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On average Australia will experience:
»

»



and

and

NO if

NO



8.3.1 Detailing of flexural reinforcement and tendons



8.3.2 Detailing of shear and torsional reinforcement

8.3.3 Detailing of torsional reinforcement



Section 9.1.3 Detailing of tensile reinforcement in slabs
Section 9.2 Structural Integrity Reinforcement

Section 9.3.6 Detailing of shear reinforcement



Section 10.7 Reinforcement requirements for columns



Section 11.7 Reinforcement requirements for walls



DUCTILITY
DUCTILITY

» Dead Load
» Live Load
» \Wind Load

» Earthquake Load
(1:500 to 1:2500 years)



Christchurch Art Gallery Bookstore during 2011 earthquake
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Clause 1.3.23 of AS 1170.4 (Also Clause 14.2.8 of AS 3600:2018)
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Structural system description () Sp Sp / MU /'S
Special moment-resisting frames (fully ductile) designed in accordance with 4 0.67 0.17 6
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 4 0.67 017 6
3101 and the AS 1170.4 Hazard Map : :
Ductile partially or fully coupled walls designed in accordance with NZS 1170.5 4 0.67 017 6
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 3 0.67 0.22 4.5
section
Combined systems of intermediate moment-resisting frames and moderately
ductile structural walls designed in accordance with Section 2.2 of this 3 0.67 0.22 4.5
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 3 0.67 0.22 45
this Standard and Clause 14.4 and 14.7 of this section : ' '
Ordinary moment-resisting frames designed in accordance with Section 2.2 of 2 0.77 0.38 26
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 2 0.77 0.38 2.6
14.4 and 14.6 of this section
Limited ductile structural walls designed in accordance with Section 2.2 of this 2 0.77 0.38 26
Standard and Clauses 14.4 and 14.6 of this section : ' '
Non-ductile structural walls designed in accordance with Section 2.2 of this 1 0.77 0.77 13
Standard and Clause 14.4 of this section : ' '
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Ordinary Moment-resisting  38% of loading designed
frame, (<2 for elastically

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

Special Moment-resisting  17% of loading designed
frame, 1 >3 for elastically

62% of loading taken
inelastically

78% of loading taken
inelastically

83% of loading taken
inelastically



ductility

Sections other than 14.5 and 14.7

with Section 14.5to 14.7
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11.2 DESIGN PROCEDURES (AS 3600 — 2009)

* 11.2.1 General

Braced walls where in-plane horizontal forces, acting in conjunction with the axial
forces, are such that where a horizontal cross-section of the wall-

(a) Is subject to compression over the entire section, in-plane bending may be
neglected and the wall designed for horizontal shear forces in accordance with
Clause 11.6 and for the vertical compressive forces either-

(i) in accordance with the simplified method of Clause 11.5; or

(i) as columns in accordance with Section 10 where vertical reinforcement is
provided in each face, except that Clause 11.7.4 may override the
requirements of Clause 10.7.4; or



Basic problem with assumptions

38% of seismic load 100% of seismic load



Heavily loaded walls and columns exhibit lower ductility
Also, mean value of 28 day strength <1.4f_ (Clause 14.6.4)
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Figure 14.6.2.3 in > :
AS3600-2018 Compressive stress >0.15f,




Limited and Moderately Ductile Shear Walls - Clause 14.6.7 of AS 3600

I



Fractured bars in wall



One way slabs






Simple Reinforcement Detailing ® Improves Life Safety

Top steel causes
cover to spall

Slab penetration

30 Bottom steel
acts as tension
membrane

Area = 2A,, Bottom face
reinforcement
to drop panel

Top level reinforcement not shown for clarity
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Structural Integrity Reinforcement — Improves Life Safety



Structural Integrity Reinforcement — Improves Life Safety

Clauses 2.1.3, 8.3.1.1, 9.2 and 14.4.7 for structural integrity reinforcement
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Lateral load

o

hyl4

Diaphragm boundary

~~ Zones for
~ placement of
reinforcement

—— Reinforcement for span ¢,
placed within depth h,/4

—— Reinforcement can be developed

Plan

outside shaded zones. Other
reinforcement required for force
transfer not shown



Clause 15.4 Diaphragm reinforcement
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4y & 3 3

Collector reinforcement
distributed transversely
into the diaphragm

Dowels

Structural wall

Collector reinforcement

Cold Shear
joint

Shear-friction

reinforcement Wall
Tension Compression
a) Collector and shear- b) Collector tension
friction reinforcement and compression

forces



Vertical cracks in wall
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Force transfered
to column at
level 7

T tension force

C compression force
V shear force

M bending moment



Poor detailing of connections and columns



Prefabrication of reinforcement cages saves time



Specify lap
length
required

N\

Splice bars (yellow) used
to connect prefabricated
elements



(22D)
Plastic hinge in beam






LOAD PATHS

* Avoid non-redundant load paths



Poor detailing issues



Spacing of fitments

/|
Column joint reinforcement -
if required PE
Spacing same as column A&

A

4 1

v
450 mm

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

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

N
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Clause 10.7.4.2 (a)(ii)
Clause 10.7.4.2 (a)(iv)

External fitment Clause 10.7.4.2 (a)(iii)

\ Crosstie

Internal fitment

_ Consecutive internal fitments
Clause 10.7.4.2 (a)(i) alternated end to end along

Figure 10.7.4.2 of AS 3600 the longitudinal axis
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Figure 12.14 of
Detailing Handbook
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Hot-rolled Coll 10, 12, 16
D500N 500 N Deformed bar Stralght 12 — 40
Special 50
Hot-rolled
R250N 250 N Plain round 6.5, 10, 12, 16, 20, 24
Hot-rolled
D250N 250 N Deformed bar 12 (pool steel)
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For OMRF (u < 2)
»
»
»

For IMRF (2 < y < 3) and Limited/Moderate Ductile Walls
»
»

»

For SMRF (u > 3)
»
»
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