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Tensile Development or Lap Length:
Design to AS 3600–2001: Lsy.t
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 First included in AS 3600 – 1988
2a = min. (2 x min. cover, clear distance sc)

 Applicable for min. nominal 400 MPa deformed bars
 Formula can be used to calculate tensile development 

l th l l th ( difi d)length or lap length (sc modified)
 k1 accounts for depth of concrete below bars
 k accounts for wide bar spacing & any transverse bars k2 accounts for wide bar spacing & any transverse bars
 c 65 MPa'f



Design to AS 3600–2001: Lsy.t

Recommended improvements:
I i i l f L f Increase minimum value of Lsy.t for 
D500N reinforcing bars:
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 Place limits on 2a: 2d  2a  6d

  b c2a d f

 Place limits on 2a: 2db  2a  6db
in particular the lower limit, so as to 
avoid excessively large Lsy.t values



Design to AS 3600–2001: Lsy.t

Definition of clear distance, sc, between 
bars developing stress:bars developing stress:

Figures unfortunately absent from Standard or Commentary:

Development Lap splice
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Design to AS 3600–2001: Lsy.t



Design to AS 3600–2001: Lsy.t



SRIA Industry Survey of Engineering Drawings

T i l St t l D i Typical Structural Drawing



SRIA Industry Survey of Engineering Drawings

T i l St t l D i Typical Structural Drawing



SRIA Industry Survey of Engineering Drawings

 Sample of tensile development or lap Sample of tensile development or lap 
lengths, Lsy.t to AS 3600 – 2001, assuming:
• clear distance a  2cover & at least 150 mm for slabs;• clear distance, a  2cover & at least 150 mm for slabs;
• cover equals minimum required for durability;
• cover not less than bar diameter, db, rounded up to nearest , b, p

multiple of 5 mm; and
• not more than 300 mm of concrete below bars.

Exposure classification 
(EC) & strength grade f'c 

Element type Bar diameter, db (mm) 
12 16 28 

A1 & f' 25 MP Slab 30.8db 38.1db 42.5dbA1 & f'c = 25 MPa Slab 30.8db 38.1db 42.5db

Beam/Column 39.9db 49.4db 55.0db 

A1 & f'c ≥ 32 MPa Slab 29.0db 33.7db 37.6db 
Beam/Column 35.2db 43.6db 48.6db 

Slab 29 0d 29 0d 30 6dB1 & f'c ≥ 32 MPa Slab 29.0db 29.0db 30.6db

Beam/Column 29.0db 29.0db 39.6db 
 



SRIA Industry Survey of Engineering Drawings

L f D500N12 b i l b b Lsy.t for D500N12 bars in slabs or beams
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SRIA Industry Survey of Engineering Drawings

L f D500N12 b i l b b Lsy.t for D500N12 bars in slabs or beams
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SRIA Industry Survey of Engineering Drawings

L f D500N28 b i l b b Lsy.t for D500N28 bars in slabs or beams
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SRIA Industry Survey of Engineering Drawings

L f D500N28 b i l b b Lsy.t for D500N28 bars in slabs or beams
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Basic Tensile Development Length:

Design to AS 3600–2009: Tensile Development Lengths
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Basic Tensile Development Length:

c = min (c c a/2)
c2
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a
cd = min. (c1, c2, a/2)

and db  cd  3db c1

R fi d T il D l t L thRefined Tensile Development Length:
     sy.t tr tr.min s p sy.tb 3 sy.tb[1.0 ( ) / ] [1.0 0.04 ] (0.7/ )L K A A A L k L sy.t tr tr.min s p sy.tb 3 sy.tb

Transverse reinforcement Transverse pressure
term, k4 term, k5



Basic Tensile Lap Length:

Design to AS 3600–2009: Tensile Lap Lengths
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Basic Tensile Lap Length:
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and db  cd  3db c1

R fi d T il L L thRefined Tensile Lap Length:
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Transverse reinforcement Transverse pressure
term, k4 term, k5



Design to AS 3600–2009: Tensile Development/Lap Lengths

 Maximum benefit to be gained from Refined Design: Maximum benefit to be gained from Refined Design:
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Design to AS 3600–2009: Tensile Development/Lap Lengths

 Maximum benefit to be gained from Refined Design: Maximum benefit to be gained from Refined Design:
N10 N12 N16 N20 N24 N28 N32 N36 N40

c d Values of (k 4k 5)min = 0.7/k 3
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 0.7455 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 8175 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 8895 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



Design to AS 3600–2009: Tensile Development/Lap Lengths

 Recommended amendment for transverse steel: Recommended amendment for transverse steel:

0 05 1 0 1  f bs. ( / ) .K n n



Design to AS 3600–2009: Tensile Development/Lap Lengths

 Recommended amendment for transverse steel: Recommended amendment for transverse steel:



Design Tables to AS 3600–2009

G l T bl General Tables
• cd is calculated directly by the designer
• similar to existing tables

N C C t ll d T bl New Cover-Controlled Tables
• cd is controlled by concrete cover

 New Spacing-Controlled Tables
• cd is controlled by clear distance between bars

 Commentary and Worked Examples Commentary and Worked Examples



Design Tables to AS 3600–2009

D i V i bl f C C t ll d T bl Design Variables for Cover-Controlled Tables

Design Variable Description RangeDesign Variable Description Range

EC Exposure classification for 
durability 

EC  =  A1, A2 or B1, with concrete assumed 
to be cast in standard formwork 

k1 Constant that accounts for k1 = 1.3 for horizontal anchored or lapped 
depth of concrete below bars bars with more than 300 mm concrete 

below; or 
 = 1.0 otherwise  

k7 Constant that accounts for k7 = 1 0 if the cross-sectional area of thek7 Constant that accounts for 
effects of staggered laps and 
bar stress levels 

k7  1.0 if the cross sectional area of the 
bars outside the laps equals at least 
twice the area required for strength, 
and no more than half the bars are 
lapped at any section; or 

= 1.25 otherwise.

 



Design Tables to AS 3600–2009

R i d t Required concrete cover, creq



Design Tables to AS 3600–2009

E t t f C C t ll d T bl Extracts from Cover-Controlled Tables



Design Tables to AS 3600–2009

E l D i T bl f St t l D Example Design Table for Structural Dwgs



Design Tables to AS 3600–2009

E l D i T bl f St t l D Example Design Table for Structural Dwgs
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