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Executive Summary:

The Odyssey is a 475,650 SF luxury residential complex located in Arlington,
Virginia. The site features 2- 3 story townhouses adjacent to 3 levels of underground
parking with adjoining skewed towers rising from the lower parking levels clad with
glass curtain walls and brick facade. There are 16 stories of apartments with suites
located on the top floors and retail space on the ground floors. The Odyssey is a perfect
example of the latest designs for the rising market of luxury apartment and condominium
construction with a structural system almost entirely composed of concrete. The floor
systems are 2-way flat slabs and the lateral systems are shear walls located throughout the
plan of the Odyssey and concrete slab frames.

The lateral system analysis and confirmation design report is a look into the
design and interaction of lateral design elements. Lateral load cases analyzed in the
Structural Concepts and Existing Structural Conditions report are distributed throughout
the lateral elements by logical loading paths through stiffness. Lateral elements are then
checked by strength, drift, and overturning effects from the resolved lateral load
distribution.

The Odyssey consists of two lateral resisting systems integrated into the building
design. An assumption that shear walls controlled the lateral design was made to check if
in fact the two systems worked as dual system or were redundant. The analyses and
checks provided a better understanding of individual contributions of each system. The
design shear reinforcement for shear walls was inadequate to resist the full distribution of
the direct and eccentric loading. The nominal strength of the shear wall would only
contribute to a third of the distributed load. An overturning check revealed the
requirement of the slab frame contribution to distribute moment throughout the
foundation with a resulting uplift by the shear wall lateral reaction. A further analysis
into the combined deflections of the dual system must be addressed to determine the
interaction of each system upon one another, thereby reducing overall drift.

A general conclusion can be made that the lateral system design of the Odyssey is
two systems working together to distribute lateral loading. The interaction and
economical implications of a dual system may be the basis of a proposal to study and
redesign the system.



Introduction:

The Odyssey is located in Arlington, Virginia adjacent to the Court district and
several blocks from the commercial center of downtown Arlington. The primary use of
the building is residential apartments and luxury condominiums located throughout the
115™ levels of the tower structure. Retail spaces are designed into the upper garage and
1* levels running along the 16" street which leads directly out of downtown Arlington.

The site for the Odyssey was chosen for its ideal location within the Arlington and
proximity to the metro train with access into Washington D.C. within minutes. It is
zoned under the "Special Affordable Housing Protection District" ("SAHPD")
designation and requires the replacement of existing affordable residential units
demolished on site to build the Odyssey. A row of multistory townhouses is incorporated
into the design of the overall structure of the building on account of this zoning
ordinance.

Townhouses are built adjacent to the 3 sub-grade garage levels with a one-way
flat slab concrete structural system. The lower garage level is is composed of 4” concrete
slab (f’c=5ksi) on grade and reinforced with 6x6 — w1.4 x wl.4 wire mesh. Foundation
structures include two 54” mat foundations; however the typical foundations are concrete
footings of various rectangular sizes, depths, and reinforcement. The remaining lower
garage levels through the first floor are primarily 8.5” conventionally reinforced 2-way
concrete flat slabs with drop panels typically extending 4-1/2” below the floor slab. The
tower structure of the Odyssey makes up the majority of the 1°-16™ levels with custom
residential units ranging from studios to luxury condominiums. The overall height of the
towers from grade is 167’ with a pool terrace on the 15" level extending over the roof of
the east tower. The floor system of the towers is primarily an 8” 2-way post tensioned
flat concrete slab (f’c=5ksi) with continuous bottom reinforcement of #4 bars (@ 24” o.c
in each direction.

The lateral systems of the Odyssey are concrete shear walls with groupings
throughout the building and integrated concrete slab frames. A set of walls surround
elevator shafts at the central core of the Odyssey with another set located a stair well in
the west wing of the building. The third and final shear wall is located in the east wing
oriented at the askew angle of the adjoined towers.




Lateral System:

The lateral system of the Odyssey is a dual system of concrete shear walls and
slab frames. All of the wall ends are integrated with columns, typically 18”x26” and
147x28” with varying strengths of 8000psi on lower levels and 5000psi throughout the
remaining residential levels. A set of C- channel walls each surround 2 elevator shafts at
the core of the adjoining towers. These shear walls extend from the foundation 3 levels
below grade to the 4" Jevel of the Odyssey and have thicknesses of 10” and 14”. Labeled
shear walls A & B, the distribution of shear to these walls is minimal with approximately
half of their gross height below grade. With the central shear walls dropping off at the 4t
level, the interaction of the slab frame will begin to contribute more lateral resistance in
combination with the remaining shear walls. Slab frames are composed of columns and
the column strip slab between adjacent columns. The relative joint stiffness resists lateral
loading to the frame and is achieved by added reinforcement. The Odyssey has 8 slabs
with added #4 bar reinforcement.

Shear walls C & C1, are located at the extent of the west tower wing. They rise
on adjacent sides of a stair-well with wall C extending from the 1*' level to the roof, while
wall C1 terminates on the 10" level. These walls receive a larger distribution of lateral
and torsional shear than the core walls on account of there eccentric orientation to the
concentration of lateral story load at the center of mass. On the opposite extent of the
Odyssey in the north wing of the east tower is shear wall E with a 10 thickness and
overall length of 30’ rising from the 1 to 14"™ levels. The wall is oriented with the
shorter dimension of the east tower and as a result is askew to primary lateral loading
directions. On the 15" level is the roof top pool terrace with wall E located directly
under the pool acting in both gravity and lateral capacities. An intricate distribution is
associated to shear wall E considering the configuration to resisting both lateral load
directions. A plan summary of individual shear walls is located in  for further reference
and their distribution throughout the building plan is depicted below.
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Gravity loads:
The gravity loads for the lateral analysis were determined in accordance with
ASCE7-02. General assumptions for several dead loads were made with interpretation of

details and structural component averages. A list of relevant gravity loads follow:

Gravity: (psf)

Floor Live:
Residential Units & Corridors 40
Public Areas 100
Mech. Room 150
Pool Terrace 100
Parking Garage 50
Stairs and Exits 100
Roof Live:
Min. Roof Live Load 30
Roof Snow:
Roof Snow Load 21
Floor Dead:
Concrete Slab 100 —150 (varied thickness 8”-12”)
Partitions 8
Flooring 4
Ceiling 5
Mechanical 10
Beams/Columns (* varies)

Load Combinations:

Seismic loading was found to control the lateral design of the Odyssey and is
further detailed in the following section. The strength design of the building components,
structures, and foundations is determined from load combinations specified in accordance
with ASCE7-02 section 2.3. A list of the combinations found in accordance with section
2.3 is listed below. A simplified check of each case is summarized in Appendix C with
load combination II controlling. This takes into account of gravity loading design,
however relevant seismic contributions are relevant in lateral design.

I. 1.4D V. 12D+ 1.0E+L+0.28
II. 12D+ 1.6L+0.5(Lror S) VL. 09D+ 1.6W
II.  1.2D+ L.6L + (Lr or 0.8W) VIL. 09D + 1.0E

IV. 12D+1.6L+L+.5LrorS)



Lateral Design

The lateral loads on the Odyssey were determined in accordance with design
procedures specified in ASCE7-02. Detailed analyses are found in the Structural
Concepts and Existing Structural Conditions report. The lateral load analyses only
considered the exposed levels above grade which receive loading upon the building
diaphragm. Wind loads were calculated by the analytical procedure with loading
summaries located in the Appendix D sections. Seismic loads were determined through
the equivalent lateral force procedure outlined in Section 9 of ASCE7-02. A summary of
resolved seismic and wind loads are listed below. The seismic loads were found to
control the majority of loading in both primary lateral directions. Wind was found to
control on the lower levels but was overtaken by seismic for the remaining levels. An
ETABS model of the shear wall system was constructed for an analysis and comparison
of alternative loading combinations which ultimately did not control. Wind loading at
45° to the primary lateral directions was considered based on possible implications of the
irregular building shape. Design wind load case III specified in section 6 of ASCE7-02
as 75% of both primary lateral directions was also considered. The distributions of
seismic story forces throughout the building are shown in subsequent diagrams on the
next page. These forces cumulate into shear story forces that will be distributed
throughout the various shear walls within the structure for the lateral analysis.

Vertical Distribution of Seismic Forces Vertical Distribution of Wind Forces
Load Shear | Mornent wind Load Shear | Moment
MN-5 Fx W Tt M-5 Fy W Tl
Lewel, % (kips) (kips) (f-kips) Level, x (k) K ift- k)
Roof 139 af 22,730 Roof ar a7 -
16 201 139] 29,559 15 4 79 590
15 242 340 32,904 14 32 110 1445
14 200 582 25,085 14 26 146 2617
13 207 7a2| 23,996 13 32 178 3877
12 187 9a9] 19,913 12 32 211 56349
11 167 1176| 16,258 11 32 243 TEO4
10 148 1343 13,015 10 32 275 9869
9 129 1491] 10,146 9 il 306 12430
B 111 1620| 7,670 2 il 336 15282
7 g3 1731 5573 7 30 266 18418
3 76 1834 3,830 [ 24 2495 21832
5 ) IEEE] 3440 ) 28 423 25516
F] 13 1058 17385 4 27 450 29466
& 28 2001 545 3 26 477 33669
5 15 2030 199 2 30 406 8116
1 7045 N 1 - 442865
215347 2713338
Load Shear | Moment Wind Load Shear | Moment
E-w Fx W [lLFS = Fr ™ T
Level x | (kips) | (kips) | (Ekips) Leveln | W R
Roof 139 af 22,730 Roof 12 12 =
16 201 139] 29,554 16 13 75 196
15 242 340[ 32,904 1% ] 37 153
14 200 582| 25,085 14 i = 73
13 207 782| 23,898 13 T TiE] 543
12 187 389] 19,913 13 Tl 135 508
11 167 1176] 16,258 17 A TEG 75T
10 148 1343[ 13,015 10 = 157 £315
9 124 1491 10,146 q a0 L] 7157
8 111 1620 7,670 a a0 57 G780
7 93 1731) 5,573 7 24 286 11680
& 78 1824] 3,830 i ] 35 14350
5 59 1899 2,440 5 28 342 17284
4 43 1958 1,385 4 27 364 20476
3 28 2001 645 3 25 384 23815
2 15 2030 199 2 29 423 27582
1 20445 - 1 - - 33237
= T =
216347 1796498




roof 139 K
level 16 201 K
level 19 242 t
lewel 14 200 K
level 13 207 k
level 12 187 K
level 11 167 K
level 10 148 Kk
level 3 189 K
level 8 K
level 7 93 K
level & 76 K
level 3 59 K
level 4 43 K
level 3 28 K
level 2 293 K
level 1 z074
E-W Distribution
(North Elevation)
roof 139 K
level 16 201 K
level 12 z42 k
level 14 200 K
level 13 207 &
level 12 187 k
level 11 187 K
level 10 148 K
level 3 129 K
level 3 11 K
level 7 93 K
level 6 76 K
level 5 59 K
level 4 43 K
level 3 28 K
level 2 30 K
level 1 2075

N-S Distribution
(East Elevation)

The distribution of seismic shear forces to the shear walls was carried out by a
simplified analysis by proportion of individual wall rigidities on each floor. This
distribution assumes a design scenario in which the shear walls will control the lateral
system and receive full lateral and torsional shears. The intent of this analysis is to
determine the degree to which the slab frame contributes to the lateral system and
weather the shear walls control the design. Rigidity of each wall accounts for thickness,
modulus of elasticity, and the individual wall height to length ratio. The modulus of each
wall is constant with concrete strengths of each wall identical throughout the height of the
building.

Ec = 57000(f¢c)” ¢ = 4000psi

Rigidity: R = Et(4(h/L)*+3(h/L))"!



Distribution of shear to wall E, the skewed wall in the North wing of the East tower, will
be proportionate to the rotation from the primary loading direction.

Shear wall E: Re.w=Rcos(B) Rn.s=Rsin(0)

The direct lateral load distribution developed reasonable story loads upon each
shear wall proportionate to the overall wall lengths. The walls located on the wings of
the building experienced a shear increase on the 4™ level resulting from a redistribution
of force from the loss of core walls. This shear redistribution would only reason to
increase the reinforcement at this level where the design remains constant then decreases
from #6 to #5 bars. This suggests that shear might be redistributed to an alternative
system, thereby justifying this design of the shear reinforcement. This design limit of
reinforcement is further addressed in the design check section of the report

The eccentric placement of the shear walls throughout the building suggests a
large contribution of shear as a result of torsional effects. The distribution of torsional
shear in the N-S shear walls was determined from the effects of loading and rotation from
the center of rigidity to an eccentric shear wall. The concentration of lateral load was
assumed at the center of mass determined by the ETABS model shown below. The
distribution of torsional was approximated by a typical percentage of the shears
distributed on floors with similar centers of rigidity. Torsional shear distributions upon
the eccentric walls ranged from 40% to >100% of the direct shear. The distribution and
calculations of story shears are located in Appendix E.




Design Spot Checks
Strength Check:

The shear wall reinforcement was checked for wall C.1 which is located in the
wing of the east tower set at an eccentric location to the concentrated lateral shear. The
intent of checking this particular wall is to determine weather the reinforcement of the
wall will have the strength to resist the combination of direct and torsional shear without
additional resistance from the slab frame.

The reinforcement design was checked in accordance with shear strength
calculations specified in ACI318 section 11.10, special provisions for walls. The design
limitation is based on the factored shear load such that:

Vu<® Vn where, Vn=Vc+ Vs.

The nominal shear strength provided by concrete walls which are subjected to
vertical compression is taken as:

Ve =2(f¢)’ hd where,  d= .8l

The nominal shear strength provided by the horizontal reinforcement within the

wall is determined by:
Vs=A,f,d/s

The design check reveals that the walls are under reinforced for the direct
and torsional shear distribution. Speculations earlier of interaction between the dual
systems at critical levels are apparent when comparing the design strength to the
distributed lateral shear. More than 2/3 of the story shear would need to be redistributed
into the slab frame for the present reinforcement design of the shear walls. The design
check shows that shear walls do not control the lateral system of the Odyssey and it is
likely that the slab frame contributes in the distribution of lateral forces.

Design Strength Spot Checl fic = 4000 fy = /B0 = 13875 P=075
Shear Wall: €1 (psi) (ksi) (ft
h d # Bar A g Ye g il P YU Check
Level i) [in] (in2) fin] ik (k] ik ] ik
9 10 133.2 #5 0.31 12 168.5 206.5 3748 281.2 525.7 X
g 10 133.2 # 0.31 12 168.5 206.5 3748 281.2 7768 X
7 10 133.2 #h 0.44 12 168.5 293.0 461.5 346.1 848.2 X
5 10 133.2 # 0.44 12 168.5 293.0 451.5 34E.1 914.1 X
5 10 133.2 # 0.44 12 168.5 293.0 451.5 3461 9757 X
4 10 133.2 #5 0.44 12 168.5 293.0 451.5 346.1 1036.3 X
3 10 133.2 #h 0.44 12 168.5 293.0 461.5 346.1 £00.1 X
2 10 133.2 #h 0.44 12 168.5 293.0 4614 346.1 F14.8 X
1 10 133.2 # 0.44 12 168.5 293.0 451.5 3451 37845 X




The overturning moment by the lateral effects upon eccentric shear walls was
considered for this analysis. The shear walls will contribute a greater overturning
moment to the structure by combined direct and torsional shears. These walls only
extend from the 1% level and will distribute the overturning loads into the subsequent
concrete floor system below grade. Overturning forces through a combined effect of both
the shear walls and the slab frame will need to be considered to analyze full overturning
effects on the mat foundation in the lower garage level. This analysis will consider the
shear wall effects alone to determine the requirement, if any, of a contributing slab frame
integrated with the shear walls. The dead load on account of both the shear wall itself
and of accumulated tributary area floor loads was calculated as P = 3675k. The
overturning moment was calculated from the resulting shear distribution to wall C.1, with
M = 243980 ft —k.

Pres = M/L,— P =13909 k

The result of this analysis does not take into account of added structural weight
below grade. This includes the 54” mat slab which ties into the frame columns which are
integrated into the shear above walls. The magnitude of the uplift force suggests that a
significant contribution of the slab frame is required in resisting the lateral loading. A
combined lateral system will distribute the overturning moment over a larger area than
the shear wall alone.

Drift:

A drift analysis was calculated for an eccentric shear wall. Shear wall C.1 will
experience deflection due to both flexure and shear cause by the distributed lateral loads
acting at each level. The story drifts were calculated in Appendix E by the following
deflection equations:

AFlexure = Ph*/3EI AShear = 2.78Ph/AE

The maximum story drift for the shear wall was found to be A = 0.10” which more than
satisfies the BOCA 96 drift limitation of H/240. These results are counterintuitive to the
before mentioned theory in which the slab frame and shear walls act as an integral lateral
system. Based on the minimal deflections, the shear walls appear to act alone in resisting
the lateral deflections. A further drift analysis of a combined system may provide a better
understanding of these results. An analysis of combined deflected behaviors producing
interaction forces between the lateral systems may show decreases in overall drift of a
dual system apposed to individual systems A schematic of the interactions is show

g
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Summary/Conclusions

The Odyssey consists of two lateral resisting systems integrated into the building
design. An assumption that shear walls controlled the lateral design was made to check if
in fact the two systems worked as dual system or were redundant. The analyses and
checks provided a better understanding of individual contributions of each system. The
design shear reinforcement for shear walls was inadequate to resist the full distribution of
the direct and eccentric loading. The nominal strength of the shear wall would only
contribute to a third of the distributed load. An overturning check revealed the
requirement of the slab frame contribution to distribute moment throughout the
foundation with a resulting uplift by the shear wall lateral reaction. A further analysis
into the combined deflections of the dual system must be addressed to determine the
interaction of each system upon one another, thereby reducing overall drift.

A general conclusion can be made that the lateral system design of the Odyssey is
two systems working together to distribute lateral loading. The interaction and
economical implications of a dual system may be the basis of a proposal to study and
redesign the system.
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Appendix

Appendix — A -——--------- Floor Plan

Appendix — B ---——--—---- Shear Wall Plan Summary
Appendix — C = -------——--- Load Case Summary
Appendix - D ------------ Lateral Load Summary
Appendix — E  ---------—-—- Lateral Distribution
Appendix — F  ——---------- Drift Check
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Appendix B — Shear Wall Plan Summary

Shear wall A:
Resists both lateral load directions: North-South & East-West.
Location: Surrounds north-core elevator shafts
Range: B3 - 4" level
Size: North-South walls - 1’-2” x 10’
Integrated columns - 14”’x 28”
Column Reinforcement — 6 #9 bars
East-West wall — 10”x17°-10”
Wall Reinforcement: #5 & #6 bars @ 12”

Shear wall B:
Resists both lateral load directions: North-South & East-West.
Location: Surrounding south-core elevator shafts
Range: B3 - 4" level
Size: North-South walls - 1°-2” x 10’-0”
Integrated into columns - 147x 28”
Column Reinforcement — 6 #9 bars
East-West wall — 10”x17°-0”
Wall Reinforcement: #5 & #6 bars @ 127

Shear wall C, C1:
Resists lateral load directions: North-South
Location: Surrounding West stair tower.
Range: Ist- 16" level
C1 terminates at 10™ level
Size: North-South walls - 10”x 13°-10.5”
Ends attached to columns — 18”x 26” and 24”x 24”
Column Reinforcement — (varies) #11 bars
Wall Reinforcement: #5 & #6 bars @ 127

Shear wall E:
Resists lateral load directions: North West-South East
Location: Column line X4 - North side of East tower
Range: 1st- 14" level
Size: North-South walls - 10”x 29°-5”
Ends attached to columns — 18”x 26
Column Reinforcement — (varies) #11 bars
Wall Reinforcement: #5 & #6 bars @ 127

13
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Appendix C — Load Case Summary

- - - - - - - - - - - - - - _..
B50E 15EE FEE 0645 BLET FEGS LELF B0s 5l ¥Z6 GLEE LLLEZ z
0/0E ¥O8E 5005 Zri5 BLEY FESS LELY I B ¥Z6 BIEE VLLEZ £
SE0E 9/ EZ05 0045 BLET FEGS LELF 0S¥ EF ¥Z6 GLEE LLLEZ ¥
00LE BLLE BEOS /595 BLEY FESS LELY EZF e ¥Z6 BIEE VLLEZ 5
Z1IE E/9E 5505 1195 BLET FEGS LELF S6E as ¥Z6 GLEE LLLEZ g
FELE /79E 205 5855 BLET FEGS LELF EES £6 ¥Z6 BZEE LLLEZ ]
Z5lE B/5E 0605 /155 BLEY FESS LELY 5EE Lil ¥Z6 BIEE VLLEZ B
DZLE DESE 6015 BarS BLET FEGS LELF ENS 621 ¥Z6 GLEE LLLEZ 6
BELE 18YE 715 BLYS BLEY FESS LELY 54T Bl ¥Z6 BIEE VLLEZ ol
BOCE DEFE F15 BHES BLET FEGS LELF EFT 81 ¥Z6 GLEE LLLEZ b
B7ZE B/EE 5815 BIES BLEY FESS LELY Lz /81 ¥Z6 BIEE VLLEZ Zl
BFZE ozEE EETEE] 5HCS BLET FEGS LELF B/l {08 ¥Z6 GLEE LLLEZ El
0852 ELEZ Z55F 5a5Y 75Er BlEY Ealy gl 00z B2l B/67 ESPEL !
ES EOLE BEILS OECS FEES ¥595 55 il Zre i i3 V0oL ESZE ESPEL 5l
LEGL F551 ELYE GEEE ZIZE GE6EE ¥Zec 8/ i SOEL BES | 1146 ET!
56F | Siyl 0/61 761 ¥EOZ EEED oLz /£ BEL Zll 09l /051 ZEES 4004

I I, A Al I [ _ ) ) E1] E1] ) () () 3487
E-Z NOILD3S Z0-/303% puisy,  [nenbyues|  moug | jooy aan | pec aan [peo peaq [eary ssoig
$3SVD Vo1l M 3 S n 1 1a v

suojeuoqUIo) peoT

L
0oL
0e
0oL
051

ar
fysel)

Moug
[ood

4004
gng
Y2
oDy say

SPEOT BAM




Yertical Distribution of Seismic Forces

Appendix D — Lateral Load Summary

15

Lioad Shear Moment
-5 W, h. w.h.t C.. F. V. M,
Leyel, 4 [kip=] [Ft] [kip=] [kip=] [Fr-kip=]
Foof =R 153 [ I 732,728 | Iy 0,063 129 22730
15 2450 1471 r 1,056,551 0,093 20 139 29559
15 3263 1361 1,270,351 0118 24 340 52404
14 2975 125.5 1,051,945 0,033 200 53z 26,035
15 3379 16 1,055,358 0.0 207 Taz 23,996
12 3379 10663 931,264 0.091 187 939 19,913
1 3379 97.3 577955 00s2 157 1176 16,258
10 3379 a5 77704 007E 145 1,343 13,015
g 3379 7264 77,320 e 1249 1,431 10,14
g 3379 £9.31 31513 0,054 M 1,620 7570
7 3379 E0 435, 155 0,045 93 1,73 e
g 3379 BI6S 397,302 0,037 76 1524 2,530
5 3379 41352 310,263 0023 54 1,599 2440
4 3379 32 227 459 0.0zt 43 1,955 1,385
3 3379 2266 149,573 0014 28 2,001 B45
2 3379 13.33 73520 0,007 15 2,030 139
1 2045
T- Ta Ta Ta T~
" Fores " woradsra F 1,000 " 2045 " 215347
Lioad Shear Moment
E-w W, h. w.h.t C.. F. V. M,
Leyel, 4 [kip=] [Ft] [kip=] [kip=] [Ft-kip=]
Foof F o7 163 732,728 0,063 129 22730
15 2460 1471 1,055,551 0,093 20 139 29559
15 3263 1361 1,270,351 0118 242 340 32,304
14 2975 125.5 1,051,945 0,093 200 5az 26 0155
12 3379 116 1,036,958 0.1m 207 74z 23,996
12 3379 10663 981,264 0.091 187 939 19,913
1 3379 973 577,955 00s2 157 1176 16,258
10 3379 85 77714 0072 145 1,343 13,015
g 5379 764 77320 e 1249 1,431 10,14
g 3379 £9.31 31513 0,054 M 1,620 7570
7 3379 E0 435, 065 0,045 a3 1,73 EE7]
g 3379 BI65 397,302 0037 76 1,524 3,530
5 3379 41352 310,263 0,023 54 1,599 2440
4 3379 32 227 459 i 43 1,955 1,385
3 3379 2266 149,573 0014 28 2,001 E45
2 3379 13.33 73520 0,007 15 2,030 139
1 2045
Ta Ta Ta Ta T-
" Fores " wradsra F 1,000 " 2045 " 215347




Vertical Distribution of Wind Forces

Wind Loading (M-53

16

Story Heightl Elevation | Tributary | Tributary | Tribotary | Wind Load | Wind Load | Shear | Maoment
Level () (1] Height ity | Width (t) | Area iw) (st (k) (k) (- k)
Faof 4 TEZ. 845 12 183 2196 16.8 a7 a7 -
16 16 146 84 13.5 183 2471 16.4 41 7a 54903
15 11 13584 10.83 183 1982 16.2 32 1100 14445
14 10.66 126249 9995 224 22349 16 1 146 2616.7
13 923 11596 933 224 2040 15.5 32 178 3976.3
12 9.33 106.63 9.33 224 2040 184 32 211 aE39.2
11 923 47,30 933 224 2040 15.4 32 243 Y6033
10 9.33 ar.ar 9.33 224 2040 152 32 274| 986813
q 923 7864 933 224 2040 148 31 J06| 124300
a 9.33 G931 9.33 224 2040 146 31 J36| 15281.49
7 923 a49.88 933 224 2040 14.2 20 JBE| 184184
i 9.33 a0.64 9.33 224 2040 1348 24 J94| 21831.8
& 923 41.32 933 224 2040 136 28 423 255162
4 9.33 a1.84 9.33 224 2040 13 27 480| 294658
3 923 2266 933 224 2040 12.5 26 477| 33668.9
2 9.33 13.33 11.33 224 2538 1.7 a0 a0a| 38115.8
1 13.33 0.ao 6.665 224 14493 - - - 44864 9
Wind Loading { E-W
Story Heightl Elevation | Tributary | Tributary | Tribotary | Wind Load | Wind Load | Shear | Maoment
Level () (1] Height ity | Width (t) | Area iw) (st (k) (k) (- k)
Faof 4 TEZ. 845 12 G2 744 16.5 12 12 -
16 16 146 84 13.5 G2 aar 16.3 14 26 196 .4
15 11 13584 10.83 G2 671 16.1 11 a7 481.5
14 10.66 126249 9995 222 2214 158 34 72 ara
13 923 11596 933 222 2071 15.2 32 103 15428
12 9.33 106.63 9.33 222 2071 152 31 134 2508.3
11 923 47,30 933 222 2071 14.1 31 TBE|  3YEY.5
10 9.33 ar.ar 9.33 222 2071 1448 31 197 53184
q 923 7864 933 222 2071 14.7 20 228 71574
a 9.33 G931 9.33 222 2071 143 a0 287| 92804
7 923 a49.88 933 222 2071 14 29 286 11679.3
i 9.33 a0.64 9.33 222 2071 137 28 14| 143487
& 923 41.32 933 222 2071 13.3 28 342 17284 .4
4 9.33 a1.84 9.33 222 2071 128 27 J69| 20476.0
3 923 2266 933 222 2071 12.2 25 3941 239151
2 9.33 13.33 11.33 222 2814 11.4 24 423 275918
1 13.33 0.ao 6.665 222 1420 - - - 332271
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Appendix E — Shear Distribution

zoloL [syes [i4S0 [46LS EEE 555 L e [BEOL BEO'L BAST  [BEOL BED'L L EEEL
A A Bt grr0 |Zri0 (2820 [Z920 gea0 [Zweo [g92o z 9972
EELL via0 [6Lb0 [os0L 610 /10 [s0E0 [ooro [oobo v5e0  [ooo [ooro E ZE
ges0 [obz0 JsE00 [@850 AB0°0 AB0°0 ¥ ZE L
= ESD T = Gr0'D GO0 5 5905
Szz0  [rBO0  Jszo0 [SE20 0E0°0 0500 g 09
I EED A T 6L0°0 6L00 / EFY
I D A P ELOD ELOD B (kN
B/00  [gEoo JeO00 (8400 0L0'0 0100 6 Bg
Bs00 [rlO0 Jaooo [es00 4000 ol £/
sv00  [owoo Jsooo (SO0 5000 Ll 990l
Se00 [sooo Jvooo [SE0D 000 zZl all
gz00  [9000 Jeooo [8Z0°0 E00'0 £l £'571
oooo [£o00 E00'D ¥l | 3EL
0000 |£000 E00'0 gl LirL
5] =]
A3 SN | 29lvET | A91WET | SAEEL | SAEEL 2l al al £BE 2L al oL | T
Hz Hz al al ol ol ol ¥l i [} il A [
ol f ] ! ] 5 i E z L [rrwas
A3 w3 [5a] O (58] LT =] 31’8 {5 M Eln
S-M M3 SM SM i3 SN =M M3 SN S
1sdo0oy = 24 ¢2k00045 =3 GO+ DA = o sampibry |1em jo uonenae)




Shear Distribution - X Rigidity
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Center of Mazs
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Appendix E — Drift Check

21

Level

]

— kI D) ke M 0N ] 0

Story Drift - Shear Wall C.1 Ec= 3605

t b h A I F & flexure & shear | Story Drift | Total Drift
(in) (in) in) | (¥ (in (K (in) (in) (ir) (ir)

10 166.5 1120 1665.0 585386.7| 625,716 | 0.03859733 | 0.03603202 | 0.07 468642 | 0.73955775
10 1B6.5 1120 16650 585386.7| 775583358 | 0.0430421 |0.04024501 |0.08525711 | 0.66457 133
10 1B6.5 1120 1665.0 585386.7| 848 2177 | 0.04705735 | 0.04399573 | 0. 093105764 | 0.55158423
10 166.5 1120 1665.0 585386.7| 914.1307 | 0.0507146 |0.04741891 | 008513351 |0.489052655
10 166.5 1120 1665.0 585386.7| 975.7083 | 0.05413033 | 0.05061314 | 0.10474393 | 0.39239307
10 1B6.5 1120 1665.0 535386.7| 1036 304 | 0.057 49262 |0.05375645 | 0.11124508 | 0.2/57654909
10 166.5 1120 16650 585386.7| B00.1305 | 0.03329434 |0.03113071 | 0.06442505 [0.17640001
10 166.5 1120 1665.0 585386.7| 614.5293 | 0.03410934 | 0.03189321 | 0.06600305 | 011157 455
10 166.5| 1600 1665.0 [ 1705357.0] 354 8185 | 0.0156548 [0.02625711 |0.04597191 | 0.04597191




