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PRECAST CONCRETE STRUCTURES
IN SEISMIC REGIONS

» The use and development of precast
concrete structures in seismic zones
have been limited by:

— lack of confidence on their
performance

— absence of rational seismic design
provisions

« Common trend in the major model codes
(U.S., Japan, New Zealand, Europe):

— emulation of cast-in-place reinforced
concrete (wet connections)

— strong connections: inelastic response ‘!
accomodated outside the joint region ’
— jointed ductile connections (new): =
inelastic response within the connection =2 | '

o .
?m'r@q !!'

UNIVERSITY (_)F
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CHRISTCHURCGH NEW ZEALAND



Fully-functioning three-span industrial plant UCw
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(Some) Fundamental Aspects in Sesimic Design SRR
of Precast Concrete Buldings

Appropriate Design Methodology (Force-Based Design or Displacement
Based Design)

Understanding overall Building Behaviour (structural systems,
diaphragm, non-structural elements, foundations)

Connections detailing (ductile behaviour, dissipation)

Redundancy and robustness (preventing progressing collapse)

Displacement compatibility (between lateral-resisting systems, floor-
diaphragms, infills facades)

and....detailing, detailing, detailing...(the devil is in the detail!)
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“HINGED” CONNECTIONS

(typical of Precast Industrial Buildings in Europe)



PRECAST INDUSTRIAL Building o

CANTERBURY
Te Whare Wananga o Waitaha

Roof “beam” Te Whare Wananga o Waitaha
elements

| Trasverse beam

Key elements
and
nomenclature

Floor system

Discrete “socket” |
foundation



3.5 Large free space buildings
This type of building is used for:

* industrial buildings

* warehouses

* department stores, etc.

Straight

7
When large column-free areas are needed, the building is
normally designed with precast frame systems or load-bearing
facade walls.

Intermediate floors may be installed in the whole building or
parts of it. Staircases and shafts are normally formed using
bearing walls. Additional precast products are shown in Fig.
3.10.

FIP Handbook on precast
Building structures
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Typical beam- column or column-foundation connections for
Industrial precast construction in the Mediterranean countries

Precast roof beam el
' | steel plate

Self-centering
~ device

Cast in situ
foundation

\ —
R ——
T .o > K = .-: o ] r] . " v
- . P DL : l ST

Threaded ’/:j\
Precast beam ungrouted
_ steel bar '
H-shaped —
precast beam ” J Transversal
/f’ o _ steel bar
- i ./_/"’
-
e
—
oacaik Precast
ol column \1
q |
/'//.. )
e

Figures from Calvi, Bolognini, Nascimbene (fib 2006)
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Typical European hinged beam-to-column
connection on the top of a column

Insitu topping layer
Precast roof slab

Insitu topping layer
Precast roof slab

Precast secondary

Precast secondary beam

beam .
Insitu concrete

Additional
reinforcement

Precast main girder Precast main girder

Frecast secondary
beam

Precast main girder
Low friction elastomeric pad

Precast main girder
Low friction elastomeric pad

Connecting dowel Proper anchorage length

a) plan view

Precast column
Precast roof slab

Precast secondary
beam Holes

Low friction elastomeric pad j

% g Precast main girder
Low friction elastomeric pad

Dowels bolted on the top
with proper anchorage

Precast column

UCkw
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(Some) typical Advantages and
structural Limits
of precast structures

« Advantage: Quality control, speed of erection, dry
construction

VS.
 Limit: inefficient static schemes (simple supports of - Precastbeam e
beams, slabs). Oversizing of cantilever columns for '““—X\«u_ A
lateral (wind & earthquake) loads AT niectn

grout

NEED for MOMENT RESISTING CONNECTIONS

AT
o~ Precast
column

Castin
steel box




Limitation to one-two storeys industrial buildings CANTERBURY

(need for core walls or other lateral resisting systems)

Significant limits due to the excessive deformability and high lateral
displacement demand

*Second Order Effects (P-Delta)

> NOT efficient Static Structural Scheme
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“EMULATION”
OF CAST-IN-SITU CONCRETE
CONNECTIONS



Traditional solutions
based on ”Emulation”
of cast-in-place concrete

connection

Precast concrete

Butt welding

Mortar or grout

P Column unit

Mechanical coupler

Cast-in-place concrete

Cast-in-place concrete

Beam unit <

Beamco

lumn cruciform unit

Bychenkov, 1978

column Cast in place
cofumn Midspaon
Mes-;:)?ggicul RERS Cast in place
J S~ joint \
3
-~
———
Precast
Zonstruction gﬁ’nf;g’e’:e .
jemnt Preformed
holes

(b) System 2 - Precast Beam Units
through Columns

Construction

Steel plates bolted together

\

; ;
Fa et
i RN SN
Beam column T unit Lt Bl =
e il T ]

-

=T Diagonal bar welded

to steel plate

Mechanical splice
Midspan
&

ii==il

Proprietary floor system

and cast in place reinforced
concrete tapping

Precast—
T unit

(c) System 3 - Precast T

or Cruciform Units

Cast in place !
concrefe

/— Mechanical coupler

| =il

Watanab

AN

Precast concrete
U - beamn

(d) Precast Concrete System
Involving Shell Beams

UNIVERSITY OF
CANTERBURY

Te Whare Wananga o Waitaha
CHRISTCHURCGH NEW ZEALAND

e, 2000

Park, 1990s



Traditional solutions
based on ”Emulation”
of cast-in-place concrete

Sanpaolesi, 1995
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Construction Steps of emulative System S1 e
Step 1 Steps 2-3 Step 4
Placement of the column  Placement of the two Placement of column
beams on the column stirrups in the joint and

top bar reinforcement

column stirrups
=

|

fib Bulletin n. 78



UCkw

UNIVERSITY OF
CANTERBURY
itaha

Te Whare Wananga o Waita

CHRISTCHURCH NEW ZEALAND

Step 5 Step 6-7
Placement of Hollow-Core units Placement of all reinforcement
(with propping underneath) Including mesh and casting of

concrete topping on the floor

fib Bulletin n. 78
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Construction Steps of emulative System S2 UCw

reinforcement

of the beam core. —.
(according seismic \\
codes for insitu frames)

prestressed
steel

rough
internal concrete
beam faces

fib Bulletin n. 78



i Example of on-site applications
L’Aquila 2009 p




Bazzano,

L’ Aquila 2009
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Bazzano, L’ Aquila 2009




Cast-in-place UC@

concrete on the | ONIVERSITY OF
bea m"CO|umn jOint Beam IEiWharelWananialolViaiiaha
Shear - el ] | Shear
keys el T keys
=R ] >10mm
Column

Note: The interface between insitu concrete and beams in the
beam-to-column joint cores should be made intentionally
rough enough to accommodate shear.

It iIs recommended that mechanical shear keys are created at

the vertical ends of the precast beams during casting of precast
beams.
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Emulative System S1 with corbel
(minimum or no propping required)

Application of System S1 in Turkey
(Photo courtesy of Yapi Merkezi Prefabrication Inc. Istanbul)

fib Bulletin n. 78
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Application of Emulative System S7 (with continuous columns) in Pune-India
(courtesy of Precast India Infrastructures PVT LTD - photo by Nagesh Kole)
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V/;// UPPER PRECAST COLUMN PART
i
-
I
topping concrete /%/l/g//} topping concrete | topp'mT concrete

‘ top beam| reinforcenleft —tdp bedm reirjfofcement 'mTihe other dir‘ecﬁom
i 1 I

r ****** 1T TT*TF'*AHVJ *** ***T

— L —

elastomeric pad— elastomeric pad| |
or beam m

for bea |
% ‘ precast beam
g %

column corbel

A

column corbel-

beam ledge
for H-C-S

fib Bulletin n. 78

. ] r——LOWER PRECAST COLUMN PART
main colum
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Application of EANTERRORY
Emulative” solutions
In New Zealand

Unisys House, Wellington, New Zealand

(Photo courtesy of A. O’Leary)

Double vertical cruciform joints
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Unisys House, Wellington, New Zealand (Photo courtesy of A. O’Leary)



Construction Steps of emulative System S3 UCw
(top beam passing through)

CANTERBURY
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Appl IC atIOn Of Ohe e O T
”Emulative” solutions
In New Zealand

ail Space
e 295m?
« 580 m?

Available October 2007

Brendon Stewart 365 3756

www.rapaki.co.nz




Wet joint

——

Prior to casting

" e

Application of
”Emulative” solutions



Application of
Emulative” solutions

PROJECT DIRECTOR

y e

MAIN BUILDING  wil Hawkins
CONTRACTOR . Construction

CONSULTANTS s
PROJECT ARCHITECT DA ARCHITECTS
This project entails the o e npaiales iy | RDER HUNT @
creation of an 8 level, STRUCTURAL / CIVIL moavm S
155 room Ibis Hotel, ELECTRICAL | ENSOR PARTNERSHIP LTD % o

with full restaurant, bar and | | o0 e

associated retail facilities.
E FIRE SAFETY g

UCkw
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Application of ”Emulative”
solutions (more)

Architectural Rendering of UoC Biological Science Building
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Double (horizontal)
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Beam-to-column “wet”
connection
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Limits of the “Emulative” approach oSl

- Does not exploit the advantages of precast concrete
 Slow down the erection speed (higher costs)

« Complexity of connections and of semi-precasting elements (higher costs)

* As typical of Traditional Ductile Systems
DUCTILITY= (Unavoidable?) DAMAGE
Permanent (Residual) Deformations after the earthquake

*High Costs of repairing (when feasible and convenient to repair)



Seismic Performance of modern solutions UCw
A Reality Check..
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Taranaks
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Plateau 0y

Australian
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‘Camphell Pia fe-.:;-.u e

Christchurch
(PGA=0.220)




The dramatic “experimental tests”

from the Christchurch Earthquake sequence
(4 Sept 210, 26 Dec 2010, 22 Feb 2011, 13 June 2011..))

O 50-5.9 BCIENCE

TE FU AD

@ Aftershocks 13/06/11 - 21/07/11
@ Aftershocks 22/02/11 - 13/06/11
@  Aftershocks 04/09/10 - 22/02/11

Sub-surface fault rupture

e Greendale Fault £

| Aftershocks as of 21/07/2011 |

Active faults

5700000

T T T T
2420000 2440000 2460000 2480000 2500000 2520000
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12.51pm 22" Feb 2011...




- PGC- Collz
. Concrete B

Issues:

« Design
methodology and
assumptions
(capacity design)

« Lack of
Redundancy

* Detalling




CTV - Collapsed Reinforced Concrete Building (mid 1980s)

A ¥ ‘|

Issues:
* Design
methodology and
assumptions
(capacity design)
« Lack of
Redundancy
* Detalling




22-storey precast concrete  tw
(post-1980s)

rrrrrrrrrrrrrrrrrrrrrrrrrr
Y R i
3 Gy e~ £ -
) Z . T
. i e o r' =T DA
x - Pk N . > ]

Precast or

cast-in-place
column unit .
e Midspan
Mortar or Cast-in-place concrete | Cast-in-place

grout joint and top steel in beam : / joint

;

Precast or
cast-in-place
column unit

Precast beam unit

(b) System 2 - Precast Beam Units Through Columns



Extensive damage (beyond reparability)
to modern Buildings

Typical plastic hinges in beams
(intended to act as sacrificial fuses)
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A very common end CANTERICRY
n Te Whare Wananga o Waitaha

Man-made Demolition

All CBD Buildings

Yellow,
692,
23%

As per 12 June 2011
Source: CCC Data
(Kam, Pampanin,

Elwood, 2012)

‘But they [buildings] did
what they were meant to do”
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CERA



http://cera.govt.nz/

CERA i.

Canterbury Earthquake
Recovery Authority



http://cera.govt.nz/
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The Concept of Resilience

First Response
.’é
. SN G B B B B B B B e e
| : § initial Impact Long Term I
Preparation == === Impact

A T . .. -
e

Preparation
for Recovery
l : Recovery
—_— >
Disruptive Time of Time

Source: Yossi Sheffi & James B. Rice Jr.
Event Full lmm MIT Sloan Management Review, 2005
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| costi dei terremoti in Italia

. Importo attualizzato 2014
{milioni di euro)

Bl Poriodo di attivazione

10anni degliinterventi

121.608

milioni di euro

il costo totale (1968-2012)

*  Dati a consuntivo sulle nsorse effettivamente stanziate dallo Stato
* * Provisioni di spesa delle autorita locali preposte alla ncostruzione

Friuti
(1976)
[==i]y==1=)
1876- 2006
Emilia
(2012)
2012-
Marche Umbria
(1997)
Abruzzo —
(2009) 1997-2024
p===sp ]
2008-202S
Irpinia
(1980)
===l
1980-2023
Valle del Belice
(1968) Puglia Molise
E==lsslwsillassleslss (2002)
1968-2028 ===
2002-2023

Fonte: Centro stud del Consgho razionale degli ingegner

250 miliardi di euro

il costo totale degli Interventi dal
lzgr)oguefra, considerando non
0l terremoti ma anche frane
e alluvioni

i

degli edifici italiani non sono
costruiti secondo le regole
antisismiche

degli edifici italiani & stato
costruito prima del 1974, anno di
entrata in vigore delle prime
regole antisismiche

(P o

delle scuole non e antisismica

@ +5/8%

l'incremento medio del costo
delle costruzioni antisismiche

rispetto a quelle enormalis

360 miliardi di euro

la stima del costo
dell'adeguamento sismico degli
edifici italiani secondo Oice,
associazione delle organizzazioni
di confindustria

Cormere delia Sera

2ouBULIOpDY

First Response
S e — e UCke

| 3 Initial Impact '-°N|!T°";‘t UNIVERSITY OF
Prepara — non CANTERBURY
Te Whare Wananga o Waitaha
I
I
| Preparation
for Recovery
J
I | Recovery
—
L: 1 >
Disruptive Time of Time

Event Full Impact

Costl indirett1?
Indirect Costs?

c.a. 1500-2000 miliardi
(billions) in 40 anni (years)

=40 miliardi alllanno
(billions/year)
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“Our” understading of Earthquake-Resistant AN
able Irr

Performance Level

Fully Operational ~ Operational Life Safety ~ Near Collapse

Frequent
(43 years)

Occasional
(72 years)

Rare
(475 years)

Very Rare
(2475 years)

Earthquake Design Level

From SEAOC Vision 2000 (1995)



BASE SHEAR

Which means..... UC IA{C
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Fallacy
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The Code-Standard is NOT meant to be used as a
Target or Ultimate Goal but as a minimum by law

Corollary

Earthguake-Resistant

(earthquake engineering
community’s view)

Earthquake-Proof

(everyone else’s view)



The Renewed Challenge of Eartquake Engineering:
Raising the bar to meet Society’s Expectations

able
Performance Level
Fully Operational
Frequent

= (43 years)

E e
5

= Occasional %,._w

2 (72 years) ’ e

a &

E Rare ?’aué_.
= (475 years) Ya
=

g Very Rare

[ (2475 years)

perationd Life Safety Near Collapse

CANTERBURY
h 2 Whaitaha

CHRISTCHURCGH NEW ZEALAND




Towards the “Ultimate Earthquake Proof-building” UCks

UNIVERSITY OF

Shake-table testing of an integrated o
low-damage system

from Johnston, Watson, Pampanin, Palermo (2013, 2014)

Typical damage to structural and non-structural components
In New BUILDINGS (Traditional Emulation of Cast-in-situ approach)
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“JOINTED DUCTILE”
CONNECTIONS

(Low-Damage Technology)



Introduction to PRESSS-technology

New Generation of Seismic Resisting Systems

Prof. Ing. Stefano PAMPANIN
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PRESSS-Technology
(PREcast Seismic Structural System)

Five-Storey Test-Building (UC San Diego, Aug 1999, coordinator Prof. M.J.N. Priestle
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New Generation of Damage-Resisting systems CaNTERmOY

Jointed Ductile DRY connections assembled by post-tensioning techniques
inelastic demand accomodated within the connection

Hybrid systems : combination of unbonded post-tensioning AND dissipaters

“Controlled Rocking” :
— Reduced level of damage

— Negligible residual (ng{)Aqwggeformations (rece nte ring) WALLS

Non-prestressed 0 _ _
(mild) steel Fiber reinforced

\ rout pad

Unbonded
post-tensioned
tendons

Energy
Dissipation
Devices

Unbonded post-tensioned
tendons

Courtesy of Ms. S. Nakaki



Traditional ( lithic) UCw
raailtional (monolithic _ SRR
New generation (jointed ductile) B

courtesy of Dion Marriott
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A paradigm shift CANTEY

 Changing the way of thinking at “plastic hinges”

1

a) Column gidesway machanism b) Beam nidesway mechanism

{soft storey)

 Fully exploiting the concept of Capacity Design
.Pﬂ

h i
ST G

Britfie Links Duchie Link  Brithla Links

d Ductility NOT anymore = damage




Historical Developments in Seismic Design Philosophy UCw
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PAST (pre-1970s codes)




One Further Step Ahead:

Repairability of
the Weakest Link of the chain

A q

5 | i

Britfie Links Duchie Link  Brittle Links




External &Repleacable Dissipaters
(“Plug & Play”)
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External mild
Grouted Mild Steel | St?ISSIPaterS
Partially | ~ Unbonded Post- /5/' |
Unbonded | "= ‘
Mild Steel 1)

\ __:E .i ,
Yo =& %o

y 5 Imposed ™\,
[mposed Rotation
Rotation

Marriott et al., 2008



The “Plug & Play” dissipater

l,..=90mm
dfusc=7mm

(a) Mild steel dampersLCY1

o

Epoxy injected,
steel confining
tube

Axial Strain [x103]
40

1 " L 1

80 120 160 200

wd 1] LT 60
i 450
20 - 300
z "Mt 08
0 0o 2
E ] 0 &
— - -150 ¢n
<
2% ’////4 —GrrErT o 300?
40 ——— Tension test 2 |[~ 450
— — = Tension test 3 ||~ _600
----- Tension test 4
60— T e /0
0O 2 4 6 8 10 12 14

Axial elongation [mm]

Pampanin et al., 2005
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Earthquake Event or Aftershock?

(you can simply check and replace
the Plug&Play fuses)
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Design Code
Implementation

UNIVERSITY OF
CANTERBURY

Te Whare Wananga o Waitaha
CHRISTCHURCGH NEW ZEALAND



Design guidelines are available U
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In seismic areas

Seismic design of
precast concrete
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Code/Standards are available R

Te Whare Wananga o Waitaha
ND

MNZS 2101:Part 1:2006

APPENDIX B — SPECIAL PROVISIONS FOR THE SEISMIC DESIGN OF DUCTILE
JOINTED PRECAST CONCRETE STRUCTURAL SYSTEMS

New Zealand Standard (Normative)
MNLS 3100 ZFart 12006
B2 Definitions
CONCRETE STRUCTURES 821 Jointed systems
STAN DARD Jointed systems are structural systems in which the connections between the precast concrete elements
are weaker than the elements themselves. Jointed systems do not emulate cast-in-place concrete
Part 1 - construction. The connections of jointed systems can be of limited ductility or ductile.
The Design of Concrete Structures B22 Hybrid systems

Hybrid systems are jointed structural systems in which the self-centering capability is provided by post-

tensicning and/or axial compressive load, and energy dissipation is provided by yielding non-prestressed
stee| reinforcement or other special devices. Hybrid systems are ductile.
B2.3 Eguivalent monolithic sysfems

Equivalent monolithic systems are structural systems in which the connections between the precast
concrete elements are designed to emulate the performance of cast-in-place concrete construction. The
connections can be of limited ductility or ductile.

B3 Scope and limitations

This Appendix applies to ductile jointed and hybrid precast concrete structural systems. The systems may
be moment resisting frames, structural walls or dual systems, in which the precast concrete elements are
joined fogether by post-tensioning technigues with or without the presence of non-prestressed steel
reinforcement or other energy dissipating devices.

B4 General design approach
B4 1 General

Either a force-based or a displacement-based design approach $hall be used for the seismic design of
jointed and hybrid structural systems. Medifications to the inter-storey drift limits used in design shall be

NZS31 01 :2006 made in accordance with B4.2.

B4.2 Dt limits

Inter-storey drift limits as defined in MZ5 1170.5 shall be adopted for jointed structures, except that drift
limits comesponding to a damage control, or the serviceability limit state may be increased by up to 50 %,
prowided analytical calculations andlor experimental validation demonsirates a reduced level of damage,
{both structural and non-structural), when compared to an equivalent monolithic structure. Mo increase in
drift limit comesponding to the ultiimate limit state shall be allowed where high inelastic demand and P-
delta effects can govern the response.
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With Displacement Based Design Examples of Frames and Walls
(According to N253101:2006)

5 Storeys at
3.8m; total
height 19m
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From theory...
to Practice
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Paramount Tower, San
Francisco (Englekirk, 2002)

Precast Hybrid
Moment Resistant Frame A

Concrete

(PHMRF) Column

Filled with fiber-reinforced grout _

Precast /
Concrete Beam Mild Steel Bars

Postensioned Steel Cables
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On-site Applications

Brooklyn System — Italy
(Pampanin, Pagani, Zambelli, 2004)
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On-site Applications

Hotel Virgo
(Mendoza, Argentina)
courtesy Pretensados Argentinos




On-site Applications SR
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Zona Franca America, Costarica, Holcim Producto de Concreto
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Alan MacDiarmid Building, Victoria University, Wellington

Dunning
Thornton

nsuitants

B T 44 ,_ Cattanach and Pampanin, 2008
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NZ’s second PRESSS Building (6)
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Pampanin, Haverland, Kam, 2010
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Beam- Column Connection
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20
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e 1 nigh strength grout
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Christchurch EQ
(22 Feb 2011)

performance
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Isn’t this the GOOD NEWS UCww
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that our Society deserves to receive?
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PRESSS Walls with “Plug&Play” dissipaters

splire
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PRESSS Walls

with external and replaceable
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Towards the “Ultimate Earthquake Proof-building” UCks»

UNIVERSITY OF

Shake-table testing of an integrated o

low-damage system
Johnston, Watson, Pampanin, Palermo (2013, 2014)

Next Generation of Integrated Low-Damage Building
- precast concrete with dry jointed ductile connections -



The Frame System
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l 300mm |
[ L Dissipator

310mm 250mm

. Tendon duct
Grout pad

Dissipator anchecrage

|

from Johnston, Watson, Pampanin, Palermo (2013, 2014)



Low-damage facades R
(Baird, Palermo, Pampanin, 2010-2014)
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Low-damage infills YT
(Tasligedik, Pampanin, Palermo, 2010-2014)
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MIF1-STFD: Low Damage Steel Framed Drywall Anchor pull out and plaster damage at high
drift levels (1.5-2.5%) due to lining rocking
caused by the closing of the gaps

(Solved in MIF2-TBFD)

Bﬁ Linings have freedom for rocking that is to
be utilized when the supplied external side
gaps are closed in the storey

~=== [inings and studs have freedom for
movement in horizontal that is utilized all
the time when drift is imposed

LOW DAMAGE UNREINFORCED CLAY BRICK INFILL WALL

LOW DAMAGE DRYWALL DESIGN RECOMMENDATIONS DESIGN RECOMMENDATIONS (Shown on a single skin)

Infill panel zone to be constructed by multiple infill
panels with the required design side gap ( A;)
__~equally distributed among the clay brick infill panels
to achieve rocking cantilever walls: A minimum
height to length aspect ratio of 1.5-2.0 is desirable for
each sub-panel

 Friction Fitted Studs with
" gap on top: Studs are free to slide

i Gypsum Linings are attached only to the
\‘\_ vertical studs, but not attached to the (1)
outermost stud that is anchored to concrete

column The gaps to be filled with Polyurethane Joint Sealant

-~ (Construction AP): Can either be fire rated or non-fire
rated. To ease the application polyethylene foam can be
used to prevent overflow

. Side, upper and lower gaps around the
/"/ edges of the linings

__~The unreinforced clay bricks to be infilled inside the
area bounded by the light gauge steel sub-framing
(Light gauge steel tracks and studs)

Gap between the outermost stud and the
_.first internal stud to allow for free sliding
) " (A mid-height pivot can be introduced for
centring the drywall after seismic
movements)

All weight of the infill panel zone will be carried by the steel framing
system. Therefore, the steel framing system should be attached to the
surrounding structural system with adequate out-of-plane capacity
(Area based unit weight~1.36 kN/m?)
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Johnston, Watson, Pampanin, Palermo, 2014
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SERA Project (2017-2019)
Towards the Ultimate Earthquake proof Building System:

development and testing of integrated low-damage technologies
for structural and non-structural elements
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1 August 2019
Laboratdrio Nacional de Engenharia Civil (LNEC) - Lisbon (Portugal)

TRIDIRECTIONAL TEST XYZ - LIMIT STATE 4

Christchurch (NZ) February 22, 2011
Mw = 6.3, Station = CCCC

Scaling Factor = 1.2
PGA=0.58¢

Maximum inter-storey drift =1.00 %
Peak floor acceleration = 1.28g



Towards a “S3 Design”
SAFER, SUSTAINABLE, SMART
Building Systems

(Pampanin et al., 2016-)
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The bar has been set to very high level

but the International Earthquake Engineering
community is going to get there, together!
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International |

Collaborators/Teams:

g
EERI (US), AlJ/JAEE (Japak -f
El L ! . N
EEFIT (UK), NCEER (Taiwan), {558
Uropeqn Universities | ,l o
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