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Generalized Bingham description of fresh concrete
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Abstract

A method is presented by which the well-known Bingham de​scrip​tion of flow in homo​ge​ne​ous liquids with yield stress can be generalised to ap​ply also for com​posite fluids. In the present con​text such fluids are defi​​ned as traditional Bingham fluids mi​xed with very stiff particles of known shapes and size dis​tri​bu​ti​ons. In practice the composite aspects of the generalised Bingham descrip​tion is a ma​jor advan​tage. Only a few geometrical para​me​ters for the particles and two ma​te​rial properties for the fluid matrix are required in order to describe the Bingham behaviour of any com​posi​tion of the composite fluid con​sidered. The Bing​ham me​thod nor​​mally used needs expe​ri​men​​tal cali​​bra​tion for any new com​​posi​ti​on. 

Due to the very strict space limits for papers to this conference the generalization method just outlined is pre​sen​ted as an operational summary of a detailed study on the rheology of fluid composites recently reported in [1]
. In the present paper composites thought of are self-compacting concretes (SCC) modelled as aggregates in a fluid ma​trix of cement paste (or mortar)2.
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Introduction and theoretical results
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The prime scope of this paper is to look at possibilities of establishing a composite method of predicting the rhe​o​lo​gy of SCC, which may serve as an alternative to the semi-empirical method, suggested by deLar​rard [2]. The theoretical basis of doing so has recently been developed in [1] from which the following presentation is sum​ma​ri​zed: The composite fluid considered is a mixture of very stiff particles (pha​se P) in a Bingham fluid  (phase S). The shear stress (s) – shear strain (e) relation is expressed by Equation 2 where Equation 1 determines the vo​lu​me concentration, c, of particles in the com​​posite fluid. V denotes volume.  Sub​scripts P and S refer to par​ticle pha​se and matrix phase S respec​​tively.

For​mal​ly the original- and the composite (or generalized) Bing​ham expression, see [3], look alike. The viscosity (() of the material first becomes active when the matrix (fluid) stress exceeds the matrix yield stress SS. 

Composite geometry

The composite geometry (particle shape and size distribution) is considered in Equation 2 by the so-cal​led geo​m​e​try func​tion ((() expressed by Equation 3 with shape functions ((P,(S), expressed by Equ​a​tion 4 and illustrated in Figure 1.

Principal para​me​​ters for the description of geo​me​try in this paper are aspect ratio (A = length/dia​me​ter) and the criti​cal concentration cS of ellipsoidal par​​tic​les con​si​de​red (cS ( maximum pac​king density ( eigen​pac​king). Nor​mally, we may expect improved quality of par​ticle size distribution (smoothness and den​sity) to be as​so​ciated with hig​her cS. 
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The so-called shape factors, (oP, (oS, appearing in Equation 4 are determined by Equation 5.
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Normally an interaction power of M = 1 is used in com​po​site analysis assuming a 'mode​​rately' increa​​sing state of interaction between aggregates at increasing con​​centration. Lower interac​tion and higher interaction can be descri​bed with M < 1 and M > 1 re​spec​​​tively. Un​​less otherwise stated, a moderate interaction with M = 1 is used in this pa​per. If other​wise stated MS and MV indicate interaction powers used in yield stress ana​lysis and in viscosity analy​sis re​spec​tively.

[image: image6.wmf]
Figure 1. Shape functions (μP,μS) with M = 1 and cri​ti​​cal con​centration cS (con​cen​tra​tion of so​lid phase in a pile of par​ticles).
[image: image7.wmf]
Figure 2. Spherical particles (A = 1) in a viscous ma​trix. Present analysis and empirical descrip​tions by Eilers and Brinkman.
Theory and experiments

As can be seen from Figure 2, reproduced from [1], the relative viscosity predicted by Equation 2 agrees with a solu​tion de​ve​loped by Einstein [4] in his study of the vi​s​cosity of dilute sugar solu​ti​ons. The expres​sion also agrees with data obtained from ex​pe​ri​ments on mixtures made of fluids with finite par​​ticle con​cen​tra​ti​ons. Two em​pi​rical descriptions (Eilers and Brink​man), reported in [5,6,1] for such data are also shown in Figure 2. At the Technical University of Denmark an experimental study has recently been made on the influ​ence of coar​se ag​gre​gates on the rheology of fresh concrete. The study is re​por​​ted in [7] from which the results presented in Figures 3 and 4 are reproduced.
[image: image8.wmf]
Figure 3. Viscosity of concrete as rela​ted to volume fraction of coarse aggre​ga​tes [7]. Solid lines are pre​​​dic​​ted with MV = 1. Mortar viscosity is (S = 2.5 Pa*sec. cS  = 0.65.
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Figure 4. Yield stress of concrete as rela​ted to volume fraction of coarse aggre​ga​tes [7]. Solid lines are pre​​dic​​​ted with MS = 3.5. Mortar yield stress is SS = 1 Pa. cS  = 0.65.
Conclusion

The well-known Bingham description of the rheology of homogeneous fluids has been generalised in this paper also to include the rheological description of com​posite fluids. The advan​tage of such gene​ra​lisation is obvious: With a few parameters (shape factors, packing density cS, and interac​ti​on po​wer M) to describe the com​po​site geometry, only two ma​te​rial properties (vi​​sco​​sity (S, and yield stress SS) of the fluid matrix are requi​​red to describe the generalised Bing​ham behaviour at any com​posi​tion of the composite fluid con​sidered. The tradi​ti​o​nal Bing​​​ham model needs experi​men​​​​​tal cali​bra​​​tion for any new com​po​sition con​si​de​red
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�)	The electronic version of this reference should be preferred. Due to a number of printing errors the paper ver�sion is very difficult to read.


2)	A software SCCFINAL has been developed to consider the rheology of fresh concrete. It can be down�loa�ded from http://www.��byg.dtu.dk/publisering/software_d.htm.
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