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— NZS 1170.5 Structural Design Actions — Earthquake Loads

- Primary document used to assess/calculate seismic requirements of structural/non-structural

elements

— NZS 2785 — Suspended Ceilings, Design and Installation

- Covers materials, ceiling types, design requirements and installation

— NZS 4541 — Automatic Fire Sprinkler Systems

- Covers the design of fire systems — defines bracing requirements for sprinkler system pipe work

— NZS 4219 — Seismic Performance of Engineering Systems in Buildings

- Specifies interaction between components — covers the seismic restrain of services
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Design considerations:
- Geographical Location
- Soil conditions
- Building usage
- Building importance level (rated 1 to 4)
- Construction materials
- Ceiling weight
- Ceiling height (from ground level)
- Plenum depth
- Ceiling size

Various changes to NZS 1170.5 have been
implemented to ensure safer construction

JOB NAME
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Seismic Loading

....................................................... ‘:,d‘,“\..‘
w U §

SEISMIC ZONE
Choose a seismic zone
from the adjacent map.
Alternatively select

Z Value from town/city
list on page 16
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Chrstchurch earthquake zone requires a higher retum period fact
The Z value has been modified to account for this.
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Seismic Concepts — Suspended Grid Ceilings
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Grid manufacturers performed extensive seismic tests to assess mechanical
performance of grid components in a seismic event

- Perimeter connection strength SE S I Instal,j dtion

4 3 1 .r.'ll_ir_z_-'u::-lto_-:“‘«'ﬁ m.. :
- Grid connection pull capacity 48 ?‘; S”i?-fiﬁifﬂ% S
- ) li"l,_u_ '..' ..,_' : =
- Grid compression capacity -“BERC2 per"imte- ]

-

. . - Passes beyond 3.5 G |
- Grid torsional performance | St 2~

-

capabilities of the grid system
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3 Fundamental bracing layout concepts

Fixed Connection
i Y
\yrm

F

FORMAN

i
-Perimeter connected on two /Z: T —
adjacent Wa”S Z: I i_ I iA_I_: i F: Seismic Gap (typ.)
"
g WA A
Sliding Connection 1: r : >
) |
| | | | ! | [ |
. _ S S s
-Perimeter connected on all four sides ( : | :
H 7 . . ” 3 | Ad
with “seismic separation L O
-Disconnected at perimeter on all four sides — —
and braced to roof structure above * -
e e

Structure Above

Around Entire Perimeter



B
» NEW ZEALAND INSTITUTE OF

ARCHITECTS

N CORUPORATETHD
APPROVED CPD PROx\DER

Seismic Concepts — Suspended Grid Ceilings
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e Various manufactures have developed proprietary seismic clips systems
designed to introduce “movement” within the grid module

e Seismic systems are generally fully concealed not to penalise aesthetics

Attached Wall

BdP @:r’? Bd P
E]

Indexing
Il of
Nib #1

U@
N

] o

L

L 10mm from
I .
Centerline

2o

8 X Hanger Wire
g B BERC or BERCZ Clip
P Pop Rivets

Unattachad Wall

Unattached Wall
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e How can we determine which bracing option to use?
-Assess geographical area of the project (seismic zone)
-Calculate ceiling height (from ground level)
'CaICUIate CEI|Ing We|ght (t|Ie'gr|d'serV|CeS'Other) Seismic Loading ':‘r e e
-Assess ceiling slope factor 5

* Seismic Force is established from above

CEILING H
The height the

Ceiling Support Height Ceiling Height Factor, H
0-3m

* Now we assess ceiling size/dimensions and
“benchmark” it to seismic force against maximum
allowable forces on grid (from manufacturer tests) ===

are supporied by the ceiling grid mast be included. Note
ch o

Light Weaght = 4 kg
Light Spacing = 2.4 x 2.4m = 5.78m
Lighting Load = 4 = 576 = 0.7 ky/m?

ach. The total service oad must be taken 2s at least
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These design assessments and calculations allow to determine if a
perimeter connection can exist. (bracing option 1 or 2 depending on size of
the ceiling)

Option 1: continues grid span with two perimeter side fixed and two

perimeter sides disconnected $Fixeﬂf«‘°ﬂnem

f__ - R

7 : -

o s

[ [ [ [ \ [ g
Option 2: perimeter fixed on all four sides g
. . . 1 » 2

with seismic brake e e e e e e

Limiting factor? Can the perimeter wall take line load? (transfer grid
forces) *** wall framing needs to have nog at perimeter level***
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Perimeter fixing option Disconnected perimeter options
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If seismic forces are too high for a perimeter connection to exist (or
wall/perimeter details can’t take line load), then we must revert to bracing
option 3

Ceiling is fully disconnected at perimeter level and braced to the roof
structure above

-We must now calculate roof bracing requirements

-Plenum depth directly affects bracing formant/type —* - ) —
-Calculate maximum allowable area per brace :’i: ) - X—
-Co-ordinate bracing layout & services layout :I | o - ¥
gL T TR —X—

i : : —

———

\ Ceiling Grid \
Braced Back to Sliding Connection

Structure Above Around Entire Perimeter

P
-
.
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Seismic Concepts — Plasterboard Grid Ceilings

Design Considerations:

® |ikely magnitude of seismic design events for a given building location

e accelerations and movements of the primary building structure during an

earthquake.

e interaction with other building parts, including the support structure as well as

other building attachments

e capacity of the system to transfer seismic inertia loads back to the support

structure

e design of restraints to the system and resulting capacities of connections to

transfer loads to the support structure

FORMAN
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Seismic Concepts — Plasterboard Grid Ceilings
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Design Considerations:

® accommodating appropriate differential support structure movements between

points of attachments, including inter-storey drifts

e limiting damage through the careful selection of restraint type fixings (e.g.

fixed, sliding or free)

e capability of systems to deform, including deformations of individual

components, joints and connections

e relative stiffness of the system to the support structure
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Seismic Concepts — Plasterboard Grid Ceilings

Designs assume that the supporting structures have sufficient capacity to withstand all
loads (and load combinations) applied from ceiling and partition wall framing, including
those for seismic. Support structures must be both strong enough and stiff enough to
resist lateral seismic loads without suffering significant damage. This should be checked
by the project / structural engineer.

|
Ceilings and wall systems are not considered sensitive to vertical accelerations
experienced during earthquake events, hence only horizontal accelerations have been
considered.

Suspended ceilings and partition wall systems have not been designed to act as primary
building frames, hence they should not be included as a part of the seismic load resisting
system or to transfer loads between structural elements.
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2 Bracing Concepts

- Fixing to perimeter and bulkheads

Perimatar walls or bulkhaads

@ Fhoied connection

# S5lding connacticn

12— Furarg Channal
1
—_
I
f

Tap Cress Rall

W KEY-LOOK® CEILUNG PLAM - TYPICAL PERIMET ER FXING ARRE NGEMENT

W KEV-LOCK® AXED AND SUDING PERIMETER COMMECTION DETAILS
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 Plenum Bracing

Pra-drified holes

for a2 Smm wera through TCR

TYPER

Parimatar walls or bulkheads

|

imin 3 turns}

B KEVLOCE® CERING PLAN - TYFICAL PLENUM ERACING ARRANGEMENT

Ronda §4mm
Bomnd Shud Dropper

Rando 4

Riondo &4mm
Stud Braca

Shad Erace

Rondo 125
Farring Channal

FORMAN
@ Flansm Braca
# Sliding connection
:4-— Furring Chamnal
T
! Top Cross Rall
Rondo B4mm

2 x £8wafor hoad
Tak sorows FC io OHT
connection

2 1 212 Tok scroms
ach sida to
TCR cannaction

EEY-LOCE BOEED STUD DROSFFER
COMNECTROM DETRIL
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e CHCH and WLG quakes provided a key lesson: integrated design
approach

e Ceiling failures caused by serviced in the
plenum were overwhelming

* Mech. services, sprinkler systems, electrical
and suspended ceilings all need to be designed
with a “holistic” approach to minimise failure
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e Separation of components (ceiling- lights — services) is required by code

e Separation of services allows for relative movements between services and
ceiling during an earthquake

e Failure to provide adequate clearance could result in the ceiling failure
during a seismic event

e Services within the ceiling can be either braced or unbraced

e Different clearances are required between braced and unbraced services
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e NZS 4541 — Automatic Fire Sprinkler Systems

-This code covers the design of NZS 4541:2007

Incorporating Amendment No. 1

fire systems New Zealand Standard

-Defines bracing requirements

for sprinkler system pipe work Automatic Fire Sprin kler
Systems

-Does not specify clearance
requirements
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e AS/NZS 2785 Suspended Ceilings, Design and Installation

-This code covers material, ceiling

AS/NZS 2785:2000

types, design requirements and
installation

Suspended ceilings—
-Does not specify clearances between DESIQI’I and installation

ceiling structure and services within
the ceiling void
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NZS 4219 — Seismic Performance of Engineering Systems in Buildings

-Specifies interaction between components

(services) NZS 4219:2009

o ) _ New Zealand Standard
-Covers the seismic restrain Of services

ncluding: Se:sﬁmw F.’erformance Of
 Pipes Systems Engmeen ng Systems In
- Non-essential electrical services Superseding NZS 4219:1983

(cable trays)
- Suspended Ceilings
- Luminaries (lights)
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5.2

5.2.1

Section 5.2, Table 15 lists interaction
clearances between components

Clearances between restrained and
unrestrained components:
- Horizontal Clearance: 150mm
- Vertical Clearance: 50mm

—ONDO

FORMAN

INTERACTION BETWEEN COMPONENTS

Clearances
Unigss ctharwise specitied, clearances shall be provided in accordance with table 15

Table 15 — Clearances

Condition being considered

Minimum clearance

{rmm}

B Horizontal k-'er:i;'al_ B
Unrestrained companent to unrestrained companent 250 l 50 i
Unrastrained companent to restrained (:r)rnpur.le i 150 . :C
Reslrained component to restrained -':n-rnpc.ner‘r 50 50
Panetration thraugh structure ,*—L; .‘:sT.:—.II::. and floor) l 50 G
NOTE - Cailing hangers and braces are considerad o be L-‘l_l;n?rﬂr' amie for the purposas
of this rabile
cs21
Flexible connections within the service may allow penetration clearances {o be educed.

Clearances between restrained components:
- Horizontal Clearance: 50mm
- Vertical Clearance: 50mm

Clearances for components with flexible connections may have reduced clearances
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Piped Systems

* No specific seismic restrain required for
piping less than 50mm diameter

e NZS 4541 requires all sprinkler pipework
to be seismically restrained

e NZS 4219 requires any braced component
within the ceiling to have 25mm clearance

e Sprinkler heads typically do not have this
available tolerance

* Recommended flexible droppers where
clearances cannot be achieved

*  Failure to provide adequate clearance
through the ceiling can cause the ceiling to fail
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Piped Systems

%

N S e
cfea m—ee
GF L Llwwlils

Flexible Sprinkler Droppers -

’ﬁ*'—‘—-ﬁ. Ay S—

Bracing and Clearance elemrsinie

024’/ flew ble

Requirements Aropper
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Ducting 5
Ise
* Inaccordance with NZS 4219 T
-Ducting within 200mm of soffit —t y = ian

requires no seismic bracing

* Flexible ducting requires support

1.5mt centres.

. by

—== I

—— ™ e AT ¥ < Bracing and Clearance
i o Requirements
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Non-Essential Electrical Services (cable trays)
. | 2
* |n accordance with NZS 4219
i
-Cable trays within 400mm of the soffit 'r"‘f, Tt .
. o . v P T
require no seismic bracmg
- ) . —- -“ ‘.' ) !_:-_'
..‘--g“? ,*
B " oo ol o, SO

Bracing and Clearance
Requirements
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Luminaries (Lights)

e |n accordance with NZS 4219

-Lights not exceeding 10Kg within
the ceiling grid, require no independent
support, but require to be positive fixed

to the grid

-Lights greater than 10Kg in weight shall
be independently supported, braced
and separated by 25mm from the ceiling

FORMAN

| o R ! &0 i

¥

—
Rl v R
€ A A L5 S ol TPl

—

Zf"‘-ﬁ'y to

dees

cltavei-ce

Bracing and Clearance
Requirements
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Summary

e  For simplicity it is recommended that the following minimum clearances

are adopted:
- Vertical clearance: 50mm
- Horizontal Clearance: 150mm

e Recommendation that all sprinkler dropper are all flexible

* Ceiling installers need to notify site managers if clearances and component bracing do not
comply and tag producer statements to limit future liability in event of a failure caused by
clashes in a seismic event




%% NEW ZEALAND INSTITUTE OF

. ARCHITECTS ~RONDO

“\M

OOOOOOOOOOO
APPROVED CPD PROVIDER

Seismic Design Tools and Support
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Major ceiling manufacturers have invested resources in creating seismic
design tools for industry professional

These tools do not replace producer statements

Provide assistance in assessing design requirements and costs of installing

code compliant ceilings

// ﬁff////// v” e Armstrong Seismic
_ g | B

,/”//ﬁ // Design Guide

e e . Suspended Ceiling Systems

v b ]




