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INTRODUCTION

This third technical report presents a detailed analysis of the current lateral force resisting system
found within Memorial Sloan-Kettering Cancer Center. Located in Somerset County, New
Jersey, this four story health-care facility will open its doors in the summer of 2006 to serve as
one of the premiere cancer treatment centers in the nation. MSK’s infrastructure is made up of
braced steel framing supported by a concrete foundation. It is laterally supported by four
identical systems composed of diagonal bracing and shear walls. This report goes into great
depth analyzing this system against the seismic and wind lateral forces developed from ASCE 7.

The first section of this report provides a structural description of Memorial Sloan-Kettering,
focusing mainly on its lateral system. This discussion goes into detail describing the locations,
connections, member sizes, and footings for each of the four systems. The next section of this
report focuses of lateral load development seen on the building. ASCE 7 was used to calculate
the seismic and wind forces for each floor, along with all relevant load cases. From these
calculations, it was determined that the seismic forces controlled the lateral loading in both
directions.

To help analyze the lateral loading on MSK, a model of the building was created in the ETABS
computer program. This program helped calculate the building’s total drift, displacement, base
shear, and overturning moments. It was also used to verify the accuracy of the seismic and wind
loads calculated from ASCE 7. Hand calculations were then performed to ensure the values
outputted from ETABS was accurate and reasonable. Shear strength, torsion, and lateral
members were also checked through hand calculations to determine whether or not the system is
adequately designed.

The report was able to conclude that the lateral force resisting system in MSK is adequately
designed to resist the lateral forces seen in northern New Jersey. After verifying and enhancing
the seismic and wind load values from Tech 1, it was obvious that seismic forces would control
the lateral loading of the building. Because of this, all hand calculations performed to check the
lateral system strength used those seismic forces. From those calculations, along with the
ETABS model, it was established that Memorial Sloan Kettering is sufficiently designed to resist
its lateral forces.



BUILDING DESCRIPTION

Memorial Sloan-Kettering Cancer Center is a four-story health-care facility located in the scenic region of
Somerset County, New Jersey. Each story spans 14 feet from floor to floor, and with a two foot parapet
located on the roof, the building’s total height is approximately 58 feet. When MSK opens its doors in the
summer of 20086, it will serve as one of the premiere cancer treatment centers in nation, accommodating
offices, exam rooms, chemotherapy bays, radiotherapy treatment, a laboratory, and pharmacy.

The infrastructure of MSK is made up of steel braced-framing supported by a concrete foundation. The
structure below grade consists of foundation walls and piers made exclusively of reinforced concrete. The
structural steel skeleton in MSK begins at the first floor level and continues for the remainder of the
building. Because each steel column sits directly on top of a concrete pier, the typical bay size remains at
30’x 30’ throughout the first floor. However, beginning on the second floor, a number of columns near the
south end of the building are removed in order to create more of an open floor plan. This causes some bays
to span 30° x 45’ in the upper level floors. A number of bays are also reduced in size near the exterior walls
of the building due to Memorial Sloan Kettering’s curved exterior fagade.

The steel columns vary in size throughout the building according to their location and purpose. These
columns remain constant in size between the first floor and fourth floor. A typical interior column ranges
between W12 x 87 and W12 x 96.These steel columns connect into the concrete piers below through
ASTM A572, Grade 50 steel base plates. A typical base plate used for these connections is 18”x 18" and
1-%” thick. These plates are kept in place by four %" A449 anchor bolts embedded 2’ into the concrete
column.

The first floor of Memorial Sloan-Kettering is constructed as a one-way concrete slab system that is
structurally supported by the foundation walls and concrete columns below. The 6” slab lies on top of
concrete beams spanning in the E — W direction and concrete girders spanning in the N — S direction. The
second, third, and fourth floors of MSK make use of steel beams and girders to support their floor systems.
The second floor is the last floor to maintain the typical bays sizes and because of this, has the most
consistent steel sizes throughout the floor. A typical interior beam is a W16 x 26 while a typical interior
girder is a W24 x 96. For smaller bays near the exterior walls, beam sizes fall to a W12 x 16. The exterior
girder sizes do not show much consistency, ranging anywhere from a W18 x 35 to a W30 x 108. The third
floor and fourth floor both have the same layout. Where the interior spans continue from the second floor,
the structural design is maintained with W16 x 26 beams connecting into W24 x 96 girders. For those
spans which become 30’ x 45’, beam sizes are W24 x 62 and girders use W30 x 90. The roof of the
building follows the same framing as the fourth floor, only with slighting smaller beams and girders that
support the 30” x 45’ bays.

LATERAL SYSTEM DESCRIPTION

The lateral force resisting system of Memorial Sloan Kettering is made up of a combination of shear walls
and steel cross-bracing. The four shear walls are located below grade and are all positioned near the
exterior walls, typically around stairwells or elevator shafts. This positioning allows for a lateral system
which does not protrude into the interior office space of the building. At grade level, these shear walls
connect into steel columns through the base plates described earlier. These columns span the remaining
four floors to the roof and frame the lateral bracing steel members. Two lateral systems span in the N - S
direction and two span in the E — W direction.

The first lateral system oriented in the N — S direction is located on north side of MSK, between column
lines H and I. This system is comprised of a 12” thick shear wall spanning between the first floor and
foundation. Once above grade, this wall connects into two W12x79 columns through a 1” thick base plate.
These two column sizes remain the same throughout the four floors above grade, however the diagonal
bracing between them does not. Between the 1% and 2™ floor, two HSS 8x8x1/2 members span diagonally
through the steel frames and are braced at midspan by a % gusset plate. See diagram X-3 in Appendix D to



view this connection. The bracing between the 2™ and 3" floors also consists of two diagonal HSS 8x8x1/2
members. These braces gradually become smaller, with two HSS 7x7x1/2 steel members between the third
and fourth floors. The system culminates with two HSS 6x6x1/2 members between the fourth floor and the
roof. Refer to figure X-2 in Appendix D to view the entire system.

The second lateral system oriented in the N — S direction is located on the southwest end of MSK, between
column lines M and L. This lateral system is slightly smaller with two HSS 7x7x1/2 diagonal members
spanning between the first and second floor, supported beneath by a 12 thick shear wall. The remaining
three floors reduce the diagonal member size to two HSS 6x6x1/2’s spanning between floors.

The two lateral systems running in the E — W direction follow the same framing as the two systems
described above. The larger system is located in the S-W corner of MSK, between column lines 16 and
16.5. The slightly smaller system is located against the northern wall of the building, between column lines
15.3 and 16. The sketch below demonstrates where each lateral system is located within the building.

As previously mentioned, shear walls are located on the north and south sides of Memorial Sloan-Kettering
surrounding the basement’s concrete stairwells and framing into supporting columns. These 12 thick
shear walls span in both the N-S and E-W directions and are approximately 14’ long. Two of these walls
span in the N-S direction and two span in the E-W direction. Each shear wall is reinforced vertically with
#5 bars at 12” on center for both faces of the wall. These two faces are tied together with #4 ties spaced
12” on center. Similarly, the horizontal reinforcement on each wall face is made up of #5 bars at 12” on
center (See diagram X-1 in Appendix D). The columns supporting these shear walls have sixteen #9 bars
of vertical reinforcement, about twice as much as that found in a typical column.

The lateral system is tied into concrete footings beneath each shear wall that have a minimum depth of 4
feet below the basement floor. The footings around each shear wall also extend at least 4 feet beyond the
face of wall to create a plan dimension of 8” wide by 25’ long. These massive footings are created to be
large enough to counteract the overturning moments produced by the wind and seismic forces acting on the
building.

LATERAL LOAD DEVELOPMENT

Seismic Loads

As noted in Technical Report 1, the wind and seismic loads acting on Memorial Sloan-Kettering have been
calculated from the methods provided by ASCE 7-02. Each variable used in those methods has been
verified to ensure accuracy in the end results. The seismic forces were found using the Equivalent Lateral
Force Method, which is outlined in Chapter 9. Like Tech 1, this report develops lateral forces acting in both
the N — S and E — W directions. These results however, show higher seismic load values then those
developed in the first report (Refer to Appendix C). This is partially due to the gravity loads being refined
to replicate the actual loads found in MSK. The most notable load change would be the curtain wall weight
being increased to 55 psf to reflect the integrated weight of brick facade and glass windows. Another



reason for the increased seismic loads has to do with the incorrect assumptions and variable values used in
the Tech 1, described below.

A number of assumptions used in Tech 1 were proven to be inaccurate and have since been modified. The
projected floor areas for the top three stories were overestimated by approximately 2000 sq. ft. which
resulted in heavier floor weights and larger seismic loads. Also, the Occupancy Importance Factor design
parameter was underestimated to be 1.15, when healthcare facilities use a 1.5 value, creating lower seismic
forces. These two mistakes appear to have offset each other in Tech 1 because when using the correct
variables, the building’s base shear increases by only 14 kips. The updated seismic loads are shown below.

Seismic: Equivalent Lateral Force Method (ASCE 7-02)
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Wind: Method 2 (ASCE 7-02)

The wind loads developed for this report were found using the Analytical Approach (Method 2), located in
Chapter 6 of the design code. Although Memorial Sloan-Kettering is less then 60 feet tall, the Analytical
Method was chosen over the Simplified Procedure due to the building’s curved exterior walls, which
constitute an irregularly shaped building. The results found from the Analytical Approach are almost
identical to Tech Report 1’s results due to the fact that no variables were required to be changed.
Calculations can be found in Appendix B.
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Design Wind Load Cases 1 and 3 were also taken into consideration in order to determine which loading
case controlled the design. Load Case 1 looks at 100% of the wind pressure acting on the walls
perpendicular to each axis of a building, considering each pressure separately. Load Case Il considers
75% of wind pressures acting simultaneously on both axises of a building. From these calculations, it was
determined that Case 1 produces the maximum wind loads on Memorial Sloan Kettering.

(CASE 1 Story Force Cumulative Shear | Overturning Moment
Lewvel [ Trib. Height () | T otal Height () M- E A0y N-= E A M- E A0y
Roof 7.25 5825 3442 2076 a a 2004.94 | 1209.40
4 145 4350 B6A3 4027 | 3442 2076 2911.33 | 1751.76
3 145 2900 B384 3324 |101.35 | B1.03 1851.23 | 1109.03
2 145 1450 5837 353 | 16518 | 99.28 gaE087 51205
1 7.50 0.00 0.00 0.00 224551 134549 7E28.38 | 458224
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CONTROLLING LATERAL FORCE

After analyzing both the wind and seismic forces acting on Memorial Sloan Kettering, it is apparent that
the seismic forces control the lateral loads in both directions. When looking at both base shears created by
these lateral loads, seismic generates about 349 kips compared to 225 kips due to wind. Three of the four
floor loads are also controlled by the seismic values. The roof experiences approximately 116 kips of
seismic load compared to just 34 kips from wind. The fourth and third floors also experience high seismic
loads of 114 kips and 78 kips, respectively. Only the second floor of MSK has a higher wind (59.4 k) then
seismic (40.2 k) load, and that is only for the N — S direction. The second floor’s E — W direction only
experiences 35 k of wind force and is thus controlled by seismic as well.

LATERAL LOAD DISTRIBUTION

Due to the fact that Memorial Sloan-Kettering has two identical lateral systems running in both the N - S
and E — W directions, one is able to distribute the laterals loads acting on the building equally between the
two systems. All four lateral systems are identical and because of this, the same stiffness is assumed. This
distribution between systems can be observed though the hand calculations introduced later in the report.

LATERAL LOAD ANALYSIS

For this technical report, a model of Memorial Sloan-Kettering was created in ETABS to assist in the
analysis of the lateral loads and how they affect each lateral member in the building. The ETABS program
has the ability to both analyze and design buildings based on the parameters set in the program. For this
report, the actual infrastructure was put into the program in order to analyze the lateral system under
ASCE7 wind conditions and IBC 2000 seismic conditions.

Because there are no fixed moment connections within MSK, all structural steel members for this model
were designed as pinned connections along with the lateral bracing members. The midpoint of these cross
braces were also modeled as a pin connection due to the gusset plate at that point. Each concrete floor
system was assigned rigid diaphragm characteristics in order to transfer the loads into the lateral system.
Furthermore, all dead loads acting on MSK were distributed accordingly to ensure the building’s correct
weight was being used for all seismic calculations. Superimposed dead loads were assigned to all floors



along with an additional mechanical dead load added to the roof. Distributed line loads of 55 psf were
assigned to all exterior members to mimic the weight applied from the brick facade.

ETABS can also provide verification for all the wind and seismic calculations performed earlier in the
report. By arriving at similar values between the hand calculations and computer model values, one can
conclude that those values are correct.

Through hand calculations | was able to determine that the base shear obtained from seismic loads was
about 349 kips. After analyzing my model in ETABS, the computer program came up with a base shear
value of 329 kips. Although the two values are off by about 6%, | can conclude that these numbers are
reasonable in relation to each other. Another set of values that was able to be verified through ETABS
were the wind loads acting on each floor. Each floor wind load computed through ETABS was within 4%
of the value calculated by hand. The seismic loads acting on each floor were also checked against the
computer to demonstrate the accuracy of ETABS.

STORY DRIFT

After analyzing Memorial Sloan Kettering, a maximum drift was found to be 2.98 inches due to seismic
forces in the N-S direction. After going into ASCE 7, a maximum building drift was found to be .015h for
non-masonry structures designed to accommodate story drifts (Table 9.5.2.8). Therefore, the maximum
building drift for MSK’s roof would be approximately 10.4”, which is well above the actual 2.98” drift.
Tables calculating the controlling seismic drifts can be viewed below.



FLOOR DISPLACEMENT

The building’s overall displacement was also found at
each floor’s center of rigidity (shown on the right). It was
determined that the maximum displacement for all floors
of Memorial Sloan-Kettering occur with seismic loading.
The maximum displacement in the entire building occurs

on the roof with the center of rigidity moving

approximately 1.7”. A rule of thumb dealing with total
building displacement is that infrastructure should not
deflect more then L/400. The roof displacement meets
that criterion, with a total displacement of L/409. When
analyzing just wind loads, the total roof displacement is

approximately 1.15”, which occurs during Case 111
loading when wind applies force on the north and west sides of the building. That produces a total

displacement of L/605, well above the required value. A table showing the maximum displacements on all
floors is shown below.

M-S B Force
blax displacements: Roof 1.3704 1.7045 | Earthguake
Ath floor 09739 1.1994 | Earthguake
3rd floor 0.57589 07125 | Earthguake
2nd floor 0.2422 0.2509 | Earthguake
First floor 0.0253 0032 | Earthguake

OVERTURNING

Story Item Load Paint X ki z Driftx Dty 1T/DRIFT | Story Height | Stary D ritt]
ROOF Max Dt % | EQUAKE Y 459 2006 i] 840 0.001547 541.42 165 0.310
ROOF Wax Drift ¥ | EQUAKEY 41 2154 123 840 0.005237 190.95 168 0.580
ATH FLOOR | Max Drift ¥ | EQUAKEY 510 4426 0 B72 0.001761 567.86 168 0.295
4TH FLOOR | Max Drift ¥ | EQUAKEY 41 2154 123 B72 0.00513 194.95 168 0.562
3RD FLOOR ] Max Drift ¥ | EQUAKEY 510 442 5 0] a04 0.001425 701.75 165 0.238
3RD FLOOR | Max Drift ¥ | EQUAKEY 41 2154 123 504 0.004303 232.40 168 0.723
2MD FLOOR | Max Drift X | EQUAKEY 510 442 6 i} 336 0.000862 1160.09 168 0.145
2MD FLOOR | Max Drift ¥ | EQUAKEY 41 2154 123 336 0.002744 364.43 168 0.461
15T FLOOR | Max Drift ¥ | EQUAKEY 36 2085 0] 168 0.000113 9549.56 168 0.018
15T FLOOR | Max Drift ¥ | EQUAKEY 41 2154 123 165 0.000351 2542.00 165 0.058
Total Drift ¥ 1.009 inches
Tatal Drift 2985 inches
Stary Item Load Faoint X ki z Dirift Dirifty 1/DRIFT | Story Height | Story Drift
ROOF Wax Drift X | EQUARKEX 713 120.84 1440 340 000236 4237285 168 0.395
ROOF Wax Drift ¥ | EQUARKER o7 -77 635 1440 240 0.000561 | 1782.531 168 0.094
4TH FLOOR | Max Drift % | EQUAKEX 510 4426 0 B72 0.002355 4246285 168 0.396
4TH FLOOR | Max Drift ¥ | EQUAKEX 41 2154 123 B72 0.000512 | 1953.125 168 0.086
3RD FLOOR | Max Drift ¥ | EQUAKEX 515 g7 1440 a04 0.002014 4965243 168 0.338
3RD FLOOR | Max Drift ¥ | EQUAKEX a6 -B4 G4 a04 0.000321 | 2557.545 168 0.065
2MD FLOOR | Max Drift ¥ | EQUARKEX 510 442 65 n] 336 0.001352 739.645 168 0.227
2MD FLOOR | Max Drift ¥ | EQUAKER 4 2154 123 336 0.000325 | 3078.823 168 0.055
15T FLOOR | Max Drift % | EQUAKEX 36 2055 0] 168 0.000152 B573.947 165 0.025
15T FLOOR | Max Drift ¥ | EQUAKEX 41 2154 123 168 0.000035 | 28571.43 168 0.006
Total Drift X 1.383  inches
Tatal Drift ¥: 0.306 inches

Overturning is another factor that needed to be addressed when analyzing the building’s lateral system. An

overturning moment of 14,075 foot-kips is produced during seismic loading in the N — S direction. In order




to ensure that Memorial Sloan-Kettering’s foundation can withstand that value, hand calculations were
performed on the lateral system between column lines 16 and 16.5. The reason behind choosing this lateral
system is that its columns have the smallest tributary areas out of all the lateral systems and thus have the
smallest axial forces to counteract the moment.

After performing this calculation it was determined that the axial forces alone would not be sufficient
enough to counteract the overturning moment and that the foundation beneath the shear wall would need to
be considered as well. As previously mentioned in this technical report, the footing around this shear wall
is approximately 8’ wide by 30’ long by 4’ deep. The shear size of this footing is enough to counteract the
overturning moment and ensure building stability. These hand calculations can be seen in Appendix E.

LATERAL MEMBER PERFORMANCE

When analyzing the lateral member performance, the seismic loads seen in the N — S direction were chosen
to be applied at each story level. The representative lateral system between column lines 15.3 and 16 was
chosen to check the lateral bracing. This particular system is the smaller of the two systems inthe N-S
direction and provides more conservative values, assuring that all systems in Memorial Sloan-Kettering are
adequately designed.

After analysis, it seems that this system was properly designed. Although the top two braced-frames
appear to be over-designed, this could be due to the desire to have repetitive members in the design. Each
braced frame is controlled in compression, with the diagonal bracing between floors two and three coming
close to the design yield. | believe this design is adequate though because the effective length chosen was
slightly larger then the actual length, and would result in a lower compressive strength. The calculations
used to check these lateral members can be found in Appendix E.

SHEAR WALL STRENGTH

The shear wall strength was checked through the hand calculations shown in Appendix E. The controlling
seismic loads create a total base shear of 349 kips in each direction, which place approximately 174.5 kips
on each shear wall. The concrete details describe a typical shear wall of have #5 bars spaced 12” on center
for each face of the wall. This reinforcement placement creates a Vs strength of 520 kips. Also, V¢ on the
12” thick, 14’ long shear wall calculates to approximately 255 kips. Therefore ®Vn= 581 kips, which is
more then strong enough to take the 175 Kips it experiences from the seismic loading.

TORSION

Torsion is experienced in Memorial Sloan-Kettering due to the eccentric placement of the lateral system.
These shear walls are positioned more towards the west side of the building. Because no shear walls reside
in the south-east corner of MSK, a torsional moment develops around the building’s center of mass.

Hand calculations were performed to determine how much torsion was applied to each lateral system on
any given lateral load. The representative load chosen was wind loading on the second floor in the N-S
direction. The assumption was also made that since all four shear walls are identical in size, they all share
the same stiffness. Through these calculations, it was determined that this particular force places 18 kips of
eccentric shear on the two shear walls running in the E — W direction and approximately 8 kips on the shear
walls in the N — S direction. In conclusion, the calculations demonstrated that torsion forces must be
considered when analyzing Memorial Sloan-Kettering.

10



SUMMARY

This technical report provided an in depth analysis of the lateral system in Memorial Sloan-Kettering.
Using a combination of hand calculations and ETABS results, it can be concluded that the current system
adequately resists all seismic and wind loads acting on the building. This technical report also provides a
solid basis for further investigation into looking at other lateral systems, such as only shear walls or
moment-frame connections. The main consideration at this time would be the placement of each shear
wall. Because the lateral system is concentrated toward the west side of MSK, torsion considerations and
drift issues arise. It would be interesting to see how moving one of those systems to the right would affect
the overall system and whether or not it could be more effective. In conclusion, this analysis provided a
much better understanding of the current lateral system of Memorial Sloan-Kettering.

11



APPENDIX A: Load Calculations

|
| _LoAp_caLcurarigns
|

. | DEAD LOADS

L5t Foor
(&2 ) 150 v ) =75 PrF smae

2 S =M P}f SUPEL IMAED
i N WX )- 45 o 5 pager (2 PFE 57 5 c)

wuow |
= | £ 5
He (TN > )W150)(%y) 50 pyr —» Gibtr (75 #F @ zg 0-L. FBK ST Dregesrays)
T S
205 /S pF
:’Eﬁ |
F93 | ¥ Rk — 4™ roic
| oS
Q ( “SH2 ) 150 RF)= 56.28 psF SLAR
3 = 7 P et e
TES = /S PIF  STEEL Fraume
§ =5 PIF suPErimposED

¥%.25 FIF

fRooE
s.5 =
( 1z )[If(]) = 93.% psF Conerprg
2 AF  urm DEk
5 OF STERL FRasmts
70 BF  MEcH A car

T0.#5  BF
| LIVE |oapS
| ALL Floves — (00 ps¢ —» TABLE Y- ASceE #0727

SNow (oADS
e T
—_—

GRoUND Snow Lokn | P= 20 PSF — Tame
Fixr Roor Snow Loaps

pr = o.?c,_C{lZpJ s G- 09 Thee 7-7
: = Thee -3
Pr= (.3 Y06.9)(ko)1.2)(30) = (7 Tage #-4

PE =6 pst
e




APPENDIX B: Wind Check
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. | %60 p.00256e (413 )(1)(0.55) (07 )(1-1T) = z2.5aus ¥y
| inTER PoLaTION TTEQUIRED For S5 ° = = 20 397 ""-F}Z

kwl—; 0.85 (Maw Wine fous WesisTin (_m.unuj
T= 1S whe V=E5-108 Mpn
ko= e 6.3 o Beswe C

z
| I+l #g9.15 Q = cJ fpany
Lo Oﬁ?S(L.ﬂl) 15 = (D Fy) = assez 12 =500l "4%) = 545 s

< Low IASE BLDG. Tie. £ -10
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22-142 100 SHEETS
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22-141
22144

TPAD

iy

@)
|

@A

8

&

Fird Anfins  Presiukes z
| Newz + GCPEO‘GK:{' o GCP,': - 429 A-S

p-qGCp ‘q;(C’CPD = -3 Ew i
SORRST Fiap P i N-S . Duegien

Gy’ = (17.229)- 68%) - (22.992)(~,%29) = 71, 60 ‘I“"/n‘
isiz0° = (1825 687) * (g 3s¢) e danignl T
zo-28 < (19.0SF).65F) + f5 756) 2 77 %¢ "-S/nz

Z‘:;(i’ = {u’??_{#/}(-é??) + t$'-?5‘) = 224 JbJ/H?

2y = {27,0860)(-6%F) *+ [9.75¢) = s g

w6 = (22,098)(.6¥7) + (9.25€) = 27,95 570"

ol qo ~ (22,900 ) (-657) ¢ (9.756) - 7550 M/
@sy’ y = 2539 e

= P in E-YW Lwecrin

AT 15"~ {12.225)(. 6F7) - (22 7433)~ 0.395) = 1945 PG

/520 = (18.2425)(.6§7) + (F.F%) )
\zo'zs” — (19.0533)(.6¥2) + (7.776) =293 Mrge
Z5'-30 = (r9.656n ) (.65 ¢+ (7. ¥16) =z oyt

=237 R

30~ 40" = (21, 0502)(,6%3) + [ #.¥%6 )
= 220253 Mv/ge

o' -50"= (72.0037)[.6¥7) * (2946 )

So" -60"— (22.9045)(-6¥3) ¢ (F.¥%5) = gr o8 fupt
[ = °F 7 = 73 igs Iorp?
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—s NowH - Sowrt  Dikeaiens

Ny LOAD
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—7= 3
7 s 56.15
—L 302
S e e R
£ —erls
725

z ; : = i
i = (?}s){z:.uﬂbs/#l) ol e '%z) ol 25) 22, ) 3 s/ IS8 = 5997 K

Flost 3 ] : :
. - ( 32SY(22¥E) ($V 2z ") « (675 2was ) = 3v2.9 My = 674z K

Fleox
=% 3,75’)(2‘(-25'IM/_&7-) .-\-{IO‘)/'ZV.‘)S U et ) + ,75’,( 2;‘.;0") = 259 s¢ IL\'/‘H’ % 6?60 K

o il 13 . i
= (725" 7550 ) = 180.875 VG AW =34 K

~roaL GASE sWEAc = 7225 .9 K

COVECTHNING I MENTS
taor = Y6 ) 2 1,97 ' K
4™ Foe = (ERG)(4n5) = 2940 'S
3™ Foar = (evd? N 29) = 1569 'K
7% mooe = (9.93).5) = ¥t0 'K

OVErTIURNNG MOMENT = 7 €51 e
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22-141
. 224142 100 SHEETS
GAMPAD 55143 200 SHEETS

165
N .
BEe e ERL
- iz % 1IN =W Dwections

,

SAME \WIND LOAY DISTRABUTIoN., JOST DIFFERENT LoaDS

ZALLS "
Koor ;125 Z358') = st " - it = 20.86 waps

4™ Foap : (378 ) 2253 e )+ (10°Y z:.oz'hmq_;g)(zrﬂw@) Sws cr By, 0.5 bys
2™ fiosc ¢ (325 Y2093 ")+ () zray ) o 6,28 ) 2232 Mg ) = 35 07 Kts 1z = 3.0 K

2 o ¢ (I8 (S N20.58 " ) + (1.7 W20 93 M4, ) = 294 05 o120’ 35.50% ke

ToTAL BASE SNESL = /55.30/ k
OVEIUTUINING  MOMENTS
WouF = (z6. %N 58 ) = 1209.8% ‘%
4™ rrson = (‘l?.s")/'ﬂdj?) T ':;‘(_1‘:,&5 2
T poae = (297 )(26.43K ) = nig.s 'K
2 e = (05 W35567 k) = 539,95 7K

OVERTURNNT  MOMENT = LfT(DI 'S
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WIND LOAD AMALYSIS

Building Propertias Fundamental Period
Bt 122 Struct. Type |Ecoerntric Steel Flevible
L) 186 T (JiE] On 420
b (i) 5500 x 075 R, 0.034
k. 1 T 063051 H. 927
K, 085 Matural | 1526017 ", 434
w(mph] a0 Figidity Rigid Ye | 0084
mportance I Y L2 .52
L 1.15 Rigid R, 0154
Exposure = 1740, 34 Fis 0946
o a5 z 348 R, 0.0149
2, aon I, 0198237 W 86.50
o 15 L, 06 3397 P 00%
= 0z ] 0867508 F 025
= oz G 0259550 G, oaary
! 500
[ 0G50 Windward Leaward
= 0153540 o ER Fatio p
F 0105 M- O GS6 -0.50
b 1 = 14525 -0.40
Preszure Coeffidents K. and q, Pressuras
hitemal 2t k. q, Windward [ H5 [ F. | 0602
Enc. Type  |Enclosed 0-15 024 172280 Ene F. | 0.6
ntemal (GC.) 012 |+,,|'. 0 oan 182425 Leeward M5 Fy | -0 430
i) 094 19.0533 Eait | Py, |-0 340
30 (L] JEEEN]
EN] 104 21.0802
a0 109 22,0937
G0 112 22 9045
53 1.122 227423
“elocity Pressure Envelope
Windw ard Leaward htax psf =hear Summary
o6 | ms BEwW | N BW | N5 EW Thip=1 5 B
o-15 | 11.85 1134 AT FFIO| X1ER 1957 Shear @ Roof 34 2086
1520 [ 12.54 1254 | -8y7  -F.y2 | 2232 0ZY Shear e 67 .6 4.5
20-25 [ 1310 1310 AT FTIO| kiag DAd Shear @3 fid 47 3843
2530 [ 13.66 13 fii AT PV R34 I aE Shear [ 59 A7 3645
3040 | 14.50 1450 AT FTDO| R4v IR Shear @1 1} 1]
40-50 [ 15.19 15.19 AT FTDO| k4487 Az Base Shear 226.04 136301
A0-60 [ 1575 1674 AT FTIO| RhAR 34T Ouwertuming hdoment | 76030 4501
it} 1564 1664 | 8977 77 | X5 236
(CASE 1 Story Force Cumulative Shear | Overturning Moment
Level |Trib. Height (1) ] 7 ot Height (B)] - EW | NS5 E A N5 EW
Roof 7.25 5825 3442 | 2078 0 o 2004.94 | 120940
4 145 4350 6593 | 4027 | 3442 | 2076 | 201133 | 175178
3 145 23,00 6384 | 3624 |101.35 | 6103 | 1851.23 | 110903
2 145 1450 5337 | 3531 |165.18 | 9928 | seosr | 51205
1 750 .00 000 000 | 224.55 | 13458 | 762595 | 456229
[CASE 3 (757 simultaneous grecionz) HW-SE direction HE-5W Direction C Shear | Overturning Moment
Tevel |Trib. Aeight ()] 7 otal Helght (B)] W& ESW | Total S E Totel B EW TS EW
Roof 725 5525 Z581 | 1557 | 3015 |25.81 1557 3015 T 0 T756.10 | 175610
[} 145 4350 5020 | 3020 | 5858 |0.20 5020 T555 | 3045 | 3015 | 254829 | 25424
3 145 2900 4788 | 2660 | 5561 |47.88  |2668 S5o1 | 8673 | sar3 | 161851 | 161851
2 145 1450 4453 | 2643 | 5161 |#453  |6549 1ol | 14454 | 1eass | 75123 | 75123
1 750 0.00 0.00 000 | 000 [o.00 0,00 D00 | 19655 | 19545 | 67415 | 66sais |
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APPENDIX C: Seismic Check

SEISMIC LOAD DESIGH

Design Parameters Assumtions:
¥ aof Fores 4 171 Azsum ed =tiff =ail
his 14 ft 2ot spedfically detailed for seismic
iy SE ft resigtance
Seizmic Use Growp I 3 Ordiinary Steel Concertrically
ooz, Importance Factor 1.5 hraced
2= 039 g= 41 MO partition LL sctounted for
=] 003 gs 51 5ite Class B
Fa 1.00
Fu 1.00
Sna 039 =
Sm 0.08 gs
SIB 0.26 s
Sn Q.06 s
Seizmic Design Cat. C

E cquivalent Lateral ForceProcedure

M-= Direction E-w Direction
Fna 5 R ew 5

Cans oovs Caew 0.o7s

Cras 0oz CrEm 0.0z

® 075 ® 075

Tz 0.41 Tew 0.41

but nct grester than: but not grester than:

C;mln, = DD44 Cmu, B |:||:|44
ancl C: min 00172 I::srﬂln 00172
Therefore, (Cg, we) uzed iz | 0044 Therefare, (Cg, -z Uzed is; 0.044

Loading Characteristics

Roof Slab Floors:
~ DLipsh) DL (p=f)
35" Concrete Slab| 433 Concrete Slakb 563
Metal Deck Roof 2 Wetal Deck 2
Strudural Framing 10 Structural Framing 10
Supetimposed Dead Loads 15 Superitnpozsed Dead Loads 15
Total: 70.5 Total: 53.3
Penimeter Wall:
DL (psf)
23




Calculation Variables

Buiileling Wi cth: 125 1t
Building Lenith: 185 1t
First Floor Ares:| 26,500 1
2nckath Floar Aress: 19500 2
Tatal weight of roof: 16216 kips
T atal weight 2nd-4th floor: 21064 kips
Totd Weight 1=t Floar:
Tatal Building Weight: Ta40.7 kips
Seismic Shear,Vys: 349.1 kips
Seizmic Shest, v epw: 3491 kips

Vertical Distribution of Seismic Forces

Exponent kye: 0954711

Horth - South Direction

Lewrel, iy hix wighiz e Fx Wy [H
kip= feet kip= kip= fikip=
Roaf 1622 5G] 75576 taaa] 1160 N 5105
4 2106 42 74,501 0329 1147 1163 48192
E] 21006 28] 50,717 [FFE 77 a ZH0 M5
Z 2106 14] 26167 0115 a0z 3064 5624

Exponent kye: 0954711

East - West Direction
Lewrel, iy hix wighiz e Fx Wy [H
kip= feet kip= kip= fikipz

Roaf 1622 5G] 75576 taaa] 1160 N 5105
4 2106 42 74501 0a2a] 1147 116.3] 48192
] 08 F8]_ G0,717 0223 77 a A0 5
Z 2106 14] 26,167 0115 402 3064 5624
1
T 7941 227251 4 IEEE 14073 8
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SesMIL Lo Desiggn ’ ‘

Equvplat (odead Foae Boudied

| Gesacar

I‘ﬁ of Shewes — 4 Siows S Fl-fl'r Eiosr iﬁs’oo
St haeas 0 B Avatectund Covr Shuak (9, fo0
iy hugid — 5¢ i -

Sesmic Use Cvop + TL  » (Tasce I1-1

Cree. l’*?il‘h.\u. Facrow 1 (Tee 9.1

——d 39 7-'3,9, 9. 400 (o) Sy — ©-37

s, —————> .09 Fauwe 9.4.1-1 (L) Sy — 0.09
— (o Tobke 9.4.)-Z-Ha Seg —> (% ).5%) < 0.26

W ———— Lo Tare 9.4 2.4k SD’_.p (%4 )(.09) = 0.0

t'%"" Guompursnt Seismc Duian &*3&'1-" (G SR

Jre (las — B

. Feeskess
%m.s hodtheee  faciliby (o.h.a‘-l Eva)

_Noewn - Sovei ) East - Wesr
; meLe
I R= 9 Sk concetricaly bawd gum!("?-f-z-i] €= 5 Dhed tonoadicaly bpd Fams

(5= 0.0%% = Eqn 9.5.5.2.1~/ G- 0.07%
Cr= 0.02 Tarmee Pi5.5.3.2 Cp= 0.02

X = Fxly (Al othur shvefvess ) Zime 9.655.0 X= 7S
Ty 2.2 = 0-H2

(a2 W O 8 0 (En 9-5.5.2.1-3) o rL 0ioHS
Glouny = | O1O0?2 (Eqn 9.5”.5:2.!—?}‘ € ey = DL O P2
A A L Glod- = 0.043

16 Tlon VAILABLES
Putemt Wemt 126 %)
Bunowts HEWHTE 198 B

Floow AcEA 1 7%, 6%% R

Allowatle  Srara Dast An (Tebke 9.5.2.F)

T SOWET TIK Thon Marent; Shie wal — Sesmic Ve Giow TIT

four Shaes o lusg
4, £ 0/0s5h,

(b 15 shey bosgict ko vl )

e N o.or5 (58 -72)
= [0.44 "

’

20



APPENDIX D:

SEE PLAM
#4 TIES AT

12" 0.6, {TYP)

g pone v

t —l T#s@u HEF.—
T | T
OS@ T, O N 8 PO 2 N T, O I*
e db by b B W W ® & &t b u.: Iy
Y | e AL

E]ﬁ 16 5,
SEE PN

HE PN SEE PLAN
Epg-j W - SEE AN Ep&ﬁ W - SEE AN agm[ma _[(‘._'\N'I') 4 - SEE AN
= = e S
By @ % "\p‘g’ @éﬁ
& & & & & %
%}e %}e %7/\;
W - SEE PLAN W - SEE PLAN AT 4 — SEE PLAN
eui o epme 0
i
& @ 3
R N 36
| e, s A 1 P,
g % |8 g |8 g G
GEARL 4 W - SEE FLA 4 QHEALL 4 - SEE FLA i QLA A (AT ¥ - SE A
SEE PLM j .{0 5 SE PLM I@ | EEE ALAN 3 ]% \Sga
o 2 o 2 a
g & |E 8 . _pe” |8 B Cap. ol
= S = S =
&7 &7 &7
%, %, %,
g =
W - SEE AN W - SEE AN 4 - SEE AN
SEE SEE S Lo v
p =3 i ~
i . ) 3
'»ans «‘\w\.p Iy i
& & & &, & %,
%le w? 'I,‘,
15T ALR. B 15T FLE. B 15T IR B
TEE FLMH TEE FLM SEE AN
kmww_ﬂ re——CDNC. COL SEE kmmn re——CDNC. COL SEE (\MWLIE
TETL 1!54.2-} COL. SCHELL (TR DETAL 1!54.1-\ 0L, SCHELL {TTP.) DETAL 1!54.1-7
eEEPLM eEEPLM aS{EPL'\N

SECTION

L T
CONCRETE COLUMN/PEDESTAL SEE

COLUMN SCHEDULE FOR SIZE AND
REINFORCEMENT AND_DRAWING 54.3
FOR TIE DETALS. SEE PLAN FOR
ORENTATION (TYP.)

(X-1)

VERTICAL COL. REINF.
SEE GOL SCHED. {TYP)

HORIZ. TIES. SEE RELATED
TIE DETALS (TYP.)

SHEAR WALL SECTION

1

SECTION

a

SECTION

W12 ¢IL — SEE COL SCHEDL

Fe——COHC. GOl 3FE
[OL SCHET, (TR

SOOLE: 1,/8%=1'-0"

&z

SCALE: 1/8"=1'-0"

2z

(X-2) LATERAL SYSTEM SECTION

SCALE; 1/8=1"—0"
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SYMMETRY —==

3/4" GUSSET
PLATE (MIN.]

ERECTICN BOLT (TYP.)

(X-3) BRACING CONNECTIONS

22



APPENDIX E: Hand Calculations

Shear Strength

SMWM

Shuor Wall Chugk
: ~ chuk m‘iwmnﬁ misend = VMo3S f -kps w T S'N:L:;hﬂ“
i 5 3 gl T-RN o
{bhenl- Yy - Chaek  Wame S —2 349 k'?’/z B S Y
jr s "
” E‘/' ¥ e 2" |
b= 1657
h=16%"
15y | 2 i R Y i '__,'T:'Z"
\"'r\l
% — Plon Yrew
Elaadien '
V= 349% 174K
v/v - Ve Wige s - BBLGE
% = 174.5

% Metase ol sher walk Ge Mlahiced |, asTome sams stiffness
$o¢ eocda

*¥ becasy sheor well Ips A lacbnun Awe axiod tu\u.m!r asive
sheer wall oaly FeMes Sher ond  Flanurt

< Vt=?u|R' \ow'ol
= 2V Hsa0 . -( 165 Y12° )= 255 %

2 Reunto ek “5““"’-"

Ty *#S fuc @ J2° o.c. for eoch

Ay 750 - i’_";;o’ﬂz—‘ = 0.1l

Lt st e greader Hhon (SD-I?-\ZV‘O oso ~ 02 —iute

o Uie S bas @ 127 g0 eadh | fage

V= (Z+.31)(50 000)(I(5) = 520 % d hwuu)‘m st axs Ol [ 3
ir

2V, (N 520 + 255)= 581% > 1345 %

s Shuor Wall ‘S‘rmﬁﬂx adu‘uoi'!v




Overturning

e menj Memss

i

S

M
A=’ (Lage oF sher wall)

F
J N
| )
< C
—d

Covpe Active on Sher wodl

3 M%l =sp2¥

—> 14,075 FF-lops  (fm Seismuc Iununj)

4= 17 14,045/ . FO3T.S k-6
b= 16%” 2
- 1ee”

Fud LbS ACTING ON Caibeans

Ac = s B2 DL™ §0 psf
LL= 100 pst
S = 20 p:f
latenor Celuma K =4
A, = S(368)2 Ig40
(“4)( 1840 )= 360
: (s 2
=25 s -
=/ Beq Croo (40 ) = 726 K.

DL= (r40.55) %5 ) + =f §5.25 X3¥)
SN EE e
12(2Z10.3) + L(FZ6) = 2Fo.6 b

Ite. 6 £ cap

Neeh To ComSIDBL WEIGHT OF FoundATling
AS  WEW

P e istay

=7
- FountATlbn UNDER  REPKESERTATWVE SHEMC WyaLl
15 30" w ?’ " o’
; 5

e (T 5N E N = ra K

14 ei3Fe "l Srs Iy gl

i OVELTULMNG MO ENT (S PREVENTE D
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Torsion

“Tosions Clhaacle I

= Each Sheer wall 45 127Hudke by

'
Suem Wae Locnons ! 3
15.3 ||5
Sees
- i 1 ‘__z?'_z_’l’
H = 57/ :
¥
2 :
w24
x || N
1232
A\, S S Toadt o)
'4 P51 il
. N
FCE
3 o wasulnd wind
16 165 cqor! s9
iy e@'szes

—2 Assume 0 of e Sher wall 15 the Soma

- fvoe lecation | =2 Lccauie riald.lk} 15 Hhe Seee wgssume I equass

- ln N=S  clrehon

A TS T R

il et @ (U4’ ¢s’)
In E-W d-lru;hw“
(RXZ6.3) + (RYEL.3F) - gy’
2Kk
Towsin i 5 e RSN on 7"% Foar (N=5 cwechion)

S Rauttent wind fted = Sy ¥

85 ‘Fﬁ'cl‘P\s‘c\‘

M= (59%) 8%~ %)% 225635 F

=527 z Z,23% = 646
Assume Soma Fhifress Helg2? 4 52t £ 237,237 = 6

G- Fr {52) (o0 a) = 16% echntne tostn Shier
466

ol c—--”;z (2256.9) = §.0% ecantac hesned shior
GELE

25



Torslen Chak Condiowee 1

Tro Z° Fooe Wio a0

€5 = congninic Shao—
L I ES = cesadie  ghase
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Wae 1 = Egenenes 15% o Ewanmin Toshne] Sheed
Wae Z ™7 Egawas 5% oF Eceime Temonat Sheer
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Lateral Member Check

LATEEAL MEMBEL CHECK
© 2 e Shuer wells 10 each oliredisn (1owical )
5 each, fore i V2 o
s%.15¥ > Rosk
Fouk o VRS o s i
- Luih S
$5.15% Effccbve langhn Hss 66 »Yg e
| & =17.5'
[ ns.s* 5 HTh
; 3
oot (UG)T O =as
5¥ HsS 'a'&
= ‘(5;:‘;!;? $2.2 K Teamsion
5Z2.2 *  comperssnd 154 .5% - z
Tension o HS Cxé x ¥y = Hez¥ > Yy ok
46 ¢ — \ - ¥ . K
Thae omp fssene » Yo = 217¥ 7 %2 (o) s O %
Y gy
- ye (163 N4F T zg‘/z =15.S |74.5K 2~
LY
ns.s i
! F F= !ls_r_ —len LTI
| cas(4y 167.3 % CompreTien Hes el
1
| RS ;,“-&ﬂuk > 21842
B 2 HSS el = 2P P16sST
T Coma & H b e L
V= 308,95 = |54.45 eer
2 el
199.%
; = '_’_:'.-‘i- - zﬁ"f'a'.u TEnS 0N | l
i £as (4F
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Afke kal.mﬁi% loteed Soax mm'ws_' W seems 'Hu‘a‘ -H.u,?. Slfsi‘tm 15 papuly olasig e .
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Moy wonk repebbive amions ek pledns he pembe “chdas Eack brad ~Fe i
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