Available online www.jocpr.com

Journal of Chemical and Phar maceutical Resear ch, 2016, 8(6):485-489

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

A Technology to Improve the Concrete Sructure Prediction in the Civil
Engineering

Qiang Su* and Yaping Wu?

School of Civil Engineering, Lanzhou Jiaotong Uréity, Lanzhou, China
2Shandong Urban Construction Vocational CollegeadinChina

ABSTRACT

The computational accuracy of concrete predictiondeis is the key to investigate shrinkage influence
performance of concrete structure. Commonly useatrede prediction models are evaluated for theicwacy by
comparing their predicted results against the sigups of test data which were collected from piiads papers.
The results show that prediction models were notaided very well with the experimental data. Themomenon
of concrete structure is a result of several intdieg physical mechanisms and is influenced by mamable
factors. The shrinkage deformations invariably éikhiarge statistical scatter. The calculated rdsubf prediction
models could not agree very well with the test ltesun order to improve the calculation accuracl amncrete
structure prediction models, updating the predictinodels based on short-time tests is an effetgtenology. And
the general technology is not proper because gfded problem. So a new improvement technologypveg®sed
and suggested in this study. Seven groups of cenesteucture test data were used to evaluate trggested
technology. It could be found that the suggestelrtelogy could match better with the test data.
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INTRODUCTION

During the past few decades, the long-term defiecéind cracks of long-span prestressed concratgebis getting
more and more serious in terms of structure safdtymany bridges have already been found to eklaekéessive
long-time deflections which may lead to the colkap$ bridge$®!.

The time-dependent performance of concrete, godehyecreep and shrinkage, is of particular imparéanthe
concrete structure and creep phenomenon has aedeffbtt on prestressed concrete structures aadsl|to both
long-term deflection of bridge structure and presdrlosses. Accuracy of shrinkage and creep pradigtodels is
important in the design of concrete structuresugennumber of prediction models are available acfice, such as
ACI 209 model recommended by the American Concieggitute [2], CEB 90 model recommended by the
Euro-international concrete committee [3], GL2000d&l developed by Prof. Gardner in Cangdaand the B3
model from Prof. Bazant at Northwestern Univerfily

A fair amount of concrete prediction models werepgmsed, but there are still a number of problenesied further
research. Various researchers have investigatedctheacy of these models for shrinkage and creegigtion and
compared with the experimental dt&"*® But the results show that prediction models werecoincided very
well with the experimental data. In order to impedie calculation accuracy of concrete structuegliption models,
updating the prediction model based on short-tiesstis an effective technolo8$ ***"! The technology proposed
by Prof. Bazani] is effective to improve creep prediction modahd is widely acknowledgdf, 7]. Improving
shrinkage prediction is more difficult. And the geal technology is not proper because of ill-pgsexblem[5]. So

a new technology was proposed and suggested irstility. Examples of improving shrinkage predictinodel
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based on the short-time tests were also presemtestify the suggested technology.

2 Evaluation of concrete structure Prediction M odels

In order to evaluate the accuracy of commonly wsettrete prediction models, six groups of concsétécture test
data were collected from published pape@ommonly used concrete prediction models inclB&eprediction
model[5], JISCE1996 prediction mod&l], JSCE2002 prediction model [8], GL2000 predintimodel [4], GZ 1993
prediction model [9] and JTJ D62-2004 predictiondeld10]. The predicted shrinkage values of preoliicinodels
are compared with the collected test datum, andC#R Coefficient of Variation technolog$] is used to determine
the precision of these predicted values.

Results of the CEB coefficient of variation for islftage strain {..,) are summarized in Tab.1. It can be observed
that their predictecshrinkage values were not coincided very well wattperimental values. In all shrinkage
prediction models, the averagg.;is within the range of 6.1% and 190.7%. Meanwldlerediction model presents

highly variablen..,in different data sets. For exampl¢éhew,,of JTJ D62-2004 prediction model is within the
range of 17.4% and 81.7%, but thv._, of a prediction model exhibits large statisticadtser in a data set.

Tab.1 The CEB Coefficient of Variation for Shrinkage Strain (Wggg %)

Test JTID62 JSCE JSCE
Number B3 ©L2000 “5504 2002 1906 41993
| 735 317 — 254 327 251
I — 829 174 — — 628
i — 619 240 — — 360
v  — 1907 8.7 — — 1164
V 682 345 704 176 61 350
VI 480 221 652 371 446 225

Average  63.24 70.63 51.74  26.70 27.80 49.63

Note: in the cause of data sets without complgperxental parameters needed by prediction modeéstesults are
presented by “—" instead

An accurate prediction model of concrete structsirerucial for durability and long-time serviceatyilof concrete
structure. But it is an extremely difficult problebrecause the phenomenon is a result of seveeashiting physical
mechanisms and is influenced by many variable factach as mixture proportion, mechanical propeitieluding
strength and modulus of elasticity, ambient re&thumidity, duration of drying, and duration of dirag. And
specimen size also has some influence on the styinlevelopment of concrete. The largest sourceaértainty
of shrinkage prediction model is from the dependeaf model parameters stemming from the compostiath

strength of concrete. This uncertainty can be greatiuced by improving prediction models basedsbart-time
tests.

3 Thetechnology of Improving the concrete structure Prediction Based on Short-Time Tests

Problemsin the General technology of Updating Shrinkage Prediction M odels by Using Short-Time Tests

The performance of creep and shrinkage predictiavdeis can be increased by carrying out short-time
measurements on the given concrete and adjustiagvaéifues of empirical parameters in prediction nede
accordingly. The general technology of updatinggprand shrinkage prediction models can be expldiyaaking

B3 prediction model as an examfBé

As for updating the creep prediction model, acamydd the B3 prediction model, the creep could &lewated by
Eq.1:

IG1)= g+ GLt)+ G(Lt) @

in which the creep compliance functidft,t’) is strain (creep plus elastic) at timecaused by a unit uniaxial
constant stress applied at afe g, = instantaneous strain due to unit stre€g(t,t") is creep compliance function

for basic creep, andC,(t,t") is additional creep compliance function due towdiemeous drying. These parameters

and expression were described in details by Bampahis papef5]. The updated creep compliance function can be
described in Eq.2:

J(tt)= pa+ p(G(1 )+ G(1t, 1) (2)
in which p,andp,were two updated parameters which play the rolepofating empirical constitutive parameters,

the values of which could be obtained by least-sguegression based on tests.
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As far as updating the shrinkage prediction mosl€lancerned, according to the B3 prediction mogsles of the
shrinkage strain should be calculated by Eq.3:

E(607)

y E(TtSh)khtanh[(t- t)/t .} 3)

et t)= e

in which e,(t,t)is the concrete structure strain at time t is the age of concrete drying commenced,
€y : K, tg, E(607),and E(t +t,) constants depend on concrete component, testoemvént, and etc., which
are not related to the shrinkage duratide(607)= modulus of elasticity at 607 days, whilg(t + t ;) = modulus

of elasticity at time +t_ . tanh[¢- t )/t  ['* is the equation to describe the development oihkhge with
time.

The updated shrinkage prediction model could ballsexpressed as in Eq. 4:

_ E(607) ) 12 4
et )= g g katanhll 0/(pt)f (4)

in which p,and p,were used to update empirical constitutive pararadtased on tests.

If k(k>2) data points are obtained by carrying shiort-time tests, thereforgand e, (t,,t) are known (for i=1
2,...k).

E(607)

Et+t ) j ~ 12 (= 1, 5
Rty BN O/ (R )T= 1,25 k) (5)

esh(ti’t): ples

Eqg. 5 includes equalities, but ontyand p,is unknown quantity. And the values of them canotained by
regression.

Hyperbolic tangent function or Ross’ hyperbola fime[2]is used to describe the development of shrinkaiik
time in usual shrinkage prediction models, whiclhiseaan ill-posed problem in general technologiespafating
shrinkage prediction models [5]. The problem carekglained by taking B3 prediction model as an gxamThe
updated B3 shrinkage prediction model can be wriste Eq. 2, and it can be simplified as in Eq. 6:

e, (t, t)=Extanh[¢t- t )F1? (6)

in whichE andF are constants which are not related to the shrimldagation depending on concrete component,
test environment, and etc.. Fig.1 shows that diffevalues of parameteEsandF fits well with the short-time data.

If only short-time data are known, different shragle curves according to Eq. 6, corresponding tg déferent
parameter values, can accord with these short-diata points for a long period of time. In other d&rif the data
points beyond reach the time at which the two csislgown in Fig.1 beg into significantly divergeeté is no way

to determine the parametétandF unambiguously. According to the mentioned phenomeabove, improved
prediction model based on short-time tests acceittsinitial test results quite well, as shown ilgR2 and fig 2, but
the curve may beg into significantly diverge froests after a period of time(This is true not only for the formulae
of B3 prediction model but also for all other stkiage formulae, including the Ross’ hyperbola used€1209-92

prediction model [5]2
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Fig.1 Anexample of shrinkage-time curves giving nearly the sameinitial shrinkage strain but very different final values
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Fig.2 An exampleof problemsin improving prediction model

CONCLUSION

(1) Comparing the results of predicted shrinkageasof commonly used concrete prediction modeth tie test
data it could be found that the predicted shrinkage @slwere not coincided very well with experimentatied

(2) An accurate prediction model of concrete stiestis of crucial importance for durability and d¢ptime
serviceability of concrete structure. But it woudd difficult to formulate without short-time testbecause of the
effects of the great variety of additives and dédfg combinations used on the model parameters.

(3) Seven groups of concrete structure test date weed to evaluate the suggested technology.ult dee found
that the suggested technology could match bettértive test data.

(4) Updating the prediction model based on shanettests is an effective technology to improve dhkulation
accuracy of concrete prediction models, which isstvorthy of further promotion and exploration.
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