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(b) pe 11 Th shea;;{' is taken to the supports by a combination of primary (major) and
minor) struts. Hanger reinforcement is required to return the vertical
nts of forces developed in the secondary struts to the top of the member.

, s ___lp <_af<i wz/|P
AN

shall be within the limits 0 £ T, £ F, where T,, is the vertical component of the force carried

by the secondary struts and F is the total vertical component of the external load carried
through the shear span.
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e shear is carried to the supports via a series of minor struts with hanger
ent used to return the vertical components of the strut forces to the top of

the mémber.
AN
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Type i
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SECTION 7 STRUT-AND-TIE MODELLING

7.1 GENERAL

It shall be permissible to use strut-and-tie models to represent the conditions at gverload
and at failure in non-flexural members and in non-flexural regions of members, as a basis
both for strength design and for evaluating strength.

A strut-and-tie model shall consist of compression elements (struts) an
(ties) that are connected together at nodes to form a load-resisting structdral system.

Strut-and-tie models shall satisfy the following requirements:

(a) Loads shall be applied at nodes, and the struts and ties s
axial force.

(b) The model shall provide load paths to carry the loads and ether actiend\to the supports
or into adjacent regions.

(¢) The model shall be in equilibrium with the appliedJoads a

(d) In determining the geometry of the model, the dim the struts, ties, and
nodal zones shall be taken into acco
(e) Ties shall be permitted to cross s;ﬁ:\

ﬁ iy Proposed Revisions to AS3600, Concrete Structures

4

BE wyche consulting 20 June 2006



Current AS3600 - Draft AS3600

SECTION 12 DESIGN OF NON-FLEXURAL MEMBERS, END SECTION 12 DESIGN OF NON-FLEXURAL MEMBERS, END

ZONES AND BEARING SURFACES olus ZONES AND BEARING SURFACES

SECTION 7 STRUT AND TIE MODELLING

NS

een the axes of any

Draft AS3600
(f)  Struts shall cross or intersect nnI}f\it no

(g) For reinforced concrete members at,a node point, the angle
strut and any tie shall not be less tham 30°.

(h) For prestressed c int,-the angle between the axes of any
strut and any tig“with a tendomacting as rcement shall not be less than 20°,

7.2 CONC

compression field,
cgHipressive ss fie

cannot diverge.
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15

shall be taken as:

1
1.0+066c0t 8

18 measured between the axis of the strut and the axis of a tie passing through a
common node (see Figure 7.2). Where more than one tie passes through a node, or where

the angle &1s different for nodes at each end of a strut, the smallest value of & shall be used
in determining f..

n and b?hape compression fields that are unconfined, the strut efficiency factor

within the limits 0.3< B, <1.0.
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11

{a) Prismatic stress (b) Fan stress field H |
field no bursting forces lc) Bottle g{»rggs\ﬁam\
/?lG/U/HE‘7x1\ TYFES OF STRUTS
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Axis of strut

/—Axis of tie
i / FIGURE 7.2 DEFINIT!DN\QFE

A. = the smallest cross-sectio int along its

length and measured norm

f; = an efficiency factor given in
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ion factor (¢)shall Be obtgified frord Table 2.2.4.

Compressive reinforgément may be,used to i\ﬁgireas

The value of the strength redus

3 uih that the bursting strength of the strut after cracking is not less
than that before clacking. The bursting tension across the strut at cracking may be
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(b) th:ﬁ»c\ajl/w/lated using an equilibrium model, consistent with the bottle shape as shown
in Fighre 7.3. To ensure adequate crack control, splitting forces shall be assessed at
both service and ultimate limit states. The divergence angle (&) for the bottle strut
shall be assessed for each situation but shall not be less than—

(i) tana=1/2........ for serviceability; and

(ii) tan a= 1/5........for strength.
Bursting reinforcement shall be evenly distributed throughout the bursting zomne I
(Figure 7.3), where—

and a and z are the shear span and the projection of the inclined compressive strut normal to
the shear span, respectively (see Figure 7.3). A
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FORCES IN BOTTLE-SHAPED STRUTS
The bursting reiaforcement shall be uniformly distributed through the bursting zone I, and
be placed"in either: two orthogonal directions at angles 3 and » to the axis of the strut, or

in one direction at an angle yto the axis of the strut. If the reinforcement is in only one
direction, ¥shall not be less than 40 degrees.

ENGINEERS

ﬁ Proposed Revisions to AS3600, Concrete Structures
0 Western Australia

Division

wyche consulting

20 June 2006



Current AS3600 - Draft AS3600

SECTION 12 DESIGN OF NON-FLEXURAL MEMBERS, END SECTION 12 DESIGN OF NON-FLEXURAL MEMBERS, END

ZONES AND BEARING SURFACES olus ZONES AND BEARING SURFACES

SECTION 7 STRUT AND TIE MODELLING

Draft AS3600 ) . i
To provide adequate strength, the quantity of reinforcement shall be such that—

@A f, siny, 2 T,
To provide adequate crack control, the quantity of reinforcement shall be such that—

ZA, f, siny, 2T,

In the above expressions A is the area of reinforcement in directions 1 and 2 crossing a
strut at an angle ¥ to the axis of the strut (see Figure 7.4) and f;; is the serviceability limit
stress in the reinforcement as specified in Clause 12.7; T%, and T*,, are bursting forces
calculated using the design load for strength and serviceability, respectively. AN
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7.3 TIES

arranged such. that tha resul

and-tie model.

ant tensile force coincides with the axis of the tie in the strut-
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rovide adequate anﬁhﬂrage at each end of the tie, the reinforcement or tendon shall be

d beyond t}he node to achieve the design strength of the tie at the node and anchored
nce with Clauyse 13.1.

ement beyond the node may also be achieved either by a welded or
ge or by forming a loop located entirely outside of the node in a

7.4 NODES
7.4.1 Types of nodes

Three types of node are distinguished by the arrangement of the entering struts and ties, and
the confinement thus provided, as follows—

(a) CCC —there are only struts entering the node;
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Draft AS3600 (b)

(¢) CTT—here are two or more tension ties entering the node.
7.4.2 Design strength of nodes

Where confinement is not provided to the nodal region, the design strength of the node shall
be such that the principal compressive stress on any nodal face, determined from th mal
and shear stresses on that face, is not greater than ¢3,0.9f. where—

(i) For CCC nodes £,=1.0
(i) For CCT nodes 5, = 0.8
(iii) For CTT nodes B,=0.6

The value of the strength reduction factor ¢ shall be taken from

7.5 ANALYSIS OF STRUT-AND-TIE MODELS

In the analysis of a strut-and-tie model to determine the inteinal forceg'in the struts and ties,

the requirements of Clause 6.1.1 shall be-~satisfied, and Clauses 6.1.2.and 6.8.2 shall be
complied with. /{a\
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7.6 DESIGN BASED ON STRUT-A
7.6.1 Design for strength

When strut-and-tie modellin iwements of Clause 2.2.4
shall be satisfied.

7.6.2 Serviceabili

When design f odelling, separate checks shall be
undertaken to'ensure that the rviceability are satisfied.
12.7 CRACK CONT I

The requirements of crack control\may be deemed to be satisfied if the stress in the

(a) Where quired.....cceeeiveeeeniieerenn 250 MPa.
(b)Y  Where cking is required...................... 200 MPa.
(¢) Where a str king is required .........ccocevvnneeeenn. 150 MPa.
E: For—prestressed concrete the change in stress in the tendons after the point of
decompression 1l notgxceed the limits given by (a), (b) or (c), as appropriate.
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Current AS3600
13.1.2.4 Development length of a bar with a standard hook

Where a bar ends in a standard hook complying with Clause 13.1.2.5, the tensile
development length of that end of the bar, measured from the outside of the hook, shall be
taken as 0.5L,,, or (L.5L, as applicable.

Draft AS3600 13.1.2.4 Development length of a bar with a standard hook

development length of that end of the bar, measured from the outside of the hook, shall’be
taken as 0.5L,,, or 0.5L;, as applicable.

] s o e i L e D s i
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Current AS3600 | 3 3.9 Development length of pretensioned tendons

In the absence of substantiated test data, the development length (L,) of pretensioned
tendons for gradual release shall be taken as the transmission length given in Table 13.3.2,
as appropriate to type of tendon and the strength of the concrete at transfor (7).

Where strand or wire is untensioned, the development length shall be taken as not less than
1.5 times the value given in Table 13.3.2, as appropriate.

It shall be assumed that no change in the position of the inner end of the transmission
length occurs with time but that a completely unstressed zone of length 0.1L, develops at
the end of the tendon.

Draft AS3600 .
13.3.2.2 Development length of pretensioned strand D/ _ \E
In absence of test data the bonded length to_develop the stress. in s en wirg pretensioned
strand at ultimate strength shall be taken as not less than— /\\ _\

Ly = 0.145( 6,y — 0.67 G c1)dp = 60dy,

Where G, .¢ is the effective stress in the tendon after llnwiné@;{an/ losses. Both g, and
Op.r are in MPa and the expression in parenthesis is used without whits.
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Embedment less than the development length shall be per
provided the design stress in the strand a '

The development length of de-bonde
includes tension in accordance with Clau% 8.6.2

Where strand.or wiré\j ioned, the developm

2.5 times the appropriate. transmi
Table 13.3.2 for a*tendon stresséd to the tensil

length shall be taken as not less than
ion length of a stressed tendon given in
trength, f;. in Table 6.3.1.
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Current AS3600 - Draft AS3600

SECTION 14 JOINTS, EMBEDDED ITEMS, FIXINGS AND SECTION 14 JOINTS, EMBEDDED ITEMS, FIXINGS AND
CONNECTIONS CONNECTIONS

SECTION 15 PLAIN CONCRETE MEMBERS SECTION 15 PLAIN CONCRETE PEDESTALS AND

FOOTINGS

SECTION 16 CONCRETE PAVEMENTS, FLOORS AND SECTION 16 SLAB ON GROUND FLOORS AND
RESIDENTIAL FOOTINGS PAVEMENTS

SECTION 17 LIQUID RETAINING STRUCTURES T e e

SECTION 18 MARINE STRUCTURES SECTION 18 MARINE STRUCTURES

SECTION 19 MATERIAL AND CONSTRUCTION SECTION 17 MATERIAL AND CONSTRUCTION
REQUIREMENTS REQUIREMENTS

Current AS3600

ALL THE SECTIONS LISTED ABOVE which have been retained are essentially similar and will produce
similar design outcomes. However Draft AS3600 is substantially reworded in number of instances.
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APPENDICES APPENDICES
A ADDITIONAL REQUIREMENTS FOR A REQUIREMENTS FOR STRUCTURES
STRUCTURES SUBJECT TO EARTHQUAKE SUBJECT TO EARTHQUAKE ACTIONS
LOADS
Current AS3600 EARTHQUAKE REQUIREMENTS essentially unchanged as a design outcome although Draft AS3600 is
substantially reworded. The level of requirement is related to Table of Structural Ductility Factors shown below.
Draft AS3600
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'{ [( N ;L——'I:ABLE\Q-i
STRUCTHERAL CTILI:I’{’ FACTD% TRUCTURAL PERFORMANCE
B

FACTOR: S

______ o S Splu 28,

_Special momeni-résisting frames (fully ductile) * a4 0.6 0.17 6

DuciTe coupled walls Tally_dutyile)* 3 0.67 0.17. 6

_Buctile partially coupled alls * 4 0.67 0.17 6
-resistipg frames (moderately ductile) 3 0.67 | 022 4.5

______________ e withjthiz Standard and Paragraph A3 of
/

intepmediate moment-resisting frames and 3 0.67 .22 4.5

ed in_accordance with this Standard and
Para yhs A3 and of this Appendix

QfﬂMDm:Me&iﬁting frames designed in accordance with the 2 0.77 0.38 2.6
main. body oksfiis Standard

body of this Standard
QOrdinary moment resisting frames_in combination_with limited 2 {037 038 2.5

1
Oiher concrele struciures not lisred above 1.5 [ 0.77 0.5

I
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Current AS3600 - Draft AS3600

APPENDICES APPENDICES
B TESTING OF MEMBERS AND STRUCTURES B TESTING OF MEMBERS AND STRUCTURES
C REFERENCED DOCUMENTS C NORMATIVE REFERENCES
plus
D BIBLIOGRAPHY
Current AS3600

OTHER APPENDICES essentially unchanged but Draft AS3600 splits the REFERENCES into NORMATIVE and
BIBLIOGRAPHY.

Draft AS3600 The use of a NORMATIVE set of References elevates the whole of that Reference to an intergral part of the

Standard, where previously it may have been referred to only in particular instances within the Standard,
or perhaps not at all other than in the References. Note for example that the Building Code of Australia is
now a NORMATIVE referred document in Draft AS3600.
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