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Low Rise Buildings

* These are common buildings
* 85-90% of what we are designing all day every day
» Repeated poor designs being seen

* How do we turn quite a few negatives into a positive...

Ten tips for designing better low rise structures

SOC Page 2



* We do not have a PhD
* \We are not lecturers

* We are practicing structural
engineers

* Be nice



Please remember....

* Anonymized as much as possible —
here to learn in a positive manner, we
are not here to finger point

* Please respect that for all these
buildings, none of this was intentional

* We are here today to try and spread
the learnings, so these mistakes don’t
get repeated




NZ Seismic Design Philosophy gy
* In NZ, we design structures with a =
ductile mechanism, and suppress - P ﬂ
undesirable failure modes - “Capacity - . '
DESign” Comparisan of E:ergy Cissipating Mechzanism with and without Strarg
Column - Weak Beam Concept

ON-Dissipalive zone
(Resisting QP)

* For low rise, our design Standards |P/—pa P
typically do not require full capacity /' |{ y
design b >

Brittle Brittle




Designed for a level of EQ actions - - Requires Capacity design

Nominally Ductile | Limited Ductile Ductile
Max p=1.25 Max p=3 Max pu=6

Glued connections, perp to grain Some ductility, but Chosen

Steel

under ULS EQ

1
1
1
% connection failure. Use p=1 or 1.25 if some i hot sufficient to be mechanism to
'g load sharing i relied upon with allow for large
[= I certainty displacements
I
oo :
o Not allowed. Includes : Designed using I Designed using Designed using
g relying on concrete in ' u=1.25 or less, i u=3 orless, LDPR  p=6 or less, DPR
S tension & sections  NDPR i
O under min reo req’ts !
______________________ '
Min displacement  Yield flanges i Form hinges Strain harden
ductility demand : hinges
)
1
1
1




Robustness - ‘the ability to withstand or
overcome adverse conditions’

* Robustness is achieved by
capacity design

* But our Standards allow us to
tap out of using capacity design

e Where is robustness then?




What is still needed for Low Rise...

 All Structures shall be configured with a clearly defined load path, or
paths, to transfer the earthquake actions
NZS1170.5 Clause 2.1.2

* All elements shall be capable of performing their required functions
while sustaining the deformation of the structure

NZS1170.5 Clause 2.1.2

* Structural elements and members shall be tied together to enable the

structure to act as a whole in resisting seismic actions
NZS1170.5 Clause 2.1.3




A quirk of the Standards?

1170.5 refers to ‘Brittle Structures’

2.2.4 Brittle structures

A brittle structure is defined as a structure with structural components that are not capable of
inelastic deformation without undergoing sudden and significant loss of strength. The
structural ductility factor, &, for brittle structures shall be taken as 1.0.

But what do the Material Standards say?




Brittle Structures are not within the scope...

2.6.1.2 Classification of structures

Structures subjected to earthquake forces shall be classified for design purposes as brittle structures,

nominally ductile structures, structures of limited ductility or ductile structures, as specified below:

(a) Brittle concrete structures shall be those structures that contain primary seismic resisting members,
which do not satisfy the requirements for minimum longitudinal and shear reinforcement specified in
this Standard, or rely on the tensile strength of concrete for stability. Brittle structures are not

considered in this Standard.
Concrete Standard NZS101

(4) Elastic systems (Category 4 systems)
These are expected to respond with minimal structural displacement ductility demand under
the design level ultimate earthquake loads or effects and to resist collapse under a maximum
considered earthquake as directed by the Loadings Standard. Elastic systems are not brittle
systems: brittle systems are outside the scope of this Standard.

Steel Structures Standard NZS3404




Connections too!

18.6.5 Connections

Connections between precast elements, and between precast and cast-in-place concrete elements, shall

be designed to meet the following requirements:

(@) To control cracking due to restraint of volume change, temperature changes, and differential
temperature gradients;

(b) To develop a failure mode by yielding of steel reinforcement or other non brittle mechanism.

Concrete Standard NzZS101

Elastic (or nominally ductile) should not be brittle




Designing for Uncertainty?

For low rise, it seems to be common to
‘adopt a ductility’, then design for a set
load

The problem with this is that we are
seeing structures with potentially brittle
load paths




Robustness, Robustness, Robustness

* If we keep these 10 tips in mind,
we should end up with robust
structure







Make sure

Tip #1 your design
matches
your mode|
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T * Light weight low rise structure
Bu Ild ing A * 330m? split into two tenancies

e Reinforced concrete foundations

* 310UB46 steel portal frames at
7.5m centres

* One side wall timber framed

* Other side wall Korok panels
(aerated concrete — light weight)

* Tensions bracing in the plane of
the roof and wall

 Typical steel framed facade




P Vv
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Typical commercial building
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Lets look at the shop front Facade

A
e Canopy A )
cantilevers B ——— e — . o \
2.9m ou t | b s rangnes d T2 -+ trade aid
from building PR—
* Parapet |
upstand for
signage

e Steel frame
facade

-,

- ) 5 B ‘ y % y 9 ¥ 5 ‘ = A 4
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Going to the drawings
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Facade steel framing
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Facade frame — in-plane actions
®

-, |_* Original calculations
modelled the facade as
two ‘frames’.

e Seismic actions resisted
by each frame

- * Model assumed moment
joints at mid height and
top rafter to both

columns, and a fixed base
Model of Frames to one column.




Reminder — what is a fixed (rigid) joint?

* A frame has rigid connections
between each of its elements

il

f

—

The rigid connection is critical




Reminder — what is a fixed (rigid) joint?

Moment, shear & axial forces
need to be transferred from one
bit of steel (ie rafter) to the next

(ie column)




Lets look at how the model translated to
design / detailing
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Model

Rigid Joint

%

Member able to
form frame with
columns

Rigid Joint
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Model

assumes
rigid joints
between all
steel
members




Drawings
@ g b PFC BEAM * UC has a bolted
L mmlone connection to a PFC
e p— - 2-M16 BOLTS )
/ e T S 8 in the weak
3 direction
: g
* UC has a bolted
110115 connection to a
1000 i TG PFCin the
2 -M16 BOLTS . .
S o, <5 SLIONE direction
WEB FOR M12 - 800 BOLTS)
C.







Rafter to Column Joint —
Mid Height

How does this joint work?

* Column has a single welded cleat
with 2 bolts

* Bolts then join to the PFC




This is not a rigid joint!

* No way to transfer frame forces from UC to
PFC — 2 bolt connection with a single cleat

 Eccentric tension/comp forces

e A PFC cannot form a frame with a UB/UC
without poor and/or indirect loads paths




Rafter to Column Joint
— At top Height

How does this joint work?

* Column has a single
welded cleat with 2
bolts

* Bolts then join to the
PFC which is in the weak
direction
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Rafter to Column Joint — At top Height

This is not a rigid joint!

* No load transfer mechanism for
the frame actions from UC to the
PFC — 2 bolt connection with a
single cleat




So what was the actual model?




Pinned

Joint

So what was the
Actual Model

Pinned
Joint

* Pinned joints as
appropriate

L]

]
Pinned 5& . Lt
base ' \\\a




Pinned
Joint

% s
Actual Model e 2

* A lot more flexible without
the rigid joints

l“"'a::_—[ é
f
/
!,IA -

. . Pinned L2 '3 :
e Redistributes frame forces, Joint T -
and is stable only due to — 0 <:“ Pinned
. S b , Joint
fixed base 4 ~
. . i L
Implications? ;! .
e Exceeds drift limits | A
° A-:
Membe(s and base | — =
connections non-compliant e A S
ifiad Q\\f Fixed
as specifie > ixed




What does good look like for a moment joint?

s the column

Figure 1: Moment End Plate Connection

SCNZ Steel Advisor CON1001 - Moment End Plate Column Side

Consideration of Load Path
through the joint

* Proper and continuous load path
for flange tension/compression
forces

 Clear and direct load path —
flanges aligned with stiffeners




What does good look like for a moment joint?

What tools are available to us?

* SCNZ Connections Guide provides
some standard moment
connections (note these are for

ONLINE CONNECTIONS steel to steel only — not suitable for

GUIDE steel to concrete!)

* Can be used with caution — make
sure it fits all requirements (axial
loads, geometry, fabrication

SCNZ Steel Connections Guide toleran C@S)




Importance of understanding the uncertainty
of modelling

* We always make assumptions/
simplifications when we model

* Worth considering sensitivity

/\ analysis




* Traditional pinned
base - deflection =
height/60

___0.066 -0.000

With the click of a
20002 few buttons in the
model...

0.013 -0.000

e Fixed base
deflection =
—>.000 0.000 —.0000.000 hE|ght/307
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How are we achieving fixity?
Ground beams?
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— D_mm_o_cm_,f)ooo 0.000

? g _,AM_ﬁOOO 20003
.

013 -0.002

.021 -0.003

0.014 -0.000

_,?mu.n.rm_*o.ooo 0.000

_0.0000.003

0.021 -0.005

ﬁ

.000 -0.005

* Lets update our
model and add
the ground
beams, with
pin support at
each end?

e Deflections =
height/285

What about if we
tweak our model
—add a few

spring supports,
and allow a little
foundation
deflection...

* Deflection =
height/190




What else can lead to more displacement?

Big here!
* Watch your base plate details! H

* Flexure of the base plate can
lead to increased displacements

* Small rotation at the base plate
can lead to large displacements
at eaves level

Small
movements

==
here
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30

All the details shown provide
‘fixity’ , but with different levels
of modelling our displacements
went from height/307 to
height/190

The accuracy of our model, and
all the assumptions that go into it
really influence our structure!

Sometimes its best to complete
upper bound/lower bound
sensitivity checks




* What about if we try using piles?

® N B e} ¢ Increases uncertainty as we rely
Y more on soil-structure interaction

N SR = R Dependin%(on your soils, the pile
- ;= could beli el\éto fail surrounding
! soils through bearing

ég ::  * Likely to lead to increasing

R 2: displacements of the system

E * May need an L-Pile analysis to
understand how the structure

works?

Cannot just model as ‘fixed’base!




Connections...
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Portal Connection to Pile
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Modelling vs Real Life

* Remember that a model is only a
representation of a real
structure!

 Reality will always be different




Tip #1

Make sure your design
matches your model

Or

Make sure that your
structure is accurately
modelled




Make sure your design matches your model




| Make sure
Tip #2 your have a
load path
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- Facade

Building A

Same building as per

previous example
What about out-of-plane?




Facade frame — Out-of-Plane actions

| ol = -_|“i “ 3 009 L 2% ) 21%0 N |
— =+ — 7::.'" " S PEC |/ e i . L | e
T
|
§
o

fm lmjel = | Facade Elevation

Roof Framing Plan What about out-of-plane?




ik Overall Longitudinal Load Path

2k N i*- i H ! £ Out of Plane (facadeand end wall)
LY -’#‘! r F + roof loads
= g WHE A to DHS purlins as struts

;fé;i t F "‘"‘T}“ to Rafter bends in weak direction

T , to Central strut

Al bdle | . .

AT B L g to Tension roof plane bracing

! |

“{5 LB mEEE to Strut at eaves

] M- to Wall plane tensjon bracing




S A ek et
¥ AR AT S S Y
1

Longitudinal Load Path

Facade Steel Frame

L led

3uideug |len




Fa gade out—of—pla ne * The weight of the fagade and the
canopy needs to be supported
out-of-plane and tied back to
the roof plane, to be transferred

e viaroof plane bracing to the side
Mk tradeaid (e

wall braces.

* Some connection at the eaves as
there is an eaves strut

* On first look, it appears the DHS
purlins could provide support
out-of-plane




Facade Out-of-Plane
YT

200 PFC BEAM ST
(ORILLPLANGES FOR W12 -800 80LTS)
I
'
° 1
: |
X '
g BEC CANORY
i . CLEATS
L |
i 1
e 200 PFC. WINDOW UNTEL
* (DRALL TOP & BOT FLANGES:
hoar < FFOR W12 - 500 BOLTS) I
. k— xoucesien
i FLANGES FOR
Hoey |— fhucwice
<] (29 |
= &
—’f i
&)
= {2 Il
B
IS 5 = _{_,__,.I
R |
| |

* Purlins supported on an EA waler bolted to timber
framing




L 3800

. 10mm STIFFENERS 200 PFC BEAM )
/ BB (DRILL FLANGES FOR M12 - 800 BOLTS)

rysooT—) | ==

LW e T B -

100 X Bmm £ way g oo S L T

. ER (M12 A———

10mm STIFFENER (M12 Coac screw TOEVE
NF

S05

2315

But the EA Waler is not connected to the UC columns!




Hard to spot!

No connection
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Facade
Out-of-Plane

A connection is
present at the eaves
via an eaves strut

There is no load path from mo . | | ===
facade frame to DHS purlins 31— g ! E
5 .
& therefore AT 2 i
There is no out-of-plane load _ ‘ ﬁ P e e
path for the facade - - |




Facade Out-of-Plane

Implications?

* We have no clear & direct load path
* Reliance is on secondary load paths
* Non-compliant structure

* Not robust

&

* Potentially unsafe structure
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What does good look like for a facade OOP?

Consideration of Load Path of the
facade

* Provide a direct load path — connect
all facade columns to struts

e Struts transfer loads to side with
tension roof plane bracing

* Either add wall braces in this bay; or

* Make sure you can transfer loads via
the eaves strut to the wall bracing bay




What would a load path look like?

* Direct load path — connect

J/ e facade to struts
T r; e Struts transfer loads to side with

tension roof plane bracing

e Either add wall braces in this
bay; or

* Make sure you can transfer loads
via the eaves strut to the wall
bracing bay

SOC Page 66



| Make sure
Tip #2 your have a
load path
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Buildi ng B * Single storey extension to an
existing building

*11.4m x 13.4m

 Timber framed walls with
plasterboard linings

* Masonry block boundary wall

* Posi-strut roof framing

* Suspended ceiling




A Y P Y YYYYYS
Page 69
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Masonry block boundary :ﬁ
masonry block wall —4m high

100x100 SHS CANOPY POSTS IN
SELECTED PAINT FINISH !

|
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/| AT How is the wall braced out-of-plane?

‘ * Designed to cantilever for the post-
| | (—
: [ fire case of 0.5kPa face load

e * However no load path for ULS
] seismic actions

* Posi-strut rafters are parallel to the
D10 wall

STORE

I R There is no load path for the wall
out-of-plane

%Q@Q@Q% \ LI
i U N
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In theory the wall could have

been propped by some
structure at ceiling level




...... * Ceiling diaphragm could have

| : transferred loads to the in-plane
: ‘ - walls.
e R e R e S SF=Y1,
§ | ; i! * The in-plane walls would have
= i S i} needed to be plywood shear walls
SO N — | * Ceiling diaphragm, walls and
oA T kil connections all needed to be specific
3 : sl engineer designed
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Same building, but lets look at the rest of the
bracing system

* A suspended ceiling has been

IIHI\I‘IIIIl1I2lonIijEMNIGITILIElINIIIHIIIIHIIIIHIIIHHIIIHIIIHIIIiIIHIIET]‘—-, SpeCIfIEd by the archrtect
' * The engineer has provided a
I o e~ o il bracing plan
?\ __ OFFICE O (A
C —'= e« But there are gaps...

VIS SS ST U ST TS FECSEERACS




PR i o0 | s | 3600 L 3438 A
.28.GS1N -34-GS1N
22

* This is meant to be a bracing wall

* Linings stop just above the suspended ceiling N
5\)‘ \‘eﬁ
* No bracing load path for roof to wall, and wall bracing element not z;éq’é‘“

constructed properly




What should we be seeing?

A load path!

* Bracing wall linings should have
gone all the way to the top plate

* Blocking between posi-struts to
stop roll-over and transfer roof
loads to top plate




Watch the gaps between B1/AS1 and B1/VM1
(or the gaps between where 3604 finishes and SED starts)

NZs 2011
3604 staueTuRc
nal

Veritication Method BEVMT

2. FEN Verfcaton Method BINM * How are the out-of-plane walls
: supported and load transferred to the

in-plane walls?

* NZS3604 assumes you have a ceiling
to help out here.

* What about the walls parallel to the
posi-strut rafters? How are they
supported out-of-plane?

There is no load path to transfer out-

Verification of-plane wall loads to in-plane walls
Method

=
N
w
w
3]
(=]
=
N
Q
=
[y

Acceptable
Solution




Specific Engineer Designed elements

* Other items which needed * Vague load path leads to
specific design uncertainty
* Load path to bracing walls (roof e Ifin doubt

plane bracing?)
e Parapet framing and support
* Support of top plate

* Design it!
* Tell the architect it is SED scope
* Make sure there is a load path!




What’s the compliance pathway?
B1/AS1 or B1/VM17?

Verification Method B1/ VM1

General
|
. . fowai| 10 General &) An engineer with relevant experience -]
* A ullding work must comply to ' T
1,01 The Standards cited in this Verfication e respansidle for interpretation of the.
Method provide a means for the design requrements of the Standards cited
of structures to meet the performance When used for buiing structure design.

requiremants of New Zealand Buiding Code A structural engneor who is chantared
Clausa BI Structure. For any panicular undar the Chartarad Profassional Enginsars

L] L]
sy | 21809 01 busitding design, the Verification of New Zealand Act 2002 would satisty this
“ren || Method shail consist of ASNZS 1170 used in requirement

conuNCtion with the relevant cited matarial
‘standards as modified by this Verification

The Stancrc referencod in tis Verication Mezhod
Methad. L

rainting to buidey desgn recuie the appiscaton of
1.0.2 Modifications 1o the Standards, specislist engeering knowiedge, experence and
necessary for compliance with the New i

* If it is not clearly covered by an e e ——

103 Citatan o Standards in tis Werfalon 2.1 requirements of the ASINZS 1170 suite
b o of Standards ae to ba compied with. Thesa

Acceptable Solution, then it o ST

particular building, are nat part of the
Verification Method. AS/NZS 1170.1: 2002 including Amendments.

1
b Further limitations, modifications and/or el

needs to be desighed using the ] ™

) Provisions in tha cited Standards that ara ASINZS 1170.3: 2003 inchuding Amendment 1,
in nor-specific of unquantified terms do and NZS 1170.5: 2004
o e . not form part of the Lenfcation Method.
T e e et e .
v > = = s
manutacturer’s advice and references s ASNES W70 I
0 STACS N AT "8 2.2he requirements of ASINZS 1170 are ey

suitabla, relevan, satistactory, acceptable,
Bpe o s subject to the following modifications

aw || & Where ASNZS 11705 used in A4:3 Nuaeitet Scanimnle V0.0 [ e

* A structural engineer needs to SEEREL.  HESRIL =

are incompatbiiities with these cthor

: Method B1AMM1 are included. Use of other

Standards, then the underlying philosophy, o
g - L 3 Standards with AS/NZS 1170 must ba treated I :I

a3 an aiternative means of vertation.

general approach, currency of information

use the Verification Method and | TR
provide a PS1




Importance of the ‘Part Only’ statement with
your PS1

* Clearly define what the specific

SCHEDULE to PS1

e n g i n e e r d e S i g n e d S CO p e Wa S :::taes:' Z\r::ti\:’itlaoan:"l:itemised list of all referenced documents, drawings, or other supporting materials in relation to this producer
Wlth your (pa rt Only' attachment  Design of boundary masonry block wall

* Design of roof plane bracing
tO your PSl * Bracing design

* If its not covered in B1/AS1, then * Design of parapet
its part of the SED scope!




| Make sure
Tip #2 you have a
load path
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Make sure your design matches your model

&

Make sure you have a load path

&




Tip #3 Node your
connections

Node: (noun) a point in a network or diagram at which
lines or pathways intersect or branch




Building C

* Built 2006
* Typical modern building
* Single storey 25mx21m




4u n\\r\. .:_.










* 544m? single storey structure

Bwldmg C * Reinforced concrete

foundations

* 360UBA45 steel portal frames at
8.36m centres

e 150mm precast concrete wall
panels

* Tension bracing in the plane of
the roof

* Tension/compression strut one
side wall

* Mezzanine in part of the
building
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Transverse direction

Transverse EQ
Loads

Yellow eIements\
resist loads

e Seismic loads resisted
by the steel portal
frames and the in-
plane precast concrete
panel end walls (shown
yellow)




Longitudinal
EQ Loads

S ’ Blue
elements
_ resist loads

Longitudinal direction

* Loads resisted by in-plane

walls Grid A, and
tension/compression brace
on Grid B (shown blue)

Out-of-plane end walls
supported at top by a
collector, in turn supported
by roof purlins acting as
struts transferring loads back
to roof plane cross bracing.

Roof plane cross bracing
transfers loads to the
primary elements on Grid A
and B.




Lets Follow a Load Path - Grid 1 panel out-of-plane

Load Path

* Panel spans out-of-plane
* Propped at top by purlins
e Rafter in weak direction
\@ bending

* Roof plane bracing

transfers loads to side
oadc"s gissipated into e I e m e ntS

E/Q ﬂ * Panels in plane, strut in
L tension




A Reminder...

A chain is only as strong as its weakest link
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Lets look at some connections...

Joint between
panels and purlins










Panel out-of-plane to DHS | tead pathjust to get jrom

panel into DHS Strut
40 80 X 6 PL 250 LONG !
MgéTOOI?LéP%(E(E\ =+ 2 M1z BoLTS Insert to EA
+r EA bending to location of
g |—> F* purlin
4 ) . EA weld to cleat
— “| Cleat behding to bolt
eat bending to bolts
EQ é" v\ \— DHS 250/13 &

80x8 EA FIX Bolts in shear to [ purlin
i YO PANEL AT :
150 PC PANEL — 000 G Purlin to act as strut

N
-
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40 80 X 6 PL 250 LONG
100 X 50 PL 4 2 M12 BOLTS
M12 BOLTS - 600
CAST IN PANEL

+
gl—>F"
s }
L

+
EQ < % DHS 250713
80x8 EA FIX
s VIA TCM16
S TO PANEL AT
150 PC PANEL 1000 CRS

Note the prying action on the bolts

— —

— —

-—I
|
[

. —

=~

’|

— —
———

©




What is the size of action F*?

* Assume purlin spacing 1.4m, panel 6.6 High
* Tributary weight: 1.4x6.6/2x0.15x24=16.6kN
* 7=0.42, Deep Soils, Ductility 1.25

* Sp=0.9, T=0.4, kmu=1.14

Global Cd(T) =3x.42x.9/1.14=0.994

F* =0.9945x16.6=16.4kN

* (Note - Parts Fph=0.42x1.12x2x2(Wp=16.6) x.85 =26.5kN)
Joint moment due to eccentricity:

* 16.4x0.5(0.125+0.04+0.035/2)=1.4kNm
Purlin Bolt Load

* 16.4/2+ (Moment/0.160=8.8)=17kN

* In excess of capacity (From Dimond handbook for 12mm bolts and
1.25mm wall) = 14kN — note that this is worse if you consider Parts
actions

Also consider the prying force on the bolts!

40 80 X 6 PL 250 LONG
100 X 50 PL e 2 M12 BOLTS
M12 BOLTS - 600
CAST IN PANEL -
+
g—=>F"
+ \ - Ecc.
w
EQ é_ 4\ \- DHS 250/13
80x8 EA FIX
L VIA TCM16
_# TO PANEL AT
150 PC PANEL 1000 CRS
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Panel out-of-plane to DHS

Why is this a poor connection?
* Highly eccentric
* Prying at inserts

* M12 bolts in thin walled DHS
(usually with oversized holes)

e EAin torsion
* Shallow insert — cracked zone?

This connection cannot transfer the
loads required
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What about the next connection?

Joint between
the purlins
and the
tension
bracing
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DHS to rcagof plane bracing
AL e
//

EQ++

-

6Dy 7| <

Ecc \\j- + \

- - - @F\; DHS 250/13
Cross
bracing
plane

160

w
"s]

360 UB 45

Load path just to get from DHS
Strut to tension bracing

DHS purlin axial loads/strut
Bolts in|shear|to cleat
Cleat bending/to weld
Weld to UB rafter
Rafter weak direction bending to

ace cle
Bracing cleats to tehsion braces
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ecc

Connection detail — Roof Plane
T bracing to strut

Why is this a poor connection?

260 v a5 * Highly eccentric

B * Relies on indirect web bending to
| transfer loads

e M12 bolts in thin walled DHS
* Bending of cleat
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DHS to roof plane bracing

Why is this a poor connection?
* Highly eccentric

* M12 bolts in thin walled DHS
(usually with oversized holes)

* Relies on roof purlins to act as a
strut

* Relies on indirect load path — weak
direction bending of UB

This connection cannot transfer the
loads required
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Joint of Tension brace to strut
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Tension
brace to
strut

Load path just to get from
race into PFC
strut

tension

Tensio
ag
Indirect

Stiffener
Column

Wel
EA stub i

Cleatin b
Bolts i

stiffer

direct

n bracing bear
ainst cleat

web bending to

er

welds to column

bendi

dtoE
n tors

ng in weak
on

A stub
ion to cleat

ending’to bolts

ar to PFC
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Tension brace to strut

Why is this a poor
connection?

e Highly eccentric

e 2 bolts only to
cleat

* EA in torsion

* Relies on indirect
load path — weak
direction bending
of UB

* Not designed

This connection was
not designed and
cannot transfer the
loads required

Page 108




Joint of Strut to Angled wall brace




Strut to wall brace

ecc [ 200 PFC

& EA

|lecc

ecc

Load path just to get
from Strut into angled
wall strut

PFC bo

Cleat bel
EA st
Wel
Rafter in

ted t
clea

ding
ub in

wed

vendi

0 vertical
t

to EA stub
torsion

d to Rafter

< direction
ng

Cleat to:angleg_kwall strut

Page 110




Strut to wall brace
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Strut to wall brace

ecc T 200 PFC

& EA

lecc

ecc

Why is this a poor
connection?

e Highly eccentric

e 2 bolts only to
cleat

* EA in torsion

* Relies on indirect
load path — weak
direction bending
of UB

* Not designed

This connection was
not designed and
cannot transfer the
loads required
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Join of Tension brace to in-plane wall
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Load path to get from
tension brace into in-
plane wall

Tension|brace bears on
cleat

Indirect web bending to
angled stiffener weld

Angled stiffener weld to
column

Column bending in weak
directjon

Column bear against |
smgig bolt LLFi shear * No details on the plans
* Generic detail for tension brace
DOOPOOOO® OGP




Weak links in the chain

e \We have all these structural
members joined with weak links

* Implications are that the
connections will fail, potentially
in a sudden brittle manner
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What does good look
like for Connections?

* Robustness, robustness, robustness
* Keep it concentric

* ‘Node’ all your joints, consider and
nominate Intersection Points of all
members — finish the triangle!

* Consider what happens if the EQ is
a little bigger — perhaps design
cleats for overstrength of your
braces

12mm plate
6mm F.W.A.R.

Section 34/S30
1:10

200sq grade 350
16mm plate,
6mm F.W.A.R.

125x5 SHS

1 min 150mm slot over cleat,

6mm F.W. 4x sides

Section 34a/-

1:10
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Keep your strut connection concentric

= = = = = = = = = —
— ! \\\\\\\\\\\\ |
| = |I - <> (t—
1] ] \\\\\\\\\\\\\\\\
]
e
It is important for strut connection to Practice Advisory 12: Unstiffened eccentric

. el cleat connections in compression
have no eccentricities P
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What does good look like for Connections?

Don’t make life hard for yourself —
avoid having to design your way
out of eccentric connections

4é \ Keep it simple...
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One more load path..

Transverse EQ

* Grid A panels out-of-

Loads |
ane

Yellow eIements\ P

resist loads

* No collector at eaves
level

* Panels do not span
horizontally

* Rely on cantilever base
connection only
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P A 4. 4. 4 4D B 2B 4B B
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Tip #3 Node your
connections
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1 Make sure your design matches your model M
2 Make sure you have a load path M
3 Node all of your connections M
4
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Tip HA Connections
are critical
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Building D

* Builtin 2012

* Floor area
1527m?

* Single storey
section at
front

* Two storey at
rear

Page 124




Building D

* Designed as four
separate structural

systems
1. Main 2 storey
section

2. Masonry block
stair towers

3. Frontsingle
storey section

4. Ground floor
cantilever
precast concrete
panels




C

S &

C ) Q.
o C— wn m
O Q - VO s wnwo
f— o v .T.W v -
4 c > c = EG
(@) )] wc SEmocC
C L ” -l.lleo
Q £ = Sy 860
Q = no UV—
o (@) o Qg >
> © < mb SH o
— ) —
e %) = r"VA Oc
@) o o) TS g~ @
O Q £ @©C 500
T £ Eug®s5£5

© o C y—
c oc —GC c9UY
O & <E em.mpw
2 52 25 298
._qlmmdm madon
C Q Q — € O-=
o — O C S & Qo v C
G S99 39 ou o5C
>50C O0OC "o vninh ©
OO0 0 .=0 > a
M Lo OO L mniEn

[ J [ J [ J [ J

columns
* Timber framed infills formin

g first floor

A

- ——————

Wz

§
ey

VAN

A

EXPLODED ANONOMETRIC VIEW




i \ '. / E —"
¥
‘4 " ¥ ;* ELofE=s = W - =
| T |lllllilllllllﬂll TR L (L SRS - (EEENI'S
= cen angley |_||||
e “wm“l““ ||1! 1l [ lu‘:::llu ﬂTi sl — |[|| |...“ ||I|
~esemmg B (O DR A LI i

i
N = - /
— - | N
&,-m—‘ﬁ!
|
| o 5 -
7]

Coo0 1 Pagel27



0800




Main two storey section
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cantilever masonry block walls,
structural steel and timber

supported on a combination of
framing

* Formed with DHS purlins

Front Single Storey Section

O ) \\\\1

o
, f,«t \\\\\\\ IJ m.m.m.
N w.m
7
Mm




Front Single Storey Section

b
53;




Front Single Storey Section

q ] ] N : ) i ¥
) N r y N y 9 ) . 3 4 N
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Stair Towers

e 200 series reinforced masonry
block stair towers




Towers

1t

Sta




Cantilever Precast Concrete Panels

e Cantilever reinforced concrete

precast panels

* Drossbach connection to footing

ALY g y \ v,
: ol gof 1) 4
y vrvas o4 Y,
BRI N SN 7
¥ RS N/ s \
/ A o N\ B
£ I/ NV A
] / X AN o /a
; v o \.... 4

7 N

£

.
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Cantilever Precast Concrete Panels
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Transverse Connections

* Lets look at some of the more critical connections for the load path
in the transverse direction
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First floor — steel portal frames

QP C? : @Gim, ?-Steel portal

I S r o3 TR frames, with

| i
_| '[_ — m,m: I - l_
| } 200 1 6.0 SHS STRUT EF 200 x6.0 SHS STRUTEF =/ g ! ! COI u m n S
; g
| ! ! ] | supported by
| /! s | | cantilever
—1 _m AB0UBST. 1 BEAM EF 460UBAT 1 BEAMEF 460UBST 1 BEAMEF |_ . .|_
Binwiis — — T v o] concrete columns
: : : |
4 : :
8 8 g
] | .r .
55 1 5 SR
B i
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Concrete column to S

310 U840 BEAM © o

portal frame BE

(C)
Fl=11215 I I
A 4
W T e BRI AL TRENE ST ! ——
P A R LI Ao Sl

e HC]

=

——— 8- YOI5 VERT. BARS
INTO CONCRETE PLE

e 530 BOUARE PRECAST
COMCRETE COLLMN

— * e ALLOW TO TENPORARLY
- SUPPORT COLUMN UNTL TOP
OF PLE = CAST INSTU

)
O
—&

| ) 1+ 4 UTRIGGER | CLATION JONT
LA
e e - — g ; - 1 03 MESH
0B T RAFTER FlL.= 10835
- e o | i l 1. .
ouBsa 7 RAFTER I 3 bm——= | s - . ] e
E L X 5 .
g| g —=
g AL PORTAL COLUAS TO HAVE é | L |
] SCAZ 0973 BASEPLATES 8 =P
i TOPPING SLAB - 663 EQUIVALENT 5 HI v s |
ESiEaet : B ity |
E RN i amm |
BEAMER sonesr 1 BEAMER — | | SeRey I | BPe peH K e
_ 44— o= -~ - - = E ’
. -ﬁ = - b . E o
0040 4 BEAM E R0 4 BEAM A . =T
i 'R % PE=
= g 8 ES &
\ 5 § 3 > :
8 B g
d 2 — rio @ osrRA
g s5| & . e
| £z - s
. _ _ ’ e 8 YO VERT.
> T gi 800 EVBEDMENT
Ll g INTO CONCIRETE PLE
W ! H
G L .
P S | — 4 < casTcoNCRETE PLE 10 M.
: EFECT AND PROP PRECAST COLIAMN
] 1N PUACE, POUR FEMAINING CONCRETE
CONSTRUCTION JONT =
¢
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Portal frame connection to RC Columns

v

TO.S.=111.83 220 x 25mm MSP x 450mm LONG
4 - YD20 ANCHORS CAST IN OR
H— = DRILLED AND GROUTED 200mm
< INTO CONCRETE COLUMN
o o ST & =
o
310 UB40 BEAM GR'D I — F — - -
o o 2 o | o©

\— 410 UB59.7

=0 [\ | SCNZ BASE PLATE BPP30 ‘
' 250 x 16mm MSF

x390mm LONG E/S
2-YD16 CAST IN

ANCHORS T&B
SECTION (5

e Steel portal frame has a base plate seated on the columns
* 4-YD20 anchors drilled & grouted 200mm into top of precast column
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Portal frame connection to PC columns

e Shallow embedment (only
200mm!

310 UB40 BEAM

* Insufficient development to
column reinforcing

e ‘Grouted’ into PC column

g \_ B This connection was not designed and

x 390mm LONG E/S

2 YD16 CASTIN cannot transfer the loads required
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What about the Portal Frame Knee Joint?

(®)
e , * This is a critical joint for steel
r‘ T’i’i'nﬁ | portal frames
;ﬁj p— | T e * Constantly seeing this poorly
p - e 1T detailed
2mm STFFENERS E/S J Laouese? .
oETAL () m,m—/'“ _ * SCNZ has guidance and
—— - connections guide which we can
|| R
o @ | 1| refer to
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Portal Frame Knee Joint?

* Flange weld is 10mm fillet weld

Fm e | - (not enough for tension force
dﬁj — , e from a 410UB60 flange)
e ol 43 Bh! - * Bolts are 8-M24 (not specified as
At -
e mar == )
— - * 12mm Grade 250MPa stiffeners
DETAL () : Al specified (not enough for
| | | tension force from a 12.8mm
This connection cannot Grade 320MPa flange)

transfer the loads required
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TABLE 3.1-3(B)

UNIVERSAL BEAMS —
[ ]
koo UB properties
PROPERTIES FOR ASSESSING SECTION CAPACITY TO AS 4100 p p
Designation Yield Stress Form About x-axis About y-axis
Flange Web Factor Compaclness Compactness
1 Ty ke (C,N, 8) In (C,N, 8) Iy
MPa MPa 10°'mm’ 10°'mm’
L]
610UB125 280 300 0.950 c 3680 c 515 ° U B fl Id t
113 | 280 30 0926 ¢ 3290 ¢ 251 ange ylelda stresses are
101 300 320 0.888 c 2900 c 386
530UB 92.4 300 320 0.928 c 2370 [¢] 342 M
R e B e o mn 5 = provided — can vary from
460UB 821 | 300 320 0.979 c 1840 c 202
746 | 300 320 0.048 c 1660 c 262
a2 o2 m fE ¢ = )80MPato 320MPa
410UB 50.7 | 300 320 0.938 c 1200 c 203
537 | 320 320 0.913 c 1060 c 173
360UB 56.7 | 300 320 0.996 c 1010 c 193 . .
507 | 300 320 0.963 c 897 c 168 ° K th d h
447 | 320 320 0.930 N 770 N 140 eep ese In Mindad wnen
31008 462 | 300 320 0.991 c 729 c 163 . . ..
404 | 320 320 0.952 ¢ 633 ¢ 139
@o| @ % ohe N G & ma designing joints!
250UB,37.3 | 320 320 1.00 c 486 c 116
ata | 320 320 1.00 N- 305 N 91.4
257 | 320 320 0.949 c 319 c 617
200UB 29.8 | 320 320 1.00 c 316 c 863
254 | 320 320 1.00 N 259 N 68.8
23 | 320 320 1,00 N 227 N 60.3
182 | 320 320 0.990 c 180 c 34.4
180UB 222 | 320 320 1.00 c 195 c 407
181 | 320 320 1,00 ¢ 157 c 25
161 | 320 320 1.00 c 138 c 28.4
150U8 18.0 | 320 320 1.00 c 135 c 26.9
140 | 320 320 1,00 c 102 c 19.8
Notes: (1) For Grade 300 sections the tensile strength () is 440 MPa.

(2) C=Compact Section; N= Non-compact Section; S= Slender Section.
(3) Al references to Grade 300 refer to the OneSteel specification of 300PLUS™ Steel or AS/NZS 3679.1 Grade 300.
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What about the side walls?

? ? ? ? , , ,
Y 2 o U —— — ¢ First floor timber framed side
LLLLLL + walls
—_ \. M/ ~* Along one side, the wall
2L I SR rakes, and is offset from the
steel framing
I— [

* There is suspended ceiling
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Side walls

* There is no out-of-plane
support for this wall
framing

* Some indirect load path
through the box gutter on
this line & weak direction
bending of the DHS roof
purlin — this is not a direct
engineered load path
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Longitudinal Connections

e Lets look at some of the more critical connections for the
load path in the longitudinal direction
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tension

. * Roof plane
only
bracing

: ZNE ;
/
NI TN L |
| y |
/] / \
\_ T/
N ren |
FHDRH A
L _Jd |
R NZERN AT
_ : g ;m T
/
=
1IN |
T rieenes o B 658000 @ =/ vicanosz]|
w i w \f |
<|§ m\\ // \\ _
I e
3 T AT T AT e |
m \ \ / |
HINZRENUDZRER Y [
, 2 esanon] & M "| .|||__.H

I i
I |
_ NITENg EWE._.‘_E 811052 SH _ | ﬂA
O R R W
lg | -[% -8 | |




Roof plane bracing

* Roof plane tension only bracing
are RB32 Reid braces

* RB32 capacity is 462kN
 What's the connection detail?
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CROSS BRACING: TENSION PROCEDURE

BRACING ROD
@
SLOT HOLE IN CROP FLANGE OF EA
WEB OF RAFTER RAFTER —\ TO SUIT BRACING ANGLE
\ %
BRACING ROD
80 x6 EAx 100 LONG
/ BRACING ROD
RAFTER

NOTE: TOP FLANGE OMITTED FOR CLARITY

TYPICAL ROD BRACING DETAIL

NOTE:
1. ENSURE STRUCTURE IS PLUMB and SQUARE.

2. TAKE SLACK OUT OF BRACING, TIGHTEN EACH NUT ONE FULL TURN.
3. WELD BRACING TO UB/ UC, REMOVE TENSIONING NUT.

* Generic detail on drawings, which could not
be built due to portal cleat arrangement

* On site as-built was an 8mm cleat welded to
the web of the portal
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Graph 3. - Pin Flange Connection Capacity ¢Vx

Reidbrace connection

STEEL THICKNESS vs CAPACITY ¢ Vx
500
450 | — P — — — — — — — — — — — — — — «‘
400 -|— ===REZON. — — — — — — —
| e=RB25/32 1.5xPin
= 350 |<_,>
¥ 300 {———————————p#F— — — — — — — - {@2’/
> T 7
£ 250 //4
< 2.0x Pina/
2 200 - %
° 150 J ‘* ;ﬁ
100 2.0x Pinaé
50 7
7
0 /4
Grade 300MPa Steel Flange Thickness in mm
e RB32 — Min UTS = 462kN Graph 1.
e 8mm cleat — cleat pin capacity ~175kN This connection cannot transfer the loads

required & would have a connection failure
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Wall plane bracing

— RB32 REID BRACE — RB32 REID BRACE E I_4

el AN i AN IR D i s AN R D = * Wall plane bracing in

] < @ : >< >(@4 >< ?GJ one bay on one side

e | S i LN\ - / : N ! \\m E Only
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Wall plane bracing

—_———— e S = — el —— _i__
XS '
=)
}, v o o ¢ v Ln—n—ih.f 2 s e w o e j::::::Z :l 2 4 =u_r.._'n: o e e i, S s . ::
| l ;i | | i
| | | | H
" il il il il i

» Tension/compression brace in one bay to brace entire first floor
roof and end walls out-of-plane
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Wall plane X bracing

i
BITIR
R,

.‘.,,,;&:‘ ‘)u"..‘ AN

=
' e -
.
B

Fah w1 ﬂl
=t YL i ‘ "y |
o} R ll I

P Nu : - i
I i ‘

| Y
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X brace connections

I
I
I iomm sTIFFENER
= I E/S UBWEB
o -
C
g I z@“%ﬂc’e 250 x 16mm MSP
§ = =|“ 1= \ e x 310mm LONG
\
.8- | \ 6mm ENDCAP
o
I
L ) DETAIL £
_ — . —\—250 x 16mm MSR———— \_~/
I x 310mm LONG 1:10@A1
290 x 16mm MSP— — — — —

x550mm LONG E/S iaE : 8
4-YD20 ANCHORS o | =
N — 1 16mm MSP

.S.=111.83

g
|

1
1
T
1

T I L] - -
[=a— — -]
460UBB7.1 BEAM T ° 200 x 5.0 SHS STRUT
. .
i 3
g ‘ =]
DETALL (%) #~ | ] [
1:10@A1
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X bra ce con nections * 200x5 SHS in compression

* 16mm cleat slotted centrally
into SHS and welded

e 16mm cleat piece welded to
SHS cleat and wall of crossing
SHS

* SHS plate element bending? To
transfer loads to adjacent
cleat?

x310mm LONG

mm ENDCAP — This connection cannot transfer the
DETAIL loads required & the member would
e not satisfy slenderness limits
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===

hoe e e e oo

e |

This connection cannot
transfer the loads required
No redundancy in bracing —
this is the only structural
element to transfer first
floor/roof forces to ground
floor
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Seismic Systems Overall

* Initial concept of four structural
systems all separated very
difficult to implement in practice

e Seismic jointing needed
between all elements
* Adds complexity to the

structural design, architectural
detailing and building processes

The multiple connections/details require careful
attention to detail if you go down this route
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Beam—Cquano

’ ,'J L
‘! it §4 é‘

INt

e Rotation will occur
as the flexible
cantilever columns
resist lateral loads

e Connection of the
steel beams has no
allowance for

rotation
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Tip HA Connections
are critical
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Some drawings of knee joint details?
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Diagonal stiffener plate? . Grade 250MPa 10mm diagonal

plate — to resist incoming forces
from two 9.8mm Grade 320MPa
flanges

* No lateral restraint to inside
flange

* Acute angle full penetration
butt weld

360 UB 45

This connection cannot transfer the loads
required & is not a recommended detail

150 PRECAST CONC PANEL

FLANGES
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Steel Portal Frame Knee Joint

HS 200/15 PURLIN
250 PFC TRANSOM

]

40UBsy
16mm STIFFENER

Laolwlw

<

4/M20 BOLTS

* Critical knee joint

* 16mm Grade 250 plate stiffener
to resist component of loads
from two 12.8mm Grade 320
thick flanges

* But the steel pieces are joined
with a emm fillet weld all

around!
This connection cannot transfer the loads
required & is not a recommended detail
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Steel Portal Frame Knee Joint

N A 2M12 BOLTS

* Flange — 170mmx12.8mmx320MPa = 696kN
* Weld - 2x 170mm x 0.835 = 283kN

This connection cannot
transfer the loads required

Moment forces transfer

cTLfUI anges

through fli

Tensiol
col

Tension

Stiffener r

T com
umn fl

flange
Stiffgnl

esists (

onentin
ange

welded to
or

couple from

flange

S

Weld to rafter flange

Tension comp

w

ent in rafter
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cleatfor purlins 10 x 175 plate x ° Mu|t|p|e issues

\ " A0 700 long . L. .
it 120,12 with this joint
.7-_-.:";::- « o
] ¢ of rater * Insufficient weld
7 I .
75 SHS 4 — A6 6 slzes
bracing strut ‘ 18 .
whérs app'wab'e_/-f * Insufficient plate
2/80 x 333 x 10 i
Siiccampec [ 6/20 diam bolts (grade S1Z€5
web stiffener 8.8) in flange plate at e ey
% 90 cross centres * Eccentricities
_ 20x20
chamfer \ | 10x 175 x 500 130 x 10 shaped gusset plate
N— long end plate g i . .
e 00 e eontes This connection cannot transfer

DETAIL 10 the loads required & is not a
recommended detail
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* 360UB57
* Flangeisa 172mm x 13mm

. et Grade 320MPa

[ ] e 12mm stiffener with 6mm FW
= would not be enough for the

| % flange forces

[ 6FWAR EF TO UB

|

: |

This connection cannot transfer the loads
required & is not a recommended detail
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Moment Joint tips

son e Use available guides — SCNZ has
some helpful material

e Sweat the details!

ONLINE CONNECTIONS e Be careful of stiffeners sizes
GUIDE relative to flanges

e Watch out for weld sizes

e This is a critical detail — be
careful of load path
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Robustness, robustness, robustness

* Do not want

e Sudden bolt
failure

e Weld failure
* Tear out

* Can live with
* Plate yielding

(source https://www.youtube.com/watch?v=TdY2AodUfks&t=505s) e Member
* |f the knee joint fails, you lose gravity support for the roof hinges
 We want the hinge to form in the rafter (away from the ) ://Yeelgiﬁznd
joint!)
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SCNZ Steel Advisor - Moment End Plate — Column Side

Moment Joint t|pS (CON1001)

» Step 1 — Design continuity stiffeners

Q? * Step 2 - Determine if Column Flange Backing Plates are
required
= s0mm .. * Step 3 - Determine column flange tension equivalent tee
-l F.S.B.W. W— both sides -| stu |ength

A

F.5.B.W.

* Step 4 - Determine column flange tension capacity for

125x5 —
SHS |
each bolt row

e Step 5 - Determine column web tension capacity

460UB74

» Step 6 - Calculate moment capacity

o

16mm stiffener /
plates, 10mm F.W F.S.B.W.
both sides to web,

» Step 7 - Detail backing plates

B F.S.B.W.

* Step 8 - Determine column flange bolt bearing capacity

3 -
/
— 460UB74 /ﬁ
===
£ 1 L
I G A\
.

Frsitt ‘:nf.;a;.%i: I \ Cope 460UB flange for . .
o e oM e Step 9 - Determine column panel zone shear action
30a/- Note: Strut and . )
e e Step 10 - Calculate panel zone shear capacity and detail
RS doubler plate
Section 30/530 & S50 & this is just for the Column Side!

1:10
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Some drawings of tension brace connections?
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Tension Bracing details — example 1

P Vv
Page 172




20

TR AT I

..

This connection cannot transfer the loads
required & is not a recommended detail




Some Tension Bracing details

ﬂr @

1 50 PC PANEL

756 EA & 755 x 6 MSF — 715
2.M16 EPCONS C6
125mm EMBED

- RBRACEEND
RB16 ROD BRACE -

T This connection cannot transfer the loads
' — | required & is not a recommended detail
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Tension Bracing connection tips

e A connection failure needs
to be avoided

e This would be a sudden
brittle failure mechanism

* Avoid
* Plate tear-out
* Weld failures
* Bolt failures
* Indirect load paths
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Tension Bracing connection tips

* Node your connections

* line up your intersection points
for tension bracing with struts
— finish the triangle

* Consider designing cleats for
the overstrength of the brace

* Pay careful attention to
* Grade of plate
* Edge distances
* Size of welds
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1 Make sure your design matches your model M
2 Make sure you have a load path M
3 Node all of your connections M
4 Connections are critical M
5

Page 177




If you ‘adopt a

Tip #5 ductility’, make sure
you can actually get
ductility
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Building E — Storage Area Frames

* 310UB32 frames at 6m centres
* 6m knee height

* Precast panels (in red)




P . A 4. 4B 4B 2B S 2
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Storage Area Frames

* No fly braces — no lateral restraint
to rafter bottom flange, ie segment
will buckle before yield can be
achieved

* No lateral restraint to column,
apart from at knee where collector
provides restraint

b1 -310UB32isacategory 4 member,

1=l . .
$' n || iethe UB elements will locally
o Frame cannot behave i/l buckle before the member can
= in a ductile manner reach yield
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Storage Area Frames

s e e * FOUNDations not designed to
I 35-1'431-': --------------------------------------- - ensure yielding, ie not designed

A % or checked for the overstrength
§ g i capacity of the frame
|
i~ Frame cannot behave &/l
= in a ductile manner =y
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Storage Area Frames

* Even if we assume a rigid fixed
base, drifts are in the order of

4.5%

* The foundations and piles are
not likely to be rigidly fixed, so
will add to this deflection

Frame is undersized and too flexible

B e 11 T TN
L L iy st 3
o TSNS, - AN S 1 * PANFI
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If you ‘adopt a

Tip #5 ductility’, make sure
you can actually get
ductility
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What does good look like —adopt a mu

* Why not use category 1 or 2
ial steel members?
Critica C

flange  Laterally restrain the
members

C * Be careful with connections
— keep it robust

* When running your analysis
be mindful of where your
critical flange is
(compression flange)

]

T Critica]

flange

Critical
flange C
Critical
flange C

—
—_—

L‘I‘*&.L_IIIIIIIIIIH—‘
|
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Steel Member Category T

Key Words
Seismic, Category, Earthauake, hot rolied

Introduction
All steel members which form part of 3 seismic resisting frame are classified into one of 4 categories for the
Catagory high

Category 1 cross-sections are those which can form a plastic B e e o o i o sy G Co S P S

designed lo sustain any displacement ductility Limits are placed on member section geomelry for the
h various categories and this is found in section 12.5 of the Steef Structures Standard (SZ, 2007).
Inge Previous tables have been developed classifying I section members into the appropriate categories (Feeney,

1993). These tables were developed based on the 1992 version of the Staef Structures Standard . Hot rolled
| grades 250 and 350. Welded classified were limited to W8 and WC

sactions.

Category 2 capable of sustaining low ductility demands o s et ety ot o s s s s G 0o i

Member Ductility Category of Sections for Seismic Design
The following tables show the minimum member ductility category for Grade 300 hot rolled sections complying
with AS/NZS 3579.1 (SAA/SNZ, 1996).

The minimum member ductility category for any section is

Category 3 capable of developing their nominal section L e L e S e

12.26.

capacity where required to in bending e e
W) meumi Mmu\dmwmbn
(iii) Web plate for a section in axial compression

anmmmmyumwmmmm«gns-
Beam (typically in a moment-resisting frame)

. . . )
Category 4 local buckling will occur before the attainment of - R i s i

«  Active link in an eccentrically braced frame
Note that for some sections, the web plate slenderness exceeds the upper limits for webs in comy

yield stress in one or more parts of the cross- T T e R T

systems provided
specifies this limit as N'/aN, < 0.05.

Section wamwmmiwwnﬁ;w:mm.mawammm
Steel Advisor MEM1001
Steel Construction New Zealand Inc. 2009 1

SCNZ — Hot Rolled Steel Section Member
Classification
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Choose
Category

200UB1E 200uBz2 200UB25 200UE 30

* Category 1 * Category * Category3 ¢ Categoryl

+ Okfor ductiity + Nominally + OK for ductility
* Elastic only ductile

* (max p=1) * (max p=3)

* (can be p>3) * (can be p>3)

Category 1 can yield.... _ _
Why not just use a category 1 or 2 steel section?

Category 4 will locally buckle!

Page 188




Table 3: Seismic Section Classification for Beam Columns — Grade 300 Universal Beams to AS/NZS

3679.1:1996
Web (Constant Axial Load Limit) Flange
Designation Category 1,2 Category 3 Category
N*/ON, < N*o/ N, <
610UB 125 0.216 0.709 1
610UB 113 0.192 0.634 1
610UB 101 0.154 0.519 1 .
1 Looking at only category 1 or 2
530 UB 82 0.168 0.562 1 ) .
: steel members doesn’t restrict us
460UB  74.6 0.211 0.695 1 |
460 UB  67.1 0.183 0.608 1 h
410UB 597 0.197 0.650 1 tOO much:
410 UB 537 0.185 0.615 1
360 UB  56.7 0.256 0.835 1
360 UB 507 0.223 0.731 1
310UB  46.2 0.250 0.815 1
310UB  40.4 0.216 0.708 1
—316-48—32 9177 8588 4
250 UB 373 0.400 0.964 1
—250-08— 314 8326 8918 3
250 UB 257 0.217 0.712 1
200UB 29.8 0.678 1.000 1
20008254 6:572 1600 3 Hot Rolled I Sections Seismic Category Classification
266-U—22 33— ———B83FF——— 653 8—fF——A— Author: Kevin Cowie, Alistair Fussell
200UB 182 0.262 0.853 1 Affiliation: Steel Construction New Zealand Inc.
180UB 22.2 0.814 1.000 1 g;ff ;i;?ggfmbe’ <gas
180 UB 0.597 1.000 1
180 UB 0.451 1.000 1
150U8 18 1.000 i 1
150U8 14 0.787 1.000 1

-indicates no axial load limit applies, web slenderness values comply with the Pa ge 1 89
requirements for category 1 or 2 elements. Refer to table 1




Lateral Restraint

* Fly braces — rather cheap
structural component!

90x6EA FLY BRACE AT 45°

s S48 T CLEAT * Make sure you consider segment
2/M16 4.6/S TO PURLIN .

lengths (points of lateral
S restraint to the critical flange!)
6FWAR EF TO UB WEB & FLANGE When you are deSigning.
/663\ DETAIL

USCALE 1:10

TYP PURLIN FLY BRACE 1
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Consider the load path of your lateral
restraint

F=12.2kN

T

R=23.8kN

These loads
need to be
resolved too!

R=23.8kN

380PFC

F =0.025x100x17.5x280MPa
=12.25kN
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Consider the load path of your lateral
restraint

0 ?

F—— * Load path of lateral restraining
force also requires consideration

e — a load that needs to be

% resolved

zzzzz

e
M
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Frame — choosing a ductility

“ADOPT A DUCTILITY” FOR STEEL PORTAL FRAME

e ettt - * Make sure you check drift!

T S * Low rise frames tYpicaIIy
! e e deflection controlled

iddentity ur tihune mechanism. As we apply latonal load to

"‘""‘»"“Z““"‘"’“'““""“’l_’“"f" « Fora portal frame formed from open | secions with no
ity 1o fiy bracing, it 55 Skely that latersl torsioral bucking of

T il et * Even though capacity design may

tnat ot taire wi oocur before 3 plast: hinge can

- —— not be mandated, keep

of cyclic deformation pas! i, and for a stable ovaral i . .
ok : e ta o I
et S robustness in min
i e rtrrt 1 prawent coneetion Faues. aretfocai 108501, asssts ith urderstanding what the releant °
Ense > are recuiring of s as desi
The main pumcas of this Fapa i I highight the lct 13 Tellthe structure what to do
trat shot A : % .
portal for selrmic ks Joss than of our structure when we adopt a leves of uctity °
elasic by adopiing a Uity lactor greafer than 1, fienTo achieve uctily, we as desgrens ara aiming for e e r Ol l rn a a r I‘ e
iecl by & flly our o to form st pisti
- portal roman yeb
1o precast panals, loacsing. Th v P
anaL tha  otany cther fems. In addition. for plastc DB 10 occur &
stonl mambons roquined, thany resincting B maximum (s & fundasmental mqurement that stabiiy of the mermbers
Ghuctity that can ba usid. both ocall and gotely 0.
1.2 Inelastic Mechanism This means in practice the applcation of capacity desgn.
o clary the NZS 11705 and NZS 3404 duciedasign 1119 PYO08SS requies; that;
tansions, & s hop al .
waywe ol Prechxdes
Laterat That the siendarmess of the plae elements of a rafter o
FRPER FEREED

o
B CMEnghO CPEng. Prrcias LGE Germitig

Journal of the Structural Engineering Sccisty of New Zesiand Inc

« Adopt A Ductility For Steel Portal Frame Structure SESOC
Journal Vol31 NO1 APR 2018 Pdf
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What about collectors?
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Precast Panel top connection - PFC Collector

@ * Spans 8.6m
e * Supports 150 PC Panels 7m high
300 90 PFC TRANSOM e * Has no lateral restraint to inner
-7 — 150 PC PANEL flange
LA
i o * Load is applied at the outer 300 IO PFC TRANSON —
100 x 10mm MSF e fl 2 !
TCM12s (Min 3 PER PANEL) . ' ange 6 - - —
o | £
Connection Designer adopted p=2 & went S Iy
. . 50 50
to PFC highly with a 300PFC ,,

eccentric!
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PFC Collector

* Singly symmetrical steel sections cannot be
used in members requiring ductility (ie, don’t
use PFCs if you are adopting a ductility above

1.251)

* Segment checks on the PFC were not
completed (Use memdes)

* Load height factor was not considered (be
careful when using memdes!) v

. Top Flange (Unstable Load)

~Load Height
_ Shear Centre ‘

L ad Locatio
Segment End
.w,m e

From Tbl 5.6. 3(2) with end restraints

of PP =>
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PFC Collector — supports PC Panels OOP

P R u=2, is limited ductile which needs Og\i,é
S,‘vl’:vl\l?:f:’us SteelStructures-Stand.ard a Cate go ry 2 member \e
Both Partssupersede N2S 3404 Prts 1 nd 21992 \lo\) \\\\
,&e‘. '\(,’b e’b
$oo“\\§&0(‘0 \
< o\\ed\(\% e
NZS3404 Clause 12.5.2.1 C &\ Qo(\
“The yielding regions of category 1 00(0

or 2 members shall be double
symmetrical sections”

Implications

* PFC was undersized and inadequate to support the
nanels out-of-plane
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What does good look like?

e Collector should have been
2500s31 designed as a part. Refer MBIE
| determination 2013/057

160 PC —

panel
6mm stiffener

* Not structurally logical to assign
e CFWAR. this type of collector as a
B00nITeSOr yielding element

less to suit panel

S O C Page 198
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If you ‘adopt a

Tip #5 ductility’, make sure
you can actually get
ductility

S O C Page 199



1 Make sure your design matches your model M

2 Make sure you have a load path M

3 Node all of your connections M

4 Connections are critical |

S If you ‘adopt a ductility” make sure you can actually o
get ductility

6
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Do checks

Tip #6 ..check your maths,
check your loads,
check your base

shears
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Portal frame — weights & base shears

* Simple portal frame

* Weights to be resisted
dare
e Roof purlins & roofing
* Portal frame self weight
* Roof struts/bracing

e Tributary area of side
walls
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Portal frame sizing

* For one building the frames were well
undersized

. Typical portal frame, with precast panels
== supported at the top via a PFC Collector

Where did things go wrong?
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Portal frame — where can things go wrong?

\)
wh
(L
7 wi
RRLLITTTTTTL s

Collector model

Al A

fCaIcuIated reaction — “R” ?

* Upon examination of the calculations...

] ] Note: this is incorrect — collector
 Collector checked with Cd(T)=0.412 (ie |should have been designed as a

assuming p=2) ggrlté/ggl;e.r MBIE determination
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Portal frame — where can things go wrong?

Collector reaction

Reaction from the collector model was then applied to the portal frames
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Portal frame — where can things go wrong?

C,(T) x
(@ol?ector
reaction)

* But these loads were then reduced again by 0.412
* So effective C4(T)=0.412x0.412=0.24
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Implications

* The portal frame was grossly
undersized for the loads it was
required to resist

e Drifts exceeded allowable
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Do checks

Tip #6 ..check your maths,
check your base
shears
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Back of the Envelope checks...

* Always a good idea to do some

T T back of the envelope checks on

loads
e
—k—a s —x——o = * Simple idea
s * Check your reactions — sum the

base shears, then compare that
with your weights

* Do the numbers look about right?
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Trib Weight Check |

lllllllllllllllll

.
||||||||||||||||||||||||||||||||||||||||||||||||||||
.......
llllll
lllllllllllllllllllll
.......
M

| o CH *
PR
u | : X
: E =
. ; il A
: I | N
- i } ) 2Rl
[ { o %)
B : . et Fa 3 . Q . k .
- : uic
e calc to check weights/base shears
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Do checks

Tip #6 ..check your maths,
check your base
shears
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Make sure your design matches your model

Make sure you have a load path

Node all of your connections

Al WwW|IN| R

Connections are critical

If you ‘adopt a ductility” make sure you can actually
get ductility

i N RN |R|N

6 Do check ins —ie base shear total is right?
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Sometimes you
need to say no

Tip #7 Or

Early collaboration
can save you some
headaches!

SOC Page 213



Building F

L ) - T i/

U= _____:,_:Z_A_____.,, ________ e e
L—Ludwcﬂng To
be suppled § ratalled under
A S d separe flout comtract e —. =
N § = |
~ ' =

ke r Ground ﬂ::_‘:i_‘

: / Steel support column encased with
G Wring. Strappmag ¢ inng under
ftot contract

SECTION D-D
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[ 0.55 Colour coated 180
. L3 itngrol N T
:‘ N— cover to roofing o
—‘ i - : . DHS puriins
' ey =g easozsm e e — K]
-------------- L TTTEE T RS blockng , 1
§ AT ex75x25mm dressed H3.2 7
| R § timber scobia over Glson:vm Hardfiex. ;
o= U 1L S )
s o= #/ B |
: = /701" SOFFIT SCOTIA TO LINEA
@MNNROOFSOFFH‘
* The architects details shows an 135 Clasaic Linea westherboards L Griaes (B)
external weatherboard for the top s megmirma \ g | @
. pth'.‘ Glue fix to pane! ¢ &
portion of the walls pace o
. H3.2 timber packer over [\m
* Precast panels were shown stopping DFC. ol
short of the roof to accommodate this 5
feature o R S

NSO C
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Fitting a round Structural peg into a square
Architectural hole...

 What were the
implications of
running with
this
architectural
details?

* Lets look at the
structural
system...
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Building F

» Two storey rectangular structure
* 13.9m x 20.3m

» 170 thick precast panels

* Light weight roof

. * Steel rafters to support roof
purlins

* Roof plane tension bracing
» Suspended first floor slab
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&
1900 \

. i ,...J...I.L.I.U.,m

Seismic System F=ls

1 00mm=
ml o)

* Braced in both directions by S——
precast panels acting in-plane

e —— i —

UOTOII(] [RUIPMISUO ]

S
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wﬁmﬁ Wews 3 ¢
3

o L T
=
T FECESS
o

T4

HHHT

L LTIV

Transverse Direction
e




L

Transverse — Roof Plane

* Side wall panels propped
via steel roof beams

e Load transferred to tension
bracing

* Tension bracing transfer
loads to strut on side wall

* Precast panel on side walls
are 450mm down from roof
level
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Transverse —roof plane to wall in-plane

Earthquake load

-1 Mild steel flat brace

* Top of panels down
450mm from roof plane

g
. o Steel flat brace transfers
loads to in-plane panel
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150 PFC RAFTER
‘‘‘ A "_-_1 ===
5 x 10mm MSF —/'g . xmma&m
150 LONG | 10mm STIFFENER
2/M16 BOLTS 8.8 i S
| WALL BRACING
75 x 10mm MSF 1
250 LONG | }——"75x 5mm SHS
2M16B0LTS 85 ' ) This connection
. cannot transfer the
2 loads required
NLINTEL %
. =) 2-M16 EPCON
2| 170mm EMBED
* No details for flat connection A__ _ | 4/; s
* Flatis too small for load required to be transferred 5 g —® hdl \
o . O 0° = PC PANEL
* Connection is eccentric e
. . LANMEETN
« Two M16 epoxied bolts into the PC panel are not O e 3| | 155 | |40

sufficient
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* Strip away the
architectural




Eccentric connection

Focusing on one component of
this load path — brace to PC Panel

Vertical eccentricities — tension in
steel flat is offset from bolt group

Horizontal eccentricates — Applied
bolt shear is offset from panel
centreline

Page 226




Already a poor load path, made
WOrse...




R mlom 150 PFC 200 UB 25 RAFTERS 10 UB 25 RAFTERS
a s L
l; o .
= | | !
13, 3 [ VDU HORZAF FROMFFLUF] |
E" 200X 90 HYS0 HYSPAN ' 200 x 90 HYB0 HYSPAN LINTEL
= - ] i 1
= pagan.| S Wy sdonts syl mtietonts f=>
9.'_:. FJ ] - T —_— L 0 i —
= A | , _
2 L e o ] - I |
<3 s | - gies -
5 i < ' _|~J// | ' YD12-300 HORIZ AF
= ' 2 ! _l_l/’ : ! ! -
e Jiﬂ%ﬂ_: - ke ! 1o o
e e | R -1 I e ._J-_
= s= A = —
ST il \ powoonk 4|1
=

Transverse Direction
. - - * Qut-of-plane
T T plan ~ 7 support

b | V | I\ iopcewe | {10UPSIMND_

Elevation of End Wall
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Longitudinal —  =ftdeee,

End Panels
out-of-plane

Nominal connection at top

| S ® }qm 200 U8 25 RFTERS
S
g / ;
- - )- ‘ .
260 / - (' J
sw ® VO12-300 HORGS AF FROM FFLUP
" 200 x 90 HYH0 HYSPAN LINTEL
;

YO12-350 HORIZ AF UP TO FFL

Pinned base connection

Figure 8 — Elevation of rear wall (Grid 6)
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Nominal connection at top

Out-of-plane

What is securing this panel out-of-
plane?

* Pinned base connection to
footings
w—*\,’—”,ﬁ% _____ _[~ e+ Partial connection to the first
T T floor slab plate one side of the
Pinned base connection = m‘::ﬁ“ o window
Figure 8 — Elevation of rear wall (Grid 6) e Roof level — three SHS
members?
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Panel out-of-plane load path .0~

Nominal connection at top

- 2-M16 EPCON
170mm EMBED

Direction of EQ
shaking

Panel ‘out-of-
plane’

* No load path to roof plane bracing

* Connection at the top of panel has not been
desi%ned for out-of-plane forces — bolts
would pry, SHS would bend

This connection cannot transfer the loads
required

Pinned base connection

Figure 8 — Elevation of rear wall (Grid 6)
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The implications of the architectural feature?

A lot of structural

headaches due to
® ® L
1

* Architect left a very small space
both vertically and horizontally
to fit in primary structure

* Made the load path more
complex

* Adds several unnecessary
potential weak links in the chain
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How could this have been kept simple?

* Finish the load path!

A lot of structural * The panel could have been extended
headaches due to .
/ up to the roof plane — removing the
. .

eccentricities and providing a direct

load path for the transfer of in-plane
roof bracing loads, and out-of-plane
support of the panels

* Early collaboration with the
architect may have been able to
make the engineers life a lot easier
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Sometimes you
need to say no

Tlp "/ Or

Early collaboration
can save you some
headaches!
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Another example
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Transverse System

Sometimes a ‘No’ is needed

T Eﬂ I “" R = momocsem oA ZC.,T"U?I:L ki “:‘m bk !E-‘g.'l E .
,‘,!E "H’ T ! = L g— * Loads are resisted by
Hh l | = : precast panels acting
w[lw ' : ‘ .T'—!__’ 1
=t ; ¢ L in-plane

r ‘; ——f j_-_v—sgg i e Ol et =1 ]
'i;ﬁmﬁirg g | §~... y * Not many panels in

| | 1 “les total
05 ) | 1 I |

)| : & g | 2 -
A j = I , i ?ﬁ * And of these panels,

' E | T .
e pu— - G (N only one panel in plane
T, g ""h = i e g towards the front half
il B i*g o, g 114, of the building
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Single panel bracing front half of building

| 200 UB 25 RAFTER 150 PFC S AV

e — = rj: /e Rest is glazed

g e | -JN i B : * Void accommodated on request
| o i — of architect

L :""m;;’m mmﬁT I :N * During construction void size

L | : | wasrealised to be inadequate

i ; O 2] 20 g |

1 e e e,
e il
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Single panel bracing front half of building

* Additional cutting of the
concrete was approved

* Reinforcing & concrete cut

e Critical load path, with little
redundancy already, allowing an
additional reduction in
strength....sometimes we have
to say no on site!
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Sometimes you
need to say no

Tip "/ Or

Early collaboration
can save you some
headaches!
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What does good look like?

* Solving problems is what being * Harder to design — typically will
an engineer is about be harder to build, with less

» Sometimes we can be flexible, ability to work with minor |
but sometimes it has to be a ‘no’  construction tolerances (errors!)

_ on site
* Don’t make life hard for yourself
— keep the structure as simple as
it can be

e Advocate for structure to be
where it needs to be
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Sometimes you
need to say no

Tip "/ Or

Early collaboration
can save you some
headaches!
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1 Make sure your design matches your model |
2 Make sure you have a load path M
3 Node all of your connections M
4 Connections are critical |
S If you ‘adopt a ductility” make sure you can actually o
get ductility
6 Do check ins —ie base shear total is right? M
7 Sometimes you need to say no M
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Make sure you

Tip #8 co-ordinate
structural with

architectural

S O C Page 243



Building G
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Building G

* Single storey L-shaped structure

e 410UB60 Steel portal frames at
6.8m centres spanning 26.9m

; * 150 thick precast panels

vt * Light weight roof
* Roof plane tension bracing

S O C Page 245




Page 246




Page 247




ce L0 L Seismic System
e : | Retained 1972 | ||
& J— __ —— IE Building ’ M
c 2 | i
h k Transverse
L
; * Steel portal frames
H
~(~) ¢ In-plane precast panels at end
— walls
= £ Longitudinal

Sauwel [0 |991S

* Roof plane bracing transfer

* In-plane precast panels Grid 1 & 2

E}
T
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Longitudinal System
Load Path

* End panels propped by purlins

e Purlins transfer loads to rafters

e Rafters bend in weak direction

* Roof plane bracing transfers
loads to the sides

* One side is an SHS strut, the to
panels in plane

* Other side is to panels in-plane
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Longitudinal System

e Gable end wall
T * Precast panels
' propped by DHS
purlins
* Same issues as
B“?V'.OUS _
uildings...
2M12BOLTS '°:f" " o
80 x 6mm MSF — 3 - ONe
8 2ommione 7 AN
...Apart . g S5
S HS 200112 PURLIN R = 2© e
from one c ‘ﬁ\‘f&"‘
. 2 CO\¢
quirk . -
M16 BOLTS @ 600mm N\ TCM16 @ 600mm
CTRS MAX . . “| CTRSMAX

100 x 75 x 8mm UA A 40 x 18mm
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AN E—— * Gable end wall
T /ﬁ*;f‘?v/ i, v v precast concrete

' = e e e EIT panels
+ ; : : : \I/\// E 1

E!é ==  * Propped by the DHS
B T Na purlins

. | R o s ), .

M e * But there is a length
i of panel which is at

L E / a transition where

| the purlins are
e 1 parallel to the wall

-
{
i i
1
|
L~ .
e T
EDISTING BLOCK WiLL

s
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' ! 31390 omewamw@ ;v
I I I
i 6400 B 7000 i 13400 i|15t
A 1 A
: oy | 7, 1610 | 1763 .
! s0)F i !
| ' ! S '
1 ol t - “ —+
' weifwet WPt WP wer WPt Touf2:p AP g -
F . FF FF FF FF FF
i ; WPt wei L we1 we1
i FF FF | FF FF
X75x
] 8 (=
] J b —
| 150 150 PC|PANELS| e
| L B L m
Ly CAERES C16ER) -4 A4 |
| "
i
i
1 Q%%':-zg%‘%@z—zz
|
J i | |
PILE 1 1 LE1 T PILE 1 ILE 1 PILE1 | ILE 1 PILE 1

Line of EA connected to
DHS purlins

But what is supporting
this panel out-of-plane?
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Hold onto all your bits!

* 6.7m high precast panel
with no support out-of-
plane

-
I TTH

=
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Lets look at some structural/architectural
interfaces...
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Transverse Steel Portal Frames

6025 O
an
208

* 410UB60 portal frames
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Architectural Requirements

© ? f ®
| ——
i 2950 verandah‘ L 13400 7000 6400
o T
0 o

| Notched ridge flashing with
compressed foam strip

5250

celing grid

:

2a

99. 820 ri 25mm concrete slab

* Box gutter along this wall line
* Falls over the 6 metres between portal frames, with a downpipe at each frame
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o _ Lets look at how the structure

i fits with the architectural
Y
...,.I’ e Roof plane bracing system transfers
’| seismic actions to the external wall lines
s e But this is also where the roof falls to
'3;: * How do these two things work?
e
i
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* Roof plane bracing is meant to
node here — transfer roof truss
loads to the wall line in -plane

Generic detail in
plans only

* RB20 bolted to
UB flange

* Relies on purlins
to form the
truss

No detail at knee
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* Box gutter along this wall line

* Roof plane bracing is meant to
transfer forces to the precast
panels in plane

* Bracing has therefore been
installed well offset from wall
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>
g
O
-
P
=
()
O
O
()
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Follow the load path Implications

Load path? * Tension forces rely on

* Roof brace in tension (also limited indirect, and eccentric load
by boltin% to a 12,8mm flange paths to transfer to the in-
with small edge distance!) plane walls

* Bend the portal frame rafter in
the weak direction?

* Transfer to|the column through
the welded connection to the
stiffener both sides?

e Column has a bolted connection

to the PECcollect
* PFC collector to the panels
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. . * RB25 — Min UTS = 282kN
DHS/reidbrace connection * 410UB60 has a 12.8mm flange

~ RBRACEZS Graph 3. - Pin Flange Connection Capacity ¢Vx
REIDBRACE CROSS '
j BRACE SYSTEM STEEL THICKNESS vs CAPACITY ¢ Vx
©o
g e = 500
g 1 1 450 {4—-—RB12/16  —— — — — — — — — — — — — —
“ 400 4 — SRR
§‘| ‘ FLOOR | EVE! 450 - — - == RB25/32 @ _ _ _ _ _ _ _ _ ™ L5xPin
Rl . z T
88 — f 300 {——————————— "‘i’f?,
o) = ol e - T ///4
e e, W 5 Thickness . /
\ s A - 2.0x Pma/
= 200 /
RBRACE25 3) Load /
REIDBRACE CROSS 150 - RSN —— \) 7
- BRACE SYSTEM %
g FIX WITH M30/8.8TB 100 2.0x Pino 7
g o 7
04"k ———— — — — — — — Cleat < é
/4
0 T T T !
5 10 15 20 25
m COLUMN460UB_BRACE Grade 300MPa Steel Flange Thickness in mm
- 1:10

Graph 1. Connection controls!
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What about the other end of
the truss?

Strut to transfer
roof plane loads
to in-plane walls

No detail
on plans,
so this was
built
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e Builder has ‘noded’
the bracing with the
roof purlins, not
with the strut that
is meant to transfer
the loads!

Implications

* Indirect, and
eccentric load paths
to transfer loads
from the tension
braces to the strut

/
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0 2 uTRGGERS ‘

T What about the next
connection?

A-H-4-4-4-4 sl -1 - Strut
! ’( B continues
5 2 each side of
§ ) the portal
1-4-+4- frame rafter

Strut
transitions

from an SHS to
a PFC

Page 266



125 x 6 SHS STRUT
(GRIDS B TO D ONLY)

e

e GridDto E
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SHS Strut

PFC Strut E
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* Eccentric connection — will induce torsion on UB rafter
Implications
 Strut cannot transfer required seismic actions
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What would good look like?

Min * Node your connections —
150

125x5 SHS

* Make sure you have no
t T 3386/ eccentricities as forces transfer
- a joint into other members

Cross j

20mm
grade 350
plate

12mm plate,
6mm F.W.A.R.

o=

200UB30

¥
-\

4 3 - - 4 A ‘. 4
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Make sure you

Tip #8 co-ordinate
structural with

architectural

SO C Page 271



Make sure your design matches your model

Make sure you have a load path

Node all of your connections

Al WwW|IN| R

Connections are critical

If you ‘adopt a ductility” make sure you can actually
get ductility

O}

Do check ins —ie base shear total is right?

Sometimes you need to say no

RIMNIN N RN

Co-ordinate structural with architectural

O | 0 ([ J |
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Tip #9 Keep durability
in mind
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Footing details

Typical warehouse

* Pad footings to support precast S | S =il
panels —TES

o |
=
3|

m_L

— 24

g gl

SE

\

\ ~

&
N
e
2 N
=
4l

E

g

ﬁj" 2l
s ‘;
§

;

i

:
‘
§

e Panels positioned IEIE g EERE ]
_ g&xrum
* Slab poured against panels o

STt T LE

g | o
_@ <@ mﬁ&’.” ww— | s i
![a}:ﬁ‘ ol m;;‘ / :'lEl Jw' :_!f;' -xf' _\ PLE1 ""l;“ § PAD PLE1 E 1
.\mesn 20 me'wlh_i = qw 'L"I_—'I"Li =R \;! 25 s
ol 15 ] P S mT ] e e | g
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Devil is in the details...

e Ground level is above the
footing

* Steel portal extends to the
footing

* No waterproofing on the
outside edge at the gap
between the footing and the
panels

* Water ingress will occur

Implications — potentially unprotected
structural steel susceptible to rusting
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Un-sealed joint
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Moisture seen entering at precast panel joint
Start of rust to the column base

Approx. 13 years old

No chance for maintenance!
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e Steel columns

Another example

* A typical structural
detail shown only

Remember — steel is
all about time to first
maintenance

A Y P Y YYYYYS
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* Typical framing

* Supplied screw bolt is M10x140mm

A minimum 120 thick slab is
therefore needed to maintain cover
Bracket (and to avoid punching the DPM

/ when drilling!)
Minimum edge distance to centre of screw bolt shall be 55mm

M10x140
— / bolt
Minimum embedment depth in concrete shall be 88mm

X

1.1.

g 1.2.

= 1.3.
A g % % S 1.4. Drill 10mm diameter hole x 95mm minimum depth

: 2 x 1.5

Hold downs

1) Fixing to concrete floor or concrete masonry header block
Minimum concrete strength shall be 17.5 MPa

100 g N In sea-spray zones, masonry header block shall be wj
A requirements of NZS4210:2001
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Building H

* Built 2003

* Steel DHS roof beams providing
gravity support to the roof

* Roof plane tension only bracing

* Tension/compression struts in
the plane of the walls

P Vv
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e DHiz @Zeo s

€Conomgstl (43 TOFICAL, ETALIEES
| suco | 3 s €uw “LAP ARound CofNERS
— /-
. Y |
SI . L’b‘ un.i}
| e =N
| eundin g, | 8
giﬁf | LAER  pouyTrigue *
N (obe) o sl
L PRI
L 200 2e0
% : —F_H—
S
; | * Timber framed external wall
?‘_%%.__E#L . * Ground level at around slab

level
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{

r’"

* Moisture ingress mainly due to cladding system failure

* Bottom plate also damaged — insufficient clearance from the
outside ground to the timber framing

Coo0 1 Page2s?




* New nib added to get required

clearances

* Tricky construction to retrofit —
much easier to do when building

new!

70mm
(Depends on e
existing footing
reinforcing. Confirm
with Engineer once
opened up on site).

M12 galv threaded —
rod, epoxy Hilti
Hy200 200mm into
existing footing at

400 ctrs

150[

=~ T
—-1"—><a-—)-l

~140mm wide nib
(refer Architect for
exact dimension)

Scabble
existing
footing

D12 /

Existing footing /
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E1 — Surface water

non-masonry
cladding e Not B1 but something we should

(
I150 . be aware of

permanent
paving

Non-masonry cladding with permanent paving.
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Tip #9 Keep durability
in mind
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1 Make sure your design matches your model |
2 Make sure you have a load path M
3 Node all of your connections M
4 Connections are critical |
S If you ‘adopt a ductility” make sure you can actually o
get ductility

6 Do check ins —ie base shear total is right? M
7 Sometimes you need to say no M
8 Co-ordinate structural with architectural |
9 Keep durability in mind M
10
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. Consider
Tip #10 displacements

&

displacement
compatibility
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Building E — Retail Area
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BEAUREPAIRS
JOINS HERE

WAREHOUSE CANOPY

PRECAST CONCRETE
STEEL STRUCTURE

SIGNAGE PANEL

SHOPFRONT GLAZED
CANOPY STEEL

FOUNDATION PILE PRECAST CONCRETE STRUCTURE

PAMNELS (KINGSPAN
North PANELS ABOVE NOT
SHOWN FOR CLARITY)
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BUIldlng E * Designed in 2010

* 1,010m?
* Two areas — one retail and one
storage
) * Retail — raking monoslope steel
frames

 Storage — steel portal frames
* 150thick precast concrete panels
* Glazing
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precast concrete

panel in-plane
have negligible

deflect — flexible
deflection

frame
* Sits hard against a

* Steel monoslope
1 * Panels in-plane will

* Portal frame will

7 frame

| -—E-__:_i

s
\ELLEA AN o

Iz
|)&|
C
Pl
I
B
s
|

cS BN e
m Sk i pant hade' mac e == ==F=1- - “1-r- ||M| -
g A -1-- B I S I O | I _- -.Al
|




R

i
B
H

Modelled
deflected
shape of
frame

But the frame
cannot deflect
— it sits hard
against a
precast panel
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* Even if there is
some movement
along Grid 2, the
frame is ‘tethered’
to the long line of
PC panelsin plane
on Grid 1

e The tension brace
is meant to brace
longitudinal loads

e But will also try
and brace Grid 2,
which is also tied
to grid 3
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. Consider
Tip #10 displacements

&

displacement
compatibility
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Lets also look at the frames

O T e e
by T YT — I A=l H8 2007 Puros  racecey
é\ I ' munm@)\:n:- llllllllllllllllllllllllllllllllllllllllllllllllllll BRACE 220 9 R i
§ l e R R ’-.\i
1 | — il
gg“_——(————t—*ﬁ;@ | (] }.ﬁi
: : | HHIE
3 — it
__[_ = RN ,‘ — = T =L T — - T x - s —~— ¢ m— T - - — =
1=l W : =] .] _gyo
- 1927 yyciey:
* 360UBA45 frame, designer adopted pu=3 ot 2 W\ o\
* A 360UB45 meets the sectional requirements 36:\3\@ s\“e\\: %e’(.
* However there is no fly bracing — no lateral restraint to the bottom flanges el ac‘“?\\.\w
* What about frame deflections? dut
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@ ® ® . ©
.IL E
e —— Y
\ ';la LTI ml T
;\'4»--:"-: ' B " Val
| s T == #,'
; 2' o - - T Q‘C — i @ H ==
: 5 ;. e
: o :
i : L —

Designer assumed a fixed base at the three column bases
Even if we assume this could be achieved, what are the frame deflections?

* Drift = A xky, X1 T“’?Jer
] .. on XS
* Well exceeds drift limit of 2.5% _Z’p\aceme“
Frame is undersized and too flexible o
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i =— TR e i DR — 2 e e
S S e S E s =
" | Spzan i U | |
Back to Tip 10 s
= ' A | |
/!/ I i DE!S ;T ‘ \T i ‘ | [
g ‘ i \ Asoz / “'i — H%%%*@ﬁ’g*@**”*"
EZZANINE OVER LINE W1ida D14 Di2 F2—i~ W‘”g - 1 ¥ B T T E T E : J: : . -
SN - I e
i : D9 o] ) mow AN & 2 '
: '\\ S 0PI g ‘ / e .
0 |
FICE 2. O

o
I

N 's \\"n 5

& Ne Y

T T . - ™

e

=

; 8 E———— T .]_\_:_,. e e
What about the mezzanine?

* Mezzanine floor loads were not applied to the frames

* Perhaps it was assumed that bracing walls under would provide bracing for
the floor?

* Displacement compatibility? Frame should match the Gib in-plane SLS limits
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g e [ | -1

L1}

- e
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- 3 - ! :
- b ] zl ,
¥ , ) — ] :
e 7™ L L
~ 4 b t
: : }Q kel s — el d - |
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| | s '1 L
i = A\ - . e 2 TN

* What about the mezzanine?
* Mezzanine floor loads were not applied to the frames

* Perhaps it was assumed that bracing walls under would provide bracing for
the floor?

* Displacement compatibility? Frame should match the Gib in-plane SLS limits
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Consider
displacements

Tip #10 &

displacement
compatibility
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Make sure your design matches your model

Ten tips for the
better design of
low rise

Make sure you have a load path

Node all of your connections

Al WwW|IN| R

Connections are critical

If you ‘adopt a ductility” make sure you can actually

St ru Ctures get ductility

Do check ins —ie base shear total is right?

Sometimes you need to say no

6
7
8 Co-ordinate structural with architectural
9

Keep durability in mind

RINN|NN| N |||

10 | Consider Displacements
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With these ten tips in mind, lets look at a few
more buildings...
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Building |

/—emmm
c T g i 7 T T
sefi=momadeeqesd s ameas geilidE e raw. L b e 1 B
P B ) . B \ ] i i B
i i : ' i "

RECAST —

-\

* 15.8m x 40m rectangle | i- - r

: 5 . FL=10000 i :
* Steel portal frames LU & N .

%%ummm
I G S E N B R - T E e R
* 150 thick precast panels g == B i i gl T
ﬁ i N “*:',ffﬂ 7777777777777

H H

i i

1 H ' '

. ' i |

A==
: tn P N T, .

A 1: ------------ B 2 . nitetutnin et e il (T TR S b T
| ' beed ) il H
- i
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[\\R * 310UB40
\\*\ j frames at 8.1m
R W centres

’ - | loemenma  * SUppOrting
— 6.5m high
panels
= :
mmgmmj cumasse 2600 gl
\m"‘ ELEVATIONONGRID3&4E
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* Designer adopted a ductility pu=2
e Rafter length of 15.86m

* Purlins could provide lateral
=ea— ||~ restraint to top flange of UB.

e

~— 310 UB 40

* No fly braces — no lateral

il 3 .
_ - . , H restraint to bottom flange of UB.
L -_"?_I______._ f TG S8 : {sr
Members will buckle well before yield could occur y Segment Iength Of rafter
(depending on forces) could be
e -

1957 e 12-14m |
2000~ \;re \© * 310UB40 grossly undersized,

even if the sections were
properly restrained
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e Drift was not checked

* Drift = deflection x k;,,, x 1

- EXISTING PC PANEL

e Drifts well in excess of 2.5%

ELEVATIONON GRID 3& 4

A ” @ ©
. T
o |
310UB40 — \
i dug | 7
§
= N
] camcna— +

g

Page 311



Frames tributary loads

* In Calcs - weight per frame from

. walls = 100kN
- <. = * But portals at 8.1m centres,
] l [ holding up PC panels around 6m
= Rt = = =ISWR . Rl v (0—=20UKN hlgh on both side walls
Rem b - orwsmnforg) ¢ swef
frome o = ssmangiee- -msel @ Simple calc of wall weight
Fepmed  Whu - = = ol KRl Bla = Zaoa
e - penpees. o W1t=0.15m thick x24kN/m? x 8m
. - ESEie length x 6/2m height x 2 sides =
‘(\Qi\‘o\\‘ 173 kN
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Side wall Panels Out-of-Plane

; e - _ * Panels supported by a
______ b, ’J;\{ / 200PFC transom spanning
A | S Al e T Slnaaai el il Naciats v ivpraiunl, .| (R

i \\WPS /)A@ :‘.._[] WP1 L _a\r\.i E, I\~Tc 8m

. wwiorcowels | wewsorcoes | | vewian * PFC Collector is grossly

! | undersized for an 8m
PC PANELS g g |

1 | span
S S A I B | — * No lateral restraint to the

: I i collector

R = o
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; 40mm CVR 7O
i TOP OF REO

; — 125PC PANEL * TCM12 inserts — shallow
- embedment

200 PFC TRANSOM
* Plate bending in weak direction

to PFC

e Eccentric & induces torsion on
PFC

— TCM12-1200 CTRS
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Panel connection out-of-plane

¢ Eccentric connection to panels, no lateral restraint to
PFC flanges
This connection and member cannot transfer the
required forces
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End Wall

. { [ i S — e 150 thick
) 1 e A s concrete
& ) T e panel
T sections
TYPE C PC PANEL g TYPE A PC PANEL g —/ g § ® Lintel panel
125mm THICK NIB _ 100X 5 SHS 2
o 1S mamon || 3 oyer the
e S s s _'_'_‘_‘_'_:‘_:"_:‘_“_'_‘-'-‘-'-'-'-;-; S =5 W I n d OW
- | ] ' e .
T = opening
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End wall out-of-plane




What’s the load path?

; .l rr——  — e — \ i \ :h, e ' NEVY IUFUPANEL | 1
I 4 \ : 3 ! / ! ! !

LY L -

-

R N
Br w—; kg
e Vi
N
BUA =
[ foxssHs b
J
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* End wall panel
load path out-of-
plane

* Panel is only
secured at the top
via the DHS purlins
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= = TR — 80 x 6 MSF x 200mmm |
vmromn— B GEER T\ T VAN ) womrorcn BT LONGCMHMZBOLTS_\Q i

‘ o — 8 |
4 4‘-"'%/ - j\_ + || ‘? 6
:mn ] // iy, F = DHS200-15 .>A_ - il I—

N - "

- : g( j% L = Ec TCM121 AS SETOUT
- p ] . ON ELEVATIONS WITH
g: BN af % I 3 S 4 (JEy R8 TIE x 200mm LONG

> - . — - » EQ
Z 17— R S R
E;“"'.'I: - 100 x 5 5H5 i \\ J"; UA o )
--------- e e - #-E ! = i / \_
| ! - | — 100 x 10 MSF x 130 . R6 ROD x 100mm LONG

WG CW 1-M12 BOLT : WELDED TO LUG
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A}

BRACING ROD
(4]
RAFTER CROP FLANGE OF EA
TO SUIT BRACING ANGLE

® @
o "m“a: E/ \ 80 x 6 EAx 100 LONG
R < = S T+ S 5 REIDBAR NUT
] &LOCKING NUT

150 X 6 PL 250 LONG

— E S 4 M12 BOLTS
Gy
(=]
0
BaBUA -
_________ : w
NEW 125 PC PANEL — : @ \- L
F % DHS 250/13
Cross
bracing
plane

————
360 UB 45
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(Pi 2 ® - ® ® 6
o) s o L L] wn
NEW 150 PG PANEL @’ :?ﬁn / —n’rﬁm“": M|wrcma.—\®7
C ™Y
b
. VA
ANEL 7 ,,&‘-
@_ "':? esﬁ, .'-'. _g
— X -
sUA ';—J,v b < -:'
e o woxs sHS 1“@9 N ‘.";
NEW 125 PC PANEL ﬁ 0PFCTRANSOM | \\m @ E ~~ NEW 125 PC PANEL !

Connection load path

* Tension brace No detail provided on

the plans!
?7?

* Precast panel in-plane
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Eccentric connection from bracing, relying on indirect load paths to transfer from tension
brace to the PFC collector
This connection and member cannot transfer the required forces




Timber framed Facade

® ® . * Light weight, but still needs a
- — load path

) * OQutside of the acceptable
[, solution (NZS3604)

* Needs to be covered by SED

* No details on engineers' plans
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Save a dollar? j ® ® ® 5 :

Dy o Braciiie — L '

8 e g NSNS S S| —

f D—wi nn ? o s¢ | sc sc sc ” Isc sc s /

* Sections o | e T H 7

older | e =

origina 5 | | I T B | |

o + T e ¥ i

bUI dmgs H | T
retained on sz | | «EJ ; I B s

H
:
!

i Py i Li -

. IR S T e 3, O O D (RIS SR I e ekl Y L o I I

oundar ? % —F e —

47\ - Li-- i - Lo Lo
I I - —

(et q
T .
TRER ey omeocess Taj
B v i TGRS e | Komconcoow
L 200 x 50 TR WS 2500
PURLINS
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* Walls are not flush — as you would expect with older walls
* Connection to the collector has been packed out







What about
plant?

Page 328




Building

e Built in 2006-2007
* Floor area 345m?

e Steel portal frames
* Precast panels to perimeter

* Mezzanine floor along on side of
building

Page 329




Longitudinal Earthquake South

(Blue elements resist loads)

STEEL BEAM COLLECTOR:
ROOF PLANE BRACIN
PRECAST CONCRETE PANELS

PRECAST CONCRETE PANEL- / J
COLLECTOR BEAM /f’ /

STEEL PORTAL-BEAM—— f Fi
STEEL PORTAL-POST———— /
STEEL POST-

CONCRETE FOUNDATION PILE——

i
CONCRETE FOUNDATION susJ

__w————————PRECAST CONCRETE PANEL
-PRECAST CONCRETE PANEL

e STEEL STRUCTURE FOR

ROOF PARAPET
STEEL PURLINS
/ P STEEL FLY BRACE

PRECAST CONCRETE PANEL
PRECAST CONCRETE PANEL

/—PRECAST CONCRETE PANELS
L 405;5
ey,

. f';-'s

/STEEL BEAM
STEEL POST

/ MEZANINE TIMBER FLOOR
; _STEEL BEAM

PRECAST CONCRETE PANELS

/ I/ ‘_'9

Transverse Earthquake

(Yellow elements resist loads) North
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Precast Concrete Panels \

Mezzanine Boxed in Steel Portal

Column Leg
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Longitudinal Earthquake South Tra nsverse

(Blue elements resist loads)

Y AL \ * Steel portal
7z frames

 End walls in-
plane

Longitudinal

* Tension
bracing in
roof plane

/ (/ * Panels in-
. Nk plane at rear

Transverse Earthquake

(Yellow elements resist loads) North an d frO nt Wwa I |
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Transverse * 310UB40 portal frames at 7.9m

5 5 ) centres
- ” [ . i
2 5 - e * 2 fly braces present —some
| R e M S S lateral restraint to bottom flange
""""" i - & .
) ! * Designer adopted p=3
‘ I e g :
| AR i * No checks on drift completed
| e * Designer assumed a rigid fixed
o i JE AT e R R i
A e base
: z;mmif ' Ao /mm snscocrie— i R
U] e '
| = - ‘%« o Frame is well undersized & too
' | TYPICAL SECTION ON GRIDLINES C &D .
ol <i® ,::: e flexible
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Transverse

Longitudinal Earthquake South
(Blue elements resist loads) 1

Displacement Compatibility

e Two frames are in effect
‘tethered’ to the side walls

* Side walls are precast panels in-
plane and will be very stiff

Frames cannot act as intended
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Transverse —what about the mezzanine?

* Bracing provided by in-plane
precast panels on end wall

S —— |
rs
i

* No other walls nominated as
bracing walls

Wil
SR

* No engineered connection to
the panels in-plane

Floor bracing does not have a
compliant load path
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Transverse —what about the mezzanine?

* Front portion of floor is
supported on steel beams and
short lengths of panels — glazed
shop front

s s Tl - * How are these floor loads
7 | dragged back to the in-plane

panels?

Floor bracing does not have a
compllant Ioad ath

) : . \ . l\ K
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Longitudinal

Longitudinal Earthquake South
(B|ue elements resist loads;

Transverse Earthquake
(Yellow elements resist loads) North

* Concrete panel end walls out-of-

plane

* Roof plane bracing to transfer

loads to the walls in-plane
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Look at a connection

i ¥
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g b | b ¢ !
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—— Vh| Il/.A lllll e _II-I.NI.I- *l_.l/.l
u JK\\ ~ g // N
O b e -
H
¥ i
P g
O (e e e e e B —-
®
> :
-~
o — © nlim R k s m
@ et | i R B el | B A .-..|mJ . L .
Q0 I NI N S N SR
- b
g AT \v/.m. i
O S
“ y NP ™\
& |-= ‘ =
L I DX TONW 34 00
Y @ @sn

* Roof plane bracing

to in-plane wall




Roof plane bracing to in-plane wall

Eccentric connection, bolted join has to transfer
collector out-of-plane plus tension brace loads
to the in-plane PFC element
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Look at a connections

* Roof plane bracing

to wall strut

®

®

Longitudinal

?

posr—f - ipe.




Roof plane bracing to wall strut

Eccentric connection and indirect load path from
tension brace to the strut
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Longitudinal — Front wall in-plane

* Relative stiffness means the end panel will try and brace seismic loads

S O C Page 344



Longitudinal — Front wall in-plane

® ©
= (=
—— d———
e * Singly reinforced panel in-plane
% e Pile on one side, but no direct

. connection — pile support the portal
| %3 frames
j * Limited connection to return wall on
| Tl other end of panel

i ] Inadequate load path for panel rocking
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Building K

* Built 2011
* Typical modern building

* Single storey 36.7mx7.8m
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BU I|d I ng K e 286m? low rise structure
e Reinforced concrete foundations

* 360UBA45 steel portal frames at
8.6m centres

e 7.7m high 150 thick precast panels
on the boundary

* Low level 150 thick precast panels
around the other sides

* Mezzanine at the rear

* Tensions bracing in the plane of the
roof and one side wall

Iﬁ"’.

)

Ol
«ﬂ(ﬂ\%# =

>
&g
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Lateral load resisting system

Transverse

* Earthquake loads are resisted by partial
steel portal frames

Longitudinal

* Roof plane tension bracing to side walls.
* One side walls in-plane panels

e Other side is tension bracing to mid
height, then to in-plane low level panel
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Follow a couple of load paths

SOC Page 351



Transverse Load Path

Lets look at the transverse
partial frames
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Incomplete Frames at 8m centres

Incorrect Assumptions

* Precast panels cantilevering in the weak
direction were used as part of the
primary system — This is a brittle system

* Base fixity provided — perfectly rigid
connection at top of pile - This is a not
provided

e Drift not checked

* Rafter connection to the panel likely to . . .
have sudden brittle failure when This system is not structurally logical or

structure deflects robust

* This ‘system’ is not robust, and relies
on indirect and poor load paths

L\

LN
L Y
\
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Transverse

e Partial Portal Frames are
360UB45

* Designer also adopted
n=2, ie limited ductile
which needs a category 2
member

360UBA45 — does not meet
Category 2 requirements

(A 360UBA4S5 is category 3!)

lﬂﬂﬂ::s& ey g g |
B F T T T 7 o e et 4 — —=0
“. | ," Bt wn |
[] \5 ey 5
§ [ |
E||m
Ellm|s
H .'5‘
. :
ek LGB Ol 2 Rl PR DS e
[ |
| |
| |
| |
i | |
[ |
|
= il :
p— ' 2 o, ool / » '-1 ‘n.._..-.-k. 3 Ve g IR d T r 55 N .;;::.;-. 1
[ 1] |
Implications

* ‘Frames’ can only be limited ductile —and are
therefore undersized and non-compliant (even if
frames were complete!)
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Side wall panels out-of-plane

Boundary Panels

e 150mm thick singly
reinforced precast
concrete panels 6.5m
high

* 300PFC collector at
top
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Panel base connection

1 e R
e Y
o 8 N __—-_____LE'S'. Tension Tie
- : 8 Cpresion Ny
| ! e, o
A o o Figure 2: Strut and tie representation of load
path for panel to foundation connection using
o Proprieta ry inse rt, reliance on threaded inserts with a shallow embedment
. . . depth
concrete in tension in cracked
zone This connection cannot transfer Hogan et al 2018

the loads required
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Precast panel base connections

C congretere
* Refer to latest information from
Rick Henry & Lucas Hogan with
PRECAST WALLS recommended connection
& CONNECTIONS details
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Precast Panel top connection - PFC Collector

@ e Eccentric connection
] . .
= * No lateral restraint to inner
300x 80 PFC TRANSOM b.' ' flange
L) PN e Designer adopted p=2 & went
N ’ ’_.,, ! Wlth a 300PEC 300x90PFCTRANSOM-——|
: —7-—%\ Y
TCM12s (Min 3 PER PANEL) 6 P —
o | £
Connection AL Ac“ons %7‘—56 1[50%
to PFC highly conn® '\{\ca\ -
eccentric! are ¢
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What about the mezzanine?

At the back of the building there is a
mezzanine floor

* Transverse System is partial steel frames
* Flexible frames
* Mezzanine floor at the rear

* External walls under the mezzanine low
level precast concrete panels
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Displacement compatibility?
|

el
:f__ui i |

N * Flexible steel frames on Grid D
@ i—//mu«--mr and E
— * In-plane panels at rear

* Mezzanine floor will try and act
as a diaphragm

* Gravity support to floor provided
by rear panels as well as gravity
beams connected to steel
frames
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| 1 Frames Grid E

@—; sz \ 1‘ Implications

B * Frames cannot displace if secondary load paths tie the
X structure to the in-plane panels

' \s___ . . .
Part Ground Floor Plan Precast panel « Load will go to the stiffest load path
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Building L

* Single storey
e 157m2

Precast Concrete
panel wall
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* Three cantilever
precast concrete
panels

* Steel gravity beams
to support the DHS
purlins forming the
roof

~ e Timber framed walls
at rear and internally
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" Precast Concrete
panel wall

Precast Concrete
panel wall

Precast Concrete

panel wa

Abcnbissrwnn
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Transverse

* In-plane plasterboard lined
walls (yellow) and precast
panels in-plane (orange)

Longitudinal

* In-plane plasterboard lined
walls (blue) and
cantilevering precast panels
out-of-plane (orange)

Transverse Earthquake \

(Yellow elements resist loads and orange

concrete panels act in—p|ane to resist loads)

-l o naiaboci i * Roof plane bracing present

orange concrete panels cantilever

ot eF e o et lond) to transfer roof loads to in-
plane elements
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: ®)
Roof plane bracing to transfer m,,,,m.@m ? —— ? U—
loads to in-plane walls o . o .

| | f *3\3{ e R ~
£ S R — \ilig,;._}-f,{_im o ."'-'I B
£ FiCRE I Q‘.".‘i}-f#:'
R
] s : -
o |l o
st CEILING TILES
5 rgni"'"ﬁ " SUSPENDED CEILING GRID
AR "
2 .35‘153 RETAILOFFICE 8 EAR L § PARA SHR/WC
e i
e ; 129
&‘\l%‘% ' | (=) F
ot
i %322; - : - Leli o7 oos| 4 B

But there is a box gutter along one
side of the building...

Page 367




1
,,““'“'“'"-.v.r.n.n(nnnunum
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But roof plane is interrupted by
the box-gutter — bracing cannot

be installed
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What about the other roof plane bracing
connections?
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= e * Roof plane bracing — Lumberlok

1
ER~ = == ==t < e
90 x 45 H3.2 SG8| L N . . .
T ~IMRT T EsL i Multi Brace specified
= T |\ E ) ~r i 3_”7"""8
ianmEresiilGiE
'_ — il 8
i | : = | MULTI BRACE
b : = = o - 0.91mm G300 Z275 GALVANISED STEEL or
| [ g
L ! +

1
1
E= T
| . e =/ | . 0.9mm STAINLESS STEEL 304-28
| ~. -1 N S o — 3 nails top edge, _ :
) | o~ : g : g e 8 nails vertical face Characteristic Load Multi-Brace / Multi-Brace
~ o r
Ul ottt | >t e with Tensioner”
= == EESS —F b =
e l l ~o e i Tension 14.8 kN
B ; X | e /\
~ . . .
I N \:" | /;; ~4 Elongation 0.2mm/m/kN incl
STGpuanRar FIRRS ~. ! . il End nail fixing 30mm x
~ . -
i e s /l’ { ~ ¥ Tensioner not availab TP 3
—= = ‘ tension during install
| - Ve
HbenaTrure. oo EEES— || <" aooerc'PuRL = r | ~T  200PFCPURLN  ~~ o
e O N I N
| BY ARCHITECT -~ Ll ~ (>
1 [ |

* However we have a multibrace strap which is meant to ‘node’ to a
precast panel and DHS roof purlin — the standard lumberlok detail is
not suitable

* This connection would need to be specific engineer designed co““"'c-\»c\ca\
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With no details the builders will make it up...
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Lets look at the walls
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Canti |€V€I’ Pd ﬂe|S * Singly reinforced face loaded

- cantilever panels is not a very robust
system - an un-conventional structure

* What happens when the panel section
reaches post-yield rotation limits?
Brittle structure?

* Drossbachs — No confinement around
drossbachs

* What alternate gravity support is
there for roof loads?

/& 160mm THICK PC PANEL FOOTING - GRID 1
&) 110

Page 373




NZ5 3101.1:2006

470D DuUCcT 160 THICK PC PANEL NZS 3101.2:2006
@ 150 MAX CTRS, 875 LONG Incarporating Amesdment No. 1, 2,484 3
FILL WITH SIKA GROUT 212HP -YD16 @ 150 CTRS C.P

-YDi2 @ 300 CTRS AF New Zealand Standard

YD20 @ 150 CTRS STARTERS Concrete structures standard

ALTERRATING LEGS

_— Part 1: The design of concrete structures.
Part 2: Commentary on the design of

concrete structures

f 350LEG
YD12 @ 225 CTRS LONGIT

&, 160mm THICK PC PANEL FOOTING - GRID 1

2/ 110

9002Z:Z'T0TE SZN 8 900Z:T'TOLE SZN

11.3.12.3 Minimum and maximum area of reinforcement

L4 Pa N eI was h i gh Iy re i nfo rCEd to The ratio of vertical reinforcement in any section of a wall shall satisfy the limitations given in (a), (b)

and (c) below:

accomm Od ate the Out-Of—pIa ne (a) For actions causing bending about the minor axis of singly reinforced walls, the area of vertical

reinforcement shall be such that at every section the distance from the extreme compression fibre to

actions in a h|gh Seismic zohe the neutral axis shall be equal to or less than 0.75c,;
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* 150 thick panel with 20mm dia

o ] L
_ﬂgﬁ} =l :H' o 1l. + Grade 500 starters at 150
T:: s | T TT== centres
| pay T}
e
‘:1| | T Ié% YD12 @ 300 CTRS HORIZ AF : p, =0.85 ; B (O 0062(;3Esf )
I i . s +
HHHHRH B HHHHHHH - :
s | 470D DROSSBACH DUCT @ * Panel is over-reinforced — has a
(RN N | .
HH TR HA HH balanced failure
?/
1\.‘)db(.\“'\e
PNO\ es
o'
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Mixed Systems

* Back portion of the building is light timber framed
* Bracing walls specified with standard Gib products
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Deformation compatibility?

12.0
10.0
8.0 ]
6.0 .
‘o 417 How much will a
2.0 7 150 thick precast
o panel deflect in-
4:0 4 planE?
6.0 Z/E-W
8.0
-10.0
-12.0
-50 -40 -30 -20 -10 0 10 20 30 40 50

Displacementat Top of Wall (mm)

Typical P21 test for
plasterboard lined wall
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* We have in-plane precast concrete
- - panels (red), and in-plane BL1-H
Transverse Direction bracing walls (yellow) acting in the
same direction

* However the concrete walls will be
very stiff & will have negligible
deflection

* Roof plane bracing will try and tie
the structure together

Differential Displacements means
loads will try and be dragged to the
in-plane concrete walls.

Likely lead to increased damage
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* We have out-of-plane precast
Long|tud inal Direction  concrete panels (red), and in-
plane BL1-H bracing walls (blue)
acting in the same direction

Again, the differential
displacements means loads will
try and be dragged to the in-plane
concrete walls.

Likely lead to increased damage
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What would have been some other options?

* Consider panels as cladding,
primary system introduced (steel
frames?) to support panels in
out-of-plane direction

or

* Doubly reinforced as a minimum
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Structural & Architectural

* The building is not on a
boundary

* There is no functional reason for
the precast panels (ie no fire
rating needed!)

 Would the architect have been
open to a light weight option?

* How could this have been kept
simple?
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And last one....
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Back to Building D

Consented in two stages

* Stage 1
e Structural skeleton

* Stage 2
e Architectural and fit-out

4 3 - - 4 A ‘. 4
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* Building is close to
a boundary along
both side walls

e Structure was
designed, consent
submitted before
the fire report was
provided to the
engineer
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Fire report

Glazing not required

to be fire rated manone s o
PO oW T g\ T T

- ' = o - * Fire Engineer
TS oA i (= required that the

B R P S D 1 side walls on both
Y o (CHE S : the ground floor and
4t S ] = mezzanine required
K - ) -G post-fire stability

Glazing not required
to be fire rated
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What about the side walls?

i T i L f f * Ground floor has
. —_— - cantilever precast

Y concrete panels — ok
v for required FRR

e uuVﬂ//'i I luj
L - e What about the first

floor?
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What about
?

the side walls?
? ¢ ? ¢

T 1 1
T I & * *

As talked about

earlier —there was These walls span up
no engineered load Elements that support the to an SHS collector,
path to support this wall for post-fire stability which span between
wall out-of-plane require fire rating protection

the portal frames
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Post-fire protected load path?

* The portal frame columns could
have been designed to cantilever
? ? I & then been protected with a

o M ~ 120 minute system

e But the columns and base

. connections were not designed
for this
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Post-Fire load path?

Lesson?
' 'QP ® ® ® * Make sure you have all the
-y T = information you need to
o design a structure
- * Location in NZ—eq, snow &

1 i s wind loads
e Location on a site — fire
- requirements — get the fire

report!
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National Seismic Hazard Model - the revision programme

Te Tauira Matapae Pumate Rua i Aotearoa

The New Zealand
National Seismic
Hazard Model

A GNS Science Led Research Programme

* \What is the National Seismic Hazard Model?
= Who uses the NSHM?

* Revising the model

+ Who is involved in revising the NSHM?

=+ Find out more

Designing for Uncertainty? o

that calculates the likelihcod and strength of earthquake shaking
occurring in different parts of New Zealand.

In a nutshell - The NSHM is a collection of many different models that
are combined together to estimate future earthquake shaking in New
Zealand. These models represent the broad range (and uncertainty) of
our knowledge about how earthquakes occur — and also about how
earthquakes cause the surface of the earth to shake. We use a collection
of different models because each model allows us to include a different
scientific possibility. These results help understand the expected shaking
in, for example, the next 10, 50 or 100 years.

PGA, 0.02 probability

of exceedance in 50 years (g)

The model incorporates scientific understanding of earthquakes acquired
from diverse research fields ranging from paleoseismology, gecdesy, and
geophysics, through to engineering seismology.

This map shows the 2% probability of exceedance of peak

The NSHM consists of two primary components: ground (PGA) from haking in any
50-vear time window. These results were produced for NZ

Page 390




Designing for Uncertainty?

For low rise, most designs do not require Clear load path

capacity design

But without the safety net of capacity design,
the principles of robustness need to be front

Suppress
bad

and centre
mechanisms

Good
detailing of
connections

Follow some simple principles
Shouldn’t necessarily add cost to the build
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What is robustness for a common Warehouse
Type Structures

* Steel frames in one direction

* Tension only bracing in the other
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X|Max level of shaking design
Portal Frame system « Lateral buckling of members possible

* Connections designed for upper limits
only

* Category 4 member can be used

Z[Designing for Robustness

* Well restrained members to prevent
buckling

e | * Connections designed for overstrength
capacity of members

 Category 1 or 2 member capable of
yielding

Page 393




LOngitUdinal Tension X |Max level of shaking design

* DHS purlins as struts

b ra Cl N g SySte m * Connections designed for upper

limits only
BT ¥ sommece ¥ P * Cast components on tension braces

Z[Designing for Robustness

§ ] 7l e Structural steel struts, sized to prevent
z buckling

- * Connections designed for overstrength
o capacity of members

* Seismic rated system, with cleats
= designed for overstrength
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_OW rise cantilever
nanel building

X | Max level of shaking design

 Cantilever face loading designed for max
shaking

* Some post yield capacity, but after this?

Z[ Designing for Robustness

* Consider panels as cladding, primary
system introduced to support panels in
out-of-plane direction

or

* Design for rocking of footings — but
this forces us outside of B1/VM1

* Doubly reinforced as a minimum
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A reminder ... we are here to turn towards a
positive

How do we turn quite
a few negatives into a
positive...
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Make sure your design matches your model

Ten tips for the
better design of oceal e

o bU St |OW rISe If you ‘adgpt a ductility’ make sure you can actually
structures get ductility

Do check ins —ie base shear total is right?

Make sure you have a load path

Node all of your connections

Al WwW|IN| R

Sometimes you need to say no

6
7
8 Co-ordinate structural with architectural
9

Keep durability in mind

RINN|NN| N |||

10 | Consider Displacements
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Thankyou
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References

* SCNZ C1001 — Moment end Plate Column e SCNZ MEM1001 - Hot Rolled | Sections

Side Seismic Category Classification
https://www.scnz.org/wp- https://www.scnz.org/wp-
content/uploads/2020/12/CON1001.pdf content/uploads/2020/12/MEM1001.pdf
* SCNZ Online Connections Guide . édopt A DSchéciOIi;c:yJFor St(lesll Il?{tlé\]ll Flr?ArBIS
hatigsé://www.scnz.org/onIine-connections- Zz)rfscflli/lr?Grant 2 SO.LE;I;?EI’O °
* Practice Adevisory 12 — Unstiffened cleats in * MBIE Determination 2013-057

compression https://www.building.govt.nz/resolving-

. e [ problems/resolution-
https://www.building.govt.nz/building-code- options/determinations/determinations-

compliance/b-stability/b1-structure/practice- S -
advisory-12/ issued/determination-2013-057/
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