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Clause 1.1.2 Application
»

Table 3.2.1 Yield Strength & Ductility Class of Reinforcement

»
»



Clause 2.1.2 Design for Earthquake Actions

»

Clause 2.1.3 Design for Robustness and Structural Integrity

4 3



TABLE 2.2.2
CAPACITY REDUCTION FACTORS (¢

Type of action effect Capacity reduction factor (¢

(a) Axial force without bending:
(i)  Tension

(A) members with Class N reinforcement 0.8
and/or tendons

(B) members with Class L reinforcement 0.64
(11) Compression 0.6
(b) Bending without axial tension or compression—
(1)  for members with Class N reinforcement 0.6 =(1.19 - 13k, /12)<0.8
and/or tendons
(11) for members with Class L reinforcement 0.6=(1.19-13k,,/12) <0.64
(c) Bending with axial tension—
(1) for members with Class N reinforcement ¢+ [(0.8 — @) (NN )] and
and/or tendons ¢ 1s obtained from Item (b)(1)
(11) for members with Class L reinforcement ¢+ [(0.64 — @) (N/Nyo)] and
¢ 1s obtained from Item (b)(11)
(d) Bending with axial compression, where—
(1) Na= Ny 0.6
(i) N, < Ny 0.6 + [(#— 0.6) (1 — Noy/Nyp)]
and ¢ is obtained from Item (b)
(e) Shear 0.7
() Torsion 0.7
(g) Bearing 0.6
(h) Bending, shear and compression in plain concrete 0.6
(1) Bending, shear and tension in fixings 0.6
() Singly reinforced walls part of a primary lateral load 0.7
resisting system
(k) 0.6

Collector in Tension

NOTE: In members where Class L reinforcement together with Class N reinforcement and/or
tendons are used as longitudinal tensile reinforcement in the design for strength in bending, with or
without axial force, the maximum value of ¢ for calculating the member design strength should be
taken as 0.64.



Clause 6.2.4 Stiffness
»
»
»

»

Clause 6.2.4.1 Stiffness of lateral force resisting elements
»

»
»



Clause 8.1.10 Maximum diameter of longitudinal beam bars in
internal beam/column joint zones

»

Clause 8.1.11.2 Distribution of reinforcement and integrity
reinforcement

»



Clause 9.3.1.2 Deemed-to-comply arrangement for one-way slabs
»
»

Clause 9.4 Structural Integrity Reinforcement - added
»



Clause 10.2.4 Design for shear
»

Clause 10.7.4.2 Lateral Restraint
»

»



Appendix C (IMRF) refers to ‘closed ties’
However, no definition of closed tie within AS 3600:2009
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Axial Load, P

Balanced Point I
(My, P) Compression

/ Failures

Tension
Failures

4

Bending Moment, M



Figure 10.7.4.3 Bar diameters for fitments and helices
»
»
»

Clause 10.7.4.5 Column joint reinforcement
»



Clause 11.2 Design Procedures
»
»

Clause 11.5 Simplified design method for walls
»



Clause 11.7.3 Spacing of Reinforcement
»

Clause 11.7.4 Restraint of vertical reinforcement
»
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Essentially existing Appendix C (with additions and corrections)
»
»

Table 14.3 New classifications added and S /i factors amended

Clause 14.4.2 Inter-storey drift (added)
»



Clause 14.4.3 Ordinary moment-resisting frames

»

Clause 14.4.4.3 Structural walls

»

»

Clause 14.4.5 Diaphragms

»

Clause 14.4.6 Ductility of flexural members with 1.25<pu <3
»

Clause 14.5.4 Columns

»
»



Clause 14.5.6 Robustness and Structural Integrity (added)
»
»



Strong column/weak beam requirement
»
»

Plap
Hing
Frame (a) Column sidesway (b) Beam sidesway (c) Mixed sidesway
mechanism mechanism mechanism
- soft storey (strong beam/ - Plastic hinges in beams - Interior columns form
weak column) only (weak beam/strong plastic hinges
- non-preferred arrangement  column) - Acceptable with adequate
- preferred arrangement design and detailing for
ductility

Figure 19 — Column, beam and mixed sidesway mechanisms
(after Goldsworthy)



| Lateral load

Clause 15.2 Design Actions
»
»
»
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Vertical element

Diaphragm boundary

~ Zones for placement
— ; )f;}, f of reinforcement

/4 . ) _ ~—t—— Reinforcement for span ¢,
e W . .
j@%x‘% %/ f%/- _ placed within depth h,/4
| ~—————— Reinforcement can be developed
-t= { — outside shaded zones. Other

reinforcement required for force
Plan transfer not shown

,f);é

Clause 15.3 Cast-in-place toppings
»
»



»

¥ 3&$ 33

Collector reinforcement
distributed transversely
into the diaphragm

Clause 15.4 Diaphragm reinforcement

Dowels

Structural wall

Collector reinforcement

Shear
Cold joint

Shear-friction
reinforcement Wall

Tension Compression

a) Collector and
shear-friction b) Collector tension and
reinforcement compression forces



Clause 17.7 Prefabricated Concrete Structures
»
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Thank you

Eric Lume, National Engineer, SRIA

Will now deliver the next presentation




Eric Lume
National Engineer, SRIA
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a (typical)

T. ( y

Top of slab

—— ——a (typical)

ﬂ —— a (typical)
| ® & ®© & ©

Bottom of slab






Splitting crack

Splitting cracks

Forces create tension in
concrete

e S S

Splitting cracks












Note:






Member type Examples of potential splitting cracks at a tensile face n Nbs K (see Note 1)
Circular column 1 1 0.10
Rectangular column =1 =1 0.052K=0.10
=2, s =2 =2 ms=3
= K=0.10 = K=0.083
l—1
Atr = Abfit
Beam — =2 s =4 21 21 0.055K<0.10
< Air = Apsit = K=0.073
s e m—m
Slab or wall z1 =1 0.05=K=0.10
with fitments 9 9 i Nt = Nps
0\ = K=0.10
—— Atr = Abiit
Slab or wall 0 1 per main bar 0.05
(=] [=) [m) [=] [ [w]

without fitments

spacing

(see Note 2)
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Table B.2 — Unique, minimum values of refined factors product, k,ks, which apply to

the solutions in every General Table with one-to-one correspondence

N10 N12 N16 N20 N24 N28 N32 N36 N40
Cyq MINIMUM REFINED FACTORS PRODUCT (k4K5)min
20 0.82 0.78 0.73 0.70 0.70 0.70 0.70 0.70 0.70
25 0.90 0.84 0.76 0.73 0.70 0.70 0.70 0.70 0.70
30 1.00 0.90 0.81 0.76 0.73 0.71 0.70 0.70 0.70
35 1.00 0.98 0.85 0.79 0.75 0.73 0.71 0.70 0.70
40 1.00 1.00 0.90 0.82 0.78 0.75 0.73 0.71 0.70
45 1.00 1.00 0.96 0.86 0.81 0.77 0.75 0.73 0.71
50 1.00 1.00 1.00 0.90 0.84 0.79 0.76 0.74 0.73
55 1.00 1.00 1.00 0.95 0.87 0.82 0.78 0.76 0.74
60 1.00 1.00 1.00 1.00 0.90 0.84 0.81 0.78 0.76
65 1.00 1.00 1.00 1.00 0.94 0.87 0.83 0.80 0.77
70 1.00 1.00 1.00 1.00 0.98 0.90 0.85 0.82 0.79
75 1.00 1.00 1.00 1.00 1.00 0.94 0.88 0.84 0.81
80 1.00 1.00 1.00 1.00 1.00 0.97 0.90 0.86 0.82
85 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.88 0.84
90 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.90 0.86
95 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.93 0.88
100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.90




TECHNICAL NOTE 7

STRESS DEVELOPMENT AND LAP SPLICING OF STRAIGHT D500N TENSILE REINFORCING BARS TO AS 3600-2009

The Steel Reinforcement Institute of Australia is a national non-

profit organization providing information on the many uses of
steel reinforcement and reinforced concrete. Since the
information provided is intended for general guidance only, and
in no way replaces the services of professional consultants on
particular projects, no legal lisbility can be accepted for its use.

TABLE G/20/1.0/1.00 - Tensile Development and Lap Lengths

15=20 MPa, ky=1.0, k;=1.00 {Eq. 1c- £5=1.0, §=1.0}

N10 N1z N16 N20 N24 N2g N32 N3G N40 N10 N1z N18 NZ0 Nz24 NZ8 N32 N3G M40
Cy BASIC DEVELOPMENT LENGTH (mm) Ley 4 MIMIMUN REFINED DEVELOPMENT LENGTH {mm) Lo ; mn
20 380 500 740 1000 - - - - - 20 320 300 R4 - _ _
25 380 AT0 710 QED 1230 - - - - 25 320 300 540 270 _
30 320 430 870 920 1200 | 1480 - - - 30 320 300 540 270 D50 -
35 - 400 B30 890 1160 | 1450 | 1780 - - 35 - 380 540 270 050 | 1250
40 - 380 BOD 850 1120 | 1410 | 1720 | 2080 | 2430 40 - 300 540 270 D50 | 1250
45 § § 560 210 1080 | 1370 | 1680 | 2020 | 2330 45 § - 540 270 050 | 1250
50 B B 540 770 1040 | 1330 | 1840 | 1970 | 2340 50 - § 540 700 270 1250
55 - - - 740 1000 | 1280 [ 1600 [ 1930 | 2280 55 - § - 700 870 1250
60 - - 700 B0 1250 | 1550 | 1880 | 2250 &0 B § . 700 270 1250
E5 B B B 920 1210 [ 1510 | 1840 | 2200 3 B § : B 270 1250
70 B B B 800 1170 | 1470 [ 1800 | 2180 70 B - - 2870 1250
75 - - i E70 1120 | 1430 | 1760 | 2110 75 B g - BT0 1250
80 B B . B B 1000 | 1300 [ 1710 | 2070 B0 B - B - 1250
85 B B . B B 1050 | 1340 [ 1870 | 2020 85 B : ' B : 1250
20 B B B B § 1300 | 1820 | 1870 50 B : B : B 1250
95 - - - B 1260 | 1580 | 1830 35 B - - - 1250
100 B B . B B B 1250 | 1540 | 1880 100 N . N . - 1250
M10 Mi2 MNig MZ20 MN24 N28 N3Z2 MN36 M40 N10 N1z N1& N20 M24 NZ28 N32 N3G N4D
Cy BASIC LAP LENGTH {mm) Ly, Cy MINIMUN REFIMED LAP LENGTH {mm) Lzt iap min
20 300 500 740 1000 - = = = = 20 320 380 540 - - - -
25 380 470 710 [0 1230 = = = = 25 320 300 540 . . S S
30 320 430 870 920 1200 | 1490 = = = 30 320 390 540 1050 - S S
35 - 400 B30 800 1160 | 1450 | 1780 = = 35 - 300 540 0 | 1250 - -
40 B 300 8O0 850 1120 | 1410 | 1720 | 2080 | 2430 40 B 300 540 D | 1250
45 B B 580 £10 1080 | 13v0 | 1830 | 2020 | 2330 45 B B 540 0 [ 1250
50 - - 540 770 1040 | 1330 | 1640 | 1970 | 2340 50 - - 540 700 270 050 | 1250
55 B B - 740 1000 | 1200 | 1800 | 1930 | 2200 55 B B § 700 870 D50 | 1250
60 B B - 700 960 1250 | 1550 | 18g0 | 2250 &0 B B - 700 270 D50 | 1250
65 - - - - 020 1210 | 1510 | 1840 | 2200 65 B B - B 270 D50 | 1250
70 B B - B 290 1170 | 1470 | 1800 | 2160 70 - - - - 270 050 | 1250
75 B B - B 270 1130 | 1430 | 1780 | 2110 75 B B - B B70 D50 | 1250
80 § § - § - 1000 | 1300 | 1710 | 2070 80 - B § B B D50 | 1250
25 B B - B - 1050 | 1340 | 1870 | 2020 85 - B - B B 1050 | 1250
30 B B - B B B 13200 | 1820 | 1870 50 - - - - - i 1250
55 § § - - - 1260 | 1580 | 1930 55 - § - § § 1250
100 - - - - - - 1250 | 1540 | 1880 100 - - - B B - 1250

Note: The tabulated theoretical values of minimum refined development length, Lsytin, and minimum refined lap length, Lsytiapmn, are minimum
possible solutions, based on the values of (k«ks)mn in Table B.2. They are useful for indicating the lowest possible values achievable using refined
design, but may not be appropriate for a particular design situation. Therefore, if they are less than basic development length, Lsys, or basic lap length,
Lsym1sp, respectively, then refined design may be beneficial, but a designer must calculate the actual values of Lsy: (2Lsy.tmin) and/or Lsytlap (2L sytiapmin ).
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The situation

¥ 3&8 35 3 3 3 33



Solution

a &~ L DN



A

PLANAR VIEW —
Note: For the purposes of determining Cy
a Sy, the dimension a shall be taken equal to (S,_ —db)
\ l \ irrespective of the value of S
]

(i) 100% of bars spliced (no staggered splice)



Basic Tensile Lap Length, L ., [Minimum refined tensile lap length, L a5 min. in red]

Cd Bar size, dmm)
N10 N12 N16 N20 N24 N28 N32 N36 N40

20 500 (410) 650 (500) 950 (690) 1280 (900) - - - - -

25 460 (410) 600 (500) 910 (690) 1230 (900) | 1590 (1120) - - - -

30 410 560 (500) 860 (690) 1190 (900) | 1540 (1120) | 1910 (1350) - - -

35 “ 510 (500) 810 (690) 1140 (900) | 1490 (1120) | 1860 (1350) | 2270 (1610) - -

40 500 770 (690) 1090 (900) | 1440(1120) | 1810(1350) [ 2210 (1610) | 2650 (1890) | 3120 (2190)
45 “ 720 (690) 1040 (900) | 1390 (1120) | 1760 (1350) [ 2160 (1610) [ 2590 (1890) | 3060 (2190)
50 690 990 (900) 1340 (1120) | 1710 (1350) | 2100 (1610) | 2540 (1890) | 3010 (2190)
55 “ 950 (900) 1290 (1120) | 1650 (1350) | 2050 (1610) | 2480 (1890) | 2950 (2190)
60 900 1240 (1120) | 1600 (1350) | 2000 (1610) | 2420 (1890) | 2890 (2190)
65 1190 (1120) | 1550 (1350) | 1940 (1610) | 2370 (1890) | 2830 (2190)
70 1140 (1120) | 1500 (1350) | 1890 (1610) | 2310 (1890) | 2770 (2190)
75 1120 1450 (1350) | 1830 (1610) | 2260 (1890) | 2710 (2190)
80 “ 1390 (1350) | 1780 (1610) | 2200 (1890) | 2650 (2190)
85 1350 1730 (1610) | 2140 (1890) | 2600 (2190)
90 “ 1670 (1610) | 2090 (1890) | 2540 (2190)
95 1620 (1610) | 2030 (1890) | 2480 (2190)
100 1610 1970 (1890) | 2420 (2190)
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Conclusion:






Factor for grouted unreinforced masonry increased




Design of grouted members in compression (no testing)



Design of members in compression



Design of members in compression



_

(s _

\

100 e bare

Annulus of grout, 5d, = 100 mm for N20 bar



Clause 4.11.2 — Clarification provided regarding bonding

4 3



Hollow unit masonry
»

Solid and cored unit masonry

¥ &8 3 3 33






Appendix | added (informative)
»

»

Stainless Steel Reinforcement
»
»
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