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3.1.8 Creep
3.1.8.1 General

The creep strain at any time (f) caused by a constant sustained stress (o) shall be calculated

from—

oo = PecCo | Ec ...3.1.8.1
where

E. = mean modulus of elasticity of the concrete at 28 days

@.c = design creep coefficient at time (f) determined in accordance with

Clause 3.1.8.3
3.1.8.2 Basic creep coefficient

The basic creep coefficient of concrete (@ecp) is the mean value of the ratio of final creep
strain to elastic strain for a specimen loaded at 28 days under a constant stress of 0.4/, and
shall be—

(a) determined from measurements on similar local concrete; or
(b) determined by tests in accordance with AS 1012.16; or

(c) taken as the value given in Table 3.1.8.2.

TABLE 3.1.8.2
BASIC CREEP COEFFICENT

Characteristic strength (f7),MPa | 20 | 25 | 32 | 40 | 50 | 65 | 80 | 100

Basic creep coefficient (@cc.b) 5.2 4.2 3.4 2.8 2.4 2.0 ) &7 1.5

3.1.8.3 Design creep coefficient

The design creep coefficient for concrete at any time, 7, (¢@c) shall be determined from the

basic creep coefficient (@ccv) by any accepted mathematical model for creep behaviour,
calibrated such that ¢y is also predicted by the chosen model.

In the absence of more accurate methods, @c. at any time shall be taken as—
@Occ = k2 k3 ka ks ks @ecb ...3.1.83

where k; is obtained from Figure 3.1.8.3 and k3 depends on the age of the concrete (7) at the
time of loading (in days) and is given by the following:

ks = 2.7/[1 + log(?)] for 7> 1 day

ks = 0.70 for an arid environment, 0.65 for an interior environment, 0.60 for a
temperate inland environment and 0.50 for a tropical or near-coastal or coastal
environment

ks = amodification factor for high strength concrete, which shall be taken as—
ks = 1.0

when f <50 MPa; or
ks = (2.0 — a3) — 0.02(1.0 — a3) 1. when 50 MPa < f, < 100 MPa
the factor a3 = 0.7/(kson); and o is defined in Figure 3.1.8.3
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ke accounts for the non-linear creep that develops at sustained stress levels in
excess of 0.45fcmi:

ke = 1.0 when 0, <0.45 fomi
ke = e‘.S[%—O-“) when o, >0.45 femi

Consideration shall be given to the fact that e has a range of approximately +30%. This
range is likely to be exceeded if the concrete member is subjected to prolonged periods of
temperature in excess of 25°C.

The final design creep coefficients ((p;) (after 30 years) predicted by this method for

concrete first loaded at 28 days with a sustained stress level not exceeding 0.45fcmi are given
in Table 3.1.8.3.

NOTE: The compressive stress in concrete caused by the permanent effects (including prestress)
should not exceed 0.45fcmi.
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FOR CONCRETE FIRST LOADED AT 28 DAYS
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TABLE 3.1.8.3
FINAL CREEP COEFFICIENTS (AFTER 30 YEARS)

Final creep coefficient (¢;)

Tropical, near-

fe Arid environment Interior environment Te:;leiiz:‘e‘::'l‘z:nd coastal. and coastal
(MPa) environment
tn (mm) tm (mm) th (mm) th (mm)

100 200 400 100 200 400 100 200 400 100 200 | 400

25 4.82 390 | 327 | 448 | 3.62 | 3.03 | 413 | 3.34 280 | 3.44 | 2.78 | 2.33
32 3.90 315 | 2.64 | 3.62 | 293 | 2.46 | 3.34 | 2.70 227 | 2.79 | 2.25 | 1.90
40 3.21 260 | 2.18 | 2.98 | 2.41 | 2.02 | 2.75 | 2.23 1.87 | 2.30 | 1.86 | 1.56
50 2.75 223 | 1.89 | 2.56 | 2.07 | 1.73 | 2.36 | 1.91 1.60 | 1.97 | 1.59 | 1.33
65 2.07 175 | 1.53 | 1.95 | 1.66 | 1.46 | 1.84 | 1.59 138 | 1.61 | 1.38 | 1.23
80 1.56 140 | 129 | 1.50 | 136 | 1.25 | 1.45 | 1.32 122 | 1.33 | 1.23 | 1.14
100 1.15 114 | 111 | 115 | 114 | 111 | 115 | 114 | 111 1.15 | 1.14 | L.11

3.2 PROPERTIES OF REINFORCEMENT

3.2.1 Strength and ductility
For the purposes of

(see also Clause 17.2.1.1).

design, the characteristic yield strength of reinforcement (fsy) shall be

taken as not greater than the value specified in Table 3.2.1 for the type of reinforcement

The ductility of the reinforcement shall be characterized by its uniform strain (&) and
tensile-to-yield stress ratio and designated as low (L) or normal (N) Ductility Class as given
in Table 3.2.1. For the purposes of design, values of these parameters for each Ductility
Class shall conform with AS/NZS 4671.

NOTE: In AS/NZS 4671, &, is referred to as A4g, expressed as a percentage, and fiy is referred to

as Re..
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ANNEX B (Informative)

Creep and shrinkage strain

B.1

Basic equations for determining the creep coefficient

(1) The creep coefficient ¢(t,fp) may be calculated from:

where:

202

@ (tto) = g0 - fe(tto) (B.1)
¢ is the notional creep coefficient and may be estimated from:
Po=@rRH " ﬂ(fcm) ’ ﬁ(to) (B-Z)
oru IS a factor to allow for the effect of relative humidity on the notional creep
coefficient:
Prn :1+M for f.m < 35 MPa (B.3a)
ot-3Jh,
Dy = [1 ﬂ‘(ﬁ#.al]az for fom > 35 MPa (B.3b)
RV

RH s the relative humidity of the ambient environment in %

S (fem) is a factor to allow for the effect of concrete strength on the notional creep
coefficient:

168

Al.,) 7

(B.4)

fem is the mean compressive strength of concrete in MPa at the age of 28 days
S (to) is a factor to allow for the effect of concrete age at loading on the notional
creep coefficient:
plt) = (B.5)
(0,1+12°)
ho is the notional size of the member in mm where:
hy = 2A, (B.6)
u
Ac is the cross-sectional area
u is the perimeter of the member in contact with the atmosphere

LSe(t.to) is a coefficient to describe the development of creep with time after loading,
and may be estimated using the following Expression:
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B.(tt) = L(t—to))r (B.7)

By +t=1,
t is the age of concrete in days at the moment considered
fo is the age of concrete at loading in days

- t—1tp is the non-adjusted duration of loading in days
S is a coefficient depending on the relative humidity (RH in %) and the
notional member size (hy in mm). It may be estimated from:

Bu=1,5[1+ (0,012 RH)"®] hy + 250 < 1500 for m <35  (B.8a)
Bri=1,5[1+(0,012 RH)"®] ho + 250 &3 < 1500 o3 for f.n>35  (B.8b)

auzz - are coefficients to consider the influence of the concrete strength:

35" 35" 357"
a1 = |:f_:| a2 = {Til a3 = |:f_jl (B8C)

(2) The effect of type of cement (see 3.1.2 (6)) on the creep coefficient of concrete may be
taken into account by modifying the age of loading t, in Expression (B.5) according to the
following Expression:

; t[Lq 05 59)
2+t
where:
for is the temperature adjusted age of concrete at loading in days adjusted according to
Expression (B.10)
a is a power which depends on type of cement
= -1 for cement Class S
= 0 for cement Class N
= 1 for cement Class R

(3) The effect of elevated or reduced temperatures within the range 0 — 80°C on the maturity of
concrete may be taken into account by adjusting the concrete age according to the following
Expression:

t = Z":ef(4ooo/[273J(At,)]~13,65). At (B.10)
i=1
where:
tr is the temperature adjusted concrete age which replaces t in the corresponding
equations
T(Af) is the temperature in °C during the time period Af,
At is the number of days where a temperature T prevails.

The mean coefficient of variation of the above predicted creep data, deduced from a
computerised data bank of laboratory test results, is of the order of 20%.
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The values of ¢ (t,ty) given above should be associated with the tangent modulus E..
When a less accurate estimate is considered satisfactory, the values given in Figure 3.1 of 3.1.4
may be adopted for creep of concrete at 70 years.

B.2 Basic equations for determining the drying shrinkage strain

(1) The basic drying shrinkage strain &4, is calculated from

f
Eeq0 = 0,85 (220 +110-a, )- exp[— Ao -fﬂﬂ-m“e * Bry (B.11)
L (RHY

=1,55|1- B.12
P [ RHJ (B.12)
where:

fen is the mean compressive strength (MPa)

femo = 10 Mpa

ags1 1S a coefficient which depends on the type of cement (see 3.1.2 (6))
= 3 for cement Class S
= 4 for cement Class N
= 6 for cement Class R
ads2 1S a coefficient which depends on the type of cement
= 0,13 for cement Class S
= 0,12 for cement Class N
= 0,11 for cement Class R
RH is the ambient relative humidity (%)
RHy =100%.

Note: exp{} has the same meaning as e’
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