = 432300050 = 134

DANB 5 mELASTC REHAVIOR
50[101:6

%E‘?- . [6{906) 'FY!F;]FY o 6(05'3 0=40F

Fe=TE = L@ -10.6F
C:_\_,,_T (55.0_‘})Z
=

Pn= Foe o =407 (62) =2523,4 i
&P = 06(2523 4)=22%"
Taez 4-1 Alsc #"En

* Wiop (ormecyEp Modent (omozmon ON CaioN
AeesunTs FoR GHAT APPEARS & B OesSizing Eero
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SPOT CHECKS CONTINUED:
COLUMNS ON FLOORS 5 AND 4
™

CoLOMN Size: W XQ0
HEiakT = (4.0 , .
Aeen <74 x29.25 = 32 F1°
Deap & 2Hxi2
LVE 2 201 o
Pw= 51"

: E&)H "féi'f:fli SHAUB
EeD HTLEAST 4
v W90 W ¢)Pf}" =‘OODK Oy

)ws Moueur Codeeon 0OFS Nor Cosinged INTHIS CHECK. AV
Aouts R Arree)IT Ouee.gize

Cr9 4" Rooe, I
ColoHN iz W90 hepA - 24x0.5= 932 ft
NEGQAT = 149 DEAD * 24 PSFXIZ X 2

Lve = DOPSFxl
AooF = 20 P xip
Pu =23y,8*

FROM Y- RISC -Need A leAsT WHX4A
W90 W/ OB =1020" 15 O/

* U\)i N MOHEUT CoVECTION  (UAS MOT CoNSIDERED IN THIS
CHECK AMD  RCCOUMTS FOR APPHEENT OvERSIZE
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SPOT CHECK CONTINUED:
Column on the third and second floor
12 45 B figte | | - )
(OLOMN Size : WIHXI32 ArzA=28.26x24+ 0TS 7
HeigRT = 14’ Dead: JIPF kh2x 5

LVe « BOPSH X Z
Poofs 20 P ¢l X |
bo=27"*

- FROH fagie 4 HIGC IZMED, AT LEAST, USE 0D14 x4
S Y132 P =510 Is OK

% (D MoMEUT (omIECTION 15 FEESEMT, Bor Whs AT TUHEN
INTO (6ASIDERATION IN THIS (HECK AV AecouTs For. Ovees iz

(=3 ZNDF o0 ’
CooAN Size s WM X145 fRed= 24340, 5= T2 H*
HeiahT = 14" DEAD £ 24P xh2X T

Ve = DOFSH1L6 )3
AOOY - (ZOBSEX x|
Pu= 510,3%
FL\)H Taele. F+1 HiSC w4 xbkl | 1S 0K

Wb yYIH% \J/CPPO-—!L/C&) 15 oK Vv

e

X DI IND MoMeERT CouECTIN 1S PRESEAT, BuT NOT TAKEN INT()
CONSIDERAT) ON  INTHIS | CHECK | wtich  Recounrs /02 DERSIZING
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CHECK EXISTING BEAM

<Fiwo Max Auowhpe MoMBrsT
Moz V(75 -0/z) +hs fy(d/2)
Mn = 0 (4.5- 198812 + (2 \50vs) (26712 )
Mn=900z.9 hin = F20.24 A-f+
M = (0.9(F50.24) = 6#5.2 h-Ft
bMn =6#57 VJ-@

* Fp STREMNGTH OF AUE Stud
Gn= 05 FFLEc <AGRp AsePu

Rec = 0,442 17t _

Ec 2w vFe =N5""Tq = 246, KSI
Fu = 0D hJ)

Ra * 1.0

RE=0:6

0.5Asc g = 0SO02)T 240t = 21.9F
PoZph = (10)0.0)(0.442)(05) = 17.238"

e Fs STuDS RequiRed fop Fuc (HASITE AcTign

NET (‘ﬂf = 3%(p STUDS = 3B STUDS +%F0 S1ons fR. FoLL
Qn = 13233* CoMPooTE Ao
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CHECK EXISTING BEAM

- Ty PheniAac Couposite Aonon, 42 Stups :
n=2l
=21 (1238 = 341298 h =32 *
Ve <Hshy=050 . PNA In Sreee
TF Ppfy-2Rs R SNL, THEN PR i FLANGE
- (3Y50)-2(2925)50) = 255"
3525° N 202 L PNA W AANGE
* (HECA PAETAL CaROSITE Hetion 325 Yo
Z_C_Qr_ﬁ > 025 =25%
' E 6”0‘
CF= Hngaty  ghor
(£=030°

ZQn - 302" =055F55%% S OK
CF 50"~ B

- Fid Max Huswnere MatenT, Mn
Mo V(T -0/z +dz ) + HsFy (0/2=0l2)

7= Qs V' - p30-332 _0.222"
4fvbf  4(0)(0-5)

SN A Ty SN ),
0.85Fchery 08O0)

Mn = 22(4.5-11f2 +6.222 )+ 2las( 2032+ 0.222)
Mnz B0AL.05 h-1n = GH.> K-FF

BHn = 0.9 G742 *606.B7 h-Ft

B = 000 - B A1 7 My 23856 h-F+]
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CHECK EXISTING BEAM

*CHECh DEFECTON
« ONSHOREND, BARE  STEEL
T: Bu3n

Wy = (B2120(8) -0.5% WLF
1000

A'—ﬁw,ﬁq :ﬁ&ﬂdﬁ?ﬂz& Z.13"
\ 3EL 384 (Z9000)(BH>)

-& = L'S(‘Z\ - 2.26"
R T v

!AHM? A o OK

» CoMPOSITE DEFLECTION
Y2 < Ts-0/2=4.5- /2 <3,945"
LockTion = Vi = Fkfy-2b¢ Yify
HoZ = (1350 -Z((p.5)0Y1)(20)
YI= 64>

Ghl 2.5 |n.aa5] 4 | [Taee 329
0.2%28 [ 120 | 19012 910

0.445 | 1%20.9 | 1783.% |139F.5
0.450(1320 | 82> |13390

[Tie - 7893

A =508 - 5(1.056Y49) ms - 1.88"

HET  TH(Zacoo)(784.3)
IA:I‘BB <AHQ}(=225 'soOL

L2 Hﬁf 047 STUDS 15 0K
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CHECK EXISTING GIRDER

- Chech W74y 55 D4q-2-H] Geser, =24
Live = B0 PSP Fj 2 12Dt 6Lz | F
g ACTOREL 12D 40,4 P5
UOFKHCIORED =D+ = 32 PSF

P- 190 4PSE(B) 5’ - 0D.5%*
1000 »/ K

Mz BloBau <) = 548252 M-

"UNFA( TORED &

P- le&F( quﬁ‘): 47,52k
1000 #/ &

M= 8(47,52") =300. 101 -ft
¢ CHECK STRENGTH
GHP = 565 M-FF ) Maage siee, =380-Z Bi-FF /0K
*ASSUME  (ouSTRUCTION e Lol = 70 PSF
d= 230"
s = 10.21n*
Of = 301"

£f =050%"
Ask - (F01"(0505")= 3. 59 ©

0/8 =24/8 =3 163 2
PSS és/z 454205 iR T 1
o FROM TARLE 3-2, Lg=® YLp:4F>
- (HECK  pH, < GMpx
®Hn = Co [ dMpx “BF{(LeLp)l < bHpx

OMa=l.0[B03-222B4P] 420 4 < OHpx =503
Mu=380.2<PMn = 4204 K -F+r <Mpy =503 -F+ /., OK
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CHECK EXISTING GIRDER
» Fino V'

V'= 088 Fehce 0854Y38) %)= 85+

V= By B Ao zm50151) = Blo*

\'=20n = Bio® [mee 2-9]
-DETEZMINE  LOCATIN OF PNA

(IR e ah_@‘ - 231" <35" S PNA INCouc.
0.85 fcBere . 0.35(HesN#2")

« Find Max Huownae MoMENT
Mn = {15~/ + BsFy (d/2)
Ma- Bio(4.5-2.31/2) + l6.2(5073.0/2)
My = 1802.45 #rIN = 988 54 A-F+
GMn =0.9(988.54) = 889.0 h-F+
|[OMn =380 A1
o Filo Sreena™ 6F G0 STon [Sect. T2(37]
On = 0.5AJ Tk =FPw<3RPﬂ'§LE\ [Eq 13-3]
fﬁ}cb{gfjﬁﬂ = n%"“ff = 2400 S
%?36;)—5 LW fne=2"/2"20 15 ..Ryi.oj
0.5 A IFeEe =0.50442) Va6, <719"
RaRpAscFa = (1.0Y0+5)04H2Y03) = 215"
| ién—”?_l.‘:JL)
« Fiop STons REQUIRED FiR. Fu Composie ActioN

< BI0 - TS0 WH SI05 v Ho, STUDS For
215% Fou. CoMPosITE AETION

N
Gn
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CHECK EXISTING GIRDER

- CHECK Pagmac (oMrosite ActioN, 14-2-14 STUDS
n=14 '
Ve=14(z1.5%) = 301" :

Ve =301 <Hsfy = BI0" . PNA in STEEL
TF Asfy “Zﬁsny\('VE, THEN ANA IN FLANGE
(10.2)50)-2(3.54¥50) = 465"
Y20 o PR IN WER
- CheCk PagTiaL Benon 925%

200 \ 0,25 =25%
&on
{ 0.35FcA. =851

N
QSF S Bio*
Ce = BI0°

ZQn< 0! . 63%2 =5t2% P25k . 6K
CF 2116}

C_F:H

o Fivo May Ruouare Moqedt, Ma
Mn = V‘LTS"QIZ‘*d?_\*%g\;Ld/Z -d,)

022Asfy N _ Blo =30\ _ 0. 33"
afy og 4 [FoN

T OBA b %ﬁiﬁ' g

M= 301 (45- 12312 +0.302)+ 1022 (Z5.6/2 - b.30)
Mn = 10542 6 h-n= BB, K-F+

OMn =049(B18 () =167 -t

DM =F0F hFr yHu =184 AF1 sock. |

Q
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CHECK EXISTING GIRDER

‘ * (HECk  DEFLECTION
| - UNSHORED - PHEE STEe
=10 n’
P-(52+2018)45) - 25.92"
1000 ¥/ K

A=PI* - ssaeyogs  -0%5"
| Z8EL  28(2%000)( 1350m"

Dypy = L/240 = 24x2fz40 = 1.2"

A =0,565" <8y 12" . 0K)

* (oMPOSITE  DEFLECTION
Vo = Ts-0J27 4.5-1232= 3.885"
Locamon = Ve =Hsfy-Z b Yl fy
21 =162{50)-2 G.01YIX50)
Y| =0.326"

Y2 125 | 3885 | 4 [reez 2-26)
0.505 |23 [2779,3 | 280
032, [268%F 2¥8.5 |1#38.99

3 45 |24H40 (25016 {2720

IL% = 2-"'585 “\ju'

A=PP _ 68544V (728 01"
28ET ~ Z8(280003(2H+585)

fﬂ 20700 <Dy - 12" ek {

W55 [14-2-14] ﬁoeomre




