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“Shaky Islands”

Christchurch
(PGA=0.22g)

1 Taranaki
Chaflenger B85

Prima del terremoto

Pacific

La drammatica sequenza sismica
(4 Sept 210, 26D

P

ec 2010, 22 Feb 2011, 13 June 2011...)
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@  Aftershocks 04/09/10 - 22/02/11

Sub-surface fault rupture

(e Greendale Fault

Active faults
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The Christchurch Earthquake

scossa principale 4 September 2010 (4:35 am NZST)
A success story or a wake-up call?
“Successo” o campanello di allarme per scampato pericolo?
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THE PRESS Raliway Road near Ro

_—

12.51pm 22" Feb 2011...
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Fallacy

“The earthquake does not read the seismic
codes.”

- late Prof Tom Paulay
(University of Canterbury)

Mancanza di
. Robustezza/
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CTV Building (mid 1980s)

Edifict Moderni Post-1980s

(b) System 2 - Precast Beam Units Through Columns
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Danno severo e non riparabile

Cerniere plastiche in travi
(fusibili sacrificali)

Risultato: demolizone

All CBD Buildings

FEERLY

"\“ g

1600-1800 Buildings demolished
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Quale capacita’ residua?
Riparabili? Come?

Cuevas and Pampanin
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Photo courtesy
of Kam Yuen
Wengand
Umut Akguzel
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Il Concetto di Resilienza

Event Full Impact

First Response
& : — — - s e s S D EE s e
g | § initial Impact Long Term I
3 i B Impact
I
I
for Recovery
I
L1 > s
Disruptive Time of Time

Il Sistema “Anti-sismico” da codice
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La nuova sfida dell’Ingegneria Sismica
Le crescenti aspettative della societa’

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)

La sfida/opportunita’ per il futuro:
Tecnologie a basso-danneggiamento

Isolamento alla base Tecnologie Rocking/Dissipative

(Christchurch Women Hospital) (Southern Cross Hospital Endoscopy Building)

L
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“Base Isolation” in the ancient past

T Ty S T N A

O e o
Rt

Temple of
Diana
(Artemis) in
Ephesus

“ It was built on marshy soil, locating charcoal and woool furs
under its foundations, to reduce its sensitivity to earthqukae and to
avoid locating such a big mass on unsable soil”

by Pliny (in Naturalis Historia)

Nuova Generazione di sistemi a
basso danneggiamento

I
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Tecnologia PRESSS :

Sett con ricentramento e dissipazione

Unbonded
post-tensioned
tendons

::::::::
nnnnnn

Energy
Dissipation
Devices

A paradigm shift
Una rivoluzione concettuale

Q

e st P

) Column sideswsy mechaniss b) Beam sicesway mechanizm
450 shomey)

U Estendendo il concetto di gerarchia di resistenze

o by
GG

Britfe Links Ductle Lk~ Brittle Links

U Duttilita’ NON necessariamente = danno

Prof. Ing. Stefano Pampanin

La Tecnologia Pres-Lam 13



Sicurezza e Sostenibilita’ UC@

UNIVERSITY OF
. g .. . CANTERBURY
Nuove opportunita’ per edifici multipiano in legno It e W

Historical Developments in Seismic Design
PAST (pre-1970s codes) PRESENT (post-1970s codes)

|

One Further Step Ahead

REPAIRABILITY
OF THE

WEAKEST LINK OF THE CHAIN
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Armatura/dissipatori esterni e sostituibili
(“Plug & Play”)

External mild
steel dissipaters

v

Partially Unbonded Post-
Unbonded Tensioned Tendon @ 0 A
Mild Steel : Vo
R 9im T . w 9”“
[ A, ' Imposed
’ Impoged Rotation
Rotation
Marriott et al., 2008
Big Aftershock?

(simply check and replace your Plug&Play dissipaters)
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Whata brilliant legqcyﬁﬂfcam:oﬁr Ancestars \

ML N

Temple of Haephestus, Ancient Agora’, Athens
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“Base Isolation” in the ancient past
RS R

Temple of
Diana
(Artemis) in
Ephesus

“ It was built on marshy soil, locating charcoal and woool furs
under its foundations, to reduce its sensitivity to earthqukae and to
avoid locating such a big mass on unsable soil”

by Pliny (in Naturalis Historia)

2000+ years later: why not also in Timber?

Brooklyn System (BS Italia)
Pampanin, Pagani, Zambelli (NZCS 2004)
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Timber in tall buildings... Not a new idea

12th century
Knochenhaueramtshaus, Germany 8
storeys standing 25.7m tall

m | -’.I'HE.L' .

Sakyamuni pagoda, China . _'“
constructed in 1056 and L
stands at 67.3m (12 stories) ~(K

QA‘ - i I:: I."..- { '.-.':
-ﬂ‘;.m v .' - % = ] T
nochenhaderamtshaus.tom 2007) .

’ UCw
imber frame
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hear walls

UNIVERSITY OF
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Edifici multipiano in legno

Germania

Svizzera
(Legno lamellare)

(Telaio in legno)

Inghilterra
(Xlam)
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UCw
nated Veneer Lumber:#

LVL changes Radiata Pine from a commodity to
a top class engineering material

~ : :
May use glulam in other countries
- s 7
% ””-.v’_.;" e =

LVL - The process

Log in rotary peel lathe Ultrasound
‘! VP Grader Glue
a Veneer g ﬁ Spreader
knife Drier k

saw

<
\ ‘g

Timber design guide 2007
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LVL - The result

Any defects in the timber a spread through the member increase
reliable strength and stiffness

This gives a strength comparative to that of concrete in
compression

UCe
La “Rivoluzione” CANTERBURY
del/nel Legno Lamellare

Unbonded post-

tensioned tendons

from Palermo, Pampanin,
Buchanan, Newcombe, 2005
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Engineered Wood Products
| LVL

GluLam

X-Lam

Pres Lam

< PRES-LAM

Nodi trave-colonna in legno post-teso

Demolito

< PRESLAM

Prof. Ing. Stefano Pampanin

La Tecnologia Pres-Lam 2
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SPTL UCe
S R UNIVERSITY OF
PRESTRESSED TIMBER LIMITED CANTERBURY

e Whare Wanengs

Strutture “low-damage” (legno post-teso)

La post-tensione crea connessioni a momento

Meccanismo di rocking controllato

Hybrid specimen 3 -~ HY3

T = 0.66,

HYBRID
PT 50%

< PRES-LAN | ssome

03 APR 2006

Prof. Ing. Stefano Pampanin
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Setti/muri post-tesi
accoppiati
con dissipatoria U

< PRES-LAM

Pareti in legno con post-tensione —
Moment
Rotation
SPIL
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Pareti in legno con post-tensione

UNIVERSITY OF
CAWXNTERBURY
Moment
Rotation
—
SPTL
PRESTRESSED TIMBER LIMITED
Pareti in legno con post-tensione
Moment
Rotation
—
SPTL
PRESTRESSED TIMBER LIMITED

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam

UCw
i)

UNIVERSITY OF
CANTERBURY

Te Whare Winanga o Waitaha
CHRSTCHURCH NEW ZEALAND

25



Sicurezza e Sostenibilita’

Nuove opportunita’ per edifici multipiano in legno

Pareti in legno con post-tensione

UNIVERSITY OF
CAWXNTERBURY
Moment
// Rotation
SPTL

PRESTRESSED TIMBER LIMITED

Pareti in legno con post-tensione ENRRIR
Moment
/7 Rotation
SPIL
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Pareti in legno con post-tensione

CANTERBURY
Moment
/j Rotation
7
SPT.L
PRESTRESSED TIMBER LIMITED
. . . UNIVERSITY OF
Pareti in legno con post-tensione ENHE
Moment
Rotation
//
SPT.L
PRESTRESSED TIMBER LIMITED
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Pareti in legno con post-tensione

UNIVERSITY OF
CAWXNTERBURY
Moment
Rotati
// v otation
—
SPTL
PRESTRESSED TIMBER LIMITED
Pareti in legno con post-tensione
Moment
Rotation
L/ i
—
SPTL
PRESTRESSED TIMBER LIMITED
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Pareti in legno con post-tensione

UNIVERSITY OF
i e
Moment
g Rotation
e
PTL

PRESTRESSED TIMBER LIMITED

University of Canterbury Test-Building

(Pres-Lam technology)

Prof. Ing. Stefano Pampanin
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Demounted and remounted into a real
building

EXPAN/STIC Office building with Pres-Lam technology

Prof. Ing. Stefano Pampanin
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Towards the “Ultimate Earthquake Proof-building”

< | Sl o
‘::':j\ “fl'_;.‘ .. ==
l_};" J:lv'f: - — --.f.":‘___

....

Next Generation of Integrated Low-Damage Building

Precast (concrete, steel, timber) with dry jointed ductile connections

Low-damage solutions
for
Non-Structural Elements

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam
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Low-damage facades
(Baird, Palermo, Pampanin, 2010-2014)

UFP Connections

4100 75 50 25 0 25 50 75 100

Displacemen (mm)

Low-damage infills
(Tasligedik, Pampanin, Palermo, 2010-2014)

MIF1-STFD: Low Damage Steel Framed Drywall

LOW DAMAGE UNREINFORCED CLAY BRICK INFILL WALL
DESIGN RECOMMENDATIONS (Shown on a single skin)

Friction Fitted Studs with
‘2ap on top: Studs are free to slide

o
o Gypsum Linings are attached only to the
o . vertical studs, but not attached to the (1)
) " outermost stud that s anchored to concrete
column
g\&"i‘\c\}" Side, upper and lower gaps around the
e edges of the linings
Gap between the outermost stud and the
. first internal stud to allow for free sliding
o (A mid-height pivot can b introduced for
N centring the drywall after seismic

movements)

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

The gaps to be filled with Polyurethane Joint Sealant
_~ (Construction AP): Can either be fire rated or non-fire
rated. To case the application polyethylene foam can be
used o prevent overflow

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

Note:
Allweight of the inill pancl 7one will be carried by the scel framing

F e
gt system. Therefore, the steel framing system should be attached to the|

LS surrounding structural system with adequate out-of-plane capacity
<~ (Area based unit weight-1.36 KN/m?)

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam
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Low Damage Unreinforced Clay Brick Infill Walls
(Tasligedik and Pampanin 2014)

Subdivision of Infill Panel Zone .
to Modify Geometry Rocking Elements

* Gulkan and Langenbach 2004 - Priestley et al. 1990s
* Langenbach 2008 ! /ﬂ\ » Pampanin et al. 2000s,
P
e &
P A
) EST .
| 7

Rocking Infill Wall (Low Damage)
-Ductile caltilever wall mechanism
-Moderate-high deformation capacity
(Controlled by the amount of gaps)
-Delayed strut action by vertical gaps
(low damage)

Steel channels

Steel studs

Clay bricks infilled within sub-frame
Polyethylene construction sealant

Shake-table testing of an integrated

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

|

Prof. Ing. Stefano Pampanin
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The Frame-to-Floor Connection

Longitudinal beam X

UFP connection ™.

U-Shape Flexural
Plate

/ i Transverse beam
Dizsipator

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

The Low-Damage Fagade System

| UFP connection

Angle connection

|'| | |

from Baird, Palermo, Pampanin (2012, 2013, 2014)

Prof. Ing. Stefano Pampanin
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The Low-Damage Drywall (or heavy clay) infills

1 -
»

‘ ___?:]————__

.

;- Aluminium channel‘

|

Timber studs —

Gypsum board

|

Side gap to allow
displacement between |
“ ll frame and infill |

from Tasligedik, Pampanin, Palermo (2012, 2013, 2014)

\Iir’

, . WS 1 h
| [ ,
Johnston et al., 2014,

Prof. Ing. Stefano Pampanin
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Parma Project
c.0. Archest

PRESTRESSED TIMBER LIMITED

Prof. Ing. Stefano Pampanin
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37



Sicurezza e Sostenibilita’ UCE

UNIVERSITY OF
. g - - . CANTERBURY
Nuove opportunita’ per edifici multipiano in legno Tt W W

World’s First Pres-Lam Building:
Nelson Marborough Institute of Technology (NMIT), Nelson (2008)

NMIT, Nelson

Prof. Ing. Stefano Pampanin

La Tecnologia Pres-Lam 18
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§ e
-

Architect: Opus
Engineer: Opus
QS: David Langdon

Builder: Holmes

”'ﬂ ﬂ!liﬁ

|-.rl

1'5.

lm"
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Carterton Event Centre

Prof. Ing. Stefano Pampanin
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_ College of Creative Arts, [A{C

Massey University, Wellington

i\\‘*ﬁm

Architect: Athfield Architects
Engineer: Dunning Thornton

QS: Rider Levett Bucknall

Prof. Ing. Stefano Pampanin
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Massey University, Wellington

Architect: Athfield Architects
Engineer: Dunning Thornton

QS: Rider Levett Bucknall

First Pres-Lam

Building that could
—— have appeared in
135urc Feslan cabusa n Ewvgs coe | Fatmmo ol AT Vel 3; Achas Europe

Provincia di Parma,
uffici in legno hi-tech

Sy

Py et
T Ry
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Structural Engineers: Kirk&Roberts
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Spin-off Company of
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www.prestressedtimberltd.co.nz
info@prestressedtiimberltd.co.nz

Founders & Directors/Principal:
Prof. Stefano Pampanin, Prof. Andrew Buchanan, Assoc. Prof. Dr. Alessandro Palermo

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam

UNIVERSITY OF
CANTERBURY

Te Whare Winanga o Waitaha
CHRISTCNUREH NIW ZEALAND

60



Sicurezza e Sostenibilita’

UCw

UNIVERSITY OF
CANTERBURY

Nuove opportunita’ per edifici multipiano in legno Tt g Wik

Low-Damage Post-tensioned Timber
(Pres-Lam)Trimble Building

SPTL

PRESTRESSED TIMBER LIMITED

M opus

Architecture and Engineering: Opus International

UNIVERSITY OF
CANTERBURY

Whare Wancnga o Wasak

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam

61



Sicurezza e Sostenibilita’ UC@

UNIVERSITY OF
. g .. . CANTERBURY
Nuove opportunita’ per edifici multipiano in legno It e W

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam

62



Sicurezza e Sostenibilita’ UC

CANTERBURY

Te Whare Winanga o Wairaha
CHRISTCHURCH NEW ZEALAND

UNIVERSITY OF
Nuove opportunita’ per edifici multipiano in legno

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam

63



Sicurezza e Sostenibilita’

Nuove opportunita’ per edifici multipiano in legno

Trimble Building, Christchurch

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam

UCe

UNIVERSITY OF
CANTERBURY

Te Whare Winanga o Waitaha
CHRISTCNUREH NIW ZEALAND

64



Sicurezza e Sostenibilita’

Nuove opportunita’ per edifici multipiano in legno

Trimble Building, Christchurch

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam

UCw

UNIVERSITY OF
CANTERBURY

Te Whare Winanga o Waitaha
CHRISTCHURCH NEW ZEALAND

65



Sicurezza e Sostenibilita’ UCE

UNIVERSITY OF
. g - - . CANTERBURY
Nuove opportunita’ per edifici multipiano in legno Tt W W

m (Son‘* of...) the KiwItalian Team

— . .
UNIVERSITY OF
PRESTRESSED TIMBER LIMITED CANTERBURY
T Whare Wananga o Wartaha

Kaikoura City Council Building

Struttura realizzata interamente con pareti post-tese in legno Xlam

Prof. Ing. Stefano Pampanin

La Tecnologia Pres-Lam 66



Sicurezza e Sostenibilita’

UCw
i}
CANTERBURY
Nuove opportunita’ per edifici multipiano in legno T W
SPTL

aftitha
A

W ZEALAND
PRESTRESSED TIMBER LIMITED

UCe
Kaikoura City Council Building

Kaikoura City Council Building

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam

67



Sicurezza e Sostenibilita’

Nuove opportunita’ per edifici multipiano in legno

@P‘T . T.:l N . UNIVERSITY OF
Cathedral Hill 2 Project, Ottawa (Canada) S

12 piani

Pres-Lam e versatile

100% Erzican,
Turkey 1992

PGA = 0.769 g

Prova su tavola Vibrante

Laboratorio di Universita’ di Potenza

Prof. Ing. Stefano Pampanin
La Tecnologia Pres-Lam

UNIVERSITY OF
CANTERBURY

Te Whare Wananga o Wattaha
CHRSTCHURCH NEW ZEALAND

68



Sicurezza e Sostenibilita’ UCE

UNIVERSITY OF
. P .. . CANTERBURY
Nuove opportunita’ per edifici multipiano in legno T sVl

International |
| Colla rators/‘?ms: \
E‘ERI( S),"-AI-J/J: EE (Jap

EEFIT (UK), NCEER (Taiwan)
\Furopea\n.Univé:rsities |

i
4

Prof. Ing. Stefano Pampanin

La Tecnologia Pres-Lam 69



