=  SRIA
Steel Reinforcement E[I[l[:[E[E 2“]3

-'_":...'...' Institute of Australia

15 lH [Ismn Euls El: 'J Lﬂastﬂueenslann Auslralla

e P Recent Developments in the Design and

— = Construction of Concrete Structures

e m— ' incorporating Low-Ductility Steel Reinforcement
2 Scott Munter & Mark Patrick

s

Part 1 — Design

un

Part 2 — Construction

e _* =
tate T —
- — , . % '
L. e
A .
CrrrmvELas aa b \
o = = L =



Overview-offPart 1 -Design-/

o Low-Ductility Reinforcement Properties
e Design to'AS 36002009 _

e SRIA‘Experimental Research Programs _




- LowDuctility Reinfogeement Prp@rf

* Hot=rolled R250N bar to AS/NZS 4671

VIR Y Bmuad Rod 8:6mm
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Low=Ductility Reinfogcement Properties

 Cold=worked D500E bar'to AS/NZS 4671:




Low=Ductility Reinfogéement Properties

* Cold-worked D500Ebar to AS/NZS 4671;
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Low=Ductility Reinfogéement Properties

+ - Cold=worked D500k mesh to-AS/NZS 4671
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Low=Ductility Reinfogcement Properties
» Cold-worked D500L/mesh average tensile
results:-uniform strain or elongation (€}
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Désign o RS HE00-00E

- o Limited ductility of remforcmg steel
(Clause 1.1.2 Application):-

Remforcmg steel.of-Ductility Class L,
"shall:not be used in anysituation
whefre the remforcement is required to
undergo large plastic defermation—
under strength limit state conditions®.
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_/#/Désign to-AS £ 00-2008 /

o Mixing Ductility Class N and-L bars ~i/
(Clause 2.2 Design for Strength) 7 /7.~




Désign Io-ASHE00- 2588

» Nominal momient-capacity, M,
(Clause 8.1 Strength of Beams |n Bendmg)"

= rectangular stress bloek theory can be used to
calculate M, of singly=reinferced sections witheut
having to consider possible steel fracture |

— bending without aX|aI tenS|on or compressmn for
members with CIass ["main reinforcement:

0.6 < {(p=(1.19 - 13k,3/12)} < 0:64 (i 6. =0.8x0.8)




Désign To-ASHE00-2008

e Analysis MetHods'& Moment
Redistribution (Section 6 I\/Iethods of /
Structural Analy5|s)

— Meéthodsof analysis forcalculating M*, etci with |
Class'L. mesh: |

Clause 6.2 — Linear Elastic Analy5|s of any typeof conerete
structure, but i |gnor|ng moment redistribution

Clause 6.10 — Simplified Methods for.beams or ene-way
slabs; and two-way slabs supported on four sides.

Support settlement does not normally have to be
considered




~SRIAExperimental-Research Prerems

~ » SRIAContinudus One-Way Slab Tests
under Standard Fire Conditions

conducted at BHP I\/Ielbourne Research NS
Laboratories in 1997~

* SRIA DuCti/ity Class-L Elevated Slab Tests
conducted at Curtin University between
2007 and 2012




= SRIAExperi

mental-Re<earch Programs

- SRIA=Continuous Slab Fire Tests:

o _Two unrestrained slabs tested:.

= Ducti
— Ducti
e Min. 2

ity Class N-mesh; then
ity Class.L mesh

hour Standard F|re Condltlons

e Reinforcement ductility severely tested:

— -30%

moment redistribution/in design._

= under-reinforced supportiregions (p‘=0.003-3)

—lengitudinally unrestrained on roller supports
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SRIA ContinucusSlab Firé Tests

Ductlllty Class L — 3+ hours
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Ductility Class N — 2+ h'ours




= SRIA Exp@rﬁm@ntaﬂ Research Pmrams

- SRTA"Ductility Class B SIab Tests

Remforcement ductlllty
Moment-curvature relatlonshlps
Moment redlstrlbutlon

Mixing Ductility Class L mesh and N bars
Strength review of AS 36002009
Compressive membrane-action
Doubly-reinforced sections




SRIA Ductility-€lass L Slab-Tests

% Curtin University

Test Report — SRIA Class L Mesh Slab Tests

VOLUME 1 of 3: Report
ISBN: 978-0-9872876-0-1

June 2012

Dr lan Chandler and Dr Natalie Lloyd

Department of Civil Engineering

School of Civil and Mechanical Engineering

Cu University

Test Report — SRIA Class L Mesh Slab Tests

VOLUME 2 of 3: Plates

Dr lan Chandler and Dr Natalie Lioyd
Department of Civil Engineering
June 2012

ISBN: 978-0-9872876-1-8

% urtin University

Test Report — SRIA Class L Mesh Slab Tests

VOLUME 3 of 3: Figures

. j/mm//iW )

Dr lan Chandler and Dr Natalie Lloyd
Department of Civil Engineering
June 2012

ISBN: 9768-0-98726876-2:5

+ associated Curtin Uni / SRIA documents




SRIA Ductility€lass L Slab Tests
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Universal Test Rig




SRIA Ductility@ldss L Slab-Tests

- Concrete compressive
I strength controls M,
Steeltensile capacity
controls M,
= steelfracture
predicted
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Critical sections of
SRIAtest specimens
(treated as singly-reinforced)

Steel Tensile Capacity Utilization or

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Neutral Axis Parameter, Kk,




SRIA Ductility-€lass_ L Siab-Fests

 Restrained ends or'edges: fully bUiIt'—in
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SRIA Ductiity-Class-E=Siab-Tests

— moment-cuVatire.relationships

M, = 18.27 kNm
J (E 227.0 GPa) ; ﬂ A o
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failed altogether
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e SSOW-ST4
(SL102)
D=113 mm

K, = 42.4E-06 mm d=86 mm

p=0.0041
(f5;=568-MPa) ku=0.089

Response -
fc=35.5 MPa

™ ft=3.5 MPa
/ . Lok £:08 mm fsy=568 MP

96.5E-06 mm-1 fu=620 MPa
eu=2.1%
-reinforced AS 3600)
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SR//A Ductility-Clos sk S/@ib T@Si&g

— moment f@@ﬂﬂszﬁmbuzﬁ/i@m

Degree of moment redistribution
approaches about 10%, implying that
close to a full plastic hinge mechanism
developed
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SRIA Ductiity-Class-E=Siab-Tests

e d@uf@//y=zfemf@m@@7 5@@@/@1@5

o Strain-compatibility and force equnlbrlum '
assumptions for doubly- remforced sectlons_:'

— plane sections remain.plane

— concrete has'no tensile strength

— resultant tensile & compressive forces balance
— miaximum concreté comp. strain, €:=0.003"

< uniform concrete comp. stress, QT

— max. steel tensile stress, f;=1.03f,

—max..steel tensile strain, & =0. 015




ConclusionsyPart T =Design-/

o Low-Ductility Reinforcement Properties
e Design to'AS 36002009 _

e SRIA‘Experimental Research Programs _
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= Onerview of Part2 . Construction i

Low-Ductility Reinforcem'eﬂ.nt Types -

Standard Ductility Glass L Meshes ™

Lappingl\/lesh & Des.ighSt'eeI AEER
Doubly-reinforced Slab*Sections

Overcoming 20% Penalty-in Bending Stréhgth -Design
Case Study ' ' '




AoWwDuctility-ReipforcementTypes-

» 1 point~at least-60% of the steelis made
usingsan‘energy reduction process-

. 1Lpoint— at least 15% of the reinforcing steel
is.used for off site optimal fabrication
teehniques




AoWwDuctility-ReipforcementTypes-

-+ AS3600-2009 Clalise 1.1:2(c): '

“Reinforcing steel-of Ductlllty Class L NS
accordance with AS/NZS.4671 may be--
used-as main-ersecondary--
reinforcement in-the form of welded-..
wire mesh, or as.wire-(coil), bar and
mesh in fitments” |
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#otandard Du@ﬁﬂﬁty Cﬂagg LMSh@s =

~ R500L(plain) or D500L (rlbbed) off c0|| =
< All mesh is factory‘made and machine welded

Joints at mtersectlons of-lengitudinal and-—
transverse-bars are electricalrésistance
welded, with'shear strengths not less than'
50% of the nominal yield strength of the-
larger bar T

Bar strength is
unaffected by welding
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Cross-sectional areas of standard Australian Ductility Class L meshes
(mm?/m)
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Oyercoming 2@%P@naﬂty B l@ﬂ@ﬂ
' Strengtin D@S

- o Average cross- -séctional areas of Standard

meshes-are:5to10% greater than nomlnal
mesh areas..

Bending'strength of deubly- relnforced sectlons

is typically 10-15% greater than:singly-
reinforced sections (design assumption)

— Accounting for both-these effects in—>
design can nullify the effects/of the 20%
penalty in construction
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Low-Ductility Reinforcem'eﬂ.nt Types -

Standard Ductility Glass L Meshes ™

Lappingl\/lesh & Des.ighSt'eeI AEER
Doubly-reinforced Slab*Sections

Overcoming 20% Penalty-in Bending Stréhgth Design
Case Study ' ' '
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