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C8.5 DEFLECTION OF BEAMS

INTRODUCTION Design and construction for deflection control is far more complex
than strength design and there is no simple mathematical solution to the problem. The
loading, both in magnitude and time of application and duration, is highly variable. The
effects of creep and shrinkage and early age cracking are also difficult to predict.
Moreover, the approach of making a conservative assessment of each of these parameters
can lead to an overly conservative design (Refs 27 and 28). To design effectively for
serviceability, the designer must have an understanding of the non-linear behaviour of
concrete structures.

C8.5.1 General Serviceability problems, arising from shortcomings in the information
given in Section 10 of AS 1480, created a need to revise this part of the Standard.
Changes have been made in the span-to-depth ratios and in deflection limitations given in
Clause 2.4.2 to reduce the likelihood of excessive deflections of flexural members.
However, the use of these procedures without a critical assessment of the variables used
may not eliminate serviceability problems.

C8.5.2 Beam deflection by refined calculation This Clause provides for refined
methods, based on estimated creep and shrinkage properties and the integration of
curvatures, to obtain the deflection. The designer is free to choose suitable procedures.
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(@) The expected shrinkage and creep properties of concrete (Refs 44 and 45). The
effect of the environment on creep and shrinkage is often difficult to predict.
However, guidance is given in Section 6 as to the expected shrinkage and creep
properties of concrete for a range of environmental conditions.

(b) Loading and loading history The loading used in the analysis should receive
careful consideration (Refs 29, 30, 31, and 33). Certain provisions are made for this
aspect of serviceability loads in Clause 3.4.

If a partition is built on top of a member, the long-term deflection may cause the
member to creep away from the partition. The partition may be left spanning as a
self-supporting deep beam which will apply significant loads to the supporting
member only at its ends. Thus, if a partition wall is built over the whole span of a
member with no major openings near its centre, some of its weight may be ignored
in calculating long-term deflections.

A further aspect of the loading that must be considered is the history or time
sequence of loads. For the purpose of calculating the extent of cracking and hence
tension stiffening, construction loading and early temperature and shrinkage stresses
may be important. In general, the earlier the structure is loaded the greater will be
the long-term deflection.

Two other load history factors which influence the deflection are the duration of the
load and the age at first loading. Simple assumptions here may lead to very
conservative results.

(¢) The effects of cracking and tension stiffening Cracking of reinforced and partially
prestressed concrete reduces the stiffness of the section. However, the onset and
extent of cracking is difficult to predict. Construction loads may be applied on
flexural members at a time when the concrete strength is below design requirements
and cracking may result. In the application of the design methods, it is therefore
recommended that unless better information exists, the effective moment of inertia
should be based on the assumption that the member has been loaded to its maximum
short-term service load or design construction load whichever is greater.

There is also the possibility that significant cracking may be caused by factors that
are not load dependent such as shrinkage and temperature. Severe cracking problems
caused by excessive early shrinkage associated with inadequate curing and rapid
drying have been observed even where the laboratory tests showed that the concrete
did not have a high ultimate shrinkage.

Cracking resulting from a combination of shrinkage and temperature changes is not
an uncommon phenomenon in roof slabs which are exposed to direct sunlight. A
sudden drop in temperature can add to the tensile strain caused by shrinkage and
produce cracking during the construction at a time when the tensile strength of the
concrete is low.

In the design process, it is recommended that due allowance be made for shrinkage,
particularly for lightly reinforced sections which would otherwise be uncracked at
service loads.

Tension stiffening (Refs 37, 38 and 46) is the phenomenon whereby the concrete
between cracks contributes significantly to the stiffness of the section and any
model for reinforced concrete must allow for this effect.

Other secondary factors influencing deflection have been discussed by Beeby
(Ref. 47). These are related to partial fixity of nominally simply supported
members, increase in modulus of elasticity over calculated values, and similar
effects.
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C8.5.3 Beam deflection by simplified calculation

C8.5.3.1 Immediate deflection The simplified rules for calculating deflections follow
ACI and AS 1480 precedents in recommending the Branson equation (Ref.36) for
effective second moment of area.

The effect of this equation on the calculated deflection of beams is illustrated in
Figure C8.5.3.1 where typical moment deflection curves for reinforced and partially
prestressed beams are given. Below the cracking moment, the gross transformed section
properties govern the deflection and, for simplicity, the Standard permits use of the gross
concrete section properties in this range.

For moments greater than the cracking moment, an empirical transition for /; is given by
the Branson equation where I,; approaches I as the service moment increases.

Yield load /

LOAD
H‘"‘"‘H—.

Service load—

- Fully cracked
Cracking load

DEFLECTION

FIGURE C8.5.3.1 LOAD-DEFLECTION CURVE OF A REINFORCED CONCRETE
BEAM UNDER SHORT-TERM LOADING

This approach has been found to give reasonable predictions of immediate deflections.
The scatter of results is quite high (standard deviation of 40%) (Ref. 51), but considering
the complexity of the tension stiffening problem, this may be regarded as satisfactory.

Conveniently, the Branson equation may conservatively be used for partially prestressed
concrete (Ref. 45). The extra stiffness of this form of construction is reflected in the
higher cracking moment.

The value of I, used in this Clause should relate to the section of the member that most
influences the deflections. The refinement of the approach given in AS 1480 did not seem
warranted and a simplified procedure is given.

A further problem exists with the value of M, to be used in the calculation of I . In the
simple laboratory tests on which this formula was based, M, represented the service load
at which the deflection was calculated. In practice, loads higher than the short-term
service load may have been encountered during the structure’s history. This is quite likely
during construction. Consequently, the new Clauses specify that M, be calculated using
the short-term service load or design construction load whichever is greater.
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The basis of calculating the cracking moment (M_) for reinforced sections, using the
section modulus and a nominal tensile strength, remains unchanged from AS 1480. For
partially prestressed concrete, an allowance is made for the effect of prestress on M. In
addition, it seems prudent to make some allowance for restrained shrinkage on the
cracking moment. This allowance obviates the inconsistency of lightly reinforced sections
being regarded as uncracked for deflection computations, whereas the combination of
flexural and shrinkage stresses could induce cracking, thus significantly reducing the
stiffness of such sections.

For heavily reinforced sections, the problem is not so significant, as the service loads are
usually well in excess of the cracking load and the cracked stiffness is closer to the gross
stiffness. Therefore, for lightly reinforced sections, some allowance should be made for
the effect of shrinkage on the cracking moment. This approach may be conservative as an
allowance for shrinkage is already included in the long-term deflection multiplier.
However, experience has indicated initial cracking may be a more serious problem than
would have been encountered in laboratory tests. Thus an upper limit on I, of 0.6] is
recommended for lightly reinforced sections (Ref. 41). As a further simplification, I, may
be approximated by 5 to 6 times A d".

For reinforced members an alternative simplified expression for calculating I is given.
For rectangular sections the value of I, is approximately equal to 0.5/, which is
considered to be very conservative for beams but a good approximation for slabs.

For T and L sections an extra multiplier, (0.7 + 0.3b,/b,)’, is introduced. This is a crude
allowance for the decreased tension stiffening due to the smaller amount of material
below the neutral axis when compared with a rectangular beam.

C8.5.3.2 Long-term deflection For reinforced concrete it is convenient to use the
simple deflection multiplier given in Clause 8.5.3.3. but this is not appropriate for beams
with stressed tendons. For such cases, shrinkage, warping and creep must be calculated
separately in accordance with the laws of mechanics and realistic assumed shrinkage and
creep behaviour.

C8.5.3.3 Multiplier method for long-term deflection of reinforced beams The long-term
deflection multiplier for creep and shrinkage in a reinforced beam, (k,), is essentially the
same as in AS 1480 with a simplification in the calculation of the ratio A _/A.

The long-term deflection multiplier is derived from laboratory tests and although an
adequate but crude predictor of the long-term deflection (Ref.51) it has some short-
comings.
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FIGURE C8.5.3.3 MULTIPLIERS FOR LONG-TERM DEFLECTIONS
OF REINFORCED BEAMS
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Laboratory tests for deflections are often conducted under constant load and
environmental conditions. For the long-term deflection, the usual approach is to use a
multiplier, based on the experimentally observed ratio of long-term to initial deflection.
While this approach may give fair agreement with test data it does not reflect the variable
conditions to which structures are exposed in service. The simple multiplier technique
should, therefore, only be seen as an approximate predictor of final deflection and not as a
complete guide to actual behaviour. Where local conditions indicate that severe creep or
shrinkage effects exist, a larger value of k_ than that given above should be used, or the
more general method of Clause 8.5.2 should be employed.

C8.5.4 Deemed-to-comply span-to-depth ratios for reinforced beams This is a new
approach (Refs 41 and 42) based on a model proposed by Rangan (Ref. 43).

The maximum deflection of a beam under the action of a uniformly distributed load is
usually expressed in the form:

s = el
Ec ‘ref

where F . is in N/mm, L, is in millimetres and k, is the appropriate deflection constant
derived from elementary principles. For example, for a simply supported beam k, is 5/384.
For a continuous beam k, depends on the relative stiffness of the spans and on the loading
pattern but for more or less uniform spans and where the loading is reasonably uniform,
the values are assumed to be:

k, = 1/185 in an end span (propped cantilever).
k, = 1/384 in an interior span (fully fixed ends).

The Standard permits these values to be used where the live load does not exceed the
dead load and where the ratio of longer to shorter spans does not exceed 1.2. For other
situations, an elastic analysis will produce the required coefficient.

In the above equation, if the effective moment of inertia is replaced by—
Iy =k, b,d’
then the design form of the equation becomes—
Ly/d = [k,(A/Ly) bEJ(k, Fy 01"

Thus this equation involves no approximations other than those implicit in the values
selected for &, and &,.

Values for k, can be obtained from an elastic analysis as noted above and values of k, can
be obtained from Clause 8.5.3.1. Thus the accuracy of the estimate of L./d given by the
equation depends only upon the accuracy adopted in determining k, and k,. It should be
noted that the designer nominates a suitable value of A for the member.

The effective design load, Fj., is given for calculating both the total deflection and the
deflection which occurs after the attachment of partitions (incremental deflection) taking
into account the short-term and long-term serviceability loads given in Clause 3.4 and the
long-term deflection multiplier given in Clause 8.5.3.3. The effective design load for
incremental deflection assumes that the total long-term deflection due to creep and
shrinkage under dead load occurs after the attachment of the partitions. This is a
conservative assumption as part of this long-term deflection is likely to have occurred
prior to the fixing of the partitions. Figure C8.5.3.3 and ACI 318 (Ref.2) give an
indication of the time dependency of the multiplier

C8.6 CRACK CONTROL OF BEAMS The Standard only gives specific detailing
rules as a means of controlling cracking in beams. However, using the provision of
Clause 1.3 of the Standard, the calculation of crack widths can be used as an alternative
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procedure in controlling cracking. Accepted procedures would include the Gergely-Lutz
equation adopted by the ACI 318 Code (Ref. 2) and the method given in BS 8110:Part 2
(Ref. 56).

The width of the flexural crack depends primarily on three factors: the proximity to the
point considered of reinforcing bars perpendicular to the cracks; the surface strain at the
point; and the proximity of the neutral axis to the point. The designer should therefore
aim to minimize the cover and distance between bars to control flexural crack widths.

C8.6.1 Crack control for flexure in reinforced beams This Clause comes from
AS 1480 which was based on BS CP110 and in turn on the work of Beeby (Ref. 47).
Some discrepancy occurred in the transfer and the values in AS 1480 were too high. This
has now been remedied and the centre-to-centre spacing is restricted to 200 mm while the
distance from the bottom or side face to the centre of the bar is limited to 100 mm.

C8.6.2 Crack control for flexure in prestressed beams This Clause makes provision
for both prestressed and partially prestressed beams and includes simple alternatives.

If the tensile stress in the concrete is less than 0.25\/f’c, the section is considered
uncracked and no further check is needed. The tensile stress limit is taken from the
working stress provisions of AS 1481.

If the stress is above 0.25\/f’C then bonded reinforcement, which can include tendons,
must be provided near the tensile face. Since crack control is proportional to cover and
spacing, the smaller the cover and closer the spacing of such reinforcement the better the
control, although the Standard provides no specific rule.

Further control of crack widths relies on limiting the concrete or steel stress. It is
considered that a concrete tensile stress of 0.6\/f’c, based on the uncracked section, is the
lower limit for significant cracks. This is approximately equivalent to a strain of
100 x 10

An alternative provision allows for a stress of 200 MPa resulting from an increment of
moment from the decompression moment. This requires that the decompression moment
for zero tensile stress be calculated. The steel stress caused by the excess of the service
moment over this decompression moment is then limited to 200 MPa. This gives rise to
tensile strains at the level of the steel of 1000 x 10~° and clearly requires a higher level of
crack control. This is provided by the requirement that the reinforcement spacing be
limited to that for a non-prestressed beam, thus giving ‘cover’ controlled cracks.

C8.6.3 Crack control in the side face of beams Flexural cracks may become
excessively wide on the side faces of beams in the mid-depth regions away from the
longitudinal tensile reinforcement. The additional longitudinal reinforcement together with
the minimum transverse shear reinforcement is considered adequate for flexural crack
control on the side faces of beams. It will also limit the width of any shrinkage induced
cracking in regions of low moment.

C8.6.5 Crack control at openings and discontinuities Openings and discontinuities
can be the cause of stress concentrations that may result in diagonal cracks emanating
from re-entrant corners. Often, only nominal reinforcement will be needed. A suitable
method of estimating the size of the bars is to postulate a possible crack and to provide
reinforcement at least equivalent to the area of the crack multiplied by the tensile strength
of the concrete (Ref. 47).

Openings in the shear zone of beams should be treated with caution, as any contribution
by the concrete to the shear capacity may be considered dubious if openings exist. Some
guidance for reinforcement patterns may be found from the force patterns of the truss
analogy.
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C8.7 VIBRATION OF BEAMS Vibration can usually be controlled by limiting the
frequency of the fundamental mode of vibration of the structure to a value markedly
different from the frequency of the source of vibration. Alternatively, the structure and the
source should be dynamically isolated from one another if possible, or one or both
suitably damped to reduce the magnitude of the structural vibrations to acceptable levels
(Ref. 48).

The susceptibility of a beam to excessive levels of vibration depends on its physical
properties, such as mass and frequency, and also upon the nature of the dynamic forces
applied. For example, long-span lightweight floors are much more likely to experience
excessive vibrations from pedestrian traffic than short-span relatively thick floors. On the
other hand, machinery placed on short-span floors may have an operational frequency
close to the natural frequency of the slab, resulting in excessive vibration, while the same
machine on a long-span floor may result in minimal vibration.

As a consequence no simple design rules can be formulated. The designer, is therefore
referred to the list of references noted in Clause C2.4.5.

C8.8 T-BEAMS AND L-BEAMS The equations for the calculation of effective width
of flange for strength and serviceability have been adopted from the CEB Model Code
(Ref. 17). The effective widths calculated by the formulas are smaller than the values
given in Clause 9.7.2 of AS 1480. For the flexural strength of a T-beam or L-beam, the
concrete in the flange has no effect when the flange is in tension (negative moment
regions) and has little effect when the flange is in compression (positive moment regions).
On the other hand, the flange width has a significant influence on the flexural stiffness of
the beam and hence on deflections. Test results available (Refs 49 and 50) have shown
that the effective width of flange as given in AS 1480 may be too large for use in
stiffness calculations. For this reason, smaller values are given. It should be noted that,
unlike flexural strength, the concrete in a tensile flange will increase the cracking moment
and therefore affect the overall bending stiffness of a T-beam or L-beam.

C8.9 SLENDERNESS LIMITS FOR BEAMS The limits on the distance between
points of lateral restraint are provided to guard against lateral buckling and consequent
premature failure. Lateral eccentricity of loading causing torsion in slender laterally
unbraced beams may be a problem. However, tests (Refs 52 and 53) indicate that lateral
buckling is unlikely to be a problem in beams loaded with no lateral eccentricity.

REFERENCES

1 SMITH R.G. AND BRIDGE R.Q., ‘The Design of Concrete Columns’, Lecture 2,
Post-graduate Course, School of Civil and Mining Engineering, University of
Sydney, 1984, pp. 2.3-2.95.

2 ACI COMMITTEE 318, Building Code Requirements for Reinforced Concrete (ACI
318-83), American Concrete Institute, Detroit, 1983.

3 MATTOCK A.H., ‘Modification of ACI Code Equation for Stress in Bonded
Prestressed Reinforcement at Flexural Ultimate’, ACI Journal, July—August 1984.

4 YAMAZAKI J., KATTULA B.T. AND MATTOCK A.H., ‘A Comparison of the
Behaviour of Post-Tensioned Prestressed Concrete Beams With and Without Bond’,
Report SM69-3, University of Washington, College of Engineering, Structures and
Mechanics, Dec. 1969.

5 ACI-ASCE COMMITTEE 423, ‘Tentative Recommendations for Concrete Members
Prestressed with Unbonded Tendons’, (ACI 423.1R-69), ACI Journal, Proceedings,
Vol. 66, No. 2, Feb. 1969.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/AS/916967321/AS-3600-Supp-1?src=spdf

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

89 AS 3600 Suppl—1994

MOTAHEDI S. AND GAMBLE W.L., ‘Ultimate Steel Stresses in Unbonded
Prestressed Concrete’, Proceedings, ASCE, Vol. 104, ST7, July 1978.

COLLINS M.P. AND MITCHELL D., ‘Shear and Torsion Design of Prestressed and
Non-Prestressed Concrete Beams’, Prestressed Concrete Institute Journal, Vol. 25,
No. 5, Sept./Oct. 1980.

NEILSEN M.P., BRAESTRUP M.N., JENSEN B.C. AND BACHF., Concrete
Plasticity, Danish Society for Structural Science and Engineering, Tech. Uni. of
Denmark, Special Publication, October 1978.

LEONHARDTF., Das Bewehren von Stahlbetontragwerken , Beton-kalender,
W. Ernst and Sohn, Berlin, Part II, 1971 pp. 308-98.

CLARKE JIL. AND TAYLORH.P.J., Web crushing—Review of research,
Technical Report 42.509, Cement and Concrete Association, London, 1975.

ZSUTTY T.C., ‘Beam Shear Strength Prediction by Analysis of Existing Data’, ACI
Journal, Vol. 65, Nov. 1968, pp. 943-51.

WALSH P.F., ‘The Analysis of Concrete Beam Shear Test Data’, CSIRO Australia,
Division of Building Research, Report 9, 1973.

WALSH P.F., ‘Shear and Torsion Design’, Civil Eng. Trans., I.E. Aust., Vol. CE 26,
No. 4, 1984, pp. 314-18.

CHANA P.S., ‘Some Aspects of Modelling the Behaviour of Reinforcement
Concrete Under Shear Loading’, Cement and Concrete Assoc., Tech. Report 543,
July 1981.

RANGAN B.V., ‘Shear Strength of Partially and Fully Prestressed Concrete Beams’,
Civ. Eng. Trans., LE. Aust., Vol. CE21, No. 2, Sept. 1979, pp. 92-7.

ACI-ASCE COMMITTEE 426, ‘The Shear Strength of Reinforced Concrete
Members’, ASCE, Journal of the Structural Division, Vol. 99, June 1973,
pp- 1091-187.

CEB/FIP, ‘Model Code for Concrete Structures’, Comite Internationale du Beton,
Bulletin d’Information N124/125E, April 1978.

MARTI P., Truss models in detailing, Concrete International: Design and
Construction, Vol. 7, No. 12, December 1985, pp. 67-73, American Concrete
Institute.

HSU T.T.C. AND HWANG C., ‘Torsional Limit Design of Spandrel Beams’, ACI
Journal, Vol. 74, Feb. 1977, pp. 71-9.

MANSUR M.A. AND RANGAN B.V.,, ‘Limit Design of Spandrel Beams’, Civil
Eng. Trans. LE. Aust., Vol. CE23, No. 1, Jan. 1981, pp. 7-13.

LAMPERT P., ‘Torsion and Bending in Reinforced and Prestressed Concrete
Members’, The Institution of Engineers (London), Proceedings, Vol. 50, Dec. 1971,
pp- 487-505.

LAMPERT P. AND COLLINS M.P., ‘Torsion, Bending, and Confusion—An
Attempt to Establish the Facts’, Journal of the American Concrete Institute,
Proceedings, Vol. 69, Aug. 1972, pp. 500-4.

RANGAN B.V. AND HALL A.S., ‘Shear and Torsion Rules in the SAA Concrete
Code’, Paper presented at the Biennial Conference, Concrete Institute of Australia,
Adelaide, June 1981.

FIP, Guide to Good Practice— Shear at the Interface of Precast and In-Situ
Concrete, Federation Internationale de la Precontrainte, 1982.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/AS/916967321/AS-3600-Supp-1?src=spdf

AS 3600 Suppl— 1994 90

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

AS 2327.1, SAA Composite Structures Code, Part I: Simply Supported Beams,
Standards Association of Australia, Sydney, 1980.

CEB, ‘Deformability of Concrete Structures—Basic Assumptions’, Bulletin
D’ Information, No. 90, 1973.

HEIMAN J.L., ‘Long-Term Deformations in the Tower Building, Australia Square,
Sydney’, ACI Journal, Proceedings, Vol. 70, No. 4, April 1973.

HEIMAN J.L., ‘A Comparison of Measured and Calculated Deflections of Flexural
Members in Four Reinforced Concrete Buildings’, ACI Publication SP43,
Deflections of Concrete Structures, April 1974.

DAYEH R.A., ‘Live Loads in Office Buildings— A Pilot Study’, [Institution of
Engineers Conference on Applications of Probability Theory to Structural Design,
Melbourne, November 1977.

DAYEH R.A., ‘Review of Live Load Surveys in Office Buildings’, Technical
Report 446, Experimental Building Station, August 1978.

MITCHELL G.R. AND WOODGATE R.W., Floor Loadings in Office Buildings—
The Results of a Survey, CP3/71, Building Research Station, Garston, UK, January
1971.

SALMON C.G., SHAIKHF. AND MIRZO M.S., ‘Computation of Deflections for
Beams and One Way Slabs’, ACI Publication SP43, Deflections of Concrete
Structures, April 1974.

McGUIRE R.K. AND CORNELL C.A., ‘Live Load Effects in Office Buildings’,
Journal ASCE, Vol. 100(ST7), July 1974.

ACI COMMITTEE 435, ‘Deflections of Reinforced Concrete Flexural Members’,
ACI Journal, Proceedings, Vol. 63, No. 6, June 1966, pp. 637-74.

BRANSON D.E., ‘Instantaneous and Time-Dependent Deflections of Simple and
Continuous Reinforced Concrete Beams’, Report No. 7, Alabama Highway Research
Report, Bureau of Public Roads, August 1963, pp. 1-78.

BRANSON D.E., ‘Design Procedures for Computing Deflections’, ACI Journal,
Proceedings, Vol. 65, No. 9, Sept. 1968, pp. 730-42.

BRIDGE R.Q. AND SMITH R.G., ‘Tension Stiffening Model for Reinforced
Concrete Members’, 8th Australasian Conference on the Mechanics of Structures
and Materials, University of Newcastle, August 1982, pp. 4.1-4.6.

CLARK L.A. AND SPEIRS D.M., ‘Tension Stiffening In Reinforced Concrete
Beams and Slabs under Short-Term Loads’, Technical Report No. 42.521, C & CA,
London, 1978, 19 pp.

GILBERT R.I., ‘Allowable Span to Depth Ratios for Reinforced Concrete Slabs’,
Proceedings of the Seventh Australasian Conference on the Mechanics of Structures
and Materials, Perth, May 1980, pp. 103-9.

GILBERT R.I., ‘Deflection Calculations for Reinforced Concrete Beams’, Civil
Engineering Transactions, IE Australia, Vol. CE25, No. 2, May 1983, pp. 128-34.

GILBERT R.I., ‘Deflection Control of Reinforced Concrete Slabs’, Civil
Engineering Transactions, 1E Australia, Vol. CE25, No. 4, November 1983,
pp- 274-9.

RANGAN B.V., ‘Deflections of Reinforced Concrete Beams’, Civil Engineering
Transactions, 1E Australia, Vol. CE27, No. 2, May 1985, pp. 216-24.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/AS/916967321/AS-3600-Supp-1?src=spdf

43

44

45

46

47

48

49

50

51

52

53

54

55

56

91 AS 3600 Suppl—1994

RANGAN B.V., ‘Maximum Allowable Span/Depth Ratios for Reinforced Concrete
Beams’, Civil Engineering Transactions, 1E Australia, Vol. CE24, No. 4, 1982,
pp- 312-17.

WARNER R.F., ‘Simplified Model of Creep and Shrinkage Effects in Reinforced
Concrete Flexural Members’, Civil Engineering Transactions, 1E Australia,
Vol. CE15, Nos 1 and 2, 1973, pp. 69-73.

WARNER R.F., ‘Service Load Behaviour of Reinforced Concrete Members’, Short
Course on Design of Concrete Structures for Serviceability, University of NSW and
Concrete Institute of Australia, July 1978.

GILBERT R.I. AND WARNER R.F., ‘Tension Stiffening in Reinforced Concrete
Slabs’, Journal of the Struct. Division, ASCE, Vol. 104, No. ST12, Dec. 1978.

BEEBY A.W., ‘An Investigation of Cracking in Slabs Spanning One Way’, Cement
and Concrete Association, London, TRA 433, 1970.

IRWIN A.W., ‘Human Response to Dynamic Motion of Structures’, The Structural
Engineer, Vol. 56A, No. 9, Sept. 1978, pp. 237-44.

GAMBLE W.L., SOZEN M.A. AND SIESS C.P., ‘An Experimental Study of a
Reinforced Concrete Two-Way Floor Slab’, Structural Research Series No. 211,
University of Illinois, Urbana, Illinois, June 1961, 167 pp.

RANGAN B.V. AND HALL A.S., ‘Forces in the Vicinity of Edge Columns in Flat
Plate Floors’, Volume 1—Tests on R C Models, UNICIV Report No. R-203, The
University of NSW, Jan. 1983, 240 pp.

WALSH P.F., ‘Reinforced Concrete Deflection Design’, CSIRO Division of
Building Research, Report No. 39, 1975.

HANSELL W. AND WINTER G., ‘Lateral Stability of Reinforced Concrete Beams’,
ACI Journal, Proceedings, Vol. 56, No. 3, Sept. 1959, pp. 193-214.

SANT J.K. AND BLETZACKER R.W., ‘Experimental Study of Lateral Stability of
Reinforced Concrete Beams’, ACI Journal, Proceedings, Vol. 58, No. 6, Dec. 1961,
pp- 713-36.

WARNER R.F. AND FAULKES K.A., ‘Prestressed Concrete’, Second Edition,
Longman Cheshire, 1988.

FAULKES K.A., ‘Strength at Transfer of Prestressed Concrete Beams’, Structural

Seminar Series for Design Engineers, New South Wales Institute of Technology,
No. 9, Oct. 1987.

BS 8110, Part 2: 1985, Structural use of concrete. Code of practice for special
circumstances, British Standards Institution, London, 1985.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/AS/916967321/AS-3600-Supp-1?src=spdf

	AS 3600 Supp1-1994 CONCRETE STRUCTURES—COMMENTARY (SUPPLEMENT TO AS 3600-1994)
	PREFACE
	CONTENTS
	SECTION C1 SCOPE AND GENERAL
	C1.1 SCOPE AND APPLICATION
	C1.1.1 Scope
	C1.1.2 Application

	C1.2 REFERENCED DOCUMENTS
	C1.3 INTERPRETATIONS AND USE OF ALTERNATIVE MATERIALS OR METHODS
	C1.4 DESIGN
	C1.5 CONSTRUCTION
	C1.6 DEFINITIONS
	C1.6.3 Technical definitions

	C1.7 NOTATION



