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Welcome to SRIA

Steel Reinforcement Institute of Australia

The Steel Reinforcement Institute of Australia is Australia’s leading non-profit institute for reinforcing steel,
providing the hub for knowledge, industry linkage and support.

Supports Australian capability & quality
Offers practical solutions to the Australian buiiding industry
Educates industry

Disseminates steel reinforcement knowledge via regular publications, lectures, seminars, research programs

and tours
Watch on 58 Yedkde
Primarily funded by the vast majority of the processors of steel reinforcement used in Australian construction

Supported by the founding Australian mill (supplier) members & associate members

Steel Reinforcement
Institute of Australia
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DNT00N OF STFEL REWFORTINEVT

Guide to Seismic Design and
Detailing of Reinforced
Concrete Buildings in Australia

GUIDELNES FOR ECONOMICAL ASSEMBLY OF REINFORCEMENT DESICN to AS 56002001 of SUSPENDES CONCRETT FLA0RS REINFORCED with CLASS L MESK

d Edition 2016

Steel Reinforcement
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Two types — Ductility Class N and L

AS/NZS 4671 ili
Voo a0lL | Steel | yiold stress, R, | DUty
Designation | Type Class

D500N N
Hot-rolled

MPa
Plain round 6.5, 10, 12, 16, 20, 24
s o,

Description Typical Size
mm
Coll 10, 12, 16

Straight 12 — 40
Special 50

Hot-rolled
Deformed bar

D500L Cold-rolled
R500L

NOTE: All steel reinforcement in Australia must comply with

Cold-drawn
Round rod

- . o=
AS/NZS 4671 Steel reinforcing materials ook Raitarcement
Institute of Australia



AS/NZS 4671:2019 Steel for the reinforcement of concrete: Table 7.2(A&B)

exceedance

Nominal Diameter (mm)

Yield Stress (MPa)

Ratio

Uniform Elongation (%)

STRESS
(MPa)

12 5t012 [10t040|10to 40| 10to 40
(pool steel)
Re L > 250 = 500 > 500 = 600 2750 | C,:P=0.95
Reku - <750 < 650 <750 <900 | C,:P=0.05

Stress Strain Curve 500L Stress Strain Curve 500N QST

STRESS
(MPa)

2.0 3.0 4.0 . . . 8.0 12.0 16.0  20.0
STRAIN (%) STRAIN (%)

Steel Reinforcement
Institute of Australia



(from AS/NZS 4671)

Chemical Composition (%) Max

Type of C S Carbon Equivalence Value for Class
analysis

500L | 600N All steel
500N | 750N grades 500L 500N 600N & 750N

analysis
s -- 0055 | D059 ---
analysis

- Carbon Equivalence:

ﬁ/f g 12 9
¥y Mn Cr+Mo+V Ni + Cu
| C.=C+ — + G

= 6 5 15

Correct chemistry allows
welding to AS/NZS 1554.3

Each welded D500L
joint develops 50% of
the bar’s yield stress

2

IA

N W

e a4

Steel Reinforcement
Institute of Australia



Don’t break the REO quality chain Look for the SRIA Logo Specify the Quality requirements

o

‘ A ASK THE QUESTIC

WHO SUPPLIED Y
THE REO? =p L
~ Y

>

SRIA A WARNING

= NON-CONFORMING REBAR PUTS
AUSTRALIANS WHO LIVE AND WORK IN
YOUR BUILDING AT RISK

Steel Reinforcement
Institute of Austrakia

Steel Reinforcement
Institute of Australia

PROTECT
N - AUSTRALIA'S BUILDING INDUSTRY
SRIA MEMBERS MUST HAVE

3RD PARTY PROCESSOR CERTIFICATION Insert this specification on your drawings

3 advocatas 1of

daintorcement Institute of Australi
QUALITY CUARANTEED.

Support the processors who invest in the safety of
Australla’s buliding and construction industry,

LOOK FOR THE SRIA LOGO

DON'T RELY ON MILL CERTIFICATES
IT'S YOUR GUARANTEE OF REBAR PRODUCT CONFORMANCE FOR pROCESSED BAR

000 < z % SECSIS
: — Check for 3rd Party Processor Certification
4 Srd Party

Frocessor Certifica

el VY A\ JAS-ANZ accredited 39 Party

Bualding Certifier

SCAN TO

Processor Certificate should be S L)) v il

obtained when purchasing '
Mitigat: isk. i

ks st 2300 BARTY prOCESSOR cermpcare. T€INfOrcement from a non-SRIA
before the concréete is placed. m e m be r.

sra.com.au




Example — Technical enquiry re HBR400 Chinese Steel for a major Project

R p——— Bending
CHEMICAL ANALYSIS .
el . . . Reinforcement
b i Mn P S e
’ Clause 17.2.3.2 of b

X10° X10 X10 X10° X10' X10 AS 3600 — Min. “u

25 80 160 45 54 . .
AAXMAXMAXMAXMAXMA) pin diameters
@ 14mm 1 2000mm 3751 25 130 135 28 26

D 14mm§12000nmm 2 504025 |30 135 25 27) 4

2111230039 221111334 @ 14mm{12000mm 4.502 5130 137 26 28] 49

T2111230040 221111338 ® 14mm’12000mm .79 | 2 30 134 22 28] 48

Assessment
Carbon results exceed the 0.22% limit for all grades
Carbon equivalence exceeds limit of 0.44% for Grade 500N
Inferior weldability as a result
Lower yield stress at 400 MPa

Other deficiencies oo
Manufacturer’'s ACRS Certification terminated for Steel Reinforcement

_ Institute of Australia
non-compliance



Third Party/Independent Certification - ACRS or Equivalent
Every project should specify one and obtain to guarantee quality

ACRS Mill Certificate Example ACRS Processor Certificate Example

* Required by processors as proof that Required by purchasers to prove quality
guality reinforcement used reinforcement delivered to site

+ SRIA members must meet these requirements

PR

Processed steel reinforcing
materials may only be relied
upon as having the benefit
of ACRS Product Scheme
certification when
manufactured

by ACRS certified mills.

1&] InfraBuild

INFRABUILD STEEL
TOM, WO ALSTRALLA

JAS-ANZ

e

JAS-ANZ

G :

Steel Reinforcement
Institute of Australia




FIFTTRFIRIIRIRRIINROIZINS

Earthquakes are a regular occurrence.
HAZARD NOTE

. | Bushfire &
Occur less frequently in Australia than New Zealand. -
Hazards CRC
. . . : = | 112
Often occur in isolated areas but all Australian capital cities are R 22

expected to get a Newcastle type earthguake at some point

(except Darwin & Hobart).

. . . ] SUMMARY
On average AUStra“a W_III experlence Although the international reinsurance industry

recognises that a moderate earthquake in

— 1 shallow earthquake of magnitude 6.0 or more once every 10 years

Sydney is in their top-10 financial risks, there

(equivalent to the 2011 Christchurch earthquake — magnitude 6.2) . PRrcROHOMmIN thi AustyRlan EoRsULICUON
. industry that design for =
— 2 magnitude 5 every year poor use of money due

of a strong earthquake i

(equivalent to those in Newcastle and Adelaide)

September 2021 earthqgt

showed, cities like Melbg

to earthquake damage.

3 " 2 . . [ developed risk and eco
—— _"'" WatCh ABC 7 30 VI d A0 ; . for earthquakes, which 3
f " Bl https://www.abc.net.au/7.30/this-is-the-fatal- b coRdusE Costebarant

“ flaw-in-australias-earthquake/6806510 economically justifiable
requirements for existing




1 January to 18 April 2022 - Magnitude: 1.9 to 4.8 (283 events)
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Ratio of Rare Event (2500 year) to Design Event (500 year)

Seismic risk in Australia is Average Return Period (years)
considered to be low-moderate (btm oy B W A W

curve in graph) Australia is a Jow-

risk’ but ‘high-

1:500 cf 1:2,500 event — PROBLEM consequence’
IS peak ground acceleration nearly 4 country in terms of
times greater for Australia CERUIETE

damage ie CBD’s

[ -

1:2,500 - Most buildings would not
survive
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Proposed 2500 year design
requirement for CBD areas?

Blanket minimum design requirement Animl ProbabiNty o Excendince. P

. Steel Reinforcement
across Australia? Institute' of Australia



Requirements ensure of Structural Elements

allows structure to behave inelastically

Dead Load

Live Load Designed elastically
Wind Load

Earthquake Load Designed:

(1:500 to 1:2,500 years) Elastically for nominal static load
Inelastically for remainder of load

Steel Reinforcement
Institute of Australia



Table 14.3 of AS 3600 (2018) — 4 ductility levels defined for walls

. 0.17

Special moment-resisting frames (fully ductile) designed in accordance with
NZS 1170.5 and NZS 3101 and the AS 1170.4 Hazard Map

Ductile structural walls designed in accordance with NZS 1170.5 and NZS
3101 and the AS 1170.4 Hazard Map

Ductile partially or fully coupled walls designed in accordance with NZS 1170.5
and NZS 3101 and the AS 1170.4 Hazard Map

Intermediate moment-resisting frames (moderately ductile) designed in
accordance with Section 2.2 of this Standard and Clauses 14.4 and 14.5 of this
section

Combined systems of intermediate moment-resisting frames and moderately
ductile structural walls designed in accordance with Section 2.2 of this
Standard and Clauses 14.4, 14.5 and 14.7 of this section

Moderately ductile structural walls designed in accordance with Section 2.2 of
this Standard and Clause 14.4 and 14.7 of this section

Ordinary moment-resisting frames designed in accordance with Section 2.2 of
this Standard and Clause 14.4 of this section

Ordinary moment-resisting frames in combination with limited ductile shear

walls designed in accordance with Section 2.2 of this Standard and Clauses . . .
14.4 and 14.6 of this section 2 'A
Limited ductile structural walls designed in accordance with Section 2.2 of this F---—-

Standard and Clauses 14.4 and 14.6 of this section ; :
teel Reinforcement

Non-ductile structural walls designed in accordance with Section 2.2 of this nstitute of Australia
Standard and Clause 14.4 of this section ' ' '




Allows displacement of structure with reduced risk of failure

Equivalent

Lateral
Load

From Table 14.3 of AS 3600

Ordinary Moment-resisting  38% of loading designed
frame, (<2 for elastically

Intermediate Moment-resisting 22% of loading designed
frame, 2< 4 <3 for elastically

Nominal static load

Ultimate point

Inelastic

Smooth curve

Structurally
unstable

Horizontal Displacement
(mm)

62% of loading taken
inelastically

78% of loading taken
inelastically

Steel Reinforcement
Institute of Australia



Need to be more ductile to handle drift over shorter length

EMATKCLOHTON

2006707413

Lateral restraint of longitudinal bars — OMRF’s
Columns detailed to Clause 14.5 (IMRF) if L, <5D

. . an AR
't ‘ 2 : ‘r“ ¥
'(7'“ H’”' '-*,.";R %-qlk‘

")I(J,\I) "(‘4 ,'

& .
t.

Non-structural interaction

A common failure of
this type is the short
column shear failure
induced by interaction
between infill partitions |
and a reinforced Short column shear failure
concrete frame. 1985 Chilean Earthquake

Steel Reinforcemer]t
Institute of Australia



Christchurch Art Gallery Bookstore during 2011 earthquake

Steel einforcement
Institute of Australia



Large inelastic displacements can result in significant damage
Christchurch CBD: 90% demolished (over 800 buildings)

[y 2 =

-y

N
>

Stee einforcemer]t
Institute of Australia



The ductility required () determines the Class of reinforcement:

Limited Ductile Walls and OMRFs, pu<2

Class L can be used as flexural reinforcement in the form of mesh ¢ = 0.64
Class L can be used as fitments in the form of rod, bar or mesh

Class N can be used for both with no restrictions ¢ = 08

Moderately Ductile Walls and IMRFs, 2 <y <3

Only Ductility Class N can be used as ‘flexural’ reinforcement (Clause 14.5.1)

Ductility Class L is only permitted for fitments and non-flexural reinforcement eg
shrinkage and temperature

Institute of Australia



Structural Integrity Reinforcement (AS 3600, Clause 9.2)
Increases resistance of structural system to progressive collapse

Simple Reinforcement Detailing

— “ 8

Top steel causes
cover to spall

>
BATR =

ﬁss:c!m.,..,_,_,.-‘.
NINTNTSIS IS TN ,

Bottom steel
acts as tension

reinforcement Common to assess
to drop panel

Top level reinforcement not shown for clarity punching shear based on
only 3 sides of column

Steel Reinforcement
Institute of Australia



Structural Integrity Reinforcement — Improves Life Safety

J

Remains of car park floor — Old Newcastle Workers

Club NSW - Brittle failure & progressive collapse
(Photo courtesy Cultural Collections, The University of
Newcastle, Australia)

Chapter 14 of AS 3600:2018
Refers to this as continuity reinforcement

Hotel Grand Chancellor A\ ————

Christchurch, NZ Stee einforcement
Institute of Australia




Clause 9.2.2 Minimum structural integrity reinforcement

The summation of the area of bottom reinforcement
connecting the slab, drop panel, or slab band to the column or
column capital on all faces of the periphery of a column or
column capital shall not be less than, ON*

A%.min — ¢Tsy

Integrity reinforcement shall not be required if there are
beams containing shear reinforcement and with at least two
bottom bars continuous through the joint in all spans framing
into the column.

Column capital “\

NS Z W
7 \¢ :
7N N
2

[Steel Reinforcement
Institute of Australia




Example — Builder Technical Enquiry

Builder concerns that a PT slab band arrangement did not have the minimum
Integrity reinforcement over column

Some consultants misinterpreting requirements of Clause 9.2.2 by
classifying slab band as beam and provision of ‘shear reinforcement’ and
two bars passing over column (N12 in this case) as adequate structure

integrity reinforcement.

No bottom bars Pl (] [

.' “ \(} - '
~. : Institute of Australia

T = -

passing over column. =) IR N %
Therefore, NO Py = = W
structural integrit - e Fa e\ 9

y ! J
reinforcement provided N/ o 1 \ 2%,

‘ = B Steel Reinforcement

I



Technical Enquiry — Post-tensioned slab detailing
Clause 9.2.2 of AS 3600 states that:

“Integrity reinforcement shall not be required if there are beams containing shear
reinforcement and with at least two bottom bars continuous through the joint in all
spans framing into the column” — Intended for beams and not slab bands

Relates to beam Clause 8.3.1.1 (i) and (ii) — which requires minimum of two bars

68-1000 | 2N12 bars in each direction
over column is inadequate

POUR 1 structural integrity reinforcement

Steel Reinforcement
Institute of Australia

Detailing of post-tensioned slab band



Simple Reinforcement Detailing - Improves Life Safety

Top reinforcement and post-tensioning cables (in top over columns) are
iIneffective and do not contribute to the punching shear capacity

Remains of post-tensioned car park floor — Christchurch

\ ’
X .
X
).

Stee einforcemer]t
Institute of Australia



Detailing of reinforcement critical
Fitments designed not to yield and fail, because
Once fitments fail, column will generally fail

Fitments provide confinement and ductility to allow drift of column

Insufficient lateral restraint of column reinforcement

‘WY Note no fitments
' <— evident over
' depth of beam

Steel Reinforcement
Institute of Australia

s

Hotel Grand Chancellor, Chrlstchurch \V4
(Photograph courtesy Peter McBean)




Fitments for Ordinary moment-resisting frames
(f. <50 MPa and all load levels) e OF fitment

Table 10.7.4.3 of AS 3600

Longitudinal bar Minimum bar diameter
diameter of fitment and helix
mm mm

Column joint reinforcement
if required
Spacing same as column

Maximum spacing, s §
Clause 10.7.4.3 of AS 3600
Single bars < D, 15d,

Bundled bars < 0.5D_, 7.5d,
D. = least col. dimension

4N
., |
4N
A
A
i
a 4
ra—
A |
A |
|
A X
A,
4 _H

Steel Reinforcement
Institute of Australia



Beam column joints - Ordinary moment-resisting frames (OMRF’s)

Beams on all four sides

No requirement for column joint Joint reinforcement required .
reinforcement Failure of column

at junction with
perimeter beam

N
/"'\\/,\ A
A"
N et
2

Stee einforcemer]t
Institute of Australia


http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLXX4-PqrMgCFaQspgodEVgI_w&url=http://abccoolimages.com/beam%2Bcolumn%2Bjoint%2Breinforcement%2Bdetail&bvm=bv.104317490,d.dGY&psig=AFQjCNEqRNuC-bQccNByYWKF-Dvb8xf9gw&ust=1444185703704331
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLXX4-PqrMgCFaQspgodEVgI_w&url=http://abccoolimages.com/beam%2Bcolumn%2Bjoint%2Breinforcement%2Bdetail&bvm=bv.104317490,d.dGY&psig=AFQjCNEqRNuC-bQccNByYWKF-Dvb8xf9gw&ust=1444185703704331

Lateral restraint of longitudinal bars — OMRF’s

Single longitudinal bars
Spacing > 150 mm — all bars
< 150 mm — every alternate bar

Bundled longitudinal bars — each bundle

Clause 10.7.4.2 (iv) - Clause 10.7.4.2 (iii)

Clause 10.7.4.2 (ii)

External fitment —

Internal fitment

Clause 10.7.4.2 (i) —— _ Internal fitments
Crosstie  glier 1d along

Figure 10.7.4.2 of AS 3600

AS 3600 allows internal fitments with 90° cog
only for OMRFs

Steel Reinforcement
Institute of Australia


http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCM6_sOvorMgCFQPkpgodW68Dow&url=http://cenews.com/article/9172/escalating_seismic_design_&psig=AFQjCNGBJJdfAcKb39wSM5sZNK0tnk7VlA&ust=1444185557249050
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCM6_sOvorMgCFQPkpgodW68Dow&url=http://cenews.com/article/9172/escalating_seismic_design_&psig=AFQjCNGBJJdfAcKb39wSM5sZNK0tnk7VlA&ust=1444185557249050

Consider drift and associated displacement compatibility issues

Report into failure of car park by Dames & Moore concluded that:
“Horizontal floor displacements were far in excess of what non-ductile
gravity columns could have withstood”

California State University car park collapse, Northridge 1994 X

A\,
Steel Reinforcement
Institute of Australia



Interior “gravity” frame with conventional detailing failed due to
iIncompatibility with drift capacity of ductile perimeter moment frame.

e

Lesson: P e~ -4

Use detailing consistent with drift demand throughout Steel Reinforcement
Institute of Australia



Minimum Reinforcement
Details

Note:
Maximum fitment spacing
(similar to beams)
Clauses 10.7.3 and 10.7.4
Clause 14.5.2.2 (b) (c) (d)
0.25d,, 8d,, 24d; or 300

Clause 14.5.4 (a) to (d)
0.5D,, 8d,, 24d; or 300

Closed fitments required
over length D

Crossties require seismic
hook at both ends

Recommended practice:

Lap splices only within centre

hall of clear column height

unless calculaions show ——
otherwise

The lesserof
S50mm or ().b.«;r

Closed
filments
t

[}

Clased
fitments

Clear

L, | column Column
helght fitments

Closed
fitments

[Fully scabble all
oonstruction joints

The lesser of
50 mmor 0.5

Figure 12.14 of
Detailing Handbook

_ Recommended practice:
Lap splices to be confined by al least 2 closed fitments

Recommended practice:
Provide double fitments al bends

For the depth of the shallowest beam, although for practicality
not recommended, closed fitments spaced al s wilhin the
beam column joint can have thelr cross-sectional area reduced
by hall (0.5A,) provided beams frame info the column Irom

all tour sides. For all other conditions, use A

W

1357
'ﬂ/
q N =g

Closed fitment hooked at each end around the longitudinal bar

Closed fitments must be provided in all joints and in the
columns for distance ) above and below joints

D = 4d

N2 ]'
135° @ ! :

&‘ T‘l

Supplementary crossties may be used if of the same
diameter as Ihe closed fitmenl and secured with the
hook around the longitudinal bars

, = Cross sectional area of fitments

5, closed fitment spacing not fo exceed

0.254, 8(1&, 244, or 300 mm

(Clanse A12.3.5 of AS 3600 (2001))
5 = column fitment spacing not fo exceed the smalles
ol ) or 154 lor single bars or 0.50_or 7,54 for
bundled bars

1= smaller dimension of column cross-section
= effective depth of member = 0.80

diameter of smalles! longitudinal bar enclosed
by the fitment

- diameter of fitment bar

= largest column dimension bul nol less than
one-sixth clear height

Steel Reinforcement
Institute of Australia



Strong column / weak beam design
Clause 14.5.6 of AS 3600 (2018)
Requires 2M . >(6/5)2M

Only if columns are part of a moment-resisting

frame system

/’5\ T s
Steel Reinforcement
Institute of Australia




To promote preferred sidesway mechanism

Plastic hinge in beam

(& Column (b) Beam sidesway (c) Mixed sidesway
sidesway mechanism mechanism

mechanism - Plastic hinges in - Interior columns

- soft storey beams only form plastic h!nges
(strong beam and ~ (weak beam and - Acceptable with
weak column) strong column) adequate design

- non-preferred - prEferred and .d'etalllng for
arrangement arrangement ductility

Figure 19 — Column, beam and mixed sidesway mechanisms

Steel Reinforcement
Institute of Australia

34



Strong column / weak beam concept — Clause 14.5.6 of AS 3600 (2018)
If impossible to achieve in IMRF (eg wide slab band arrangements)
Provide alternate lateral support system (eg shear walls or core walls)

Must design columns for drift induced moments arising from frame action

- \-.\/ &
N\
)

Steel einforcement
Institute of Australia



Heavily loaded walls and columns exhibit lower ductility

——r

Failure of shear wall D5-6
Hotel Grand Chancellor, Christcurch, NZ

(Images courtesy Dunning Thornton Consultants Ltd)

Steel Reinforcement
Institute of Australia



Ensure wall boundary elements (IMRF) are adequately detailed

Failure of shear wall D5-6
Hotel Grand Chancellor, Christcurch, NZ

(Images courtesy Dunning Thornton Consultants Ltd)

Figure 28 in Guide to Seismic Design

D16-200
each face

[<=)
o
a) Existing confinement reinforcement

D16-200  350crRS 300
each face \ == e it

T
N

&
b) Fully confined for maximum calculated lo
NZS 3101:1982 and NZS 3101:2006

_300CRS _

300 _

R10-150

" fitments

}

R16-75
fitments

Steel Reinforcement
Institute of Australia



Boundary elements required for l[imited and moderate ductile walls if:
Vertical reinforcement is not laterally restrained in accordance with
Clause 10.7.4, and

Extreme fibre compressive stress > 0.15f_

Provide fitments/ties . Boundary element Lap ‘U’ bars with
to restrain vertical bars \ horizontal wall reinforcement
within boundary elements “ to develop f,

e p——— 7 e g

Wall Note: Bend radius to be

thickness considered in detailing

. : ‘U’ bars to anchor horizontal
Wall horizontal bars \__Note: Alternate wall reinforcement into

Wall vertical bars these fitments boundary element

Figure 27 in Guide to
Seismic Design

Compressive stress >0.15f,

If extreme fibre compressive stress >0.2f_ or f_>50 MPa
Detall fitments as for an column — Clause 14.5.4

Steel Reinforcement

(O.SDC, 8db1 24(:]f or 300) Institute of Australia



Columns as Boundary Elements

Vertical column reinforcement
restrained with fitments
Column (Boundary element)

Wall , Additional lacer bar inside ‘U’ bar
thickness

Horizontal ‘U’ bars to anchor wall
Lap ‘U’ bars with reinforcement into boundary element
Wall horizontal bars horizontal wall (if necessary)
reinforcement to

Wall vertical bars develop fSy

Additional lacer bar inside ‘U’ bar

‘U’ bars to anchor wall reinforcement 4 . — Column (Boundary element)
into boundary element. Full tension lap

to horizontal wall reinforcement
to develop f,

\
\
A

Vertical column reinforcement

{«— restrained with fitments

\‘\‘\
T\

VMeamuWmuwmum
\‘\‘\‘\‘\‘\

Wampmama
L ALL RLL AR AL AL
mamamawma

ALRLR LR R Y
HmRnvmmiamvamia

memumumum
LA AN
VMuNAWmAWmuW
\&

X

Wall vertical bars Figure 26 in GUide . '
Wall horizontal bars to Seismic Desi gn Institute of Australia

Steel Reinforcement




‘Loose bar’ detailing allows assembly of prefabricated elements

Satisfactory for ordinary moment-resisting frames (OMRF)
Allows placement of bars at joints

qll»
. | l ~¢——— Column bars

o d|
4 |"7
1IN
N

» Negative moment
reinforcement

<4

BASIC CAGE ARRANGEMENT

|

S

\ Figure 13.8 Reinforcement
RRBROSEN Detailing Handbook

)2

Basic cage

Figure 13.8
Reinforcement
Detailing Handbook

i Specify lap

M’\Q*’% required

>

Continuity bars

Steel Reinforcement
Institute of Australia




Minimum Splice and Fitment requirements for IMRF

S1 Region
Fitment spacing
Clause 14.5.2.2

Max. < 0.25d
8d,
24d.
300 mm

S2 Region
Fitment spacing
Max.<0.5D

300 mm

Figure 13.10
Reinforcement
Detailing Handbook

Longitudinal reinforcement, top and bottom +ve moment “Lap splices to be confined
strength > 33% -ve moment strength at face of either by at least 2 closed
column joint. Moment strength > 20% maximum moment fitments at each splice
Extend L_, straight or strength at face of either column joint. > 33% total -ve Note: position of splice to
05L; where cogged moment tensile reinforcement required at support shall be g determined by designer
into core extended D beyond the point of contraflexure, as per Clause 5 ayoid position of
8.1.10.3. of AS 3600. Minimum of 2 bars, continuous top maximum moment

and bottom

Splice*
i

iiiiiiiil]|'|||IIIIIIIII|IIIIII|IIIIIIIIIIIII!!!__I

Closed Closed Closed
Fitments Fitments Fitments 50 Fitments
- | B

S

Terminate all required top and bottom Plastic hinge Plastic hinge

bars at the far face of the column core, i |ocations / locations

providing minimum distance L_, for f *,[—/ \\
tension as per Section 13.1 of AdeOE | B S "“f

Engmeq must provide dlmgnswns L1,. ' | \ Beam B
51,52, fitment and closed fitment spacing, =\ /

anchorage length, cut-off points of Exterior Interior Column
discontinuous bars and L__ Beam-column  Beam-column

joint joint
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Clause 1.6.3.11 Closed fitment

External or internal fitment that forms a continuous perimeter around a
concrete element with the ends of the fitment anchored into the
concrete using a minimum of 135° hooks around a longitudinal bar.

HT C =two 135°

1357 hooks
hooked tie

for beam
or column

Figure 9.1 from Reinforcement Detailing Handbook
Standardised Bending Shapes for Reinforcement
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Clause 8.3.2.4 Anchorage of shear reinforcement

The anchorage of shear reinforcement (fitments) transverse to the longitudinal
flexural reinforcement shall be achieved by:

a hook or cog complying with Clause 13.1.2.7, or
by welding of the fitment to a longitudinal bar, or
by a welded splice, or

by lapped splices (some Engineers allowing this!).

NOTE:
Site welding not recommended (generally poor quality).
Difficult achieving sufficient weld to a longitudinal bar.

Lapped splices (in fitments) intended only for deep infrastructure type beams
to allow fabrication.
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AS 3600 Commentary Published 25 March 2022
Provides additional background information and clarification of Clauses.

u U U Djzﬁnize

(a) Incorrect ) Undesirable

o D T D
Tensile side

c) Satisfactory

Figure C8.3.2.4(B) — Incorrect, undesirable and satisfactory fitment anchorages (Ref. 37)

Open fitments shown in Figure 8.3.2.4(B)(b) ‘do not provide
confinement for the concrete in the compression zone and is
undesirable in heavily reinforced beams where confinement of
the compressive concrete may be required to improve ductility Steel Reinforcement

; Institute of Australia
of the member.




Anchor beam bars in confined column core

Why? At about 1.5% drift, the cover concrete will typically be lost

Bottom bars not
anchored in the
confined region of
the column

Failure of a beam column joint at
Copthorne Hotel, Christchurch 2011
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P
)

9 Steel einforcemer]t
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LOAD PATHS

« Use simple, well established, direct load paths that offer predictable
behaviour.

« Avoid non-redundant load paths i.e. transfers.
Consider designing them to remain elastic.

' ’
N\ )
A\
A\ —————
Z

- o Steel einforcement
Images courtesy of Peter McBean, Wallbridge and Gilbert Crowne Plaza Hotel Institute of Australia

Christchurch

Copthorne Hotel



Pyne Gould Building

Poor detailing issues
Lightly reinforced core walls
Poorly restrained columns
Indirect load paths

Steel Reinforcement
Images courtesy of Peter McBean, Institute of Australia

Wallbridge and Gilbert



Covers design and detailing requirements for Australia
Good detailing practices covered

Checklists included

Steel Reinforcement

Guide to Seismic Design and

Free Pdf download Detailing of Reinforced

Concrete Buildings in Australia

SRIA.COM.AU i

m
|
‘ 1 l Pt

Simple Reinforcement Detailing /4
’ Improves Life Safety
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NOTE: AS 3600:2018 SUP 1:2022 Published 25 March 2022

AS 3600 1.1.2 Application

(d) Higher reinforcing steel grades >500 MPa to 800 MPa meeting the requirements of
Table 3.2.1. For ultimate limit states the strength of the reinforcement in design
models shall not be taken as greater than 600 MPa unless noted otherwise.

Notes to Table 3.2.1 Yield Stress and Ductility of Reinforcement

NOTES

Reference should be made to AS/NZS 4671 for explanation to designations applving to 300 MPa
steels

For higher reinforcing steel grades permitted 1n Clause 1.1.2(d) the following characteristic properties
shall be met

(a) The following limits for the chemical composition determined by cast analysis shall not be

exceeded
(1) Carbon — 0.33%. Phosphorus — 0.050%, Sulphur — 0.050%

(11) The carbon equivalent value shall not exceed 0.49

The maximum yield strength does not exceed the nominal yield strength by more than
150 MPa

For steels:

(1) 500 MPa < f.y < 700 MPa: uniform elongation &, = 0.05 and the tensile-to-vield stress
ratio Rw/Re = 1.08,

Steel Reinforcement
(11) 700 MPa < fiy < 800 MPa: uniform elongation &w = 0.04 and the tensile-to-vield stress Institute of Australia
ratto Rw/'Re = 1.04




Since 2009 Design models have allowed 800 MPa high strength steels
le Clause 10.7.3.3 AS 3600: 2009 (13yrs ago) & continued in 2018

Core confinement with benefit of reducing congestion

10.7.3.3 Calculation of core confinement by simplified calculation
The effective confining pressure apphed to the core of a column is calculated as

/; eft "- /i 10 7 3.3
where

ke an effectiveness factor accounting for the arrangement of the fitments

) average confining pressure on the core cross-section taken at the level of the
fitments (see Figure 10.7.3.3)

NOTE: For non-circular sections, f; is taken as the smaller of the confining pressures calculated

T'he average confining pressure on the core at the level of the fitments shall be calculated as
tollows:

S Ay [, s SINE

—_—

10.7.3.3(2)
d.y

Bipneamm ¥ 7
[ ]
gibypw mnen S0 0

where
cross-sectional area of one leg of the fitment

yield stress of the reinforcement used as {ment (not greater than 800 MPa)

angle between the fitment leg and the confinement plane LT |..‘ i'.‘*ﬁ
number of fitment legs crossing the confinement plane A i g ..:' ...I.
“h b
inn e g - . .
overall dimension measured between centre-lines of the outermost fitments h

centre to centre spacing of fitments along the column

]
r"!,,'IISteeI Reinforcement
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STRENGTH GRADE - BACKGROUND
« Existing Ductility Class L & N grades have not change

* Previous 500 MPa AS/NZS 4671:2001 limit did not allow manufacturers and designers to
explore the options of producing higher grades.

— Can carry higher loads, which in turn may reduce cost

— Extending limits allows industry to explore the benefits of higher grades of steel

— Changes are designed to encourage innovation and product development by manufacturers and designers
— Ultimately benefit to the end user of buildings and structures eg infrastructure

— Potential to improve the sustainability outcomes for the Australian community

Steel Reinforcement
Institute of Australia



NET BENEFIT — STRENGTH GRADE

« High strength steels are typically used internationally for fitments
In confinement regions to reduce congestion.

« Research has shown that high strength fitments offer improved
performance at the joints of concrete beam/columns under
seismic loading and provide:

UNSW & OneSteel paper — Concrete 2019

Strength and Ductility of High-Strength Concrete Columns Confined with

higher load capacity

high level of confinement, required to enhance the ductility and strength of the
concrete within the core

a reduction in steel congestion
improved concrete placement
savings in the cost of labour

reduction in construction time.

High-Strength Steel Ties

Institute of Australia




AS/NZS 4671 — Steel for the reinforcement of concrete

Remains ‘stand alone’
. Aligned closely with

* [ISO 15630, Steel for the reinforcement and prestressing of concrete, &
« ENV 10080, Steel for the reinforcement of concrete — Weldable reinforcing steel — General

BUT

. Specific chemical compositions for weldability in prefabrication

. Contains Class E

. Includes higher strength Grades

. Emphasis on long term quality testing

. Incorporates changes proposed by the New Zealand Ministry of Business, Innovation and Employment (MBIE)

after the Christchurch 2011 earthquake
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Strength Grade:

AS/NZS 4671 :

2001 cf 2019

« 2019 Introduced additional grades of steel, with a | 2001
lower characteristic yield stress up to 750 MPa. TITLE  Steel reinforcing materials

* Provides the chemical and mechanical
requirements for each grade.

InfraBuild (Formerly: Liberty Steel and prior OneSteel)
Test piece from recent UNSW research

STRENGTH < 500 MPa
(Standard 250N, S00N, 300E & S00E

Grades)

OTHER
GRADES

QUALITY LONG TERM QUALITY and
BATCH TESTING

REPORTING Test Report

2019

Steel for the reinforcement of concrete

< 750N
250N, 500N, 300E & 500E, 600N & 750N

Will allow non-standard Grades

LONG TERM QUALITY and BATCH TESTING
Introduces TYPE testing

Manufacturer’s Certificate

> 500 MPa - shall be identified by an

alphanumeric marking system on

the surface of the bar that identifies < 500 MPa - shall be identified

strength grade and ductility class at by either an alphanumeric

e ROt marking system on the surface

greater than 1.5 m. of the bar that identifies
strength grade and ductility

e.g 750N 9.8 AAA class or by a series of surface

— features on the product at

intervals of not greater than
1.5 m.




AS 3600 : 2018

10.7.4.3 Diameter and spacing of fitments and helices

1.6.3.42 Fitment

Unit of reinforcement commonly used to restrain from buckling the longitudinal reinforcing
bars in beams, columns and piles; carry shear, torsion and diagonal tension; act as hangers
for longitudinal reinforcement; or provide confinement to the core concrete.

NOTE: Also referred to commonly as a stirrup, ligature or helical reinforcement.

Steel Reinforcement
Institute of Australia



AS 3600 : 2018

10.7.4.3 Diameter and spacing of fitments and helices
*  “For fitments of strength greater than 500 MPa, the minimum bar diameter of

the fitment may be reduced by the factor /500 / f; ;"

MASS
REDUCTION

33%




Green Building
Council Australia

Green Star FAQs

FAQ F-00112

Steel Reinforcement
Institute of Australia




SO TR ATV

11
:
H
1]
:
3
i
{
4
ot £

Available to order from web site

Written to address the volume of
technical enquiries in this area

Covers reinforcement from 1895 to
present time

Plain round or square Square twisted 1957 Twisted deformed 1963
circa 1895 to 1957 410 MPa

CW.60 - 410 MPa
200 MPa

Hot-rolled deformed (QST) 1983

Microalloy (MA) 1983
410 MPa

410 MPa

2 half ribs

o Sa L

Hot-rolled deformed (QST) 2001 Microalloy DSOON 2001 Contistretch DS00N 2001
500 MPa (DS0ON Bar)

Steel Reinforcement
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SRIA Is here to assist

Steel reinforcement is a high technology product

Be aware of site practices that impact compliance eg overheating/impact
Quality assurance is essential for every project

Specify & obtain a JAZ-ANZ accredited 3" party ‘Processor’ Certificate
Check key detailing eg structural integrity reinforcement

Latest Standard addresses critical issues for life safety

Prefabricated reinforcement also requires inspection

Site inspection & certification is the last opportunity to guarantee quality

Guide to Selsmic Design and
Detailing of Reinforced
Concrete Buildings in Australia

Steel Reinforcement
Institute of Australia



SRIA website provides links to industry
sria.com.au

¢ InfraBuild

Building futures through sustainable steel

e 0 W
P BESTBAR

REINFORCING THE FUTUR

oy <o i ‘ %ﬂ
E Steel Reinforcement
REINFORCING ' '

Institute of Australia
Mesh & Bar Pty Ltd



SRIA website provides links to suppliers
Sria.com.au

@pacers Australia

"
-
Leviac s U

A CRH COMPANY

Construction

REINFORCING BAR SPAQER COMPANY

tablishea 9
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SAFER. STRONGER. SMARTER. Institute of Australia
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http://www.actionproducts.com.au/
http://www.actionproducts.com.au/
http://www.asarebar.com/australia/
http://www.asarebar.com/australia/

Register on SRIA web site STAY CONNECTED WITH THE LATEST

NEWS AND INDUSTRY UPDATES

Newsletter
Latest Publications
Seminars and Conferences EEVEE S

Industry News

g
il =

Guide to Seismic Design and

Follow us on . ot sutiinee 1 T
Linked[f}]. o
- ' . 7%

Link on web site
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