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BUI dln%s)
Qué Pub y Por Qué? What to Publish and Why?

UNA NECESIDAD DEL FUTURO

= Eldisefo basado en los cédigos tiene sus limitaciones (Code-based design has limitations)
= Los edificios en altura son especiales: (Tall buildings are unique)

= Periodos largos (Long Periods)

= Efectos significativos de los modos altos (Higher mode effects significant)

= Efectos significativos debidos a P-A (Significant P-A effects)

= Acogen altas ocupaciones y tienen mayor impacto en caso de fallo (Large occupancy and greater
impact of failure )

= Los avances computacionales hacen el uso del analisis no linear mas practico (Computing advances
make nonlinear analysis more practical)

= Escasos ejemplos de diseno publicados (Minimal design examples published)
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Blenteizagsyticas (What is it Good For?)

Procedimientos de disefo que pueden establecer el nivel de desempefio para: (Design Procedures that
can set desired performance for:)

= Seguridad para la vida (Minimo exigido por el cédigo) (Life Safety (Code minimum))
= Recuperar la ocupabilidad (Restore Occupancy)

= Limitar el coste de las reparaciones (Limit Repair Costs)
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B’[ﬁﬂﬁﬁﬂggydar Internacional (International Standard Practice)

Estados Unidos + ASCE 7-16

= DSPD histéricamente utilizado para refuerzos estructurales (ASCE 41) (PBSD retrofit history)

= DSPD es un proceso en dos etapas (PBSD process two-step)

= Cdlculo lineal con factores R (factores sismicos de reduccién) (Code linear analysis with R-values (seismic reduction factors))
= El cddigo impone un sistema de limites de altura (Code system height limits)

China

= DSPD para edifcios que rebasan los limities (altura) (PBSD for buildings are over-limit (height))

= DSPD es un proceso en dos etapas(Two-step design process PBSD)

Eurocode 8

= Cdlculo lineal con factores sismicos de reduccidn (Code linear analysis with seismic reduction factors)

= Sin limite de altura y sin mencién del DSPD (No height limits and no mention of PBSD)
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UNA NECESIDAD DEL FUTURO

P = Probabilidad de Excederse en una vida de n afios =P =1 —(1 - P,)" (Probability of Exceedance in a life of n years)
P, = Probabilidad Annual de Excederse (Annual Probability of Exceedance)

Periodo de Retorno = 1/P, (Return Period)

n =50 anos (years)

Sismo Moderado o de Disefno (DE = 2/3MCE) — Codigo (Moderate or Design Level Earthquake - Code)
Periodo de Retorno =475 afos (Return Period = 475 years)

Sismo Frecuente o de Servicio (SLE) — PBSD Etapa 1 (Frequent or Service Level Earthquake — PBSD Step 1)
Frecuente: Periodo de Retorno = 50 afios (Frequent: Return Period = 50 years)
SLE: Periodo de Retorno =43 aios (SLE: Return Period = 43 years)

Sismo Raro o Maximo Considerado (MCE) — PBSD Etapa 2 (Rare or Maximum Considered Earthquake — PBSD Step 2)
Raro: Periodo de Retorno = 2000 afios (Rare: Return Period = 2000 years)
MCE: Periodo de Retorno = 2475 anos (MCE: Return Period = 2475 years)
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(Experimental Results)
El factor de reduccion R tiene en cuenta la ductilidad del sistema de forma indirecta
(R-Factor Accounts for System Ductility Indirectly)

© 1,000

=

i)

I 0,800

(]
© 0,600

(&)
(&)
< 0,400
©

2 0,200

o /\
¥ 0,000

Elastic (R=1)
0

Inelastic (R=5)
2

6
Period, s



SIMPOSIO 2018 CONSTRUIR EN ACERO

UNA NECESIDAD DEL FUTURO

o N _§  \ll

DSPD Para Edificios en Altura (PBSD of Tall

B(r]il’dismig@)'seﬁo Convencional — Restricciones en Altura (Limits of Conventional Design — Height Restrictions)

Table 12.2-1 Design Coefficients and Factors for Seismic Force-Resisting Systems

Structural System Limitations
Including Structural Height, h,
(ft) Limits®

ASCE 7 Section _— .
Seismic Design Category

Where Detailing Response Deflection
Requirements Are Modification ~ Overstrength  Amplification
Seismic Force-Resisting System Specified Coefficient, R*  Factor, (,° Factor, C,° B c D? E? F°
A. BEARING WALL SYSTEMS
1. Special reinforced concrete shear walls" ™ 14.2 5 2% 5 NL NL 160 160 100
2. Ordinary reinforced concrete shear walls' 14.2 4 2V 4 NL NL NP NP NP
3. Detailed plain concrete shear walls' 14.2 2 2% 2 NL NP NP NP NP
4. Ordinary plain concrete shear walls' 14.2 12 2V 12 NL NP NP NP NP
5. Intermediate precast shear walls' 14.2 4 2% 4 NL NL 40° 40¢ 40
6. Ordinary precast shear walls’ 14.2 3 2V 3 NL NP NP NP NP
7. Special reinforced masonry shear walls 14.4 5 2% 32 NL NL 160 160 100
8. Intermediate reinforced masonry shear walls 14.4 kL% 2V 2% NL NL NP NP NP
9. Ordinary reinforced masonry shear walls 14.4 2 Vs 134 NL 160 NP NP NP
10. Detailed plain masonry shear walls 14.4 2 2V 1% NL NP NP NP NP
11. Ordinary plain masonry shear walls 14.4 12 V2 114 NL NP NP NP NP
12. Prestressed masonry shear walls 14.4 12 2% 1% NL NP NP NP NP
13. Ordinary reinforced AAC masonry shear walls 14.4 2 2V2 2 NL 35 NP NP NP
14. Ordinary plain AAC masonry shear walls 14.4 12 2V 12 NL NP NP NP NP
15. Light-frame (wood) walls sheathed with wood structural 14.5 62 3 4 NL NL 65 65 65

panels rated for shear resistance
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Bni'rkdiqug@')eﬁo Convencional — Mas de 80 sistemas definidos y aun asi...

(Limits of Conventional Design — 80+ Systems defined and still...)

TABLE 12.2-1 DESIGN COEFFICIENTS AND FACTORS FOR SEISMIC Fi NG SYSTEMS TABLE 12.2-1 DESIGN COEFFICIENTS AND FACTORS FOR SEISMIC FORCE: SYSTEMS TABLE 12241 DESIGN FOR SEBMIC FORCE SYSTEMS
Siractorr e -
and Bulding Heighi () Limité and Busding Halght i) Limi:
Salsenc Force-Resisting Systam ASCE 7 Sactian whare [— Syrtom Deioction Sismic Farce-Rasisting Sysioms ASCE T Section whars Raponca Systom — ant Bulkding Haighs (1) Limis®
Detsling Requirements Modiicaon | Owersirengih | Ampiification pm———— Detaling Reguirements Modcation | Oversirengih | Amplicetion prrm——" System Detlection
ciied Costticient, A° | Factor, 1g? | Factor, G an cavgo. are Speciied Factor, (1g¥ | Faotar, Gy il Dataling Requitemsts Madification | Ovessirength | Ampillication “Salsmic Dasign Categary
STl e = sTclor [ ] = Speciied Gosftciont, 7 | Fasior, i¥ | Factor, >
oo & [~
22 Prectressed masonry shear walls g 2 7 NL|NE| NP [ NP NP
. DUAL SYSTEMS 12251

1. Special reinforced concrete shear walls s 5 NL| L 160 [ 160 | 100 2 Light feamed wals shthod 7 2 4 NN es |65 | a5 T PERMEDLALE MOMENT FRAMES

2. Ordinary reinforced concret chear 4 4 ML ML e [NE ] e . m'h‘““*““‘""“' CAPABLE OF RESISTING AT LEAST
— et of e e

3. Detailed plain concrete shear wal 2 NL| NP | NP [NE| NP 2. l“"”””m nlm':‘:‘“ h shear panels S £ kI NL|NL| 35 [ ne | we ‘:J — . o - - - T

4. Ordinary plain concreie shear walls ” 1 |NL|Ne|nNe|NE| NP Bm”m‘ m‘m‘m“mmh = - S S EART A AT T pnel conoanerically brace 8 o 2 -

5. Intermediate precast shear walls 4 a NL | N [a0F [aof | adt mum.mrc~|-lmwh¢l|mm||:m-‘ - o 5 F— e wh 3 ~e e Fiso 00 | o

6. Ordinary precast shear walls 1420 4233 3 3 NL|NE | Ne [NE | N 3 vy shear o 5 5 nieo | me | e | wp

7. Special reinforced masoary shear walls 144 and 14.4.3 5 NL | NL | 160|160 | 100 26. Buckling-resteained braced frames, 141 8 2 s NL | NL | 160 | 160 | 100 e o :

8. Intermediate reinforced masonry shear 1400 1443 e NL|NL | Ne [N | NP foisica iy ' beamn-columa 4. Intermediate reinforoed masor l44 3 3 NL|NL| e | we | e
walls 5 walls

9, Ordinary reinfurced masonry shear 44 z I Tk |NL| 60| NP NP| NP Special sieel plate shear wall 141 7 : o NL|NL | 160 ) 160 | 100 5. Composic sicel and conerete 3 [ [ N 10| 00 | ne
walls MOMENT-RESISTING FRAME concentrieally braced frames

10, Detailed plain masoary shear walls 144 2 17 ~L|we | e [wp | we STEMS 6. Ordinary compesite beaced frames 143 s 3 N [ne | e [ e

1. Ondinary plain masonry shear walls 44 14 |NL|Ne|mE|NE| NP ‘Special siecl moment frames 141 and 12255 ] 3 N NL | NL | NG ]S 7. Onlinary compuniereinforced 143 5 FEPRI T T T T

12, Prestresscd masonry shear walls 144 1% NL|NP|NP|NP| NP Special steel truss moment frames 7 3 NL | L[ 160 [ 00| we comerete o hear walls with steel

13, Light-framed walls sheathed [TANTRRES 3 4 NL| L 6s [ 6| es Inmermediate steel moment frames. 15 v NL [ N[350 [N | we - - - -
et ks e Tt st and 145 8 Ordinary reinforced concrete <hear 1z 2% 4 B ETH ) T
resistance or te sheets

14,1 (M\\mludll\\Anlnlmllrhlu,l* 14014142, 2 21 2 NL|NL| s [ Me | Ne 4. Ordinary steel moment frames 15 3 3 NL | NL | NPT NE lh*rrk.uT‘l‘;J-\ rl‘r‘r‘.‘lﬁwnn 4142 4t 2h 4 NP NP|ONE O[NP
of all other mater: and 145

ORDINARY REINFORCE]
15, Light-framed wall systems using flat [TXNTNEEN 4 2 S |NL L6 | 6s | es 5. Special reinfarced conerete moment 3 NL|NL | AL [ ML hL CONCRETE MOMENT FRAMES AND
: and 145 frames ORDINAR
STEMS @ reinforced conerete 142 5 3 4 NL|NL | NP | NP | NP CONCRI HEAR WALLS

1. Srecl eccentrically braced frames. 141 B 2 4 NL| NL {160 [ 160 100 mes. (\.V'ﬁ"EMRDPT\‘II‘I EI‘)I]LTL(‘:HM FORM 12252
moment resisting conections at 7 forced concrete moment 142 3 3 NL N[ Ne [ Ne | e
Columns away from ks e opeete mamen TOTHE REQUIREMENTS FOR:

2. Stcel cecentrically braced fran 14.1 7 2 4 NL| NL | 160|160 [ 100 ‘Special composite steel and concrete 2255nd 143 5 3 sig [T ST AT P T 1. Special steel moment frames 12255 and I4.1 1 2p ECN I R 38
TS e Somnecti 1 woment frames 2. Intermediate ste [TH] 1 35 | 35 | 35" | NP | NpAT
columas away from links

3 e Mliw‘mm" el T B 5 5 it e et 0 9. Imermediate composite moment 143 5 3 45 NL|NL| N | NP | NP 3. Ordinary steel moment frames 14.1 1 [ 35 | 35 | e NP | NP
i nneatly . ? - frames 4 Special reinforced conerete moment 12255 and 142 1 24 B EEERE

. 10, Compursite panially restrainesd momeat 143 6 3 S 160|160 | 100 [ NP | NP frames.

4 Ordinary steel concentrically braced 141 3 z al NL | NL | 387|357 | N by -
frames ¥ “ frame 5. Intermediate concrete moment frames 1 1 1 HEIEARES

5. Special reinforced concrete shear wal o 5 NL| L 160 160 100 1. Ordinany composite moment frames i ' NL|NPJ N | NP N 6. Ordinary concrete moment 1 1 ! NP NP NP | NP

6 Ordinary reinforced concrete shear 142and 14234 5 4 NL|NL| NP |NP| NP WITH SPECIAL 1251 14 ! 35|35 | NP | NP
Ordin MoMFnTmAqu(AmB EOF 3 3 3 N[N [ e | Ne | Ne

7. Desailed plain conerete shear v 1420 14232 NL| NP | NP [NP| NP P )

& Ordinary plain concrete shear walls 142 and 14231 T NL|Np [N (NP N el M n A AR TR “13,']'_'" K

9. lnter ccast shear walls Zand 4235 E 2 5

9. Intermediare precast shear walk 142and 14 ML|NL f40F faf | 40F 141 ER NL|NL| 8L [ NL | N TEoshon TdfcatiodcoTieen. 1o e ghoct s ST R 0ces o 3 0N el 00 e 0 v

10, Ordinary precast shear wall 142 and 14233 4 NL| NP NP [NE[ NP Tactor, €, for use in Sections 12.8.6, 1287, and 12,90

I Compenie el antconerts 143 x Fl NL | NL 160 [ 160|100 3. Spovial reinforoed cmors shear walls 142 - R L we | o [ | s Lo e T i ot e Ut 3. fo 10 use 1.5 o 160 . Hcghs o casure from th base of the trcturs
eceentrically braced frames & Ondinn . B s det o
. 5 vy teinforced concrete shear 142 3 s NL(NL| NP | NP | N 5ee Secton 12 for a description of building systems limited 10 buildings with a height of 240 ft (732 m) or kess.

12 (f""'"‘wff“;v”"dj‘,“"" 143 s 2 NL|NL | 160|160 [ 100 wal See. 5.4 for building systems limited mluwnwnmmmm 160 f1 (48K m or less.
concentrically braced lrames 5. Composite steel and concrete 143 ¥ 4 [ T T T T Oty momeat frams e pertitied to b uocd 1 i o "\lxrm}llﬂv(ﬁnamr Seani Deign Cacgorien Bor C. o .

T3 Oy componte el v e} 3 B 3 NL|NL | NP [NP| NP cemtically bruced frames e tab ted u.m[.;n overstngth o, . IS permited (> ced iz ome-half for Structures with fexible dispheagms, bt shall not
vaced frames or any structure

& stcel and conerete 143 3 5 NL|NL | WL [ ML hL . s - i structure: oE.

14, Composite sieel plate shear walls 143 6l ML ML | 160 160|100 ically braced frames “,.m._@, B o o e M e e et mic f;)f,‘;f.«rmwi poE

15 Syocin comprs et 143 3 NN 160|160 [ 00 steel plate shear walls 143 3 WL NC | NG [ NC | s Sree ondinary conce hmud\mmhmnpmmmd in sing! r-mr\'hnlzlmpupmukvhu?d\{l 183 m) where the dead load of the rof does not
shear walls with steel cle e e 20 psf 1096 KN/’ howse s

16, Ordinary o M“ T 3 MR 8. Special composite reinforced conc 143 7 i NL|NL | NL | NL b Hincrease i hEight 1045 1(13.7 m) it pemined for single story stoag wirehouse facilites
concrete shear walls with st -
clements 5. Ordinary compost reinorcod 143 3 5 [ T N T

e choar walls with stee

17. Special reinforced masoney shear walls 144 sia 4 0 T ) R - e

18. Intrmmediste reinforeed masoney sbear 144 4 4 NL|NL | NP |WP| NP 10,5 inforced masonry shear walls 144 Sl 3 B NLNL | NL NG| N
; [ € reinforced masonry <h 144 4 3 i NL[NL | Ne [ Ne | e

19 Ordinary reinforced imasonry shear 144 z B NL | 160 | NE NP | NP st reinfoccesd masonry shear 5
walls

20, Detailed plain masoary shear walls 44 3 5 Nelne [N Ne| WP 12 Buckling restrained braced frame 141 ] NL | NL | WL NL

21, Ordinary plain masonry shear walls 144 A T N el we we| we 13 Spectal stecl plate shear walls 141 ¥ NL|NL ] N L
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Bigil'@isrqlglgseﬁo Convencional — Constantes R, C,, Q, (Limits of Conventional Design — R, C,, Q, values )

Gravity Loads Gravity Loads Gravity Loads G,.av,‘y Loads
3 * —T ¥ S| \ —
— . VR \——e!
\ T \ ¢
T b O
\\——. nl \\_.. \‘
— ] Lateral ‘—i
tale;al \ 4 Loads Lateral \
oads Lateral s hung Loads =~ \—i
AN Loads | Al \
Y N I =
b \ \
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k¥ 5 ¥ ki
2. BUILDING FRAME SYSTEM 3. MOMENT FRAME SYSTEM 4. DUAL SYSTEM

Quantification of Building
Seismic Performance
Factors

FEMA P695 / June 2009
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& FEMA o
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B'[r]il’disrqiglgyseﬁo Convencional (Limits of Conventional Design )

Problemas con |la constante R: (Issues with R-values)

= Cualitativo (Qualitative)

= Menos Directo (Less direct)

®  Menos Preciso (Less accurate)

=  Menor Libertad de Sistemas (Less freedom of systems)

= Dificultad para incorporar las nuevas tecnologias (Difficult to incorporate new technologies)
= Puede ser mas costoso (Can make more costly)
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Bgdhdrhnggg Disefio — Aproximacion en Dos Etapas— Comprobacidon para Cargas a Nivel de Servicio (Frecuente)
(Design Procedure — Two Step Approach — Check for SLE (Frequent) Loading)

Sismo de Nivel de Servicio (Periodo de retorno de 43-50 afios) (Service Level EQ (43-50 year return period))
Analisis con Espectro de Disefio, sin reducciones (R=1) (Response Spectrum Analysis (RSA), no reductions (R=1))

Los components estructurales seran verificados usando: (1) resistencia especificada (2) sin factores de reduccion de

la resistencia (3) valores de rigidez de nivel de servicio (Structural components will be checked using: (1) specified
strengths, (2) no strength reduction factors, and (3) serviceability stiffness values)

= 10D+L,,+1.0E +0.3E
= 10D+L,,+1.0E +0.3E,

Los Ratios Demanda/Capacidad (DCR) deben satisfacer los siguientes limites: (Demand/Capacity Ratios (DCR) satisfy the
following thresholds:)

=  Elementos Controlados por Deformacion DCR < 1.50 (Deformation Controlled Elements)
. Elementos Controlados por Fuerzas DCR £ 0.70 (Force Controlled Elements)

Maxima deriva de entrepiso (h/200) (Inter-story drift maximum)
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Béﬂlhdlhﬁ@&) Disefio — Aproximacion en Dos Etapas — Comprobacion para Cargas MCEg (raro)
(Design Procedure — Two Tiered Approach — Check for MCE; (Rare) Loading)

Sismo Raro (periodo de retorno de 2000-2475 afios) (Rare Level EQ (2000-2475 year return period))
Andlisis No Lineal de Respuesta Histdrica (Nonlinear Time History Analysis)

No-linealidad del material modelada (Material nonlinearity modeled)

Los components estructurales seran verificados usando: (1) resistencia esperada (2) sin factores de reduccion de

la resistencia (3) valores de rigidez (Structural components will be checked using: (1) expected strengths, (2) no strength
reduction factors, and (3) stiffness values)

= 10D+L,,+1.0E

Los Ratios Demanda Capacidad (DCR) deben satisfacer los siguientes limites: (Demand Capacity Ratios (DCR) satisfy
the following thresholds:)

=  Controlados por Fuerzas (Criticos) DCR < 1.0/1.5 (Force Controlled (Critical))

=  Controlados por Fuerzas (No criticos) DCR < 1.00 (Force Controlled (Non-critical))

=  Los Elementos controlados por deformaciones deben MINIMAMENTE satisfacer los limites de comportamiento

para la Prevencién del Colapso (CP), generalmente LS (Deformation Controlled elements must MINIMALLY satisfy
Collapse Prevention (CP) performance thresholds, generally LS)

Maxima deriva de entrepiso (h/33) (Inter-story drift maximum)
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Bauéesigwhat is it?)
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e !
REGISTRO DE ACELERACIONES MODELO DE ANALISIS NO LINEAL SIMULACION SiSMICA COMPLETA
DEL SUELO (NON-LINEAR ANALYSIS MODEL) (FULL EARTHQUAKE SIMULATION)

(GROUND ACCELERATION RECORDS)
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" None " All deformations and strengths

€ Al deformations
& Gioup (see Limit State Groups task)

ES4

&
Color Group for Usage Ratios
1 C2 ©3 ¢4 C5
— =
MinRaio=[00 [15 [25 [35 [6

You can change these ratios f you wish

Click to move yellow Tive= [278

Animate if desired.

U NN

| Faster

Slower




4 THA
SIM - 018 CONSTRUIR EN ACERO \ SIMER:1¢) IS

DSPD Para Edificios en AItura (PBSD of Tall

B]yﬁ@liﬂgs)os disipan energia en caso de un terremoto significativo? What Elements Dissipate Energy in a Significant Seismic Event?

T.00E-02

1% Total Drift

B50E-02
Link Beam Ratation 10
B.00E-0Z
CFT Column Tensile Yielding 10 1% Story Drift
E5.50E-02
Performance Point: Outrigger Yielding

BRI V=0.0438W, =H/421

Belt Brace Buckling

450E-02

f
Wall Yieldin \
g \\\

CFT Column Tensile Yielding

4.00E-02
3S0E-02
3 00E-02
250€-02
200E-02
150E-02

1.00E-02 \ Wall Cra cking

£.00E-03

0
ORFT ¢ 125603 2 50E-03 3.75E-03 5.00E-03 625E-03 7.50E-03 BT5E-03 1.00E-02 113E-62

Elementos Controlados por Deformacion vs Controlados por Fuerzas
(Deformation Controlled vs Force Controlled Elements)
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BJa Hcﬁﬁ ):Iel Material — Usar ASCE41 y Ensayos del Material para el Modelo
(Material Nonlinearity — Use ASCE 41 and Material Testing for Direct Modeling )

nnn_ (O) :JI[-Jf E=|(Io)

Base Shear

Collaps
e

Structural Displacement A (earthquake intensity)

Operacional (O - Operational ) = Los elementos de emergencia permanecen funcionales; dafios menores
(Backup utility services maintain functions; very little damage)
Uso Inmediato (10 - Immediate Occupancy) = El edificio permanence seguro para ser ocupado; reparaciones menores
(The building remains safe to occupy; repairs are minor)
Riesgo para la vida - (LS - Life Safety) = La estructura permanece estable y con capacidad significativa; los dafios de riesgo no estructurales son limitados
(Structure remains stable and has significant reserve capacity; hazardous nonstructural damage is controlled)
Prevencion del Colapso (CP - Collapse El edificio se mantiene en pie, pero en el limite; cualquier dafio adicional puede causar el colapso
Prevention) (The building remains standing, but only barely; any additional damage may cause collapse)

Colapso (Collapse) Autoexplicado (Self-explanatory)
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B\[gﬂ,ﬁbmgg)i del Material — ASCE41 y Ensayos del Material (Material Nonlinearity — ASCE 41 and Material Testing)

10 LS cP

1.00E+03
E 5.00E+02
z
=
€ 0
(]
£
[=]
= _5.00E+02

-1.00E+03

-3.00E-02 -2.00E-02 -1.00E-02 0 1.00E-02 2.00E-02 3.00E-02

Rotation (radians)

Modelo para Viga de Acoplamiento en Hormigéon Armado
(Conventionally Reinforced Link Beam Model)

1.50E+03 10 LS
1.00E+03 /,-' N\ cp
B
= 5.00E+02
=z
€ 0
[}
5
= -5.00E+02
-1.00E+03

-1.50E+03

-1.00E+01 -5.00E+00 0 5.00E+00 1.00E+01

Rotation (6/8.)
Modelo Para Viga de Acero (Steel Frame Beam Model)

4.00E+05 0 LS | CP
® o d

3.00E+05

2.00E+05
1.00E+05

0

Stress (kPa)

1.00E+05 CP LS /

-2.00E+0S
10

-3.00E+05

-1.00E-02 2.50E-02

-5.00E-03 0 5.00E-03 1.00E-02 1.50E-02 2.00E-02

Strain

Modelo para Arriostramiento Simple en Acero
(Simple Steel Brace Model)

A

10
3 les LS
S P s CP
he] J=] S
(0]
N
3 B ¢
£
2

D
A £ -

Deformation or deformation ratio

Criterio de aceptacion (Acceptance Criteria Illustration)
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aU'ld%%%)cién mas precisa del comportamiento (More accurate assessment of performance)

2. Uso de sistemas previamente restringidos por su altura (Use of previously height-restricted structural systems)

3. Flexibilidad para utilizar nuevas tecnologias (Flexibility to use new technology)

Russia (1) Los Angeles, CA USA (2) China (3)
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Buildvedgpcién mas precisa del comportamiento (Rusia) (More accurate assessment of performance)
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Buildvedgpcién mas precisa del comportamiento (Rusia) (More accurate assessment of performance)

* Torre con Tubo de Marcos Especiales (SMF): (Tower Tube Special Moment Frame)
e Columnas (Columns): S690 (100 max)
 Vigas (Beams): C390 (50 max)

* Forjado (Floor Framing): C345
* Losa (Tower Raft): B75 / 60 MPa
* Pilotes (Tower Piling): B40 / 32 MPa
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Buildvedgpcién mas precisa del comportamiento (Rusia) (More accurate assessment of performance)

Akhmat Tower Overturning Moments Akhmat Tower Base Shears
450 450
400 400
I I§
B e
350 i 1 350 ‘ ‘
. | | i
300 ‘ I 300 | {
|
£ 250 £ 250
S S
g E |
> =
T 200 1 | @ 200 ‘ ‘
I 1 | |
1 | |
! | ! |
150 J ‘L 150 J {
ki EH
i B
100 1 | 100 |
_i | ' i
; 4‘ i
50 I 1 50 |
i { b
by £ ! s
1 S b s
P ailsiecroroatn b N P af gmscesianan LN
o . .“l///y//— SEct M R P i ;”/Z ol =
o By b7 YL < < . 7 7% R o 5 7 ¢ % < 2
%, 9:;% ‘fq,o qq,o ‘fq,o qu ‘-fo% ?o% “-Ao% ?%D % Yo % K %
< Z 7 7 e o & & o > * Cb ‘Q, >
L T T @ % ’ b *

Maximum Story Overturning Moment, kN-M Maximum Story Shear, kN

——Wind Tunnel 50 Year Return x 1.2 ——RSI RSA ——Wind Tunnel 50 Year Return x 1.2 =——=RSI RSA
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Ruildvederhcion mas precisa del comportamiento (Rusia) (More accurat

e assessment of performance)
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Buildvedgpcién mas precisa del comportamiento (Rusia) (More accurate assessment of performance)

Reduccion - Resultados del Test Aerolastico
Reduction - Aeroelastic Test Results

35

—]1.5% Damping
30
—5.0% Damping

25

20

RWDI Residential

M 150 Office

15

Total Peak Acceleration (milli-g)

10

Typical Time Between Occurrences

Peak Torsional Velocities

Peak Accelerations® (milli-g)
Total - [X, Y and torsional components]

Period (milli-rads/sec)

(Years)

1.5% Damping

5.0% Damping

1.5%
Damping

5.0%
Damping

CTBUH®
Criteria

1 18- [18, 11, 0.73] 10 - [9.7, 5.9, 0.40] 0.1 0.1 1.5
5 34-[33,19,1.1] 19-[18,11,0.61] 0.2 0.1 -
10 45 - [44, 23, 1.3] 25-[24, 13, 0.72] 0.2 0.1 3
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Buildvedgpcién mas precisa del comportamiento (Rusia) (More accurate assessment of performance)

T T

bl

i

| h=

= ) 3

C00000G000
0000000000
000000000 .
cocooojcoocd T~
L el
T e
S C)
1| e | |
e L
| H
Ll
. e -
/—‘R—< —




SIMPOSIO 2018 CONSTRUIR EN ACERO

UNA NECESIDAD DEL FUTURO

o N _§  \ll

DSPD Para Edificios en Altura (PBSD of Tall

Buildvedgpcién mas precisa del comportamiento (Rusia) (More accurate assessment of performance)

Kobe Earthquake

300 - Time Step 52.96sec
@0 1 When Maximum
Joint Rotation
Observed

100 —

o
-100
-200

-300 -
=Ll i 1 1 1 i 1 1 i 1
O 15 30 45 60 75 890 105 120 135 150

\ A Node Rotation

at Peak
Response

2.1

5.2

1.9

4

Max Beam Flange
Stress

Beam Flange: 325 MPa
Beam Plate Fy: 390
MPa

Max Column Face
Stress

Column Face: 420 MPa
Column Plate Fy: 690
MPa

Max RBS Stress
RBS: 275 MPa
Beam Plate Fy: 390
MPa
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Buildisgde sistemas estructurales previamente restringidos en altura (Los Angeles, CA — USA)
Use of previously height-restricted structural systems

* Muros del nucleo en hormigén (Concrete core walls)

* Columnas tubulares de acero rellenas de hormigdn (Concrete filled steel box columns)

* Forjado mixto (Composite steel floor framing)
* BRBs en tres zonas con outriggers (BRBs in three outrigger zones)

* Diagonalizacion de dos niveles con outriggers (Belt trusses at two outrigger zones)

-
— -
B VR
Ag—— Moment in core with A
> \ outrigger bracing
shear wak /
—_— \4—— Moment in core without i = Braced fame
‘e Leeward columns in \ outrigger bracing : —
i aiig compression ,
A\ ——
- \\—/
Windward columns
- in tension

Tearafer of forces from core to
cutrigger columes
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Buildisgde sistemas estructurales previamente restringidos en altura (Los Angeles, CA — USA)
Use of previously height-restricted structural systems —

— -y

e Altura del nicleo =893’ = 272m (Core height)
* Nucleo (E-W) = 893’/126’= 272m/38m = 7 (Core) i
* Nucleo (N-S) = 893’/38'= 272m/12m = 23.5 (Core)
* Qutriggers (N-S) i

* 38 (12m) a 108’ (33m) (8:1) (38 to 108 feet)

126’

U LA

LT T ST T AT TN

v

&
<«

893’

A

b 4 i = e
(LT PTITTTTTTTITTTTERE

North
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Buildisgde sistemas estructurales previamente restringidos en altura (Los Angeles, CA — USA)
Use of previously height-restricted structural systems

SHAIIIINSN)

TOLE LU P T T R R I T AT

BUTTTTTTTTTRO s
L LU TR ;



SIMPOSIO 2018 CONSTRUIR EN ACERO

UNA NECESIDAD DEL FUTURO

o N _§  \ll

DSPD Para Edificios en Altura (PBSD of Tall

Buildisgde sistemas estructurales previamente restringidos en altura (Los Angeles, CA — USA)
Use of previously height-restricted structural systems

* Las diagonals de los outriggers son BRBs

(Outrigger diagonals are BRBs) ,f//,

koL

* Relativamente nuevo (Relatively new)

e 1970’s: Invencién en Japdn (Japan invention) "k\‘M"IV ‘

* ‘94 Northridge: 1er uso en USA (US adoption ) (el

] ™

* En tres localizaciones (Three sets)
* 170 BRBs total

‘ g "'Il|||\|-' w-

- g e
. ‘gl‘-% b 40 BRBs (Levels 28-31)
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Buildisgde sistemas estructurales previamente restringidos en altura (Los Angeles, CA — USA)
Use of previously height-restricted structural systems

éPor qué usar arriostramientos de pandeo restringido (BRBs)? Why use Buckling Restrained Braces (BRBs)?
* Componentes (Components)
p ! p o
* Nucleo de acero (Steel core) N
» Camisa exterior (Outer sleeve) \ \
* Limita las fuerzas |
(Caps forces in critical elements)

2200 kips

* Columnas (Columns)
* Muros de transmision (Wall panel zones)
* Conexiones (Connections)

* Cimientos (Foundations) BAR TAPERS

* Permite elementos largos sin arriostramiento
(Allows long unbraced lengths)

* Arquitecturas dramaticas
(Dramatic architecture)
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Buildisgde sistemas estructurales previamente restringidos en altura (Los Angeles, CA — USA)

Use of previously height-restricted structural systems
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BOX GIRDER

| | SLOPING
| WL COLUMNS @
\ | NORTH SIDE

29
506 -0 Q

SLOPING
COLUMNS @
NORTH SIDE

28 d;
582 -0"

BOX GIRDER

4 X 2200 Kips each = 8800 kips / location
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Buildisgde sistemas estructurales previamente restringidos en altura (Los Angeles, CA — USA)
Use of previously height-restricted structural systems

SINGLE
BRB

|
b~ s
* T - I\ 79335
7 |
= |
E‘ %7%77747 L_QZ?‘-?)%s
J
/\
= -
o JILT - T
- | :
= = _=_WG
= G IF T — L - °
E E -@:F,,A#,,i,i, ”::%:—w—_s‘?.@
£ \%
E E %,ﬁ,i,, 31 ‘7 51 0
— / \, 1 800 kips each
E — u:%fgkfifi, @i! 1_869'-6"
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Buildisgde sistemas estructurales previamente restringidos en altura (Los Angeles, CA — USA)
Use of previously height-restricted structural systems
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Buildisgde sistemas estructurales previamente restringidos en altura (Los Angeles, CA — USA)
Use of previously height-restricted structural systems
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BJildingsbilidad para usar nuevas tecnologias (China) (Flexibility to use new technology)
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BJildingsbilidad para usar nuevas tecnologias (China) (Flexibility to use new technology)
6000 -

4000

2000

0

-2000

Axial Force (kN)

e Damper

-4000

== Conventional Outrigger
-6000

0,600

Cycles

Damper Force
0,400

0,200

0,000

il Farce (W)
4600.000

Iwées Point 1: Point2: Point 3: Point1l: Point2: Point3:

78547

a0 kN 2330kN  OkN 4500 kN 0 kN 4500 kN

242105

-0,200

Roof Displacement (m)

-0,400
I 26316

1654737 3 —Damper

s Damper Scheme Conventional Scheme L

-4600.000

Cycles = Conventional Outrigger
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Bylildipgsgpilidad para usar nuevas tecnologias (China) (Flexibility to use new technology)
~f§- Frequent EQ X - Reduced Spectrum, .=8%

250m == Frequent EQY —Reduced Spectrum, .=8%
(Limit) b~ Wind X (Code), =6%
- Wind Y (Code) =4.5%
200m
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— 0.900
E
c 150m T oo
= S o700
©
E B 0600
= g 0.500
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©
£ 0300
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Interstory Drifts
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BJildingsbilidad para usar nuevas tecnologias (China) (Flexibility to use new technology)

— 100 100
T

Total Energy: 262,800 kN-m ) Total Energy: 322,800 kN-m )
Energia de nergia de

- deformacion Y deformacion
M (Strfi}]jnngy)' (m
indJ // » W 7|

Energia disipada por el Energia disipada por el
amortiguamiento inherente “ amortiguamiento inherente
(Energy dissipated by inherent / (Energy dissipated by inherent

i
J'/ damping) / damping)
I ‘.4--.l

AAAADAANAANAAL

aa

! ' ;- f/
Damper Scheme UBB Scheme ,m u\__‘_

U SMESD 100D TSES  ZODESM  2SOESD1 IO RSIESD  ADDESM  ASES  SOOESD  SSOESDT  GNOE  GSIEWD O SOIENDTOEAT IS ZOOET IS SMEAT ST AMEDD ASOEO1 SDOEST SSEA
Component 10 Usage Ratio Time, s Time, s
Average of 7 sets of Rare TH Analysis

Dampers UBB Outriggers and Belt Truss
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