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SUMMARY -

Creep (increase of material deformations under constant stress and envlronmental conditions In the course of
time) has particular slignificance for bearing PC structures. It Influences the value of long-term strength, the
possibility of utilization In different service conditlons,etc. Creep of PC depends on many factores, malnly:
parameters of compositions, load history, kind of environment.

The paper deals with the Influence of some composition parameters (e.g. chemical character of resin,
filler/binder ratlo, maximal dlameter of flller grains) on PC creep. It analyses the effect both of the relatlve
value and of the sign of stress as wel! as of loading history on the behaviour of the materlal.

From the results 1t follows that It is possible to attalin creep compliance of PC simiiar to that of cC, If
the resin, flller/binder ratio and granulometric composition are correctly selected.
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RODUCT ION

The knowledge of creep parameters Is of great
Importance for structural polymer concrete (PC).
Creep characteristics must be taken ‘into account
in the design and analysls of PC elements, struc-
tures and equipment,

Creep Is an Intrinsic property of many natural
and artificlal materlals and manlfests Itself by
the growth of deformation in the course of +ime

.- under constant value of external effects (mechan-

lcal load, temperature, humidity of the environ-
ment, etc.).

From the practical point of view not only the
absolute magnitude of creep deformations Ee
attained in the course of time but also the charac-
tér of the process are of Interest. We distinguish
between: .

1) fading or stabllilized creep, when fot a timet- oo
the deformation ¢+ Eiteay §» const), the
speed of deformation g, —» 0 and the creep
curve have an asymptotic form;

2) steady or indifferent creep, when in, the course

‘of time the speed deformation €. = const

and the crrep curve Is !inear;

3) increasing or unstable crrep, when both the de-
formation £, and the speed of deformation €
rise progressively and the process.ends In de-
struction. '

To obtain sufficiently reliable and durable PC
elements they must be so designed that fading creep
takes place under working condlitions, On thls ac-
count 1t is necessary to know the creep Iimit -
f.e. the maximum stress at which the process as-
sumes a fading character;this Is the long-term
strength of PC,

Creep magnitude and character can be changed by
the application of suitable continuous or dis-
persed relnforcement (metal, glass, etc.).

The polymer component and the composition are
responsible for PC creep which but exhibits some
pecullarities. They are determined by the macro-
dispersed (conglomerate, concrete-!ike) structure
of the composite;thence follows the di.fference
from conventional plastics. Therefore, according
to Its deformation behavlour, PC has an intermediate
positlon between ordlnary cement concrete (CC) and
plastics..

PC creep depends on ‘a varlety of factors which
may be generally divided Into compositlon para-
meters, load conditlons and environmental condi-

+} Arme

the research results of many sclentists from differ-
ent countries,

The authors of the present paper have made an
attempt to summarize to a certain extent the data
accumulated up to now, using for this purpose their
own experiments as well as publications of their
col leagues.,

The parameter used as the criterion for the
assessment of PC creep In test results analysis is
the creep compitance (speciflc creep, a measure of
creep).

The creep compiiance J =€./G, ( €. Is the creep
deformation, Gy “the constant stress ) in fact
Is the creep caused by a unit of stress and in the
authors' gpinton It 1s a very sultable characteristic
for results comparison and for ascertainment of rela-
tionships In creep processes.

DISCUSSION OF EXPERIMENTAL RESULTS

Influence of the composition parameters on PC creep

The composition parameters under consideration
are:type and chemical nature of the polymer binder,
the fliler/binder ratio F/B (In welight) and the maxi-
mum grain size of the filler d .

Different synthetic resin$?5re employed as bin-
ders in PC (oligomers, oligomer solutions in reactive
monomers, monomers, etc.). The most wide-spread
binders are the epoxy, unsaturated polyestsr and furan
resins, as well as their modlfications.

Fig. | shows the compllance curves for fine-
grained PC, obtalned on the basis of different resins.
Fig. 2 presents the compllance curves for PC, con-
taining coarser aggregate fractions.

The analysis of test results from the above~men-
tloned figures does not prove any dependence of
creep on the type of resin,

However, it Is evident that the fine-grained PCs
(Fig. 1) have greater compliance J that those con-
taining aggregates with grain sizes above 5 mm (Fig.2)
the resin binder being the same in both cases. Most
probably It is due to different granulometry and spe-
cific surface of the filler. Nevertheless, Is has
been also observed that PCs based on different brands
of the glven type of resin (e.g. unsaturated polyester)
at a nearly equal F/B ratio exhibit varlous magnltudes
and character of compliance (Fig. 1, Iines 3 and 6,
Fig. 2 ,lines 2 and 4). This can be explalned by the
different Initlal products used In the synthesis and
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Flg. | Compliance curves of flne gratned PC
(dmax" 5 mm) under compressive load

Epoxy PC (EPC) - | T1Y, 5 L4 ;
Furan PC (FAPC} -2 [2]
Polyester PC (PPC) - [Authors],413},615].
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Flg. 2 Compllance curves of PC with coarse aggre-
gates (dmax7 5 mm) under compresslive load

EPC - 1 L8], PPC - 2 [3], 4 (3]
FAPC ~ 3 (2], 5 (2]

but on the chemlcal nature of every particular
brand of reslin,
The curves on Flg, 3, showlng the relation
J = fIF/B)} glve an ldea of the Influence of the F/B
ratlo on the PC creep, This Is pronouncedly notlce-
able at values of the ratlo F/B <5, beyond which
the Influence becomes negliglible. 1t may be assumed
that In the case of F/BZ 5 a second type macro-
‘spersed structure [7] 14 formed In PC, which cor-
sponds to the minimum display of creep phenomena.

The locatlon of thls boundary on the F/B axls, never-

theless , depends, once agaln, on the general filler
propertles as well as on Induced, moulding energy.
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Flg. 3 |Influence of the ration F/B (by mass) on the
compllance of EPC 4 and PPC  authors

Influence of load conditlons on PC creep

- The relative value of the permanent stress

G = Go/ Gn 1.0, the ratlo of the stress G,

under the working foad to the short-term strength

of the materlal Gy , Is substatlally Important for
the creep behaviour of PC. According to the magnituds
of 6 +the values and shape of the complliance curves
may differ considerably, 1.e. under dlfferent stress
one and the same. PC manl fests essentlally dlverse
creep. .

Test results analysls had proved that up to a
certaln limlt of the compllance J and the other
viscoelastlc characteristics of PC (those dependant
on time) are not influcences by the value of the
applied constant stress. They are to a cettaln extent
characterlistlic parameters of the materlal and there-
fore very sultabte for the comparlson of dlfferent
PC creep. behaviour,

The maximum G at which the viscoelastic charac-
teristics do not depend on the value of G, determines
the 1lmit of the Iinear range &y [8] . The values of

Gy for the particular PC are different and depend
predominantly on the formed macros!dpersed structure,

Flg. 4 {(a, b, c¢) presents the curves J ({1 for
three PC under compresslive load In and out of the
|Inear range. It Is evident that the 1imlt of the
IInear range of creep ls different for the three
kinds of matertal but It does not depend on the
brand of the resin. For compressive stresses
G,/Gg <« @, the values of the compllance J are
located on one and the same curve (1lne 1), which
characterlizes creep of the |Inear range and Is suf-
ficlent for creep descriptlon of vlscoslasticlty,

The {Imlt of llnear range for compressive lcad-
Ing generally does not colnclde wilth that for tenslls
loading. For a number of PC, however, -1t has been
experimentally establlshed that the complliance
curves J ) obtalned under compressive and tenslle
loads and falling Into the |Inear range of creep for
compression and tenslon respectlively, are very close
and may be assumed to be ldentical In a definite
time Interval, On the other hand, the curves J (t) -for
tenslle stresses higher that the 1imi+ of llnear
range are entlrely dlfferent In character

MPg|3.10°

0 20 40 €0 80 100d
Flg. 4 Compliance curves J(t) of EPC [ 4] (a),
FAPC [ 2] (b) and PPC {authors] (c) for
compressive load at a level of constant
stress & = 0,1 (0);0,2 (+);0,3 (x);0,4 (A );
0,5 (8);0,6 (W)




(Fig. 3, Ilnes 2,73, 4) from those for compressive
stresses beyond the |inear range (Fig. 4a, lines 2,
3). Under the action of tens!le stresses e'.,/e’uz.&,_
PC exhibits steady creep and In many cases after a
shorter or longer perlod of +ime the process ends In
destructlion (Flg, 5, llnes 3, 4). This Is one of the
reasons which demands the relnforcement of PC struc-
tures subjected to tension or flexure..The magn | tude
of & affects also the recovery of creep deform-
ations (Fig., 6 [9] ),
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1g. 5 Compllance curves J(t) for fine-gralned PC
under tenslle load for a constant stress
tevel & = 0,1 (0);0,2 (+);0,3 (x), 0,4 (A)
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Flg. 6 Creep deformation curves Ec (1) and recovery
of deformations after unloading for constant
compressive stress levelG = 0,| (0);0,2 “);
0,3 (x)

The load level at which PC exhiblts fading creep is
assumed to be the creep [imit Gye . It Is employed
for the determination of the: long-term strength - a
computation characteristic In the deslgn of PC struc-
tures. On thls account the determination of Oy Is
an Important task-demanding fong-term experiments
as well as adequate precise and sens!tlve methods for
*ure.men'r of deformatlions in the discrete

s of tlme. Fot these reasons some of the data
avallable In llterature for 8y, are controversial,

As [t has been established In the authors' fn-
vestigations (Fig. 7) the time required to reach
fading creep varies - the higher the leve! of con ~
stant stress,_the longer the time interval. As far
as the lImit Gye Is the maxImum stress, at which creep
acquires a fading character, It Is obvlous that also
long-term experimental Investigations are -necessary
for its determination,

Both the creep Iimit and the long~term strength
of PC may be forecast by means of the so-called
" structural™ diagrams [2 , 10].

Nevertheless, the long-term experiment is a
source of Important Information on the deformation
behaviour of PC and its signiflcance must nof be
underestimated, since a great deal of the response
of the material to external effects Is closely con~
nected with their duration. In thls connection the
dependence of the deformatlons recovery after unioad-
ing on the duration of the preceding creep should be
mentioned (Fig. 8 [9] ).

The -1sochronous diagrams showing the relation-
ship betwsen stress and deformation under creep con-
ditions also depend on the time t+, when the deform-
atlons reading has been made. The dlagrams are the
more curved, the more remote Is the +ime of the read-
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Fig. 7 Compliance curves ka) for PC under compressive
load for constant stress level & = 0,1 (o);
0,2 (+);0,3 (x)
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Fig. 8 Creep deformation curves E. (1) and recovery
of deformations after unloading for constant
compressive stress level & = 0,3 and dura-
tlon of Its application 30 (o), 60 (+),

120 (x), 240 (o) days.
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In order to bestow full consideration upon the
problem and to obtain a right idea of the real place
of PC between the other structural materlals, the
compliance curves J(4) have been compared (Fig. 10),
both for conventlonal cement concrete (CC) (ilne 1),
which 1s the basic materlal of contemporary building,
and for some compositions of PC (llines 2, 3), .

From the results 11 follows that it Is possblle
to attain similar creep compliance of polymer concrete
and ordlnary cement concrete if the ingredients and
the structure of PC composition are correctiy selec-
ted.
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Fig. 10 Compliance curves J(t+) for ordinary CC

)y L1, FAPC (2) [2) and PPC (3) [authors]
under compressive load for constant stress

level & = 0,3
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