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d on Torre Cuarzo arrang

FSJ base
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Desian Drivers

Diagrid key part of architectural concept

No client budget for Low Damage Design
= Structural desire to insert ductility to lower bracing

Additional benefit of localisation of damage
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Kev design aspects

= System Design
= Detail Design
= Construction and reliability (Specification Design)
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em Design

= Design Process
— Adaption of “standard” BRB and Seismic Isolation processes

— Including learnings from industry papers (Gledhill, McRae, Clifton)
— Consolidate into formal design processes

» Design Cases
— SLS
— ULS
— Displacement compatibility (robustness)

* Translation from an idealised system to a real system
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m Design — to a real system

= Dews ETABS model using trial

memgslzs and Ioadlq;s as
design features report. Model
braces at (i

that have Piabon

. Link properfies as per
Quaketek guidance Refer ETABS
screengrab.

2

= Run equivalent static analysis
{linear; no link properties) usi
ETABS auto lapeli hoad inmngn

- ULS case: R=13, Sp=0.0, =125

2
- Plot base-shear displacement curve
for the elastic, infinite strength
#ﬂem for Ioad cases up io MCE.
isplacement is taken
auuage vdue of level 1
== directly into the V-
hal:zs.

Calmlalzihenall\dulhe
curve (i.e_fhe elastic en
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]
= Update the link element properties
in EI'ABSwmmdlpluadch

= All ofher link propesties in ETABS fo
be set as per the Quaketek
recommended values. Refer snip

8
- Enter Quaketek tables and identi

= -
the larlnred slip force demand,

- Note, Quaketek have confimed that
can customise alpercmacdy
to suit. Therefore,

T
The nominal slip load :Iemand s
ored up by
Qlaketek lemmmendam]m
get the factored slip force.
demand,

]

= Idenfify gowerning brace in the
ETABS model, Le. brace with
absolute maximum axial force.

= This is termed, the nominal slip load
demand,

where siip is not
lnmm conl ey
S cases and ULS wind. This
needs ndude secsmu:eases |n both
d\mdlms +- eccent
combination with perpg\dnula Iuacl cases
o account for torsional
= sﬁeﬁ"am load cases in ETABS are $111-

L e

11
= Determine the expected inelastic
displacement demand: E

10
= Determine the lower bound system slip
in terms of storey shear, by

sumeming the slip load capacity of each
of the friction conneclions,
- The stiffness of the secondary system
is ignored.

- Inelastic displacement demand is

consenafively overpredicted

Eumme Satd

_-Wm ;_uhu_‘-x['j

s at ULS
MCE

- This is done by applying the equal energy

inciple, i.e. A1, elastic energy demand = A2,
e

[ energy
= This is calculated based on the lower bound

slip load capacity of the dampers,

12

- lflseUL‘-‘d'lﬂHle'EHEleeeds
1 slip force is.
Iwkwa\dl\eprwessmll need to
be iterated from step 7 using higher
<lip force.

13

- Todehrmlnemedesmm ]
the rest of the structure, the:
mmngﬁ value ofmesllpluad
capacity is used,

-'I1|xsa|luwsinrag|ng stickfion,
variation in clamping force efc.

12

- The MCE displacement, s
> determine the require slml(e

leql of secondary structure

17

= The frial sizing is amended and the
process is iterated from step
:I;ert;‘\s;d SE;SE"‘ shlgrwss
i only a iteration is

dy bnhlas:lqsudﬂ:le

15

= Non-inear static analysis is rerun in ETABS,
with the owerstrength Slip load capacity,

- memvﬂemswbcfomesnscaedlu
expected inelastic lacement de!Emmed in
step 1. This is dur-e 1y factoring down
base seismic case, mdllemth;blheta'ge!
displacement,

14
Update the link duneﬂl properties
in ETABS to include
ngth <l

factor_as
Quaketek is

dg® {'H‘ w54 L,.,J‘]"' -8
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pecification Design

= Adopting a preferred supplier

= Performance Variability Criteria
— Specified to meeting supplier criteria (Quaketek)

» Testing Requirements
— Quaketek: Supplier testing of all units with independent monitoring
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Key Detalls
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“Non Structural Elements

= <1.5% ULS drifts at ground level
= Significantly lower drifts at upper levels

= Challenges with engagement of non-
structural element designers

FLOOR SLAB

= -

DEPTH TO SUIT
LAB. BENCHES

CONNECTION TBC.
\— SECONDARY BEAMS

[ = ] ASSUMEDTO
SECONDARY BEAMS

"GOAL POST"

\
|
|
|
| |~——————— FABRICATED SHS
|
|
|

LENGTH TO SUIT
LAB. BENCHES

NOTE : ALTERNATIVELY, INDIVIDUAL SEISMIC RESTRAINTS
TO FLOOR SLAB ABOVE BY CONTRACTOR.

/“H"\ TYPICAL LAB. BENCH OVERHEAD SUPPORT
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“ltems for Discussion

» Do FSJ’s warrant a design approach significantly different to that for a traditional
ductile system (EBFs).

= How do we convey the repairability though low damage spectrum?
= Are ductility and LDD mutual opposing?
= What is an appropriate testing regime (for NZ). How can the Uni’s help?

» Risk and reliability will lead to preference for established proprietary providers.
This creates challenges for local supply

= Lack of guidelines (or acceptable solutions) is a significant barrier to adoption. Are
our priorities aligned to promote low damage design?

» Do associated industries promote or hinder adoption of LDD (particularly the
Impact of the insurance industry).

www.beca.com i!i! Beca




	Lincoln University and AgResearch Joint Facility	�
	Lincoln University and AgResearch Joint Facility
	Lincoln University and AgResearch Joint Facility
	Structural Arrangement
	Diagrid Elevation
	FSJ based on Torre Cuarzo arrangement
	Design Drivers
	Key design aspects
	System Design
	System Design – From an idealised system
	System Design – to a real system
	Detail Design
	Specification Design
	Key Details
	Non Structural Elements
	Items for Discussion

