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ABSTRACT

The present paper concerns an experimental wdateceto the relation between basic and drying
creeps in tension versus basic and drying creepsompression. The principal results obtained can be
summarized as following:

- The basic creep in compression is a lot more ingmbrthan the one in tension. The difference
increases with the decreasing of the concrete &ga W is loaded.
- The creeps in compression and in tension in drgorglitions are similar.

INTRODUCTION

Creep behaviour of concretes is an important pmemon to be taken into account for evaluating
and analysing the behaviour of a lot of concretecstrres.

The Institut Francais des Sciences et Technolod&s Transports, de 'Aménagement et des
Réseaux (IFSTTAR, Paris, France) has for objedtivetudy the physical mechanisms related to thébas
creep of concrete to develop a numerical model(fingte element approach) based on realistic playsic
assumptions.

A very important campaign of experimental studias been performed to reach this objective.

The present paper concerns the relation betweeic basep and creep in drying conditions related to
compressive and tensile loadings.

EXPERIMENTAL PROCEDURES

Concrete studied

The mix design of the studied concrete is givetabie 1.

In order to evaluate the basic mechanical chariatitey (compressive and tensile strengths) of the
studied concrete, uniaxial tensile and compressigis were realized. Concerning the compressids, tes
they were carried out at different ages, 7, 14,&8,90, 180 days, to study the evolution in tiniehz
concrete strength, whereas for the uniaxial tensémts, 1 expiry at 64 days were taken into accodint
specimens per concrete age were tested both fopression and uniaxial tension tests. Table 2 suizesar
the results obtained

Table 1. Mix design of the studied concrete

Components kg/m
Cement : CEMI 52.5N PMES CA2 340
Dried sand-lime aggregate 0/4 739.45
Dried sand-lime agregate 6.3/20 1072.14
Added water 184.22

Table 2. Mechanical characteristic of the concrete

Mechanical characteristic (MPa) Compression Tensio
Concrete age (days) 7 14 28 64 90 180 64
Average value (MPa) 31.2 35.1 39.9 42.p 444 512 8 2
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The creep tests set-up
> Creep test in compression

The creep tests are performed on frames designdeSatTAR. The technology of the IFSTTAR
creep frame and the test procedure have already jmalelished in detail [1-4] and therefore will nog¢
presented in detail in this article.

The tested specimens are cylinders, 160 mm in demad 1000 mm high, and protected from
drying throughout the test (the condition for aibaseep test) by a double thickness of self-adieesi
aluminium-paper sheet glued to the specimen (mettedeloped by IFSTTAR [5]). Concurrently,
autogeneous shrinkage tests are performed on spesimentical to those for the creep test (and also
protected from drying in the same way). The bas®ep strain is therefore classically determined by
subtracting from the total strain, the instantarseelastic strain due to the loading of the specianath the
strain due to the autogeneous shrinkage.

The basis of the strain measurement is 50 cm anttidle of the specimen.

> Creep test in tension

The creep test in tension is a much more recenfam@&STTAR. Other creep tests in tension have
been previously developed by other researchers3J6The IFSTTAR creep test in tension has beergdesi
and developed in 2008 in the frame of an industiadtract research conducted for the Institut (Eng¢rle
Radioprotection et de Sureté Nucléaire (IRSN). Thistract involved the study of endogenous tertsiéep
Pierre Rossi Page 2 30/06/20110f the creep dewiderision has focused on a frame-type flail arm
lever (figures 2 and 3). To reduce the maximum laadhandle and to maintain a good sensitivity véth
reasonable size, a ratio 5/1 was adopted for ther larms. The tested specimen is cylindrical. & ha
diameter of 13 cm and a length of 50 cm.

As for the specimens related to creep test in cesgion, the specimens related to creep test in
tension are protected from drying throughout tis¢ by a double thickness of self-adhesive alumirioin
bonded on the specimen.

The specimen is connected to the machine frameohglibg and bolting. The specimen is glued to
aluminium helmets which are connected to the macfraame by bolting (figures 2 and 3).

Three displacement transducers are fixed at 12Ghercentral part of the specimen. The basis of
measurement is 30 cm (figure 3).

As for the study relative to basic creep in comgi@s in parallel and simultaneously to the basic
creep tests in tension, autogenous shrinkage e@sspecimens identical to those used for creeprase
(the same technique to protect against dryingesius

The creep strain is, as for the creep in comprassionventionally determined by subtracting to the
total strain, the instantaneous elastic straintdueading and the strain due to autogenous shyimka

Fig.2. Schematic overview of the tensile creep rivach
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Fig.3. Photo of entire tensile creep machine argdisglacement measurement on specimen.

TESTSPROGRAM

Compression tests
» Basic creep

2 specimens are tested, 2 at a concrete age oy} dne is loaded at 50% of the concrete average
compressive strength (at 64 days) during 185 dagspther one is loaded at 70% of the concreteageer
compressive strength during 67 days.
» Creep in drying conditions

2 specimens are tested at a concrete age of 64 dagsspecimen is loaded at 50% of the concrete
average compressive strength (at 64 days) durinda38, the other one is loaded at 70% of the ctmcre
average compressive strength during 30 days.

To permit the creation of creep in drying condiipthe self-adhesive aluminium foil bonded on the
specimens (see above) is removed just before gutianspecimens into the creep frame.

The same thing is doing concerning the specimelageck to the determination shrinkage in drying
conditions (see above).

Tension tests
» Basic creep

2 specimens are tested. They are loaded at a ¢erage of 64 days, one is loaded at 50% of the
concrete average compressive strength (at 64 days)g 30 days, the other one is loaded at 70%hef t
concrete average compressive strength during 36 day
» Creep in drying conditions

2 specimens are tested at a concrete age of 64 Qagsis loaded at 50% of the concrete average
compressive strength (at 64 days) during 30 dédnes,other one is loaded at 70% of the concrete geera
compressive strength during 30 days.

As for creep and shrinkage in drying conditionsatedl to compressive loading, the self-adhesive
aluminium foil bonded on the specimens is remowsst pefore putting the specimens into the creaepdra

EXPERIMENTAL RESULTS

In the figure 4 are presented the compliance cufsteain vs. time per unit of applied stress) eadat
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to the basic creep tests in compression and inotefigr the concrete age of 64 days.

In the figure 5 are presented the compliance curgkded to the drying creep tests performed in

compression and in tension for the concrete agé afays.

In the figure 6 are presented the compliance curekded to the basic and drying creep tests in

compression for the concrete age of 64 days (lgalévels equal to 50 and 70%).

In the figure 7 are presented the compliance curetsted to the basic and drying creep tests

performed in tension for the concrete age of 64dading levels equal to 50 and 70%).
Considering these figures 4 to 7, the following coemts can be made:

The compliance curves related to the basic creapnision for the two loading conditions (50 and
70%) are similar. That means that basic creepnrit@ can be considered as visco-elastic linear
until, at least, a loading level of 60%.

The compliance curves related to the loading lewélS0 and 70% in compression are closed and
present the same evolution.

The basic creep in compression is a lot of highan the basic creep in tension.

The creeps in compression and in tension in drgovyitions are more important than basic creeps
in compression and in tension.

The creeps in drying conditions related, respeltivied compressive and tensile loadings seem
equivalent. As the matter of fact, the small difece between the curves can be attributed to the
natural scattering existing for this type of testl anaterial.
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Fig.4. Compliances curves related to the basiqpsrémaded in compression and in tension at respbgti

50% and 70% of the compressive strength and ditingle strength of the studied concrete.
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Fig. 5. Compliance curves related to the dryingpreests performed in compression and in tensioa fo
concrete age of 7 days
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Fig.6. Compliance curves related to the basic ayithg creep tests in compression for a concretech@d
days.
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Fig.7. Compliance curves related to the basic ayihgl creep tests in tension for a concrete ag&ladays.

CONCLUSIONS

This paper presents comparison between creeps amighwithout humidity exchange related to

compressive and to tensile loadings, that for aeseoncrete.

This comparison leads to the following conclusibasic creep in compression is more important

than in tension when tensile and compressive crieeghying conditions are equivalent.
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