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Executive Summary ‘

The purpose of this report is to assess the existing conditions of
the Center for Science & Medicine and to understand the
procedures used in its structural design.

The Center for Science & Medicine is a research lab designed for
the dual mission of investigation and discovery as well as treatment
and healing. Located in New York City’s Upper Manhattan, the
building is organized and shaped by this thematic double program.
On the north and south edges of the site, two linear lab bars
encompass a core of support spaces. The building’s east edge has
been designed as an almost seamless extension of the busy street
below, and rises from the public realm as an engaging 4-story
Atrium. Situated within the building are 6 additional floors of wet

lab research space, 1'% floors of clinical space, a clinical trial area,

and space for research imaging. A 40-story residential tower will
also rise on the site adjacent to the lab, but the buildings are
clearly defined as two separate entities.

It is important to note that the Center for Science & Medicine, or CSM, is only at the 50% design development phase. Thus, the
existing structural design and calculated quantities are not absolute or finalized.

The following report will examine existing structural designs as well as discuss the results of self-generated calculations. All

diagrams, assumptions, code references, calculations, and computer outputs are included in the Appendix of this report.
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Structural Systems

Foundation

The foundation will consist of reinforced concrete spread footings ranging from 4’x4’x2’ to 8'x8'x4’ (I x w x h) in size, with a
concrete compressive strength of ', = 5000 psi. Maximum footing depth will be 49’-0” below grade, and all footings will bear
on sound bedrock (Class 2-65 rock with bearing capacity 40TSF or Class 1-65 rock with bearing capacity 60TSF, according to
New York City Building Code). Seven (7) of the total forty-three (43) footings will be designed to support columns from both the
research center and the residential tower, as dictated by their location at the CSM / tower interface. Foundation loads vary from
400 to 3200 kips.

Below grade perimeter walls will consist of cast-in-place, reinforced concrete (', = 5000 psi) braced by the below-grade floor
slabs. These walls are designed to resist lateral loads from soil and surcharge in addition to the vertical loads transferred from
perimeter columns above. On the north and south perimeter walls, reinforced concrete pilasters will support perimeter columns

above. A continuous grade beam (f', = 5000 psi) will be constructed under these perimeter basement walls.

The lowest level basement floor will be an 8” concrete slab on grade with a compressive strength of ', = 4000 psi, typically
reinforced with #5 bars@12” each way. At typical columns, additional slab reinforcement will be provided with (4)#4 bars
oriented diagonally in the horizontal plane around the column base. At diagonal frame columns (located around the building
core), the slab will be reinforced with (12)#5 bars oriented diagonally with additional longitudinal bars arranged in a grid pattern

around the column base.

Floor System

The research center’s floor slabs will typically consist of 3" metal deck with 4 %" normal-weight concrete topping, giving a total
slab depth of 7 %”. Thicker, normal-weight concrete slabs will be provided in spaces such as mechanical floors to meet
acoustic and vibration criteria. These thickened slabs will be designed with 3" metal deck and 8" NWT concrete topping with
reinforcement, giving a total slab depth of 11”. Full composite action is created by 6” long, %” diameter shear studs, and
concrete compressive strength is to be ', = 4000 psi. The composite metal deck is supported by wide flange steel beams
ranging from W12x14 to W36x150 in size and spaced approximately 10’-6" on center. Typical bay sizes are roughly 21°x21°

within the building core and approximately 21'x43’ elsewhere.
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Roof System

The flat roof system is similar to a typical floor slab, consisting of 3” metal roof deck with 4 %" normal weight reinforced
concrete topping and 6”x %” shear studs. Supporting this deck are wide flange steel beams ranging from W12x14 to W36x150
in size and spaced approximately 10°-6” on center. It is also important to note that a portion of the roof will be a green roof, but

design has not progressed enough to gather significant detail at this time.

Lateral System

Lateral resistance to wind and seismic loads is provided by a combination of braced and moment resisting steel frames. In the
North/South direction, lateral loads are resisted by a system of diagonally-braced frames around the service core area of the
building’s interior. The core is made up of (6) column bays spaced at approximately 20°x20’ and using W14 column sections.

Heavy double tee bracing sections provide the lateral resistance at the core and vary from WT6x39.5 to WT6x68 in size.

In the East/West direction, lateral loads are taken by a dual system of perimeter beam/column moment frames and the
diagonally-braced frame around the service core. Thus, it is assumed that the moment frames in this system are capable of
resisting 25% of the design lateral forces. These moment frames have been designed to use W14 or W24 column sections
spaced approximately 21’-0” on center and W30 wide flange beams. The frames first occur on the third level and then alternate
levels up through the building’s roof (a total of five floors with moment frames).

Columns

The research center’s columns have been designated ASTM A992 Grade 50 steel and placed in a rectangular grid pattern.
Typical gravity columns range from W14x61 to W14x311 in size. Columns acting as part of a moment frame are typically
W24x117 to W36x256 in size.
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Code & Design Requirements

Applicable design standards
New York City Building Code
International Building Code 2003
ACI 318-99 (Reinforced Concrete Design)
AISC ASD-89 (Structural Steel)
AISC LRFD-2002, 3" Edition (Structural Steel)
ASCE 7-98

*Code substituted for thesis design: ASCE 7-05

Deflection Criteria

Floor to Floor Deflection
Typical live load deflection L/360
Typical total deflection L/240
Typical exterior spandrel deflection 12"

Lateral Deflection
Wind allowable inter-story drift H/500

Seismic allowable story drift H/400

Vibration Criteria

Imaging rooms / laboratories 2000 Micro inches / sec
Patient rooms 4000 Micro inches / sec
Offices / seminar rooms 8000 Micro inches / sec
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Gravity Loads

Below is a table summarizing the load values of the structural designer and of IBC 2003 (which references ASCE 7-05).

Floor / Description Design Dead Load Design Live Load IBC Live Load Vibration Velocity
SC1 & SC 2
- | Vivarium 30 psf 50 psf - 2000 in/s
Stair 5 psf 100 psf 100 psf -
SC1 & SC2 Interstitial
Mechanical Service 10 pst 50 psf - -
- | Stair 5 psf 100 psf 100 psf -
Level 1
Lobbies, Corridors 110 psf 100 psf 100 psf -
Office 30 psf 50 psf 50 psf 8000 uin/s
Glass Wash 10 psf 125 psf - 2000 uin/s
- | Stair 5 psf 100 psf 100 psf -
Level 2
Wet Lab 25 psf 100 psf - 2000 uin/s
Loading Dock 75 pst 250 psf 250 psf -
Auditorium 40 psf 60 psf 60 psf -
Stair 5 psf 100 psf 100 psf -
Level 3
- | Wetlab 25 psf 100 psf - 2000 uin/s
- | Stair 5 psf 100 psf 100 psf -
Level 4
Lobbies, Corridors 110 psf 100 psf 100 psf -
Office 30 psf 50 psf 50 psf 8000 uin/s
- | Stair 5 psf 100 psf 100 psf -
Levels 5-10
Office 30 psf 50 psf 50 psf 8000 uin/s
Wet Lab 25 psf 100 psf - 2000 uin/s
- | Stair 5 psf 100 psf 100 psf -
Level 11
Roof Terrace 235 pst 100 psf 100 psf -
Mechanical 80 psf 125 psf - -
- | Stair 5 psf 100 psf 100 psf -
Roof
Green Roof 60 psf 100 psf 100 psf -
Snow Load - 30 psf 22 psf (see calcs) -
Superimposed Loads
Partitions 10-20 psf - - -
CMEP 10 psf - - -
Finishes / Screed 5-15 psf - - -
Roofing Membrane / Insul. 10 psf - - -
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Wind Loads

Wind loads were calculated in accordance with ASCE 7-05, Chapter 6. | used the analytical method to examine lateral wind
loads in the North/South direction as well as the East/West direction. Although a residential tower will eventually rise adjacent to
the Center for Science & Medicine on its south side, | calculated wind pressures based on the absence of this tower to account
for the time CSM will be standing alone on the site. | found the fundamental frequency of the building to be less than one,
indicating that the structure is flexible rather than rigid. It is categorized as Exposure B due to its urban location. The building is
not quite a square, with the N/S direction (200°-0") slightly longer than the E/W direction (172’-0"). Thus, wind controlled in the

N/S direction. The Appendix contains loading diagrams and detailed hand calculations, which are summarized below.

Wind Loads N/S

B =172-0"

L = 200'-0”
Floor | hx Pressures (psf) quce Sr_lear Moment
N/S windward N/S leeward Total gl | Q) ] (=g
Roof | 184 | 1943 + 532 = 244 | -11.00 + 532 = -16.3 40.8 119.2 19.2 | 40529
11 | 150 | 1800 + 532 = 233 | -1100 * 532 = -163 39.6 170.3 289.5 | 25549
10 | 135 | 1751 + 532 = 228 | 1100 * 532 = -163 39.1 101.6 391.2 | 15243
9 | 120 | 1686 + 532 = 222 | 1100 * 532 = -163 38.5 100.2 491.3 | 15024
8 | 105 [ 1622 + 532 = 215 | -1100 * 532 = -163 37.8 98.5 580.8 | 14773
7 90 | 1557 + 532 = 209 | -1100 + 532 =  -163 37.2 96.8 686.6 | 14522
6 75 | 1476 + 532 = 201 | 1100 * 532 = -163 36.4 94.9 7815 | 14239
5 60 | 1378 + 532 = 191 | -11.00 + 532 = -16.3 35.4 92.6 8742 | 13894
4 | 45 [1273 + 532 = 180 | -11.00 * 532 = -163 34.4 90.0 964.2 | 1,350.2
3 30 | 1135 + 532 = 167 | -11.00 * 532 = -163 33.0 86.9 1051.0 | 1,303.1
2 15 | 924 + 532 = 146 | 1100 * 532 = -163 30.9 82.4 11334 | 1,2357
1 0 39.8 1173.3 0.0
Base Shear = | 1,173.3 M= | 19,266.2
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Wind Load E/W
B = 200’-0”
L =172-0"
Floor | hx EETIE E53) Force (kips) Sr_lear Moment (ft-k)
E/W windward E/W leeward Total (kips)

Roof | 184 | 1276 + 532 = 181 | -733 + 532 = -126 | 30.7 104.5 104.5 3,551.4
11 150 | 1200 + 532 = 173 | -733 + 532 = -126 | 300 149.4 253.9 2,241.0
10 135 | 1168 + 532 = 170]-733 + 532 = -126 | 296 89.4 343.3 1,341.1
9 120 | 1124 £ 532 = 166 |-733 + 532 = -126 | 292 88.3 4315 1,324.1
8 105 | 1081 + 532 = 161 |-733 + 532 = -126 | 288 87.0 518.5 1,304.6
7 90 1038 + 532 = 157 |-733 + 532 = -126 | 283 85.7 604.2 1,285.2
6 75 984 + 532 = 152 |-733 + 532 = -126 | 278 84.2 688.4 1,263.3
9 60 919 + 532 = 145|-733 + b3 = -126 | 272 82.4 770.8 1,236.5
4 45 849 + 532 = 138|-733 + 532 = -126 | 265 80.4 851.2 1,206.1
3 30 757 + 532 = 129|-733 + 532 = -126 | 255 78.0 929.2 1,169.6
2 15 616 + 532 = 115]|-733 + 532 = -126 | 241 74.5 1003.7 1,117.3
1 0 36.2 1039.9 0.0

Base Shear = 1,039.9 = 17,040.2
Results:

Base Shear (N/S) = 1,173.3k (controls)
Base Shear (E/W) = 1,039.9 k

Overturning Moment (N/S) = 19,266.2 'k (controls)
Overturning Moment (E/W) = 17,040.2 k
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Seismic Loads

Seismic loads were calculated in accordance with ASCE 7-05, Chapter 12. After careful study of the geotechnical report, | was
able to conclude that the building subterranean site is primarily rock and falls under Site Class B. All other factors and
accelerations were obtained from ASCE 7-05 figures, tables, and equations. To determine the effective weight of the building, |
first calculated the weight of each of the building’s twelve floors above grade. This included the exact weights of all slabs and
columns, an approximation for beams / connections / bracing elements obtained from the construction documents, and the
superimposed dead loads listed in the table on page (7). Summing the weights of each floor generated the building’s effective

weight, and in turn, seismic base shear. More extensive calculations and diagrams are shown in the Appendix.

Vertical Distribution of Seismic Forces

Floor w | h(®) B wh Ca R0 | Foorth
1
2 40185 | 150 741 297,886 | 0.005 9.2 137.5
3 32145 | 300 | 2232 717363 | 001 | 224 662.2
4 29830 | 450 | 4252 | 1268417 | 0020 | 390 1,756.4
5 34616 | 600 | 6718 | 2325622 | 0037 | 716 4,293.9
6 34572 | 750 | 9580 | 3311892 | 0052 | 1019 | 76435
7 34539 | 900 | 12801 | 4421378 | 0070 | 1361 | 122449
8 34507 | 1050 | 16357 | 5644135 | 0089 | 1737 | 182366
9 3427.6 | 1200 | 20225 | 6932432 | 0109 | 2133 | 255000
10 34235 | 1350 | 24391 | 8350167 | 0131 | 2570 | 34,6885
11 51542 | 1500 | 28839 | 14864371 | 0234 | 4574 | 686111
Roof | 38617611 | 1840 | 39908 | 15411530 | 0243 | 4742 | 87,2610
Jwh= | 63545182 | YF=V= | 1954 M 261,134.7

Results:

Effective Seismic Weight = 39,906.4 k

Calculated Base Shear = 1,955.4 k

Thus, it is determined that seismic controls over wind.
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Braced Frame Analysis

As previously discussed, the building’s lateral system consists of diagonally braced frames in the North/South direction and a
dual system in the East/West direction. | chose to analyze the North/South system of braced frames for simplicity. To carry out
such an analysis, | built a model of the two N/S braced frames in RAM and applied a 1 kip load to every floor above ground level.
After running the analysis, | used the calculated deflections to find the relative stiffness of each frame. Finally, these percentages
were applied to previously calculated seismic story forces (which govern over wind loads) to determine how each frame will
react to such lateral forces. Although this is an approximate method, | feel that it is a reasonable approach to analyzing the

frames for my purposes.
A summary of lateral load distribution is displayed in the Appendix. RAM output is also included, along with elevations of each

braced frame and the forces calculated at each level. Upon finishing the analysis, | was able to conclude that the selected WT

members are satisfactory in resisting the design seismic load.

Spot Checks

The first spot-check performed was an evaluation of gravity columns located in one of the building’s interior bays, from the
lowest basement level (SC2) to the eleventh floor. Dead loads applied to each column were taken from earlier seismic
calculations (weight of structural elements plus superimposed dead loads), and live loads were applied in accordance with IBC
2003 (which are equal to those specified by the original designer). It was assumed that the effective length, KL, of each column
was equal to the column’s floor-to-floor height. After performing the first calculation, | used the AISC LRDF Steel Manual to

check all other columns (Table 4-1). Refer to calculations in the Appendix.
In general, | found that the columns seemed to be over-designed. Most of my calculations called for much smaller axial load

capacities than what is provided by the current design. This may be due to personal error in load calculations, or it could be
attributed to the stringent vibration criteria set up for the structure. My calculations did not take vibration into effect.
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The second spot-check performed was an evaluation of a typical composite beam located in one of the building’s interior bays.
My calculations show that the beam is capable of supporting the applied factored moment, and the number of shear studs

required for full composite action is equal to the number specified in the original design.
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Appendix

A) Wind Load Calculations

Reference: ASCE 7-05

Wind Load (North/South) B =172" L =200’
Floor | Height (ft) | hx Kz 0z Pressures (psf) Force (kips) | SM®3" | Moment (it-k)
N/S windward N/S leeward Total (kips)
Roof 34 184 118 2953 [19.13 + 532 = 24.4|-11.00 + 532 = -16.3| 408 119.2 119.2 4,052.9
11 15 150 1.11 2778 |18.00 + 532 = 23.3|-11.00 + 532 = -16.3| 396 170.3 289.5 2,554.9
10 15 135 1.08 2703 1751 + 532 = 228]|11.00 + 532 = -16.3[ 391 101.6 391.2 1,524.3
9 15 120 1.04 26.02 |16.86 + 532 = 22.2|-11.00 + 532 = -16.3| 385 100.2 4913 1,502.4
8 15 105 1.00 2502 [16.22 + 532 = 215|-11.00 + 532 = -16.3| 3738 98.5 589.8 1,477.3
7 15 90 0.96 2402 |1557 + 532 = 209]-11.00 + 532 = -16.3| 37.2 96.8 686.6 1,452.2
6 15 75 0.91 2077 1476 + 532 = 201]|-11.00 £ 532 = -16.3| 36.4 94.9 7815 1,423.9
5 15 60 0.85 2127 1378 + 532 = 19.1]11.00 + 532 = 163 354 92.6 874.2 1,389.4
4 15 45 0.785 19.64 [12.73 + 532 = 18.0|-11.00 + 532 = -16.3| 34.4 90.0 964.2 1,350.2
3 15 30 0.70 1752 1135 + 532 = 16.7|11.00 + 532 = -16.3] 330 86.9 1051.0 1,303.1
2 15 15 0.57 1426 | 924 + 532 = 146/11.00 + 532 = 163 309 82.4 1133.4 1,235.7
1 0 0 39.8 1173.3 0.0
Base Shear =| 1,173.3 M=| 19,266.2
Wind Load (East/West) B =200" L =172
Floor | Height (ft) | hx Kz az Préssures (psf) Force (kips) | S"®3" | Moment (ft-k)
E/W windward E/W leeward Total (kips)
Roof 34 184 1.18 2953 1276 + 532 = 181|733 + 532 = -126| 307 104.5 104.5 3,551.4
11 15 150 1.11 2778 |12.00 + 532 = 17.3| -7.33 + 532 = -12.6 300 149.4 253.9 2,241.0
10 15 135 1.08 2703 |1168 + 532 = 17.0| 733 + 532 = -126| 296 89.4 343.3 1,341.1
9 15 120 1.04 2602 |11.24 + 532 = 16.6|-7.33 + 532 = -12.6 29.2 88.3 4315 1,324.1
8 15 105 1.00 2502 [10.81 + 532 = 16.1]-7.33 + 532 = -12.6] 288 87.0 518.5 1,304.6
7 15 90 0.96 2402 [1038 + 532 = 157 733 & 532 = -126| 283 85.7 604.2 1,285.2
6 15 75 0.91 2277 | 9.84 + 532 = 152|-7.33 & 532 = -12.6| 2738 84.2 688.4 1,263.3
5 15 60 0.85 2127 (919 + 532 = 145|733 + 532 = -126] 27.2 82.4 770.8 1,236.5
4 15 45 0.785 1964 | 849 + 532 = 13.8|-7.33 & 532 = -12.6] 265 80.4 851.2 1,206.1
3 15 30 0.70 1752 | 757 + 532 = 129|733 & 532 = -126[ 255 78.0 929.2 1,169.6
2 15 15 0.57 1426 | 616 + 532 = 115|-7.33 = 532 = -126| 24.1 745 1003.7 1,117.3
1 0 36.2 1039.9 0.0
[Base Shear =| 1,039.9 M=| 17,040.2

External Pressure Coefficients, CP

Internal Pressure Coefficient, GCpi

Windward 0.8
Leeward -0.46

+0.18
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A) Wind Load Calculations (con)

North/South Wind Pressures (psf)

El +216'-1"
Roof

245

El 121
Leiel 11

233 psf
El +167"-1"

Leval 10

£l 152 i

Leveld

92.2 psf

El +137-0"
Leiel i

21.5 psf

El +122-1
Lewel 7

16.3 psf

El 1070 W08t

Leiel &

201 pd

El +92-1"
Leiel

194 pd
El +77-0

Leield

18.0pst
El -+ 2

Leval 3

16.7 psf
El +47-0"

Leiel 2

146 ps

El 320"
Leiel1

L = 200-tr

- East/West Wind Pressures (psf)

Foof

181 pf

El +182-0¢
Level 11

17.3pst
El +167-0

Level 10

B 1520 170psl

Level 9
El +137-0¢
Level 8

166 pat

16.1 psf
Bl 122

Level 7

126
157 pat

El +107-0
Level 6

52pd
Bl +02-0

Level 5

14,5 psf
Bl +77-00

Level 4
El +62-0
Level 3

138p

12.9p
El +47-0"

Level 2
El +32-0
Level 1

11.5p
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Gust Factor

N/S E/W
L 200.00 172.00
B 172.00 200.00
n 0.60 0.60
Flexible
h 184.00 184.00
0.6h 110.40 110.40
Zmin 30.00 30.00
c 0.30 0.30
Iz 0.245 0.245
e 320.00 320.00
z effective | 110.40 110.40
Q 0.657 0.648
da 3.40 3.40
Ov 3.40 3.40
Rn 0.067 0.067
Rp 0.16 0.16
Rg 0.17 0.15
R. 0.047 0.055
B 0.05 0.05
R 0.142 0.134
Gy 0.81 0.54
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B) Seismic Calculations

Reference: ASCE 7-05

Seismic Design Values, ASCE 7-05

Occupancy 1l Table 1-1 £ Response Modification Coefficient R=6 Table 12.2-1
Importance Factor | =1.25 Table 11.5-1 k= § = Coefficient C, C,=1.7  Table12.8-1
Site Class B Table 20.3-1 E = & Fundamental Period, T T=168  Sec. 1282
Spectral Response Acceleration, short S,=10.35 Figure 22-1 S £ g Seismic Respose Coefficient C,=0049 Eq.12.8-3
o =
Spectral Response Acceleration, 1 sec S;=10.06 Figure 22-2 £ 8 u% Building Height (above grade) h =184
Site Coefficient, F, F,=1.0 Table 11.4-1 2o
Site Coefficient, F, F,=1.0 Table 11.4-2
MCE Spectral Response Acceleration, short Sus = 0.35 Eq. 11.4-1 o Response Modification Coefficient R=7 Table 12.2-1
MCE Spectral Response Acceleration, 1 sec Sui = 0.06 Eq. 11.4-2 =238 _ Coefficient C, C,=17 Table 12.8-1
D = = .
Design Spectral Acceleration, short Sps = 0.233 Eq. 11.4-3 P g S Fundamental Period, T T=168  Sec. 1282
Design Spectral Acceleration, 1 sec Spi = 0.04 Eq. 11.4-4 B 2 § Seismic Respose Coefficient C;=10.042 Eq.12.8-3
Seismic Design Category B Table 11.6-1 % z ™ Building Height (above grade) h =184
=
Weight of each floor calculated as followed:
Floor 10 Floor 11
Approx Area: 28,663 ff Floor to Floor Height: 15 ft Approx Area: 28,663 Floor to Floot Height: 34 ft
(Mezzanine additional 4,580 ft’)
Slab: .
thickness — 475 0n Stab (FIr 11): o
unit weight = 150 pef unit weight = 150 pf
total weight = 1,701.9 kips total weight = 2,866.3 kips
Columns: Slab (Mezz):
) Unit Weight Column . thickness = 8 in
Shape Quantly (Ib/f) Height (1) 0@ Velght unit weight — 150 pef
W14x61 9 61 15 8.2 kips total weight = 458.0 kips
W14x68 1 68 15 1.0 kips
W14x90 6 90 15 8.1 kips Columns: B
W1dx74 3 74 15 3.3 kips Shape Quantty ~ UntWeight — Column o) \eight
W14x109 1 109 15 1.6 kips (Ib/f) Height () :
W14x120 4 120 15 7.2 kips mf&g; ‘18 g; gj 3;2 E:Sz
Widx145 ! 145 15 2.2 Kips W14x120 5 120 34 20.4 Kips
W14x176 ! 176 15 2.6 kips W14x145 1 145 34 4.9 Kips
W14x211 10 211 15 31.7 kips W14x176 ] 176 34 6:0 kips
W27 9 17 15 15.8 kips Wi4e11 10 211 34 71.7 Kips
W24x146 7 146 15 15.3 kIpS W24x117 2 117 34 8.0 kips
W36x135 4 135 15 8.1 kips W24x146 6 146 34 29.8 kips
W36x150 5 150 15 11.3 kips W36x135 4 135 34 18.4 kips
total weight = 116.5 kips W36x150 5 150 34 25.5 kips
total weight = 224.8 kips
Beams,
Connections, Beams,
Bracing, etc: Conr?ections,
allowance = 11.0 psf Bracing, etc:
total weight =  315.3 kips allowance = 1.0 psf
total weight = 315.3 kips
Super-Imposed:
" Super-Imposed:
partitions = 20 psf par;’”ons :p 20 psf
CMEP = 10 psf CMEP = 10 psf
Finishes = 15 psf Finishes = 15 psf
total weight = 1,289.8 kips fotal weight = 1,289.8 kips
TOTAL FLOOR WEIGHT: 3,4.23.5 or 119 TOTAL FLOOR WEIGHT: 5,1.54.2 or 180
kips psf kips psf
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B) Seismic Calculations (con)

Vertical Distribution of Seismic Forces

Story
” K Story Force Moment at

Floor | wy (k) | he(ft) hy wihy Cux F, (k) Sh?:: Vx| Floor (ft-k)

1 1,955.4

2 4,018.5 15.0 741 297,886 0.005 9.2 1,946.2 137.5

3 3,214.5 30.0 223.2 717,353 0.011 221 1,924.2 662.2

4 2,983.0 45.0 425.2 1,268,417 0.020 39.0 1,885.1 1,756.4

5 3,461.6 60.0 671.8 2,325,622 0.037 71.6 1,813.6 4,293.9

6 3,457 .2 75.0 958.0 3,311,892 0.052 101.9 1,711.7 7,643.5

7 3,453.9 90.0 1,280.1 4,421,378 0.070 136.1 1,575.6 12,244.9

8 3,450.7 105.0 1,635.7 5,644,135 0.089 173.7 1,401.9 18,236.6

9 3,427.6 120.0 2,022.5 6,932,432 0.109 213.3 1,188.6 25,599.0

10 3,423.5 135.0 2,439.1 8,350,167 0.131 257.0 931.7 34,688.5

11 5,154.2 150.0 2,883.9 14,864,371 0.234 457.4 4742 68,611.1
Roof 3861.7611 184.0 3,990.8 15,411,530 0.243 474.2 87,261.0

Swih" = 63,545,182 >k =V =]1,9554 >M =|261,134.7
St Fore  F Seismic Design Loads on et
Bl +216- I 442k
Roof
447k

Bl +152-1 Tk

Lwd 1l w7k

Bl +167- 1 Tk

lwdll 11885 k

Bl +152- 1 M3k

TTE 1,801 8k

Bl +13- 1 17137k

Lwd B 15766k

Bl +122- 1 1361k

Lud 7 13117k

B+ 1.8k

PTT: N 1335k

El +52-1r MEk

Lwd§ - 18861

Bl 4770 Wik

lwdd - 1,924.2 k

Bl +52-ir 21k

TTE - 15862 k

El +d- 11 0Tk

lwd? = 1,955 .4k

El +32-0p

Lwe f f

1 A

L=1v-r
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C) Simplified Lateral Analysis:

BF7 (North/South) BF9 (North/South)
= i : o /—;\ . =
i%;LrD (L @ (L r) (l- {) ok (\Uj) M ﬂ sz) (L E)
1 4 P A1 A
1) ¥
N O o DA
2Ly ke ¥z ,f”’?c% 7
& 0 Q‘f- x 0
5 3 8 —= 3 8
% #
LY & 7 o
S ?'%-f— i %—f’ S X
WF ’ & " o &/ Y
114 1s (k34 3 3/
o 10 12 10 11 12
&% N2, Yy, )
*‘3 1 LNE A, 5 \ajr g™
534" % & oy 3.1 ¥ &) ‘S‘Q’+ Y
7 |
13 14 16 = 14 15 16
&) % 4 W, o
Sh ¢ By N 5 el
ol RE7 5 N +%\5‘ iss* *3'9.: \!-‘Z@FI S
H |
17 18 20 : 18 19 20
TN, o
i . [ 6‘*39 ‘Sﬁd_ v
A 1" 3 3 ’
2 P2 23 D4
Al St 0 o 6*3 4 ‘S‘G}q ﬂl':\’ ’
-——i-25 j—:b ‘g ~ ’
26 7 28
7 o, G
V& & & + 5
Tk 409F *J L& q\«‘b ,.")Q
e - 50 1 52
BN, 20
o L 0 & 6‘_{'3‘9 ‘(\GJP ,h-°
i AN 3 ~
e 37 55 36
£
\e)
‘p?& Mf)\s Q)‘}"D‘ 10
B4 T 15" *qt? R )
38 39 40
7
53 D\Q) \ d
J::.ZL - <4 ﬁ,%g*q& S‘GF bﬂ
TR x
42 43 44
o % /
G_#‘ i o 14/7. Neyalhs
o A N8 ghAY
g P 3¢ ’*—4(9 \‘gﬁ A
16 47 48
>
¥ B v
I-3p fl/) Sty S®+ T
49 £
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C) Simplified Lateral Analysis (con)

Lateral Distribution of Loads
North/South Direction

Percentage of Load Distributed to Frame, by Floor

Frame 1/Defl 2 3 4 5 6 7 8 9 10 11-M 11
BF7 12.99 59.9 599 599 599 599 599 599 59.9 59.9 59.9 59.9
BF9 8.7 401 401 401 401 401 401 40.1 40.1 40.1 40.1 40.1
(total) 21.69 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 @100.0
Distribution of Seismic Load on BF7 and BF9
North/South Direction
Approximate Load on Each Frame Story, kips
Frame 1/Defl 2 3 4 5 6 7 8 9 10 11-M 11 Total Load
BF7 12.99 55 132 234 429 61.0 815 104.0 127.8 153.9 2740 284.0 1171.3
BF9 8.7 3.7 89 156 287 409 546 69.7 85.5 103.1  183.4 190.2 784.2
(total) 21.69 9.2 221 39 716 101.9 136.1 173.7 213.3 257  4A57.4 @ 47472 1955.5
D) Spot Check: Gravity Column Reference: AISC LRFD Steel Manual
Floor Tributary Area |Dead Load |Live Load [Influence Area|Reduction Factor =| Live Load | Dead Load Load Total Load |Total Accumulated
(ft2) (psf) (psf) (ft2) 0.4 (k) (k) Combo |per Floor (k) Load (k)
11 806 140 100 3,224 1.000 = 1.000 80.6 112.8  [1.2D + 0.5L]  175.7 175.7
10 806 180 120 3,224 0.437 = 0.437 42.2 1451  |1.2D + 1.6L 241.7 4173
9 806 119 100 3,224 0.403 = 0.403 32.4 959 [1.2D + 1.6L 167.0 584.3
8 806 120 100 3,224 0.382 = 0.400 32.2 96.7 [1.2D + 1.6L 167.6 751.9
7 806 120 100 3,224 0.368 = 0.400 32.2 96.7 |1.2D + 1.6L 167.6 919.6
6 806 121 100 3,224 0.358 = 0.400 32.2 97.5 |1.2D + 1.6L 168.6 1088.2
5 806 121 100 3,224 0.350 = 0.400 32.2 97.5 |1.2D + 1.6L 168.6 1256.7
4 806 121 100 3,224 0.343 = 0.400 32.2 975 |1.2D + 1.6L 168.6 1425.3
(1/2) 50 B
3 806 - (1/2) 100 3,224 0.338 = 0.400 24.2 991  |1.2D + 1.6L 157.6 1583.0
2 806 122 100 3,224 0.334 = 0.400 32.2 98.3 [1.2D + 1.6L 169.6 1752.5
(1/2) 60 B
1 806 150 (1/2) 100 3,224 0.330 = 0.400 25.8 120.9 |1.2D + 1.6L 186.3 1938.8
SC1-M 806 121 50 3,224 0.326 = 0.400 16.1 97.5 [1.2D + 1.6L 142.8 2081.6
SC1 806 121 50 3,224 0.323 = 0.400 16.1 97.5 |1.2D + 1.6L 142.8 2224.4
SC2-M 806 121 50 3,224 0.321 = 0.400 16.1 975 |1.2D + 1.6L 142.8 2367.2
SC2 806 121 50 3,224 0.318 = 0.400 16.1 97.5 |1.2D + 1.6L 142.8 2510.0
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D) Spot Check: Gravity Column (con)

1/5
SP6T  CHECK @ GRAVTTY | CoLumn

Check  Columa  LC /LU,
See  spheedshet HE loodings.

FLool Ul : Wl"r’b\z}h=3‘r'
=1,9 in
19“-.115.1?- ?xj: L 40 .nq' IT = 107 in
r" = 5,‘78 i r.t = 245 (%]
KL = ‘(2) = (8.2 H = A (1) T U, 5 = ConTRAS,
Cx 5.18 N 2.43
p £ am o
r
Lh.5 £ 4 J2a0d/so = 112.4& N, « eleshc
L’(hoq;sﬂ-
Fe -03"1‘1&-0317[7 ] 9.05 ks
N (L. 5z
Pa = Fee Ay ° 7.65 (11.1) = (Ww2*
SPa= 0a(lk2) = [45.4F < B =157 kMo ged.

Nele @ Using  Table 4- (A1SC Seel Monval, 134 €4)
gives the Rlleiry Results -

P, = visa*
KL: 54"

From Table 4“” chooSe W4 x4

& P eyBE* 7 Bre (184" /‘,k:r_..l
W e x Gl will pet ok | select W 14 x 14,

e all stwek ‘ﬂ.o.\’-f, T witl ute Tavle 4-\ +o
chaccke  Column  desigNg idee T s fu'ckcﬁ and
is bared BN e SAAL wmatwod S 45 e calculshad o abwe.
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D) Spot Check: Gravity Column (con)

s
SPoT CHECK - GRANITY rolurp)

ELU")ET ]__
W 14 x120 Pu= 584.%%

KL= 1S
From Tble 4°\, chuge W 142635

HEPn = (OB* > P, - 594.3%

Pr W & x 120
' &P, = 1340% > F,-s84F S

Ok %20 degN ¢ fehsfactly, bit g sealie
S2e Cutd be used based N & caleulotnnms,

FLooR &
W 4 x 120 Pu = 751.9F
KL = 15"

Feown Table +‘l‘ chose W |4 x 40
BBy = 1000 > Puzas1:9 &
Fe W Hx 20
7
ZPn = 1340F P Py= 1511 %

CoowW 4 x design is stirfachRy, Wit a smeuce
Jize uld be wed based o These caleublatins,

FLog 1
W4 x145 T 419, 6"
EL=15"
Feom Table 4"1, chawse W 4 x 90
5Py = [000F > P =q100 F
e Wi4x4S
B, = 1bsO* 7 Pu = qALF S
WA < |45 doygn s sbisfackly, but g smalice
Size could be usel based o0 Hhese caleulatnms,
[ LooR [
w 4 <159 Fie= 1038.7F

L= 5~

Feom Table 4-1, chwse W U4 x99
&P = loo® 7 Pu= 088.2F

PR W@ x5, &P.=181032 Pu=(882F J/

oW Wox59 s ahisfactoly , Wit o Smallef N7 cwtd
be used bard o) pfapdy  amelysis,
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D) Spot Check: Gravity Column (con)

55
SP6T  CHECE : GEANITY | CoLupmpd
FLosRk S
W (4 %143 Pu= 126067 F
kL= 15"
From Table 4-\, chase W 4 x 120
P =340 ¢ 7 Pu 127 % S
PR WwWr13 2P, = 2210 P P, sp* 4
T Bx 143 Arﬁjrd is .ra‘hf‘Fade?‘“ it & smaliee size
coubd Le usrd based 520\:%"'1 analy sis,
FLooE 4
w4 x 7]l P.- 1425.3%
KL = s
fRom Table 4'|/ choose W (4 x 132
ZPn = 1480 > P, = 14z5 1k S
For W 4r2n, BPa= 2420 7 fu = 1425 F
W B LU desian is satisfackeRy, Wit a2 smaller size
toutd be wsrd basel on gRauty ANaly S,
FLopF- 3
W 14 x233 P.= |583.0%
kL= 15"
FRom Table 4-|, choose WIE = |45
SPn= UDE > Pu= (583 K
Fog Wl4x233, &SP, = 2630% ¥ Pu= 583 */
“ oW M %233 AcsigN is 5;;315‘9(\‘13(21, Wi 2 smalleR sAze
could Y€ sed  based opd S(Za-.u“!\l aralySis.
Flsol 2
W 4 =757 P.= 1152.5*
kL= (s

From Table 4-1, chwse W14 > 159
P =1810F 7 P = 1175% ¥/

FoR w4x257, &880, = Zuo* > Pu= (153 ©

ool [Ax2577 g Fa’hiﬁ'(‘\‘ﬂz\h but a Small<B  SZe casld

be used baged O jbw'—""‘l apalysis,
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D) Spot Check: Gravity Column (con)

'4'/5
SPeT (HEU @ GRANTY ColLirMpy
Freol |
w |4 x283 F.= 1438, 8%
KL=ns"

From Table 4-1, chowse W 14 = It
@Pa = 70105 ¥ P, = 1138.8%

for WWx283, =P, = 3210% > P.=14388% ~

oW 42283 c‘(ﬂsﬂ is J‘a‘iU{;EfDe\h bt a smalleg Jize
could Y€ wed bastd op geanity analysis,

Jel =™
w14 x 3l Pu = 208K
kL =)'
FRom Table 4-\,  chosc W 4> M
5Pn= 2150% 7 Pu= Zo8\.L*F
ok WH X3\, &SP, = 3830 7 Pu= zoglLe
CW A B design 08 satistacbh®y Lot o svelie® gvze
Coutd be used barrd on aRawih| aNalysis,
L
W 4= 21 P.= 2224.4 ¥
KE & 1
Foon Table 4 -1, chuse W (4= (93
&P = 2290¢ 7 Pu= 7224 4%
PR w Wx3 | @SPa = 3720% » Bu= 22244 % S
Wk 23N dengn s satisfackRy, bat g Swaller size
culd be used  based op) 5?0»&‘*\ analy 515,
fcz- M
W4 x 242 Pe= 23L7.2 %

kL=

FRom Table 4-1 chuote i (4 = 2|
P = 1580F > Pu = 732k o

Fr Wl x342, SPn = 42305 PP = 23125

"W 4x382 desgn S gah‘rfadoﬂ-[, bdl o Smalie®
Site  coubd be wsed basad o Rauity anabynt,
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D) Spot Check: Gravity Column (con)

SPET CHECK : &G&RANT CoLLpp)

Sz
W 4 x 247 Pus ZFio*

Kt ‘

L =13
L o

FRom Takle 4", chwst W4 x 7235

5Py = 2T 7 P.= 250"/

Fotr W 14x342 HPh = 4120° 57 P,

star A7

WlFx H2L r_xﬂdr.x S f;.‘h?ﬁf“i'\e-( 7 bl a SimalleR

n1L ,:,..__,l_ b WS ;,.c;:\,-,:' ‘N Jk‘f‘u-tl ‘,
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E) Spot Check: Composite Beam Reference: AISC LRFD Steel Manual

Chasc bram onN a typical Lab {loor  (Level S)

Locationd @ behneeN dﬁlcl Lines LLe-L7, and LC-LE

W Zl * 44 composite beam  (FULL CoMPOSTTE ACTION )
L= 83

Spaced @ 0.6 o.c ;JEFF
As = Bin® S . 3

NWT cone, Stab o deck — 3" deck E
4 34" "’fv?pil\lﬁ
fle = 4 gg - =

34" dia. studs N

Du (.S‘Oio) = 150 F(’F (*-'IS/“_) = 59 .4 J"F i .
DL (jufrr‘mfhsfflv = 75 frF P % pL= && 'Pf{:
LL = |od Pj‘?

CHECK : Determine design  mumedt and  check tjam':‘i’ Mue.
Detremine F sheac chuds,
(heeke d(—ﬁrc‘h\n.

. 5 b.s' teilo width
bepg = E .
v (%) (.25 = 91"

¢ Defe@mine  coptRelling compResion Hece -
N'e

0.35F¢ berrt = 0.85(4)(11)(4.15) = 1591%
V's = AsFy = (3)(56) = 650% = N'q = AQa

Sinee \lls l"_\“cl Stel  comtRols. PNA 5 o4 s alee
fhe  —top i ‘fLm-JjL.

¢ Detegmine A(?ﬂq a‘(: conclete Ao lmlani(e \11.9.

o =__LSO = 1,93 "
0.85(4 X99)

Delefmine Moment alm oF compressive fHece Feom -op 5 Steel -

N =415 - s g3 — 25in
4o be  comsrruting
* @Mn =

From Table %19 (AISC Steel Manual)
N,z 35", 4on=0S0

¢Mn 7 (_}—lg G
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E) Spot Check: Composite Beam (con)

¢+ Detelomi Ne Mu, GMpale + £ Ma.

Wpe = 85 pst (10,5') = 0.4 €/
= iw?m" (b.5') = 1.05 ¥+

Wu = Lz(oa) t Lk (les) = zu K7

Ma® ket = @1)3E3° = 3757 '
& =Y

¢Mn = (7]3 s My = 47571 1= / D"ﬂj"& 5 —c'f—il

'Ddfﬁtwﬂh.l( ﬁ j‘k"fat fTW'lS rffl)nﬁf?_'l_

@n= 2\ E per shud (Table 3-21)
L®n=1So"
H = DV_ - I {
studs oS /z{,.i = 74.9 shuds — Z5 studs regu red
(cach svde )
Q = 50 trtal
( IZ'.@)' (ﬂfueﬁfr‘{ b\’ AFFU'\J / ntﬂ*,
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