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Bioma ЬDiseño Sísmico basado en desempeño

Bioma by The Velopers
ǒ Metodologías de Diseño de Diseño REP-2021/ASCE SEI 7

Métodos Prescriptivos
Reduccion de Fuerza Elástica

Fuerza Lateral Equivalente

Analisis Modal Espectral

LTHA, NLTHA

Ç Sistema Estructural Prescrito

Ç Premisa de Ductilidad

Ç No apto para Edificios Flexibles
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Bioma by The Velopers
Metodologías de Diseño de Diseño REP-2021/LATBSDC(2020)

Ç Sistema Estructural Propuesto por el Diseñador

Ç Estudio de Amenaza Sísmica

Ç Estudio Especifico de Sitio. Espectros SLE (43  años) y MCE (2475 años)

Ç 11 pares de Señales/calibradas/escaladas  

Ç Evaluación de D/C para SLE (43  años) y MCE (2475 años)

Ç Confinamiento basado en evaluación de deformación

PBD

Performance Based Design
Diseño Basado en Desempeño

Analisis Modal Espectral

ServicioïSLE (43 años)

NLTHA

Strength ïMCE (2475 años)

PANEL DE REVISION EXTERNA (Geotecnia, Ing. Sísmica, Ing. Estructural)
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REP2021- DSPB:  DOCUMENTOS/NORMAS/CODIGOS 
Bioma by The Velopers
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Bioma by The Velopers
v

Muro-pórtico Muro de Corte + ñoutriggersò

Sistema Estructural para Edificios Flexibles

OR

OR
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Ç OWNER: THE VELOPER GROUP

Ç UBICACION: Costa del Este, Panamá.

Ç ARCHITECT: MALLOL

Ç STRUCTURAL ENGINEER:  Ing. OM RAMIREZ & Asociados, S.A

Ç GEOTECHNICAL ENGINEER: TECNILAB, S.A.

Ç GEOTECHINICAL CONSULTANT: Juan D. Jaramillo - RDC
Cesar Sierra - RDC

Ç PEER REVIEW PANEL
ǒ Geotechnical and Seismic: Luis Alfaro, Francisco Grajales
ǒ Structural: Andrew Whittaker

Ç WIND TUNNEL TESTING: RWDI, Guelph, Canada.

Ç Altura del Edificio:  265m + 17m (5  Sotanos)

Ç Relación de Esbeltéz: H/B = 16

Ç Area de Construcción:  120,000 m2.

Bioma by The Velopers BIOMA



Bioma ЬDiseño Sísmico basado en desempeño

General plan dimensions
Bioma by The Velopers

Podium Level 000 - 700

Typical Residential Level 700 - 6600 

Typical Basement Level - 100 to - 500
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North and West Elevation
Bioma by The Velopers
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Site Profile
Bioma by The Velopers

Fill

Organic Clay

Weathered Rock

Hard Rock

Water Table

Basemat
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Gravity loads (ASCE/SEI- 7)Bioma by The Velopers

Live Load Dead Load 
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Basic Wind VelocityBioma by The Velopers

Santiago

David

Chitré

Colon

Panama

V : 140 km/ hr (39 m/s)    

Basic Design Speed

3-s Gust

50-year return

Pacific Ocean

V : 115 km/ hr

(32m/s)    

Project Location

Caribbean Sea
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Preliminary SizingBioma by The Velopers

Ç Adequate cross section of vertical elements to:

Ç Control Axial Stress in vertical elements: Pu/Ag Ò 0.30 f´c

Ç Control of relative axial deformation of vertical elements

Ç Adequate lateral stiffness/strength to control Wind-induced vibrations

and to sustain wind induced forces.

Ç ASCE/SEI 7 - Method 2

Ç Adequate lateral stiffness, Strength, and ductility to outperform during

seismic events

Ç RSA at Service Level Earthquake (SLE-43 years)

Ç Capacity
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Lateral Stiffness SolutionsBioma by The Velopers

Outrigger System
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Lateral Stiffness SolutionsBioma by The Velopers

Lateral Wind drift

per architectural

layout

Lateral Wind drift

addingñoutriggers

at different locations
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Preliminary wind - induced vibration analysisBioma by The Velopers

Wind - X
Wind - Y

Estimated vibrational response
G. SOLARI ASCE 108

, ɍÒ 15-20 milli-g
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Preliminary Seismic/Wind FramingBioma by The Velopers

Floor 2000-2100

Floor 3900-4000

Steel truss Outriggers

W14 A992

Core wall
Column

Outrigger Configuration
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Preliminary sizing of the core Shear wallsBioma by The Velopers

Specified concrete strength

Ç Shear Walls

35 Mpa Ò f´c Ò   70 Mpa

Ç Columns

28 Mpa Ò f´c Ò   84 Mpa
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LATBSDC (2020) Expected Material StrengthBioma by The Velopers
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Element Specified / expected Concrete Strength propertiesBioma by The Velopers

Element Floor

Specified 

compressive 

strength f'c 

(kgf/cm2)

Expect 

compressive 

strength f'ce 

(kgf/cm2)

N -500 @ N 2000 840 1092

N 2000 @ N 3000 700 910

N 3000 @ N 4000 630 819

N 4000 @ N 4400 560 728

N 4400 @ N 6200 350 455

N -500 @ N 2100 840 1092

N 2100 @ N 3000 700 910

N 3000 @ N 4000 630 819

N 4000 @ N 4100 840 1092

N 4100 @ N 4400 560 728

N 4400 @ N 6300 350 455

N -500 @ N 1200 840 1092

N 1200 @ N 2000 630 819

N 2000 @ N 3000 560 728

N 3000 @ N 4000 490 637

N 4000 @ N 4400 420 546

N 4400 @ N 6300 350 455

N -500 @ N 000 700 910

N 000 @ N 700 630 819

N 700 @ N 1200 560 728

N 1200 @ N 3000 490 637

N 3000 @ N 4400 420 546

N 4400 @ N 6200 350 455

Tower 

columns 

Type 4

Tower 

columns 

Type 1

Tower 

columns 

Type 2

Tower 

columns 

Type 3

Element Floor

Specified 

compressive 

strength f'c 

(kgf/cm2)

Expect 

compressive 

strength f'ce 

(kgf/cm2)

N -500 @ N 000 700 910

N 000 @ N 2000 630 819

N 2000 @ N 2100 840 1092

N 2100 @ N 4000 630 819

N 4000 @ N 4100 840 1092

N 4100 @ N 4400 490 637

N 4400 @ N 6300 350 455

N -500 @ N 700 700 910

N 700 @ N 2100 630 819

N 2100 @ N 3000 560 728

N 3000 @ N 4400 490 637

N 4400 @ N 6200 350 455

N -500 @ N 700 700 910

N 700 @ N 2000 630 819

N 2000 @ N 2100 840 1092

N 2100 @ N 3000 560 728

N 3000 @ N 4000 490 637

N 4000 @ N 4100 840 1092

N 4100 @ N 4400 490 637

N 4400 @ N 6300 350 455

Tower 

columns 

Type 5

Tower 

columns 

Type 6

Tower 

columns 

Type 7

Element Floor

Specified 

compressive 

strength f'c 

(kgf/cm2)

Expect 

compressive 

strength f'ce 

(kgf/cm2)

N -500 @ N -300 630 819

N -300 @ N 600 840 1092

N 600 @ N 1800 700 910

N 1800 @ N 2300 840 1092

N 2300 @ N 2500 700 910

N 2500 @ N 3800 630 819

N 3800 @ N 4300 840 1092

N 4300 @ N 5100 490 637

N 5100 @ N 6200 350 455

Podium columns 

Type 1
N -500 @ N 700 350 455

Podium columns 

Type 2
N -500 @ N 700 560 728

N -500 @ N 200 840 1092

N 200 @ N 600 350 455

N -500 @ N 200 700 910

N 200 @ N 600 350 455

Walls

Podium columns 

Type 3

Podium columns 

Type 4

fôce=1.3fôc (LATBSDC, 2020)
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Checking Axial ShortheningBioma by The Velopers

Å Increase column cross section

Å Increase f´C

Å Increase amount of longitudinal Reinforcement, ɟ

Å Increase both f´C and ɟ

Å Add structural steel core to column section
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Climate study and WTTBioma by The Velopers
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Basic Wind Velocity and directionalityBioma by The Velopers

Common Wind
Km/hr

Design Wind
km/hr

115 km/hr (72 mph)

50-year return
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Experimental Wind Vibration Response (WTT)
Bioma by The Velopers
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Dtructural Wind Loads and Force Combination RulesBioma by The Velopers
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Seismic Analysis and Design Procedure (LATBSDC, 2020)Bioma by The Velopers

Ç Capacity Design - Classification of Structural Actions

Ç Groundmotion Characterization

Ç Modelling Req´s and Evaluation at SLE (43 years)

Ç Modelling Req´s and Evaluation at MCE (2475 years)
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Classification of Structural Actions (LATBSDC, 2020)Bioma by The Velopers

Ç Deformation-controlled actions

ñAction expected to undergo nonlinear

behavior, and which is evaluated for its ability

to sustain such behaviorò

Ç Force-controlled actions

ñAction not expected to undergo nonlinear

behavior, and which is evaluated on the basis 

of its available strengthò

Ç Critical (failure likely to 

lead to partial or total 

structural collapse)

Ç Ordinary (failure unlikely to 

lead to structural collapse)

Critical Ordinary

Flexure (in P-M-M) X

Shear X

Flexure (in P-M-M) X

Shear X

Flexure (in P-M-M) X

Shear X

Flexure  X

Shear X

Flexure  X

Shear X

Axial X

Shear X

Flexure X

Axial X

Shear X

Flexure X

Axial X

Shear X

Flexure X

Bearing X

Shear Transfer          

(Shear Friction)
X

Compression X

Tension X

Flexure X

Shear X

Outrriggers Columns

Beams

Cantilevers

All drag (collector) 

members

Seismic action
Deformation 

Controlled

Forced controlled

Structural Walls

Vertical Element-to 

Diaphragm-Connection

Columns

Outrriggers Beams

Below Grade Perimeter 

Retaining Wall

Typical (non transfer 

slab) Diaphragms

Diaphragms with Major 

Shear Transfer

Component 
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Groundmotion characterizationBioma by The Velopers
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Seismic Hazard ЬREP 2021Bioma by The Velopers

Site mapped acceleration Parameters for MCE (2475 -year)

SS=   0.96                     S1 = 0.38

Site mapped acceleration parameters for SLE (43 -year)

SS=  0.36                      S1 = 0.13

2475 yr

43 yr
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Site Dynamic propertiesBioma by The Velopers

Fourier Amplitude

Spectra Relation H/V

Average shear 

velocity distribution
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Groundmotion characterizationBioma by The Velopers
Soil stiffness degradation (G/Gmax) and 

damping (ɓ) variation curves

Fill layer

Organic clay

layer

Wheathered

rock layer

Resulting shear velocity profiles
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Groundmotion characterizationBioma by The Velopers

Site Spectrum , ȁ=1.25%
Tr=43 years

Site Spectrum , ȁ=5%
Tr=2475 years
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Groundmotion CharacterizationBioma by The Velopers
Scaling factors

Selected set of 11 pairs of groundmotions
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Groundmotion Characterization
Bioma by The Velopers
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Modelling Requirements
Bioma by The Velopers
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Modelling Requirements for SLE (43 years)Bioma by The Velopers

Retaining Wall

Basemat

Main Backstage
Diaphragm

Foundation Overturning

P/T Diaphragm

R/C Diaphragm

Backstage effect
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Modelling Requirements for SLE (43 years)Bioma by The Velopers
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Modelling Requirements for SLE (43 years)Bioma by The Velopers

Platform Slab

Typical Tower Slab
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Modelling Requirements for SLE (43 years)Bioma by The Velopers

Equivalent viscous damping versus building height ( Ref.LATBSDC -2020).
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Modelling Requirements for SLE (43 years)Bioma by The Velopers

SLE evaluation (43 years)

Response Spectrum Analysis

MCE evaluation (2475 years)

Nonlinear Time-history analysis

Foundation Modelling
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Performance Evaluation for SLE (43 years)
Bioma by The Velopers

Section 3.5.3 LATBSDC (2020)

Ç Evaluation of Accidental Torsion, Ax=?

Ç If Ax ι 1.5, and drift at MCE is larger than 0.01

then, accidental torsion at MCE evaluation 

must be                                   addressed.

Ç Acceptability Criteria

STRENGTH:

Demand to capacity ratio should not exceed:

a)  Deformation-controlled elements:

1.50 for Risk Category I and II

1.20  for Risk Category III
< 1.20 for Risk category IV (SSRP)

b)  Force-controlled actions:  0.7   

Ç Story Drift Control

Ç Maximum story drift at any location within 

the floor should not exceed 0.5% of story 

height. 
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Performance Evaluation at SLE (43 years)Bioma by The Velopers
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Performance Evaluation for SLE (43 years)Bioma by The Velopers

ɲ< 0.5%

Ax  мΦр ƛƴ ¸-direction at 
floors N-100 to N-400
άŎƘŜŎƪ ǎǘƻǊȅ ŘǊƛŦǘ ŀǘ a/9έ

Story drift TAF, Ax
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Performance Evaluation for MCE (2475 years)
Bioma by The Velopers Ç Perform  NLTHA (11 pairs of groundmotions)

Ç Report peak response values for each   

groundmotion at each story

Ç Report average of peak values

Ç Perform evaluation for:

Ç Force-controlled actions

Ç Deformation-controlled actions 
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Performance Evaluation for MCE (2475 years):
Bioma by The Velopers

Ç Evaluation of Accidental Torsion, Ax=?

Ç If Ax ι 1.5, and drift at MCE is larger than 0.01

then, accidental torsion at MCE evaluation must be                                   

addressed.

Ç Acceptability Criteria

Ç Story Drift Control

Ç Mean Peak Transient Drift:  0.03

Ç Peak Transient Drift: 0.045

Ç Mean Residual Drift:  0.01

Ç Peak Residual Drift: 0.045

LATBSDC (2020)
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Performance Evaluation for MCE (2475 years):
Bioma by The Velopers LATBSDC (2020)



Bioma ЬDiseño Sísmico basado en desempeño

Performance Evaluation for MCE (2475 years)Bioma by The Velopers LATBSDC (2020)
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Performance Evaluation for MCE (2475 years):
Bioma by The Velopers

LATBSDC (2020)
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Performance Evaluation for MCE (2475 years):
Bioma by The Velopers

LATBSDC (2020)
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Modelling Requirements for MCE (2475 years)Bioma by The Velopers

Core walls model

Ç Fiber elements with spread plasticity
Ç Typical fiber length of rectangular elements: Ò 0.30m. 
Ç For short elements (peers): 0.20m
Ç Minimum of 6 fibers per pier
Ç Fiber length : 1.20m.
Ç A stress -strain relation assigned to each element

Rebars

Yellow:  Unconfined concreteBlue:  Confined concrete

Section 3.4.14 of LATBSDC 
(2020)
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Modelling Requirements for MCE (2475 years)Bioma by The Velopers

Stress -strain model for reinforcement. 
Park (1971)

Stress -strain model for confined and 
unconfined concrete. Mander et. al 

(1988)
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Performance Evaluation for MCE (2475 years)Bioma by The Velopers

Ç Average Peak Floor Acceleration
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Performance Evaluation for MCE (2475 years)Bioma by The Velopers

Ç Story Drift Control

(i)  Transient drift

ȹmean Ò0.03h

ȹpeakÒ0.045h

(ii)  Residual drift

ȹmean Ò0.01h

ȹpeakÒ0.015h
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Performance Evaluation for MCE (2475 years)Bioma by The Velopers

ACI 

318-

19
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Performance Evaluation for MCE (2475 years)Bioma by The Velopers
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Performance Evaluation for MCE (2475 years)Bioma by The Velopers
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Performance Evaluation for MCE (2475 years)Bioma by The Velopers
Average peak concrete compression strain Average peak steel strain

Evaluation of concrete and steel fiber deformation limits
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Performance Evaluation for MCE (2475 years)Bioma by The Velopers
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Performance Evaluation for MCE (2475 years)
Bioma by The Velopers
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Detalles Estructurales
Bioma by The Velopers

Shear Wall N2000-N2100
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Detalles EstructuralesBioma by The Velopers

Shear Wall N3300-N4100
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Detalles Estructurales
Bioma by The Velopers
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Bioma by The Velopers


