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MODERN VIEW OF CREEP OF CONCRETE

Text of address to the Polish Academy of Sciences on 31st March, 1967.

A.M. NEVILLE

My topic is creep of concrete and perhaps I ought to start by giving reasons
why I feel this topic deserves your attention. Probably the simplest statement is
to say that concreie is not an elastic material under any but transient loads. By
this I mean that even when we design concrete structures by the so-called elastic
method we are taking creep into account by using a fictitious modulus of elasticity
of concrefe in the design calculations. So creep is pot just a refinement, not merely
a topic of academic interest, not a toy of the ultimate 10dd enthusiasts, but a necessity
in fhe most common-garden design.

The necessity has become even greater in two more modern types of structures:
prestressed concrete and highly statically indeterminate structures, or of course
a combination of the two. In presiressed concrete, even in a single-span beam,
the role of creep is considerable in that it induces a large loss of prestress. Indeed,
it was this loss due to creep that defied early attempts at prestressing and rendered
it impracticable until Freyssinet introduced high tensile steel with a large extension
and therefore a relatively small loss in prestress due to creep. In indeterminate
structures, the analysis depends on the modulus of elasticity (E) or perhaps we
should say the strain response to stress. This response is a function of the creep
properties of concrete, and therefore of age of concrete, duration of load, and some
other factors. We thus have a variable E in a system of simultaneous equations.
This makes the problem of satisfying the compatibility requirements rather complex,
and for an accurate solution it also means that we have to know the value of E,
and therefore of creep, accurately at any place and any time. One example of such
structure that I can give from my experience is the supporting structure for a 500
megawatt turbo-generator. The structure is in the form of a 5 m deep beam, 50 m
long on irregularly spaced and asymmetrical supports, all this being caused by
the condenser and cooling gear that have to be housed underneath. Creep will
introduce settlement of supports and, because of the monolithic connection between
the supports and the beam, a rotation in the beam, and yet for a proper operation
of the alternator a tolerance of only 0.1 mm in a 10 m length is permitted.

Another example, also from my experience, is a prestressed concrele pressure
vessel for a nuclear reactor. This is a highly indeterminate structure whose analysis
requires the knowledge of deformation and deformation-induced siresses at any
point. Thus creep at any point is required and so an iterative approach to-the



576 A. M. NEVILLE

problem is necessary because creep is a function of stress and temperafure history.
The temperature arises from the functioning of a nuclear reactor, and hence our

interest in the influence of temperature on creep.
Having said so much about why we are concerned with creep, we should now
define properly creep and the related phenomena. This is best done with the aid

of Fig. 1.
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Fig. 1. Definition of terras (fp is the time of application of Ioad)

Fig. 2 illustrates the situation on removal of load, and introduces the concept
of creep recovery. There are two general observations we should make: first, that
creep is generally larger than elastic strain, often 3 or 4 times so. Second, the
recovery is not equal to creep, so that there is a residual deformation. In other
words,. concrete is not even pseudoelastic because strain depends on duyration of
load and duration of unload so to speak, i.e. on the load history.

. Let me now come to the topic which I call “creep as a function of many variables™.
1 should malke it clear that I shall not deal with the nature and mechanism of creep—
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the problems of seepage, viscoelasticity and so forth. For our purposes it suffices
to say that creep occurs within the cement paste, and is therefore influenced by
the properties of the paste. But the contraction of the paste cannot be fully achieved
when aggregate is present as it exercises a restraining effect. Thus creep of concrete
is affected by many properties of concrete. In fact, at one time, studies of creep
were conducted in terms of individual parameters such as aggregate size, water-
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Fig, 2. Creep and tccovery of a mortar specimen, stored in air af a relative humidity of 95
per cent, subjected to a stress of 151 kg/om? and then unloaded

cement ratio, even workability. There lies one difficulty: it is generally not possible to
change in concrete one property without changing at least another one. For instance,
if we decrease the maximum size of aggregate we have to increase the cement paste
content, that is the richness of the mix, as otherwise the workability will become
too low for full compaction. How then to study the influence on creep of the
aggregate size without knowing spmething about the influence of the paste content?

While I do not propose to present an exhaustive list of factors in creep, let me
give some: aggregate content, physical properties of aggregate, type of cement,
presence of admixtures, water-cement ratio, degree of compaction, age of concrete,
level of stress, ambient humidity, ambient temperature, size of the concrete member,
type of stress, presence of shrinkage. This is quite a number of factors and only
some of them have been fully investigated. In fact, our approach, and this goes
back more than 10 years, was to find a logically overriding parameter of creep and
this we established to be the strength of concrete. This is a practical parameter as
strength is really a-mechanical reflection of the degree of hydration in relation to
the space available for the products of hydration. Anyway, strength is casily
measurable, and it is a meaningful parameter in concrete practice. While there are
some refinements to strength with which I shall deal later, for the present purposes
we can take creep as being inversely proportional to the strength of concrete at
the time of application of load and directly proportional to the stress applied. We
get thus the statement that creep is proportional to the stress-strength ratio. There
is no lower limit to the validity of this expression as concrete creeps even af very
low stresses. The upper limit is somewhat uncertain but if lies at 40 to 70% of the
ultimate strength of concrete. The limit is higher in neat cement paste but decreases
with an increase in the nonhomogeneity of the concrete. This is related to the advent
of microcracking; and it is not surprising that once the cracking has started, the
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creep behaviour also changes. For practical purposes, where we are concerned
with so-called working loads, we can thus assume that creep is proportional to
the stress-strength ratio. This is a convenient rule but design criteria in those ferms
have not yet been developed. I shall therefore proceed with the conventional
individual factors.

One factor, which in any case has to be considered in addition to strength, is
the cement paste content of the concrete. We define as cement paste content the
volume occupied by the hydrated paste inclusive of capillary as well as gel pores.
Thus, ignoring entrapped air, the cement paste content is total volume of concrete
less the aggregate content and less the volume of unhydrated cement. This last
one is a minor factor,

We have found a linear relation between log creep and lof of inverse of the
paste content, as shown in Fig. 3. The slope of the relation depends on the time
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Fig. 3. Relation between logarithm of creep after 28 days under load and coentent
of aggregate, g, and of unhydrated cement, u

under load but at any given instant the linear relation is apparent. We have derived
this relation theoretically and verified it both for normal weight and lightweight
aggregate. I should stress that one relation is valid only for one type of aggregate
as the modulus of elasticity of aggregate determines the extent of restraint that the
aggregate offers to the creep of the neat paste.

This may be an appropriate place to say some more about the physical properties
of the aggregate, Tts modulus of elasticity is probably the most important factor:
the higher the modulus, the greater the restraint offered by the aggregate to the
potential creep of the cement paste. As an illustration we can quote that sandstone
has been found to lead to creep twice as large as limestone (Fig. 4). However,
mineralogical or petrological description is not adequate for porosity of aggregate
has also been found to influence creep. Generally, aggregate with a higher porosity
or absorption has a lower modulus of elasticity (Fig. 5) so that porosity may not
be an independent factor in creep. On the other hand, the porosity of aggregate,

. and even more so its absorption, may play a direct role in the transfer of moisture
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within concrete — a phenomenon involved in creep — so that porosity or absorption
of aggregate affect creep. ‘But the truth of the matter is that we do not know the
exact way in which the physical properties of aggregate influence creep.

1 do not propose to deal with the type of cement in any detail since we found
that the type of cement influences creep only in so far as it influences the strength
of concrete at the time of application of load. Thus if we prestress two beams, one
made with normal cement, the other with a high early strength cement, and they
both have the same strengih at the time when prestress is applied, their creep is
going to be approximately the same. This follows from our stress-strength ratio
rule, and is quite an important observation.
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Tig. 4. Creep of concretes of fized proportions but made with different aggregates, Ipaded at the
age of 28 days, and stored in air at 21°C and a relative humidity of 50 per cent [26]

Tt is only fair to point out that the rule is an approximation as the increase in
strength from the time of application of load onwards does affect creep. This is
logical since if there is an increase in strength for a constant applied stress, the
effective stress-strength ratio falls off. Thus there will be less creep if the concrete
gains more strengih, which would be the case with normal cement as compared
with high early strength cement. '

There is a further and similar complication arising from the value of the water-
cement ratio. At one time we thought that the water-cement ratio per se was not
a factor, that it mattered only in so far as it affected strength. But it affects not
only the strength at the time of application of load but also the subsequent gain
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Fig. 5. Relation between absorption and modulus of elasticity of different aggregates {24]

of strength. Thus concrete with a lower water-cement ratio exhibits less late gain
of strength and therefore more creep than would be expected from the stress-strength
ratio rule alone. T am not saying much about this for it is not a major influence,
and furthermore we do not really know enough about it. But please note that I am
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talking about the influence of the water-cement ratio when the stress-strength ratio
at loading is the same. If it is not, i.e. if we are comparing concretes of different
strengths, creep is greater the lower the sirength, that is the higher the water-cement
ratio. This is shown in Fig. 6, where relative creep at a given stress is shown for
different water-cement ratios.

The age of concrete at leading influences creep again through the medium of
strength. The older the concrete the higher its strength and therefore ai a given
applied stress the lower the creep. But at the same stress-strength ratio the influence
of age on creep is small, and in fact older concrete exhibits more creep because
it gains less strength while the load is acting. I hope I have not caused confusion
by showing what happens from two different points of view: the classical one of
a fixed stress, and ours of a fixed siress-strength ratio.
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Fig. 7. Creep of concrete cured in fog for 28 days, then loaded and stored at different refative
humidities [26]

Another factor, and a major one, is the influence of ambient relative humidity
on creep. Creep increases with a decrease in the relative humidity of the surround-
ing medium. For instance, at a relative humidity of 509, creep may be 2 to 3 times
greater than at 100%;. This is shown in Fig. 7 but a careful qualification of our
statement is necessary.

First, the ambient relative humidity affects creep if drying takes place while
the specimen is under load, i.e. the drying creep. But if the concrete has reached
hygral equilibrium prior to loading, the magnitude of creep is independent of the
ambient humidity. It seems thus that it is not really the ambient humidity that is
a factor in creep but the process of drying while the concrete is subject to creep.
This is confirmed not only by tests on old concretes but also by the fact that after
a period of time under load the rate of creep becomes sensibly independent of the
relative humidity. This is clear from Fig. 7: once shrinkage has stopped, say after
one year, the slopes of all the curves are about the same.
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The second point is really an extension of the first and lies in the fact that
alternating the relative humidity between two limits results in creep that is higher
than that at a constant humidity, anywhere between the given limits. Of course,
with alternating humidity the concrete is subjected to drying half the time. This is
an important observation because it follows that laborafory fests performed at
a constant humidity underestimate the creep of concrefe under practical exposure
in most locations.

Why should this be s0? The answer involves some knowledge of the mechanism
of creep because the influence of relative humidity does not act through the medium
of an additional loss of water from the concrete: there is no such loss. What happens
is that the equilibrium vapour pressure of the water adsorbed on the surface of
cement gel depends on its state of stress. The presence of a partly elastic skeleton
and only a partial condensation of the colloidal phase permit only a small fraction
of the gross externally applied stress to be transmitted to the adsorbed water. As
KESLER put if, the externally applied stress to produce a given percentage of increase
in the vapour pressute of the gel would thus be expected to be far higher than the
corresponding increase in the potential swelling pressure due to the same increase
in vapour pressure. On the other hand, adsorbed water is effective on the entire
area of material and therefore the potential swelling pressure of gel is very high.
Hence, the change in water content produces a high stress.

Of course, if concrete contains no evaporable water it does not creep but this
can be the case in laboratory specimens only.

I did say that I was not going to discuss the mechanism of creep but, having
touched upon this topic from the standpoint of the influence of concurrent shrinkage,
T ought to go a little further. We believe that creep is related fo internal seepage of
adsorbed water. Internal seepage means that there is no loss of water to the outside —
a point already made — but a movement from adsorbed gel surfaces to the voids
which are always present in hydrated cement paste. In addition there is some flow
of the gel and KEsLER — the greatest authority in this field — considers basic creep,
i.e. creep when there is no concurrent shrinkage, to be a process of molecular diffusion
and shear flow of the gel and of adsorbed water under load.

"This brings us to what happens at temperatures above normal, and creep at
these temperatures is becoming of increasing practical importance, especially in
nuclear-reactor pressure vessels. Well, as temperature increases, the mobility and
hence the creep of the two deforming phases — gel and adsorbed water — increases.
However, at a certain temperature, the adsorbed water begins to evaporate so that
the rate of creep decreases. Now, the properties of adsorbed water depend on the
extent of its adsorption and also on the applied compressive stress. I understand
that adsorbed water changes state at a lower temperature than free water at
atmospheric pressure. It is possible that this evaporation starts in the range of 70
to 80°C, and this is where creep should begin to fall off. With a further increase
in temperature, say to some 150°C, creep would decrease still further as the gel
changes to microcrysialline form. This behaviour, although only up to about 120°C,
is illustrated in Fig. 8: the left hand side shows our tests, performed in Saskatchewan,

[
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the right hand side, tests made by England and Ross in England. There seems to
be good agreement between our theory and the experimental results. Some typical
creep-time curves are shown in Fig. 9, where temperature is the variable. In our
tests the stress-strength ratic was 70%; and in England and Rosss tests 2097.
Perhaps I should add that the concrete used was mass concrete since this is the
condition of concrete in a nuclear pressure vessel.

a8

T T T T a8 T t Tt
5 %]
w ¢ Mo
Eoa Eoa
< B . <{ 3
] o [I:D
[rn’) - EY
w'o w'o
o = < -
N N i U A
‘=In,4 < o
Q w QL
(o TV gm 1
o o D_II
%UZA . = Q2|
IS O
W uow v
X o o Yoo e
a 1 1 H 1 H fe) 1 1 L 1 L
10 20 30 40 50 100 200 10 70 30 4050 100 200

TEMPERATURE —°C (LOG SCALE) TEMPERATURE —"C {LOG SCALE)

Fig. 8. Relation between reciprocal of rate of creep at 91 days after loading and temperature for

Wasser and Neville’s [11] (feft) and England and Ross’s [3] (right} data

In the tests whose results are shown in Fig. 9, the concrete was cured and stored
at the specified temperature from the time of stripping the moulds at 24 hours.
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Fig. 9. Relation between creep and time under load for a stress-strength ratio of 70 per cent and
different temperatures from the age of 24 hours onwards [11] (aggregate-cement ratio = 7.15,
water-cement ratio = 0.6}

But in practice concrete may mature at normal temperature and be subjected to
higher tempertaure at a much later age when the pressure vessel is put into operation.
We did some tests on concrete under this type of condition and found higher creep
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than in concrete stored throughout at the elevated temperature. It is possible that
prolonged moist curing at higher temperatures (in this series concrete was moist
cured) increases the amount of adsorbed water which plays a role in creep. It is possible
also that the change in {emperature contributes to higher creep. This is analogous
to the influence of the change in relative humidity, which I referred to earlier, and
such an effect has been observed when temperature varies up and down.

The general pattern of the influence of temperature on creep is the same for
conerete heated later (Fig. 10) as for concrete stored at a constant elevated
temperature throughout its life. '
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We did some further tests on old concrete, some 50 years in age, obtained from
a bridge pier. This concrete is still liable to creep of substantial magnitude especially
at temperatures above normal (Fig. 11). The influence of temperature is still the
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sa.me in that creep at 95°C is less than at 70°C. This is an inferesfing observation
as it dlSpelS any suggestion that temperature up to about 93°C influences creep
through accelerated hydration or formation of microcrystalline products of hydration.



MODERN VIEW OF CREEF OF CONCRETE 585

Concrete stored over water for 50 years would achieve its maximum possible
hydration, and temperature is likely to affect only the mobility of adsorbed water
and of the gel itself. It is also reasonable to think that the mechanism of creep in
old and young concretes is the same, and this finding is a significant contribution
to our knowledge of creep.

I do not know to what extent admixtures are used in concrete in Poland. In
North America they are very common. There is no doubt that these admixtures
serve a very wuseful purpose as far as water reduction and set retardation are
concerned. However, the matter does not end there. I have seen, for instance, the
same admixtures advertised as reducing mixing time. Two graphs were shown of
strength vefsus mixing time, one with, the other without an admixture. The one
with the admixture required for the same average strength a shorter mixing time.
This may well be true but is highly misleading. I presume the explanation is that
with an admixture, the water requirement is reduced, therefore the potential strength
of concrete is raised. If we now mix inadequately, we can achieve the specified
strength without an admixture. But the concrete we have produced is not properly
mixed and not adequately homogeneous so that it is not good concrete even though
its average strength may have the right value,

As you can see, I am not prepared to accept uncritically the idea that admixtures
are a panacea for all concrete problems. In fact, T am not happy about the present
sitnation regarding admixtures. What bothers me is that admixtures arrived on the
concrete scene not as carefully prepared chemical agents that produce a known
reaction but as sort of pafent medicines, or something from a medicine man,
something with a secret composition and allegedly beneficial effects. As a consequence,
many, so to speak, side-effects of admixtures are unknown. One of these is creep:
there is hardly any literature on this subject; in fact, T only know of iwo papers, one
more than 20 years old, the other with an experimental set-up bound to produce
misleading results. If you ask the manufacturers they tell you everything is just
fine: admixtures, if anything, reduce creep.

At Calgary we decided to run a couple of expenmental series on creep of concrete
with admixfures, one using normal aggregate, the other light-weight aggregate.
We used two admixtures in the lightweight series and four with normal aggregate.
Half the admixtures were of the lignosulfonic acid type, the other half a hydroxylated
carboxylic acid. )

The admixtures were used in amounts prescribed by the manufacturers to achieve
normal water-reducing and set-retarding effect. They were supplied by the producers
with their prior knowledge that these materials would be used in a creep research
programme with cement from the Calgary area. Since the performance of admixtures
is generally semsitive to the properties of the cement with which they are used, it
may be expected that in our case the admixtures supplied would exhibit as good
a creep performance as possible in their respective classes. e

Figure 12 shows some of the results for creep of normal aggregate concrete
with an aggregate-cement ratio of 7, and a water-cement ratio of 0.56, loaded: at
28 days. When an admixiure was used, the water-cement ratio: was kept 's'eiiSib_Iy
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constant but the cement content was adjusted so as to keep a consfant sirength
and also a constant workability.

We can see a significant increase in creep when an admixture is used, even though
the reduction in cement paste content would make us expect a reduction in creep.
We found the effect of admixture on creep to be greater the stronger, and in our
case, also the richer the mix. However, we do not know yet whether it is the level
of strength or the richness of the mix that is the real factor.
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Fig. 12. Creep of concrete Ioaded at the age of 28 days [6] (aggregate-cement ratio = 7.0,
water-cement ratio = 0.56; admixtures A and Al are hydroxylated carboxylic acid, B and Bi
lignosulfonic acid)

Our findings concerning increased creep in concrete with an admixture are of
- interest in design where deflections are of importance and also in prestressed
concrete. The question of deflections is particularly important since the American
Concrete Institute Building Code 318-63 specifies a maximum ratio of non-elastic
to elastic strain on loading as 2. In our tests, the ratio of creep to elastic sivain
ranges between 1.3 and 2.5, If we add shrinkage, the A.C.IL recommendation may
not be sufficiently conservative when admixtures are used. In other words, the
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long-term deflections may be excessive, and we all know fhat with the modern
more slender construction the deflection often controls the design. .

The deflection problem does not arise with lightweight aggregate even though
the use of admixtures increases creep. This is so because the admixture increases
the elastic strain on loading, too. Thus the ratio of the non-clastic to elastic strain
does not become excessive. Let me explain this apparent anomaly in the case of
lightweight aggrepate concrete. When we use an admixture and keep the strength
of concrete the same, we reduce the cement content .of the mix, and therefore the
paste content, too. Because of the low modulus of elasticity of the lightweight
aggregate, an increase in its content reduces the modulus of elasticity of concrete.
Hence, the elastic strain on loading increases and, even though creep with admixtore
is higher, the ratio of creep to elastic strain does not exceed the value specified
by A.C.I. On the other hand, with normal aggregate, an increase in its content
increases the modulus of elasticity of the concrete, and hence decreases the elastic
strain. Thus when creep increases due to the use of an admixture, the ratio of creep
to elastic stram increases.

We dld not find any pattern in creep of the two types of admixtures: lignosulfonic
acid and hydroxylated carboxylic acid. Careful qualification of our results is therefore
necessary: they apply only to the admixtures used, and only to the mixes and cements
used. There is no doubt that the composition of cement affects the performance
of an admixture, and, without going into details, we have reason to believe that
the C3A content is significant in this respect.

This inability to generalize about the performance of admixtures is something
I find regreftable but it is inevitable since the composition and properties of
admixtures are not divulged by their manufacturers so that we are compelled
to deal with a black box about whose mechanism we know nothing.

I have spent a great deal of time on various factors in creep and I would now
like to move to the practical problem of predicting creep. Several attempts at this
have been made but the best prediction from tables and charts without any
measurement can be obtained by using the method of Jones and his co-workers.
They use a, so to speak, “standard” creep curve, shown in Fig. 13. This is for
a concrete containing 320 kg of cement per m3, with 6%/ entrained air, and a 5 em
slump, subjected to a stress of 70 kgjem? at a relative humidity of 60%,. Such
a sfress Tepresents a stress-strength ratio of about 30%,. The “standard” values
of creep are then modified for the particular slump (as a measure of water content),
alr comfent, cement type and content, percentage of fines, relative humidity of
storage, thickness of the member, and age at loading, using the correction factors
shown in Fig. 13. The accuracy of the prediction is of course not too good, maybe
4-50%, but then we have done no experimental work to help ourselves. A particular
failing of the method is that it does not explicitly allow for the type of aggregate
used. T believe direct testing of this property is necessary. - o

If this is done and if we are prepared to and able to do some Iaboratory creep
measurements, we can use a method of predicting creep developcd_ aft_Calgary
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As 1 said earlier, in our studies we started with the question of influence of the
cement paste content of fhe mix on creep. We established that there is a simple
logarithmic relation between these two quantities so that the higher the paste content
the higher the creep, other properties of the mix, such as strength, remaining the
- same. This is interesting as the idea that ysing a richer mix, for instance in precast
prestressed units, cannot but be conducive to safety is erroneous. Of course we
know that a richer mix exhibits higher shrinkage, too, so that the dilution of the
cement paste by aggregate is a good thing from the technical standpoint and not
just an economic expedient of making the cement go further. This is worth remember-
ing and indeed we should ook upon concrete as stone connected by cement paste
mto a cohesive whole; i.e. as a sort of mini-masonry. As a corollary, we must not
regard aggregate as an inert {filler. For instance, as I have just said, the quantity of
aggregate, as well as its elastic properties, affects creep. The expression developed
by us is:

1 log—2 = g1 ! ‘
M og— —alog| ;|

where ¢p is creep of neat cement paste, ¢ creep of concrete, g volume of aggregate
in 2 unit volume of concrete, # volume of unhydrated cement in a unit volume of
concrete, and

3(1—u)

E
I+put2(1—2pa) 7

1 =

where u denoted Poisson’s ratio of surrounding material (concre_te), Jta Poisson’s
ratio of aggregate, £ modulus of elasticity of surrounding material (concrete),
E, modulus of elasticity of aggregate.

Some experimental results are shown in Fig. 3. We confirmed the validity of this
expression for normal weight aggregate, lightweight aggregate, and also for
lightweight coarse and normal sand. :

Our expression for the influence of paste content, or aggregate content, the
two being almost complementary, has led us to develop a general expression for
prediction of creep. This assumes a hyperbolic creep-time relation and a logarithmic
creep-cement paste content relation, as follows: "

T
(1 —g —wu)s+?T

2) ¢~ a-+bT
where ¢ is creep of concrete, g volume of aggregate in a unit volume of concrete,
u volume of unhydrated cement in a unit volume of concrete, T time under load,
a, b, s, p are constants.

To use this expression some tests are necessary but their number is small. The
constants ¢ and b can be obtained from a creep-time curve of neat cementi paste
assumed Lo be in the form ep="T/{a--bT), or alternatively from intercepts of regression

Rozprawy Inzynierskie — 2
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Tines of logarithm of creep, ¢, on logarithm of 1/(1 — g — u) for mixes with different
aggregate contents, each infercept being obtained for a different value of time under
load, T. The relation between T fep and T is lipear, and hence a and b are easily
obtained. We can note that @ and b are independent of the properties of aggregate,
and therefore the values, once obtained, can be used for concretes made with
different aggregates. On the other hand, the coeflicients s and p are functions of
the modulus of elasticity and Poisson’s ratio of the aggregate and have to be
determined from tests on concrete containing the given aggregate. The relation
between s+pT and T is lincar and hence and p are obtained. These data
apply only to the given age at loading as both ¢p and Tfs+pT depend on
this age. ,

We have used this method and compared the predicted and observed resulis,
The agreement is good as shown in Fig. 14.

1200 N
__—)__‘__Q_____-—-——r_‘_-
o
el o
800 2
© CALCULATED
o
o
w - T
X &
o 400
o O8SERVED
A , MIX 2W o
o
MIX Sw a
0 40 80 120 160 200 240

TIME UNDER LOAD — DAYS

Fig. 14. Relation between creep and time’funder load. Comparison of observed and calculated
data using Bq. {(2)

My time is rapidly running out, and I can only deal briefly with two items
First, the situation regarding recovery of creep. It has been suggested that creep
recovery at any time is equal to negative creep for a load applied at the same time
(Fig. 15). This is the so-called principle of superposition. We have found over
a number of years that the principle is not very accurate, and an analysis of recovery
data over the last few years leads us to a somewhat different point of view. The
recovery is governed to a large extent by the rigidity of the hardened paste skeleton,
and this is why the recovery is essentially the same under wet and dry conditions.
The rigidity, and therefore the recovery depend, however, on the type and volume
concentration of aggregate and on the degree of hydration at any time.

Finally, I would like to come to the problem of creep vis-a-vis structural behaviour
of concrete. How do we use our creep knowledge in design? Three alternatives
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are open to the design engineer depending on the requirements and tolerances of
the project. First, for exacting and critical conditions, as in the case of the generator
mentioned earlier, an iteration solution can be set up for a computer which takes
into consideration the time-dependent relation of stress and deformation of concrete.
This procedure was proposed by BRESLER and others but the accuracy of the results
will depend on the formulation of the basic relation between stress, strain, creep,
time, and environment. Second, for less demanding requirements, a4 semi-graphical
solution as proposed by PAuw and MEYERS is suitable for use in most enginecering
offices where the slide rule is still the king. The procedure takes into consideration
the effects of shrinkage and creep on stresses and deflections of prestressed and
ordinary reinforced beams. The accuracy of the results is again dependent on the
establishment of the relation between stress, strain, creep, time, and environment.
Third, for the average type of structure, concreie Iesponds to reasonable design and
construction deficiencies by redistribution of stresses and sirains and hence the
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~ =
~
~
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T Ts

TIME

CREEP

Fig. 15. Creep recovery according fo the principle of superposition

recommendations of the building codes are satisfactory. As you can see, our staie
of knowledge in this area is still limited and much work is needed yet before further
recommendations may be advanced.

As a last remark let me say that creep is a valuable property of concrete. True
enough, it complicates design and it is disadvaniageous in prestressed concrefe
and in many situations where deflection governs design. But creep enables concrete
to behave in a ductile mapner, it enables it to accommodate large local or unexpected
stresses, especially concentrations of stress in statically indeterminate structures.
Creep permits the development of rotations necessary for a moment redistribution
and this is really vital from the ultimate load standpoint.

Thus creep is not only & good thing for the professors who make a living studying
it, Without creep, concrete would not have reached its ubiquity as a most successful
structural material.
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Streszczenie
AKTUALNY PRZEGLAD ZAGADNIEN ZWIAZANYCH Z PELZANIEM BETONU

Tematem pracy jest analiza wplywu na pelzanie betonu réZnych czynnik6w, zwigzanych z wa-
runkami zewnetrznymi, obcigzeniem i skladem betonu. Autor przeanalizowat kolejno te czynmiki,
Zwracajac uwage na ich wezajemna zaleano$é oraz uwzgledniajac rdwnier takie, ktore rzadko
uwzgiedniane sa w zwigzku z pelzaniem betonu, np. temperatura otoczenia. Nastepnie autor przed-
stawil metode przewidywania wielkodci pelzania betomu, opracowana przez siebie w Calgary;
wiele innych wiadomosci zawartych w pracy rownieZ pochodzi z wlasnych badad i prac autora.
Rozwazania o znaczeniu pelzania w Konstrukcjach betonowych koficza przedstawiong prace.

Peswwume
CORPEMEHHBIM OB30P BOMPOCOR, CB3AHHBIX C IO/BYYECTLK) BETOHA.

TemMol paGoTEL ABISETCA AHAJHES BIEAHAS HA HOMIYIECTh GSTONA PASAHYHEX $AKTOPOB, CBI--
3AMHEK BHCHIHEME YCIIOBHAMY, HAIPY3KOH ¥ cocTaBoM Geroma. ABTOD IPOREI MOCISACBATENHHO-
AHANM3 3THX (AXTOpos, o0panias BEAMAHMC HA WX B3AMO3ZABHCUMOCTH, VYATEBAA IIPH 3TOM,.
TaXue XKOTOPEC PEIEO OPHHAMAIOTCH BO BHIEMAHMC B CBAZH ¢ MON3YIECTHIC OSTOHA, KaX HATD.
TEMOCPATYPA OKPYIKAIONmeH cpemps. 3aTeM, aBTOP UpeACTasun, paspaboTanpsii wM B3 Kamerapu,.
METOJ OmpeAENEHsE IPEAYCMATPHBAEMEIX BEJTHYME TONIYICCTA GeTONA; MEOTO ApPYIHX CBEICHUI,.
JAKMOYCHREIX B paboTe, TAKNKE NPOBOIAINCH ABTOPOM. o

B zaxmouce JAIOTCA PACCYKICHEN, KACAIOMICCCT 3HAYCHHA HOAIYIECTH B OSTOHHBIX KOHCk-
TPYKEHSX. :

DEAN OF FACULTY OF ENGINEERING,
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