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Scope of Presentation

e The earthquake series; timing and intensity

e Performance of existing steel buildings

e General advice on achieving good performance
e Low damage steel solutions

e Composite floor and heavy steel frame
developments

e Light steel frame developments
e Meeting other Building Code requirements

e References
STeet consTRUCTION
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'he Earthqake Sequence:

Impact on Christchurch CBD i._

Magnitude and Intensity of damaging events to aaté:

4 Sept 2010: M 7.1, MM 7, = 0.7 x design™
26 Dec 2010: M 5.5?, MM 7 to 8

22 Feb 2011: M 6.3, MM 9 to 10, = 1.8 x design™
13 June, 2011: M 5.4?, MM 7 to 8

13 June 2011: M 6.3, MM 8t0 9, = 0.9 x design”

23 December 2011: M 5.5, MM 6to 7, = 0.6 X
design”®

design® = design for ultimate limit state to current seismic loading
standard

Cumulative effect = close to maximum considered event in
intensity and duration
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"%Performace requi'rements of
modern buildings in this level
of event (=DLE)

For normal importance
buildings to conventional ductile
design, they:

eShall remain standing under
DLE, should also under MCE

eStructural and non structural
damage will occur

eBuilding will probably require
replacement
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Range of Buildings Affected

e Ages from 1985 to 2010

e Number relatively low compared with precast
concrete up to 2000; significant increase since then

e Range in height from 3 to 22 storeys

e Systems used;
— Eccentrically braced frames (63%)
— Moment resisting frames (50%)
— Shear walls (13%)
(some mixed systems hence > 100%)
— 75% composite floors

— 25% precast concrete + topping floors
See (Clifton et al, 2011)
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Moment Resisting Frame

Comprises beams

and columns:

‘Rigid or semi-rigid 1%
connections (joints) [\l __ I\ |
Rigid: beams first | \beam,q ‘ﬁ,,-,,,,q

item to yield
*Semi-rigid:
connections first item to

A plastic
" l ’a’ hinges

yield

*Columns last item
to yield in severe
earthquake

Fig. 4.1

Beam sidesway or weak-beam

strong-column mechanism
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UAGEER

Building Systems and Definitions:
Eccentrically Braced Frame

NZS 3404:Part 2:1997

Comprises active links, fr Aolive ik lbean
beams, braces and 1L
columns: s AN
*\/ braced or D braced s
Active links first itemto | \
yield in earthquake @ \
-(_:olumns last item to 7// N
y I e I d I n Seve re Figure C12.11.2 - Member terminology applied to a V-braced eccenirically braced
earthquake e
o fesones s pmope 0 Acuslnitc ] m S

extreme arthqu
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Concentrically Braced Frame

Comprises collector beams,
braces and columns:
*\VV braced or X braced

g

B

Braces first item to buckle or _'“
yield in earthquake '
*Columns last item to yield in *m
severe earthquake 4

Building Systems and Definitions:

ENG.CLI.0006A.10 =5

e

coflector
beam

brace -

- coflector —— /
beam

- column —-A
“ =

fe—— column -

% %

(&) X-braced CBF

brace ——]

{c) V-braced CBF
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e Assemblage of
beams and
column
supporting floor
slab

e Typically beams
simply supported
off columns

e Beams
composite with
concrete floor
slab

e See figure for
terminology

4 STEEL CONSTRUCTION
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Performance of Steel Framed Buildings In
the Christchurch Earthquake Series

e Generally very good; minimal repair needed

e Damage threshold higher than expected
— Damage threshold = when structural repair is required

e No significant changes to current design practice
needed for conventional buildings

e Current design practices readily adaptable to low
damage solutions

e Connections performed very well

e Poor details or low quality construction performed
poorly
— Isolated examples only
— Quality of construction generally very good —‘iﬂ ——
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Case Study: Club Tower
12 storey mixed EBF and MRF, composite floors,
torsionally irregular

e Building has effectively self centred:

- 45;35 mm out of plumb top; within
construction tolerances

- 0.14% maximum residual deflection

e Minimum damage
— Lift guide rail realignment required: this
has cost approx $250k
— No other structural or non structural repair
or replacement needed
— Building now fully occupied including CERA
and CCC

— The only (normal importance) high-rise
building in Christchurch now in use

4 STEEL CONSTRUCTION
o NEW ZEALAND
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UAGEER
Club Tower Active
Link Yielding and
floor slab cracking
over top of active
link
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Connections

e When well designed and detailed,
performed as intended

— No changes to design procedures
required

— First severe earthquake test of heavy
bolted connections; excellent
performance

e Some failures due to poor design

or detailing

e Gusset plate connections: out of
plane movement in endplates to
column as intended

ENG.CLI.0006A.15 e
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As intended for well detailed
systems

eActive link yielding in EBFs

eNo visible beam yielding in
MRFs

eColumns protected from
inelastic demand

Less predictable for poorly
detailed systems, eg

eCBF brace weld fractures

eEBF brace to beam fractures
due to misalignment

eWeld defect induced failures

4 STEEL CONSTRUCTION
o NEW ZEALAND
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Reasons for Good Performance

1. Good management and technical robustness

— Capacity design procedure accounts for whole
system performance

— Connection designs comprehensive and
conservative
e Includes minimum forces on connections and splices

— Continuous columns required in gravity and seismic-
resisting systems
e Assists with lateral stiffness and self-centering

~ r
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Reasons for Good Performance

2. Properties and quality of steel and steel
construction

— Steel has clearly defined yield point and only
becomes inelastic under relatively high accelerations
compared with concrete

— Steels complying with NZS 3404 have good
mechanical properties
e Continuous cast, controlled rolled
e High ductility and charpy impact properties
e Highly consistent yield and tensile strengths

— Steel buildings generally well designed, detailed and
constructed

e Not much independent inspection so industry must
police the standards: this worked well in multi-storey

buildings v
CN 4 STEEL CONSTRUCTION
— NEW ZEALAND
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Reasons for Good Performance

3. Excellent performance of composite floors
— Most robust of the floor systems in earthquake
— More on this elsewhere in presentation

4.Good luck

— Capacity design procedure has accounted for whole
system performance even with extra strengths from
composite floor slabs that were not expressly
accounted for in design; therefore

— Overall system behaviour still as expected, but
- Inelastic demand lower than expected and
— Damage threshold higher than expected

- r
CN 4 STEEL CONSTRUCTION
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Excellent Performance of Composite

Floors
They have demonstrated:

eExcellent diaphragm action

eEXcellent interconnection with
frames

eElastic out of plane resistance
(doubles strength and stiffness)
which has self-centred

conventional EBF/MRF systems

eNO repair required to any
composite floor system in
earthquakes
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Strength and Stlffness
Actual versus Predicted

e Steel buildings typically 2
to 3 times stronger and
stiffer than the models
predicted

e This determined from
extent of observed HSBC Tower:
response versus predicted | *Open plan office building

response from model *Design dr.ift 1.3% under DLE
*Actual drift = 1% under 1.8 DLE

e Buildings effectively self- *Ratio of stiffness real/model = 2.3
Centred Wlthout need for E?)lrlrrlcgerslilgisglegr;eenetrof scuff marks on stairs; details
specific devices to ensure

thi ‘i
IS CN 4 STEEL CONSTRUCTION
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Building Transverse Direction

e Numerical modelling
under 10 earthquake
records

e Floor slab precast TT
with topping between
frames

o Without floor slab
means as diaphragm

e With floor slab means
as TT with topping

—4—Average Without floor slab +
Ux

== Average Without floor slab - UX

b Average With floor slab + UX

Source (Lao, 2012)

Average With floor slab - UX

T T 0 T T STEEL CONSTRUCTION
— ‘
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Damage and Dlsruptlon to Contents
and Non-Structural Components

Minimal in buildings that
performed well
— most contents still in place

Proportional to observed inelastic
drift

— more effects in buildings with higher
drift (compare PWC and HSBC tower)

EBFs showed less damage than
MRFs

Some effects of vertical
acceleration seen, eg
— doors off hinges

1
]
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Adequacy of Capacity Design
Procedure

e Objective: to concentrate inelastic
response into selected components of
the structure and suppress it in other
components

— eg the active link in EBFs

e Objective has been achieved

— Other components have remained elastic,
despite

— Structures being stronger than expected

- Upper limit shown to be adequate

- r
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' LSF: Excellent
performance

e Around 50 houses in strongly
shaken areas

e New construction (within last 10
years)

e Typical construction comprises:
— Light steel frame walls, roof
— Brick veneer cladding
— Long run steel roofing

e In sites with good ground:

— One partially dislodged brick only
damage reported (Darfield 09/2010)

— No cracking of internal wall linings
(Bruneau et al, 2010; Clifton et al, 2011)
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General Advice on Maximising
Damage Threshold in Steel Buildings

e Use composite concrete floor
on steel deck on steel beam
systems

— Long span solutions (up to 25m
clear span)

— Robust design procedures for
fire, vibration, acoustic insulation

— Fully tension all bolts in bolted
connections to enhance out of
plane strength and elastic
stiffness

— Promotes self-centering of the
building

o
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Threshold in Steel Buildings

e All columns continuous up full
height of building
— Elastic columns aid self centering
- Need moment resisting splices away
from plastic hinge zone
e Allow column base rotation
without column hinging
— Semi-rigid or rigid base with endplate
controlling moment capacity
— Stepping or rocking bases

Combination of composite floor and elastic
columns gives a linked elastic frame which |
promotes self-centering for rapid reoccupation sTeaL consTRuCTION

NEW ZEALAND
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Definition of Low Damage

No structural repair required after
ultimate limit state design level
earthquake

Minimal structural repair required
after MCE

Repairs easy to undertake with
building in service, eqg:

— repairs to non structural walls

- realignment of lift shafts

Building effectively self centres at
end of shaking

— residual drifts under 0.15%
recommended -
A mReTON
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Format for Presentation of Each System

e Concept and details of system
e Benefits and limitations

e Cost versus conventional construction

— Based approximately on the 4 storey building given
next slide

— The percentage differences are in the net cost of the
structural system (ie frame, floors, roof), comprising
approx. 25% total cost of building. Excludes
foundations, cladding and fit-out

— Also does not include benefits from speed of
construction resulting in early occupation; these are
typically greater than material cost differences

e Status of design and detailing guidance
e Principal source of further information iﬁ
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mariso Building
Based on SCNZ study building

see (SCNZ, 2012) for details
— Concrete, steel, timber building options
— Steel most cost-effective completed solution

4 storey, 5000 m? total floor area

Screw piles into ground with
concrete slab

Steel frame with MRFs and EBFs

Composite floor system on
trapezoidal decking

- 1% more expensive book value than precast
concrete floor, but

- more dependable earthquake (and fire)
performance and used as basis for conventional

construction oG
S CINZl g
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Conventional MRFs and EBFs; Limits on
Structural Ductility Factor,

e Conventional EBFs, CBFs, MRFs with p_ . a < 2
e Benefit: well established

e Limitations: not mechanism to force self

centering but expected to dynamically self centre
through linked elastic frame, comprising:
— Composite floor slab

— Continuous columns in gravity and seismic resisting
systems

e Cost versus conventional: up to 2% greater

e Status: in-use
Design guidance: Feeney and Clifton, 2001 (HERA Report R4-76); SCNZ material

- r
c N 4 STEEL CONSTRUCTION
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EBFs with Bolted Replaceable Active Links

//- Bolted End-Plate

Active links bolted in using
MEP connections

Benefits: all the proven
advantages of EBFs with easy
link replacement if required

Limitations: none

Cost versus conventional:
same

Status: now available through
SCNZ and recommended for
new EBF systems

Design guidance: SCNZ; HERA Report R4-76 update on

EBFs due mid 2012

ENG.CLI.0006A.35

e < 1.6 Mp/Vp

e

(e)

REPLACEABLE SHEAR LINK

increase d flexural inertia

Indicative Detail

smaller section than the
remaining beam

1 T 11
11 I I i+
LB LB
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EBFS Wlth Rotatlonal Bolted Active Links
o Active link using slotted bolts s, wreemimesas

Im.k ( mmﬂ.u]( appla z.\:l.d 3 mm Cap plate
[ chlck bras h n:lJ /— (nominal holes)

and rotating plates / i /
e Benefits: no active link e

CIEDD e

i

c g 2 ' Cle |r eap! (;9'2? ] D“F\; = Stiffener
replacement required; only 3 en b E P
bolts if necessary need S | e
b
|

replacing —
e Cost versus conventional: =
within 1% estimated T T T
e Status: concept only; requires || - /7
development through research | .~/ N\ |
| :
|

e Uses lessons learned from i/ Wik
SCSHJ development | A N
- Uses symmetric not asymmetric | . [ e i

fri Cti O n S I i d i n g - STEEL CONSTRUCTION
(Khan and Clifton, 2011) S CIN Zjisosts




e MRF with semi-rigid connections

e Benefits: established, decouples
strength and stiffness; allows
long span beams

e Limitations: low seismic zones
and g < 2 only

e Cost versus conventional: same
or slightly cheaper

e Status: in-use, eg University of
Auckland 2 major buildings

Design guidance: Clifton, 2005/2007; SCNZ material

ENG.CLI.0006A.37

Owen G Glenn
Building, UofA

/
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MRFS W|th Slldlng Hlnge Joints

e MRFs with asymmetric friction
sliding semi-rigid connections for
high ductility demand

o Benefits: established, decouples
strength and stiffness, allows long
span beams, slab isolation, no beam
or column damage, good self-
centering (especially with composite floor system)

e Limitations: some loss of initial
stiffness after severe shaking (this s

easily taken account of in design) o,

—/—
e Cost versus conventional MRF: same == . %Qj i
column @ @ } eam
e Status: in use, eg. Te Puni village, . N B
Victoria University @@Qi
Design guidance: Clifton, 2005/2007; Hsen-Han Khoo, 2011 R \W\Z?;rlltflg:r:alloolts
"\/\;’ ‘\/\;ﬁ

bottom flange bolts
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MRFs with Self Centering Sliding Hinge Joint

e SHJ with dynamic self
centering and restoration of
stiffness after severe shaking

e Cost versus conventional:
approx 2 - 5 % greater

e Status: under development,
due end 2012

e Put dynamic system on eg
end columns only in frame to
gain benefit, reduce cost

Hsen-Han Khoo, 2011; HHK thesis expected 2013

‘\- b & T a3 I
\ ‘\...__\I | \"-.,_III . ‘!‘ i I 1
| \i \ . J /
» \ L
-
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2 v —SHIJ
- 5 F —PR=40.2%
SCSHJ: Results ol I
g 0.5
e Increasing flag shaped 2. ]|
moment-rotation N
behaviour with Ring 2 |
Springs = better self- -2'5-35 -3Io -2Is -2Io -1I5 -1I0 5 (I) 5 1I0 1I5 2I0 2I5 3I0 35

Rotation (mrad)

centering

e Very limited floor
slab damage

o] 5 e _'

4 cycles > 2% drift 32 cycles > 2% drift

d STEEL CONSTRUCTION
N NEW ZEALAND



Designed to first principles in accordance with
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CBF with the columns allowed to
uplift once tension load exceeds a
pre-set limit; braces designed for
actions from uplifted system at DLE
displacement

Benefits: all members elastic at DLE

Limitations: floor slab resistance to
uplift must be included; column
base shear maintained

Cost versus conventional CBF: 2 to
3% higher
Status: in-use

Ik o
NZS 3404; ring springs guidance (Clifton, 77 ] =
2005/2007) o — |

uuuuu
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CBFs with Buckling Restrained Braces

e Braces comprise yielding core encased
to prevent bucking in compression

» Benefits: delivers same strength and gl
stiffness in tension and compression, soj. a\'i g
— Can match capacity to demand closely 7
— Stiff system, no build-up in inelastic drift

— Use with elastic frame and composite floor
slab to enhance self centering

— Excellent for retrofitting existing buildings

e Limitations: brace manufacture more
complex

e Cost versus conventional; 2% more?

e Status: NZ based generic detail now experimentally tested; design

and detalllng procedure avallable < N STEEL CONSTRUCTION
e Wijanto, 2012; SCNZ, 2011; HERA Report R4-76 5 CN Zptimeroth
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Low Damge Sytems: CBFs with
Sliding Braces

e AFC application to CBF system
under development at Uni. of
Canterbury

e Small scale testing completed
e Frame testing 2012 = o
o Likely benefits: similar to BRB 7 g

e Cost versus conventional: likely
very similar

e Design guidance 2012

Dynamic
Testing on AFC
connection

c N 4 STEEL CONSTRUCTION
— NEW ZEALAND

(Golodrino et al, 2012a)
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'H2FV Viscous Dmpers

e Developed at University of
Canterbury 2010

e High capacity, small size
viscous damper

e Needs further
development work before
suitable for seismic rates Gusset plate stiffener \
of loading -

Gusset plate —
e Potential application in
wide range of steel and
concrete framed seismic-
resisting systems Bracel

(Golodrino et al, 2012b)




“Linked Column
Frames (LCFs)

e Performace based
non-braced frame
— replaceable links
- long span bays

e Frame stiffness and
strength less coupled

® Uyes = 3 used (SMRF
in USA terminology)

e Same costin 3 and 6
story case study:

- more columns, but
smaller sections =
same steel weight

linked (dual)
columns \/ VT A
<
° Pushovejr 3-storV; SMRF VS LCF SMRE
~ T surr ' SMRF column hinge
5 e - 1 'LCF-M
S 3 7'77717877beam:Z”””’r””””””"”’_’:’_”;”—’L—’"’--—
= hinge &’ ;- LCE-LW.
s L1y ' 'f:’ - ’j T -LCF-I;B
9 é g LCE
& | A%icpisl |Mbeam
# | plastic link | hinging
0 l l } ‘
0 1 2 3 4 5
LCF Rapid Roof drift (%)

ENG.CLI.0006A.45 =5

release

\_// moment
(typ. gravity
beam)

Return to Occupancy

~
c N 4 STEEL CONSTRUCTION
— NEW ZEALAND
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LCF Benefits
Cost effective beam-column;
sconnections detailed as fully

elastic not overstrength
based due to no inelastic

4m

demand at rapid return and §

low inelastic demands at

collapse prevention levels g
E

Self-centering ability;

supon removal of damaged links, gr

residual stiffness of frame
re-centers the building

) , _ Protect gravity system including columns;
frame is stable during this

l.e. no hinging at any column bases

process . (i ,

: : egravity columns ‘pinned
aftershocks will assist re- ‘linked columns ‘pinned’, with rigidity
centering

provided by base link -~
S CN Zhtirirror



e Full scale linked
column replaceable
link tests:

- vp to 9% rad (ie shear
active link)

— short and long links

e More information:

— Dusicka et al (2012)
STESSA - design guides

- Berman et al (in review)
Eng. Structures - time
history analysis

— Dusicka et al (2010)

9USN/10CCEE -
replacable links

LCF Replaceable Links

2000
1500
1000
500
0
-500
-1000
-1500
-2000

Link Shear, V (kN)

s e g I I
== auht

_________

LCF material courtesy of Petgr=H0000447 =
Dusicka, University of Portland, USA

450

- 300
- 150

- -150

()
Link Shear, V (kip)

)
S
S

-450

-0.15 -0.1 -0.05 0 0.05 0.1 0.15

-~

Inelastic Rotation, y, (rad) C
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Steel Shear Walls

e Current design uses thin plate
tension field action in
conjunction with a MRF;

e Based principally on Canadian
and U.S. research and
implementations

e Design/detailing guidance

— Ductile Design of Steel Structures
(Bruneau et al, 2011)

— AISC Design Guide 20 (AISC, 2007)

e Status: in use, SCNZ design
guidance

— (Fussell, 2009) -
o S et TN
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Steel Plate Shear Walls

e Benefits:
— High stiffness, strength, and ductility
— Rapid construction using simple detailing

— Result in more leasable square-foot per floor than for
other systems (e.g. concrete walls)

e Limitations:

— Requires replacement of plates following severe
earthquake (fuse analogy)

e Cost versus conventional construction
— Comparable (cheaper detailing, larger beams/columns)

— Cheaper for given drift
ST CoNEITICTIN
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UB NewZ-BREAKSS mm——

= L XAl fLh A

% 200 |I i /7 f/,’

e Self-centering Steel Plate Shear = 100 192224
Walls without beam-growth 2 o

(theoretical and experimental é 200 //% /fﬁ /f/ — WISxHBE

results 2011-12) igg = “gﬂ BE

70"

4 3 -2 -1 0 1 2 3 4

Wix13 HBE
[=] . .
= = Displacement (in)
! Top Story Drift (%)
o i 34 27 20 -14 07 00 07 14 20 27 34
N ; 60
i 50| —— 0.167ay —— 4day
B 1 —— 0.33Ay —— 2% drift
= —F= 40 [ —— 0.67Ay — 2.5% drift S
Tl = 30 —=1.0ay — 3%drift / ]
S E m — 2Ay ay/
= > Q. 1
ES i g g 20 — 3Ay
N £ - 10 s /A
S z g M,
=1 i = 5 . A1 L L7
= 3 -20 H—
m N4
: 301
(t
-40 R
-50
-60
5 4 3 2 1 0 1 2 3 4 5

| | | | | | | | | | | | | | _ Top Story Displacement (in)

Courtesy of Michel Bruneau, University at Buffalo biel b d oty
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'_Steel Sher WaII: NZ
Research

e Proposed development of a
stepping shear wall with
active self centering; PhD

gy T—

HE i jil.llzlll
AN e | H : 1

project commencing 2012 e il 1w
— lighter construction s %*ﬂlﬁﬁ B §i
— active self centering | HERIR
~ target low to medium rise

buildings

~
c N 4 STEEL CONSTRUCTION
— NEW ZEALAND
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Base Isolation

e Suited to stiff, strong, light superstructures, eg
— Steel MRFs with semi-rigid connections
— CBF systems with distributing base beam

e Composite floor system

o Relatively flat site

e Low aspect ratio building (Height/width < 1)
e Soil classes B, C, D if careful

e Reduces floor accelerations and hence damage
and disruption to contents

e Cost over conventional construction: 8 to 10 %

- r
c N 4 STEEL CONSTRUCTION
— NEW ZEALAND
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Other Solutions and Sources of
Further Information

e See details in Chapter 8 of (Buchanan et al,
2011)

e See also details in STESSA 2012 proceedings
(Mazzolani and Herrera, 2012)

e Excellent overview of steel’s performance in
the Christchurch earthquakes and potential for
the rebuilding is given in (SCNZ, 2012)
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Summary of New Technologies

Composite floor systems are the best performing system 1n these
earthquakes. No repair required to any floor. They are stable at all
stages of construction 1n aftershocks. Some major new advances are:

e All weather shear stud welding

e Long span beam with web
openings

e New steel decking systems

e Design for fire resistance with

most support beams
unprotected
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All Weather Shear Stud Welding

e Concrete slab made composite
with supporting beams through
shear studs welded through deck

e This process is undertaken on
site and typically exposed to
weather

e NZ companies pioneered all
weather shear stud welding
technology

Can place studs in any weather
including standing water

— Record of weld quality each stud kept
for inspection

— Recognised by AS/NZS 1554.2

e Now standard practice for NZ
deck laying companies
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__Long Span Beams With

Web Openings

e Two major fabricators
provide this service

- Dixon and Haddon Ltd:
Fabsec System

— Grayson Engineering Ltd:
Cellular beam System
e Fabsec welds beams from
plate

e Cellular beams made
from split and re-welded
castellated hot rolled
beams

Spans up to 25 metres

I or box section beams

Depths up to 2m

Flange thicknesses up to 100 mm
Optimised for strength and stiffness

For more information:

Fabsec: www.dhsteel.co.nz
Cellular: www.grayson-engineering.co.nz
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‘New Steel Decklng
SySte m S Light Steel Joist 75mm OFI -<r-_____;_;____'E_Z_jllj_iifiirf;meSh

90mm
e All types shown opposite are Joist
available
o Tra peZOidaI most Common: N(-]gative reinforcement when r|e—wli£i(ijnforcing -
in 60mm, 80mm and Trapezoidal (W) Profile Slab I3"—":—\3——.‘*——*6—’-'———'——1'1—‘—_—.*——;—
thickness - e A
100mm depths W
e Made from high strength [
steel to AS 1397, G550 with i ranprone A — - |
typically Z257 coating S N N MR
e Performance determined by | [—Reiordng mesh
comprehensive testing zommweaDeck o 1 ¥
— Static and high cycle dynamic Fire emergency
—_ F| re (Comflor rib bars)

For more info contact decking
Suppliers Or SCNZ 5 STEEL CONSTRUCTION
— CN 4 NEW ZEALAND



Design for Fire Resistance With Most
Supporting Beams Unprotected

e Slab Panel Method: design for
dependable inelastic reserve of
strength available from composite
floor systems

e Example of application shown

OppOSIte Fire Engineering - steel structure

e Implements the tensile membrane - - gmeuw-ggg_gw
model for slab behaviour (think of TR ‘
inverted dome: two way tension action and i i1} {

compression ring beam)

Y

. . ST
e Current version published 2006 i
- SPM0306 software i 4
~ HERA Report R4-131:2006 i
. _ 1y
e Major new edition due 2012 g
- Software rewritten into more user- aal’

friendly format
- Significant enhancements to model
e More info: (Clifton GC, 2011)
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Heavy Steel Frames:
New Developments

e \Welded beams and
columns including box
columns

e Designed and detailed
standard connections for
most applications backed
by experimental testing
and advanced numerical
modelling (SCNZ, 2010)

e Steel industry technical
capability and capacity for
the Christchurch rebuild
(SCNZ, 2012)
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Around 4% market share for
houses

Up to 3 storeys now being built
with lightweight and suspended
concrete floors

Design guidance and standards
now cover design, construction,
durability

Excellent demonstrated
performance in service and in
earthquake and fire

Source of more information:

Floor spans to 10 metres; portal Www.nashnz.org.nz

frame spans to 40 metres ﬁa
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NZBC Stipulates 7 Areas of Mandatory

Building Performance:
all must be met

e Structural Stability

— earthquake is only one part
— deflection limits
— in service vibration limits

e Fire Safety

e Access

e Moisture

o User Safety

e Services and Facilities

— eg. airborne and impact sound _
—: i R oo
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Performance of Steel Solutions in:

e Fire:
— Commercial and retail multi-storey: if fire reaches full
development likely to involve full floor at least

— Fire severity very variable; building must cope with this
without local or global collapse

— Steel framed buildings with protected columns and
composite floors very robust in fire and the only building
system with whole building tested performance in fire

e In service floor vibration:
— Can be critical in long span light weight floors ; good design
solutions are available
e Acoustics:
— Requires envelope solution for all floor system
— Concrete only floors not suitable in new G6

STEEL CONSTRUCTION
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