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£43C  Experiment Investigation and DEM Simulation of Filling
Capacity of Fresh Concrete

Hongwei CHU™' Atsuhiko MACHIDA ™ and Nobuyasu SUZUKI™

ABSTRACT: This paper is comprised of two parts with part one showing filling capacity of fresh
concrete flowing through U-Box container and box with meshes by giving a group of newly obtained
multiple regression formulae based on four fundamental factors of fresh concrete including W/C, s/a,
dosage of superplasticizer and viscous agent whereas part two illustrating the procedures of fresh
concrete flowing through U-box and meshes by first trial of using 2D DEM method.
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1. INTRODUCTION

In Japan a special attention is focusing on the high workability of fresh concrete especially on the
techniques of self-filling concrete from the consideration of economical factors and quality assur-
ance. Considerable researchers have been doing a lot of experimental works with different mix pro-
portion and different type of materials by using different type of containers , based on which some
empirical knowledge on flowing capacity, filling capacity, spatial passing capacity and resistance
against segregation was summarized [1]. Mix proportioning of concrete for practical works have
been undertaken under the accumulated experience. In this paper the author has put forward a set of
multiple linear regression formulae by which slump flow, air content, time for slump flow of 50 cm
in diameter, flowing time through cone 75 funnel, flowing time through box 75 funnel, time up to 15
cm height through U-shape box, time up to 20 cm height through U-shape box and gravity percent-
age of fresh concrete passing through meshes available in 11 cases of experiment are correlated with
four fundamental factors as W/C, s/a, dosage of viscous agent as percentage of water content and
dosage of superplasticizer as percentage of cement. The equations show quite good agreement with
experimental results.

On the other hand numerical simulation as one useful tool is widely utilized to investigate the
mechanism of fresh concrete when flowing through various kinds of boundary conditions for the
theoretical needs. Different researchers have broken through differing path of two main routes: one is
to treat fresh concrete as viscous fluid with yielding value and viscous coefficient [2]; the other is to
assume as particulate assemblage [3]. The properties of fresh concrete are very complicated and dif-
ficult to describe in determinative terms. Some symptoms of interparticle interference between
coarse particles of fresh concrete as arch forming and segregation when flowing through suddenly
changed section enable the researchers to assume fresh concrete as particulate assemblage and to in-
troduce and modify Distinct Element Method (DEM for abbreviation hereinafter) to deal with the
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properties of fresh concrete described in literature [4]. In this paper the author attempts to apply
DEM method to simulate the procedure of fresh concrete flowing through U-shape box and passing

through meshes by offering displacement history diagram, velocity history diagram and force history.

diagram. The interparticle interference can be vividly demonstrated by showing force history dia-
gram at different time intervals.

2. EXPERIMENTS

2.1 MATERIALS
In this research ordinary Port-

Jand cement, gravel, viscous agent and Table 1. Properties of Material
superplasticizer were utilized as listed in Material Specific Gravity | F.M. | Absorption
Table 1.
2.2 DESCRIPTION OF GPL. 310 e | e
EXPERIMENT Sand 249|207 | 3.09%
(1). Apparatus
Five types of apparatus are used Gravel(Gmax=20mm) 2.67| 6.73 1.2%

including slump cone, 75 cone funnel
(O75 cone for short), 75 box funnel (75 box for short), U-
shape box and mesh. U-shape box and mesh are illustrated in Fig.
I and Fig. 2.
(2). Mix proportion and results

11 cases are designed to investigate the workability of
fresh concrete and experimental results are depicted in Table 2.

2.3 DISCUSSION OF EXPERIMENTAL RESULTS Wé’

(1). Flowing capacity L—;\‘@’DI P
There are three points which can be observed in Fig. 3 Ljﬂ

and Fig. 4. One indicates that a minimum value of s/a exists, be- :‘ID D\ro
yond this value the flowing time is quite similar when slump flow **l \T U“‘*
is similar. Another is that three types of apparatus including b

®10@50

slump cone, O75 cone, 075 box used to evaluate the fluidity of  Fig 1. Geometry of mesh

fresh concrete shows quite correlated results and it is possible to S
adopt a typical one and unify the fluidity evaluation criterion of ﬂ
fresh concrete. The third interesting phenomenon is that there is B : !
no difference on flowing time through O75 cone and 075 box
with similar height and volume capacity irrespective of their dif-
ferent section shape .
(2). Filling capacity and passing capacity

s/a has a considerable influence on the properties of fill-
ing capacity and spatial passing capacity of fresh concrete as ob-
served in Fig. 5 and Fig. 6. As demonstrated in Fig 3. a minimum 50 l %
s/a approximately valued 0.45 also exits for two figures. If s/a is ' Unit: mm
over 0.45, O75 and 0175 time in Fig. 3, BT time in Fig. 5 and pp Fig 2. Geometry of U-shape box
in Fig. 6 show approximately same magnitudes respectively.
(3). Empirical formulae

It is recognized that four of the fundamental factors dominate the properties of fresh concrete,

00§

enumerated as W/C, s/a, dosage of viscous agent and water reduction agent such as superplasticizer.

etc. Because these four factors are correlated and interacted simple description of the relationship be-
tween one measurement of properties of fresh concrete with one selection of the above four factors,
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Table 2 Experiment Results

W/C| s/a | W' | C* | VA*| SP* SF* | SFT* |0757 |@75% | Air | AT’ | BT | PP"
No. o % |cmxcm| s S S %o S S Jo
1 0.35 55x55 | 31 83 | 255 | 2.4 - - 52.2
2 0.4 63x61 | 18 2921 51.9| 3.1 6 15.5|83.77
3 0.54 0.45 333 | 0.44 24 56x55 1 24 1205 18 6 5 15.1 |187.03
4 0.47 5152 52 |21.2]204 8 4.8 | 17.8|91.51
0.5 52x53 | 24.8 |16.77| 183 | 9.6 | 2.9 [14.77]89.01
6 0.52 50x53 | 27 | 165|154 | 9.7 | 2.4 [10.9192.32
7 0.34 o 529] 0.3 41 6361 18 2921 51.9| 12| 3.5| 7.7/84.93
8 0.36 500 0.2 2.5| 64x64 12| 22.2| 205| 26| 1.6] 3.5/88.01
9 0.4 0.45 450 0.1 21 67x71 8.5| 16.8/16.77 2.6/ 1.8] 3.5/79.03
10 | 0.45 400| 0.2 21 7T1x76 6.4 10.2| 10.2| 5.6| 27| 638898
11 0.5 360 0.2 21 65x70 | 12.6] 16.6| 16.4] 59| 2.1{ 4.6/59.17

NOTE: 1--Water; 2--Cement; 3--Viscous Agent; 4--Superplasticizer; 5--Slump Flow: 6--Time for Slump Flow of
50 cm in Diameter; 7-- Time through O75 cone funnel; 8--Time through 375 box funnel: 9--Time flowing up to
15cm height through U-shape box: 10--Time flowing up to 20 cm height through U-shape box; 11--Gravity
percentage of fresh concrete passing through mesh.

(S) (S)
300 300
250 250
200 200
SFT & SFT =
150 075 - 150f 075 ~
100} n7s e 100 ars -
50} 50
G B — Py
0 L L L « 0 i 3 T
0.35 0.40 0.45 0.50 0.55 50 55 60 65 70 75
s/a SLUMP FLOW (mm)
Fig. 3 s/a with SET, O75 time and 075 time  Fig 4. SF with SFT, O75 time and 075 time
(S)
(S)
= 100
10} & AT 80
70"
5r C\GN
s 60
3 ,
0.35 0.40 0.45 0.50 0.55 5 ‘ ; ;
sla 0.35 0.40 0.45 0.50 0.55
s/a
Fig 5. s/a with Filling Time AT and BT Fig 6. s/a with Passing Percentage

has been proved to be an unsatisfactory attempt. Therefore in this paper multiple liner regression be-
tween various kinds of measurable variables and four preceding factors are put together to generate a
set of empirical formulae. The dependent variables and coefficients are tabulated in Table 3 with the
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indication of correlation determinant R*. All regression formulae show very good correlation espe-
cially for air, etc. which are over 0.90. Now we select to plot the experimental data compared with
predicted data in Fig. 7 and Fig. 8.

Table 3. Multiple liner regression factors

SP' sla VA? W/C  |CONSTANT| *R?

SE -4.0676|  -35.5389| -17.4755|  -64.5271| 123.2144|  0.9027
SET -5.1056|  22.8436| 84.7689|  -13.2343 0.8554|  0.6065
Plss -3.1231| -346.6309| 81.1496|  -40.4396| 179.8756|  0.7805
AIR -0.6432|  48.7743 1.1412 21.2742| -25.7876|  0.9529

PP -21.1172|  205.1608| 153.7158| -281.4184| 125.0914|  0.7324

Bk -4.1011| -279.2394| 80.8879|  -43.7182| 152.9959|  0.7912
AT 0.4514|  -30.9182|  7.1877 5.1836|  11.5888 0.92

BT -0.8224| -27.6738| 37.8516 4.9201 10.1588 0.91

Note: 1--Superplasticizer expressed as gravity percentage of cement; 2--Visous agent expressed as

gravity percentage of water; *--Correlation Determinant; others same as defined in Table 2.

(%)

— (s)
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6l lA|r - Jl AT o
Predicted - Predicted -
4 3l
2 2
o l 75 1 : .
50 e 60 65 0 50 55 60 65 70 75

SLLUMP FLOW (mm) SLUMP FLOW (mm)

Fig 7. Comparison of air and predicted value  Fig 8. Comparison of AT and predicted value
3. DEM SIMULATION

3.1 PASSING CAPACITY SIMULATION
(1). Data packing

The whole simulation procedure is quite like the practical experimental process. First one
particulate assemblage is generated according to the size distribution available from sieving experi-
ment. Then the particulate assemblage is placed in a container formed by DEM elements and begins
to pack under the gravitational force itself. The flowing procedure can be visualized by a computer

T=2.00s T=6.00s
Fig. 9 Presentation of particles packing in MESH
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program and also can be observed in Fig. 9.
(2). Simulation result

Different set of parameters concerning the properties of particles will dramatically influence’
the simulation outcomes. Here we will give a set of parameters listed in Table 4 and show the corre--
sponding results in Fig. 10. Obviously the position of rebars is the location of serious particle inter--
ference which can be illustrated in force and velocity history diagram of Fig. 10. Force and velocity’
history diagrams are drawn according to the magnitude and direction from simulation results propor-"
tional to the maximum one.

3.2 FILLING CAPACITY SIMULATION
(1). Data preparation

The same procedure as described above will be repeated and the packing process can be”
similarly handled.
(2). Simulation result

When packing is finished redundant particles are removed and simulation can be com--
menced. It is very useful to demonstrate the displacement history, velocity history and force historyY
because it can help us to locate the reason of uncompleted filling or flowing. Serious particle interfer--
ence can be clearly seen in the specific zone located in small-opened outlet as demonstrated in Fig.-

Time Disp. Force Velo. Time(s) Disp. Force

T=0.0

T=1.0

T=1.0

T=5.0

T=1.5

T=13.0

Max. Force of No. 28 at T= .00s( .
Max. Velo. of No. 772 at T= .25s( .738m/s):

'

Fig. 10 Presentation of flowing through mesh  Fig. 11 Presentation of flowing through U-Box
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Fig. 12 Detailed shot of Fig. 11

11. We also take a detailed shot of force and ve-

Table 4. DEM parameters for MESH

locity distribution at T=1.0s as shown in Fig 12. - ol | B210P BoforCest ofl G0
This enables us to visualize the interference at the [>F' e €Onstan e ‘Oh oet-of) U
outlet of U-shape box. Normal K| kgf/mm particles j,
Spring constant | 1.5%x107 |Friction Coef. of | 0.01

4. CONCLUSION .

: . i kgf/mm |wall and particle
From the above research, the flowing conclusion Tangential K, - L
can be drawn listed below: Dashpot coef. 5.7x10" | Allowance of 1.2%
(1). A minimum s/a exists beyond which different | o n, kef-s/mm |spring tension A
mix proportioning will generate fresh concrete P e .
with similar workability concerning flowing ca- | dashpot coef. 7x107 | Time Step At 107
pacity, filling capacity and spatial passing capac- |Tangential i, | kgf-s/mm
ity on the C9!1d1t19n of similar stump ﬂow‘v I.n Particle no. Nel 330 Simulation Time| 2.0s
other words if s/a is controlled beyond the mini-

mum bound, then it is a quite ease to make qual-

ity control over the high fluidity of concrete. Of course for different type of materials the magnitude
of s/a will differ from each other.

(2). Concerning flowing capacity slump flow, O75 cone and 75 box show good agreement with
each other, that means that it is possible to select one type of apparatus concerning flowing capacity
evaluation and unify the criterion of judgment.

(3). Regression formulae are given to slump flow, time for slump flow of 50 cm in diameter, air con-
tent, time through O75 cone, time through O75 box, time flowing up to 15c¢m height through U-
shape box, time flowing up to 20 cm height through U-shape box and gravity percentage passing
through mesh based on four fundamental factors of fresh concrete such as W/C, s/a, dosage of super-
plasticizer and dosage of viscous agent. The experimental results can be followed well by regression
formulae with correlation coefficient R*as high as 0.95.

(4). DEM method is a good method to estimate the mechanism of spatial passing capacity. The rebars
have the possibility to stagnate fresh concrete from flowing by forming arch. This serious particle
interaction is also illustrated by velocity and force history diagrams.

(5). Filling capacity of fresh concrete can also be investigated by DEM method . Velocity and force
history diagrams depict clearly the interparticle interference when passing through suddenly changed
outlet.
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