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BUILDING SCHEMATIC }é BUILDING STATISTICS

» General Description:
e 12 Story Retirement Community
Addition
* 60 Independent Living Apartments
e 32 Assisted Living Apartments
* Amenities

* Size: 253,000 sq. ft.

 Overall Project Cost: $52 million
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RECENT HISTORY OF SEIsMIC CODE
CHANGES

IBC 2003/
NFPA 5000 2002
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BACKGROUND

« Original lateral system designed
according to IBC 2000

* ASCE 7-05 is current governing code for
seismic

* Result?
» Decrease in spectral response
acceleration parameters
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» Redesign and optimize main lateral
force resisting system (MLFSR) for
updated code

e Configure new shear wall design to
reduce torsion as much as possible

¢ Use coupling beams at shear wall
openings

* Lighting Breadth: Analyze 6t floor
corridor (assisted living)
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LATERAL SYSTEM

¢ (5) 14" simply reinforced shear walls

CONDITIONS - (10) 12" simply reinforced shear walls
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CENTER OF MASS/RIGIDITY e USR] TORSION

+Cante Mas:
e Eccentricity of 25 to 30 feet, dependent on
floor
CONDITIONS
« How much of total shear does torsion
account for?

Existing Shear Forces in Wall 5C

W Inkal Shear

L S
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ETABS ANALYSIS OVERVIEW

* Method

* Input:
¢ Static load cases, load combinations

e Dynamic Analysis Output:
¢ 12 modes of vibration (building period)
« Member forces & reactions

e Serviceability design
e Sizes & Locations

« Strength design
¢ Reinforcement
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ETABS ANALYSIS OVERVIEW

e Elements modeled:
* Rigid Diaphragms
» Shear Walls
e Coupling Beams

« P Delta Effects
* Non-iterative method

e Cracked section properties
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STATIC LOAD CASES

e Seismic

*Ro. 2201 110220 1sennvcaar 2ca0 20| 23849 .

Basic Wind Speed 90 mph — » Equivalent Lateral Force Procedure

n Occupancy Category 1Ll T02ea » ASCE 7-05 Chapter 12

1 Importance Factor 1.15 2780 e

oo - srie « Wind load criteria established

] . o
Wind Directionality Factor (Ky) ~ 0.85 2815 ethoa 2, apter

1549) e Forces calculated by ETABS

dGust Factor (both directions) 0.83 1438

4internal Pressure Coefficient +0.18 447

3T FI60] T867]_617893U65.2] UIZ7] 10 180)

2] 3642 9.33| 104778906.3 0.0021] 2| 15

des weight of Penthouse Ove g Mome 014 D
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Load Combo | ASCE 7-05 Load Combination as Entered in | Load Combo | ASCE7-05 | Load Combination as o I O D CO M B I N T I O N S
Reference #_| Combination emnes Reference # | Combination | _Entered in ETABS JAN JAN

| 11 | Combination 1 | 1.4D 51 | Combination 6] 09D + 16W1
[ 21 | Combination 2 | 120 + 161+ 055 52 09D + 16W2
S Combination 4 120+ ToWT + L 7 0% 53 0o + 16w . S
32 10t dew2 + L+ oss sa 0o + 16w * Based on basic combinations from ASCE 7-
33 10t dews + L+ oss 55 0o + 16w
34 120 + 1ewa + L + 05S s6 090 + 16W6 05 C| pter 2
3s 10 ¢ dews + L+ oss 57 0o + 16w
36 10 ¢ dews + L+ oss 58 0o + 16w
37 10t dews + L+ oss 5o 0o + 16w
38 12D + 16W8 + L + 055 510 09D + 16W10 H H H H
i el o focliiyat ¢ Wind combinations include 4 cases
510 10 ¢ aewio s L+ oss sn 0o + 1own2 > "
su 10 ¢ rewin s L ¢ 05 s1s 050 - 16w described in Chapter 6
s 10t aewiz s L+ ooss i oo - Lew:
51 1o L dews o L+ oss o1 0o - 16w
31 1 tews s L+ 0% S oon - Lews -
515 1o - vews + L+ oss sw 0o - 16w .
3 16 120 - 16W4 + L + 055 518 09D - 16W6 TOtaI Of 64 Comblnatlons used
b 1o tews + L+ 0% S oo - Lews
519 10 - tews + L+ oss 2 oo - 16ws
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WALL DEFLECTION
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SERVICEABILITY

* Iterative Process:
¢ Multiple solutions Considered

« Drift/Displacement limits
» Seismic Drift: according to ASCE 7-05
12.12.1
« Displacement: H/400
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DRIFT/DISPLACEMENT VALUES

WindX
Story  Allowable ement | Allowable

(in)

(in)
| oseloe | ___0971] _36lok]

tory  Allowable  Displacement | Allowable
Story_drift (in)_ (i) (in) (in)
[0.16802] 036[ok | 0994671428] __3.6]ok]

| 10] 0.12709] o0.28Jok |
[ ol 0.1235a] 028]ok |
[ sl o11s6s] 028]ok |
[ 7[ 0.12626] o32fok |
[ o 0.32]

|2 0.0a02]
[ oou77s] o2sfok |
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DRIFT/DISPLACEMENT VALUES

Seismic X
Story  Amplified Story Allowable  Displacement Al
Story _ drift (in) Drift (in) (in) (in) (in)

216000k |____2:660] _3.600]ok]]
[ok |

mic Y

Amplified Story Allowable  Displacement  Allowable
drift (in)  Drift (in) (in) (in) in)
27l 1215]

(in
1930 _3.600]okl}
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SERVICEABILITY SUMMARY

« Removed Walls
* Walls 3,4,6,7,8

* Added Walls
* 1B
¢ Used to induce core-like behavior
Coupling beams used in Core 9

Core 9 made 16" thick

Center of rigidity not relocated
e Torsion not resolved
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WALL STRENGTH DESIGN

¢ Flexural Reinforcement
e ETABS calculated

¢ Shear Reinforcement
e Hand Calculated

« Boundary Elements
* Hand Calculated
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STRENGTH DESIGN: FLEXURE

« Determined by ETABS according to ACI 318-
(074
e Checked against P-M2-M3 interaction
diagrams
» Considers effective flange widths

e Walls 1, 2, 5D designed in PCAColumn to
account for additional gravity load

Wall 5D
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STRENGTH DESIGN: SHEAR

« Design performed according to ACI Code
11.10

e Limitations
e Minimum reinforcement ratio of 0.0025
e Maximum spacing of 18"
e Shear strength limited to

» Factor of safety, ¢, taken to be:
 0.75 for wind
« 0.6 for seismic
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STRENGTH DESIGN:
BOUNDARY ELEMENT

 For sizing, calculated effective axial load
from axial force and moment
« Initially calculated according to

P, M,
Pope = L%+ =X
wBE 2 1

e More accurately calculated as

Mu
Pupe = (C’gmuAEE) + T

« Latter equation reduced load up to 50%
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STRENGTH DESIGN:
BOUNDARY ELEMENT

« Designed according to ACI Code Ch. 21
¢ Needed when maximum compressive stress
exceeds 1 ksi
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SHEAR WALL SUMMARY

Flexural Shear Boundary Element
Vertical Reinf*  Horizontal Reinf*  Length (in) Width (in) Reinf
#7 @ 12" #5 @ 18" (10) #9

#8 @ 12" # @ 18" (4) #9

#5 @ 16" #5 @ 18" (8) #10

#3 @ 12" #5 @ 18" (2) #10

#5 @ 12" #5 @ 18"

#9 @ 12" 5@ 18" (10) #9

#6 @ 12" #4 @ 12" (10) #9

# @ 12" 16 @ 18" (6) #9

#9 @ 12" 16 @ 18" (2) #9

#7 @ 12" #6 @ 18" (8) #10

#9 @ 10" #6 @ 18" (4) #9

#8 @ 8" #6 @ 18" (4) #9
*Placed in both faces
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STRENGTH DESIGN:
BOUNDARY ELEMENT

e Element designed as short column

* Checked for adequate tensile strength using
similar process

¢ Limitations:
e Maximum reinforcement ratio of 0.06
¢ Minimum dimensions as dictated by ACI
Code 21.7.6.2
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+
A -‘_"'"‘7— TYPIGAL HORIZONTAL AND
VERTICAL REMrOACING

BULKDAMT ELENEHT KEINFORCEVERT

\\j_

STANDAKD B9 DIGRIN HOORS
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COUPLING BEAM DESIGN

Beam

Location
Roof

u

Load Combo

Story 12

story 11

Story 10

Story 9

Story 8

Story 7

Story 6

Story 5

Story 4

Story 3

Story 2
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COUPLING BEAM DESIGN

e Used to:
* Improve energy dissipation
* Increase relative stiffness
« Develop plastic hinges which allow 2
piers to bend as 1

e According to code, if aspect ratio < 4,
diagonal reinforcement may be used
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CoLUMN DESIGNS

e Used to account for gravity load carried by
removed shear walls

~ ¢ Designed in PCAColumn to account for:

S a [ : | e Live Load
Y - | . J )
' i / » Unbalanced Moments

/ 1 & M

] A

T I T I FETYTTNY - Dead Load

S]ah/

Column Schedule

Column  fiH )3, J5 S12, Ve, V12
Size 22"x22" 122"x36" |22"x36" 22"x22"
Rebar (8)#11  [(8)#10  [(8) #10 (8) #11

Tributary Area
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SAVINGS

« Concrete (5000 psi) = $106,107

» Wall placement (crane & bucket) = $119,760
Reinforcement (material & labor) = $88,036
Spread Footings (material, placement,
reinforcement) = 341,550

¢ Gross savings = $655,453

CosTs

» Concrete (5000/6000 psi) = $59,636

» Col. placement (crane & bucket) = $39,207
Reinforcement (material & labor) = $41,409
Spread Footings (material, placement,
reinforcement) = $117,224
Gross costs = $140,252
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CoOST ANALYSIS

e Estimate savings of removed walls
» Estimate cost of replacement columns

» Net Savings: $515,201
+ 0.96% of total project cost ($52 million)
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6™ FLOOR CORRIDOR

e Concerns for elderly lighting
* lllumination (category D, 30 fc)
* Glare
* ADA compliance
* Power Density
» General Aesthetics
« Traffic direction

LIGHTING

REDESIGN

« Existing Conditions
e Coves
* Recessed 2'x2’ split baskets
* Downlights & wall washers
e Wall sconces
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LIGHTING

REDESIGN
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ORIGINAL COVE

LIGHTING

‘ J— REDESIGN
[
— v w
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- LIGHTING

REDESIGN




EDENWALD NEW/TOWER [ g I SUANHAL 0 E DENWALD NEWSATOWER

BRYAN'HART
STRUCTURAL ORTION!

SUMMARY

* Power Density
 Originally: 1.7 watts/s.f.
« Revised designed: 1.9 watts/s.f.

« Traffic direction
« Wall sconces make apartment entrances
more conspicuous

e lllumination
« Originally: below 20 fc in limited areas
* Revised design: uniform 30 fc minimum
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« Were coupling beams feasible?
¢ Reinforcing steel problematic
» Entire core widened for beams
« Deflection of core OK without beams

= Was lighting redesign feasible?
e 30 fc illumination maintained -
* Power density not improved
» However, removal of cove allows for
energy savings to offset power used
by ADA sconces

CONCLUSIONS
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« Was proposed lateral redesign/optimization
feasible?
» Serviceability requirements .
e Strength Requirements
e Economical? -
« Savings of $500,000

* Was torsion resolved?
» Center of rigidity not influenced
e Can it be resolved?
¢ Architectural overhaul
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RECOMMENDATIONS

CONCLUSIONS | el ey
e Implement proposed redesign of shear

walls
e Abandon coupling beams

¢ Lighting Design
¢ Implement redesign of superfluous cove
* Only replace existing sconces with ADA
compliant sconces, but do not add
additional ones to each entrance
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FOR THOSE STILL AWAKE...

I\

-—

...ARE THERE ANY QUESTIONS?
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STRENGTH DESIGN: SHEAR N STRENGTH DESIGN: SHEAR

« Nominal Shear Strength of Wall « Design performed according to ACI Code
11.10
« Nominal Shear Strength of Concrete

125Fc+ 0.2Nu/lwk)]
hd

IW
V.= [06Fc+ (

MV, — 1,/2

Nd
V.=33/fhd+ —
4,

¢ Required Horizontal Shear Reinforcement

_ L —e¢)s

A
¢ of,d




