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v-70 DEFORMATIONAL MODEIL. OF SOLID PHASE IN FRESH CONCRETE
FOR MIXTURE WITH MIXED GRADING

TANGTERMSIRIKUL Somnuk~ MAEKAWA Kohichi-=-

1. INTRODUCTION

This paper introduces a model for obtaining the stress-strain relationship of
the mixture with mixed grading, in other word mixture of coarse aggregate, fine ag-
gregate and powder materials which is based on the model for single materials [1].
This information is important when dealing with the analysis of deformational be-
havior of fresh concrete in which fresh concrete is treated as multi-phased material,
for example the analysis of dewatering of fresh concrete under pressure [2].

2. IDEA OF THE MODEL

The idea is introduced on the basis of the proposed model for single materials
[1]. The total stress of the mixture is considered to be the summation of stress
contributed from each single material. The stress of each material is dependent on
its void ratio and the stress-void relationships of the single materials can be ob-
tained from their stress-strain relationships by applying the relationship between
volumetric and linear strains. Each material does not produce stress unless its par-
ticles come into contact, in other words, its void ratio approaches €max of the
material where emax is the void ratio at the commencement of stress. Consequently,
the general expression for computing the stress of mixtures of single materials can
be written as (j indicates the direction of stress and subscripts g, s and p refers to
coarse aggregate, fine aggregate and powder materials, respectively)

g3 = a JK’(eB') A JS(es) + 0 3p(ep) (1)
where eg is void ratio of the coarse aggregate where void of coarse aggregate is
considered as the volume other than that occupied by the coarse aggregate which
can be written in the following expression
VtVtvg @
es is void ratio of fine aggregate and the solid volume of coarse aggregate is not
considered in the domain to compute void ratio of fine aggregate. ey is void ratio
of the powder material and it is calculated using the domain V. - Vg - V.. Then
Vt - Vg- - Vs

Cs = ——Vt—_-v':— (3)

€p = (4)

where V. is total volume of the mixture at any moment. Vg, Vs and Vo are volume of
coarse aggregate, fine aggregate and powder materials, respectively. The void ratio
of each phase can be computed when the initial volume of the mixture and strains
are prescribed (using the relationship between linear strains and volumetric strain).
Let subscript i indicate the initial condition, then Ve = Vi - AV and Vg, Vs and Vo
equal Vg, Vs1 and Vgy respectively. AV is volume decrease due to deformation.

The lateral stress coefficient (K.) for the uni-axial confined compression case
can be calculated from (¢ x = 0 » and subscript z denotes the loading direction)
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3 VERIFICATION TESTS AND DISCUSSIONS 3
3.1 TESTING METHOD AND MATERIALS USED IN THE TEST -~ Displacement meter

Uni-axial confined compression testing method was N ohoading plate

used for verifying the proposed model. Fig.l shows the A
apparatus used for this test and the set-up. The sen b
materials used were given in Table.l together with their ;
properties. Samples of the materials were filled into the -
hollow steel cylinder with open top and bottom. Four b5 sem—]
strain gauges were attached to the outer side of the Fig.l Apparatus

L, ~Steel ring
1 Strain gauges
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Table.l Properties of materials used in the test Table.2 Test condition
Test | Material Specific Finess Ko Emax Test | Fly ash Sand Gravel
gravity(g/cc) |(cm?/g) (%) (% by volume)
F {Fly ash 2.19 3000 0.63 | 43.2 FS 25.0 75.0 -
s River sand 2.62 (2.39) 0.52 40.2 SG - 75.0 25.0
G River gravel 2.85 * 0.65 42.7
( ) Finess modulus « Size ranges from 5 to 15 mm

steel ring for the purpose that lateral stress
can be derived from the strain of the cylinder.
Load was applied at the top of the cylinder and
was measured with a load cell. Stress was
derived by dividing the applied load with the
cross-sectional area of the steel ring. To ob-
serve volume decrease during the test, four
displacement transducers were set on the load-
ing plate at the top of the cylinder. Initial

void of the sample was calculated by subtract- iz 27 3% 28

ing solid volume of the sample from the volume Fig.2a Lateral stress costtiolont
of the cylinder. The solid volume of the sample

Lateral stress coefficient
8
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was computed using specific gravity of the g o 6 (Test)

material to transform weight of the sample into 5 60F O S (Test)

its solid volume. Firstly, the tests for single = mo N 2 CF(‘I:?;’HS)

materials were performed to obtain the stress- $a0 | ° at(.i TS (analveln

void relations for single materials which were @ i 4 == T (Analysis)

utilized to predict the stress-strain relation- ool A X

ships of their mixtures by utilizing the 6 f

proposed model. Then the tests of mixtures of = - ) )

the single materials were carried on. The con- 0 008016 ‘124smi°h3ﬁcm Jem)

ditions of tested mixtures are given in Table.2. Flg.2b Stress-strain relationship

3.2 ANALYTICAL AND TEST RESULTS Fig.2 Test and analytical results of single materials
The results of stress-strain relationship

and Ko for single materials in Table.l are shown

in Fig.2 with their corresponding best-fit -3%5_

curves. The result of gravel was fit at the low % A o

stress level since crushing took place at high  Sosst Aa oogo

stress level. Test and analytical results of 8 TA_DGTUT_“—LA

the mixtures in Table.2 are plotted in Fig.3. 50‘45' g o

The analysis were performed based on the best- ;035“

fit of the test results of single materials since g~ o

the paper is aimed to illustrate the idea of Suzqo n = .

mixture (see ref.l1 for analysis of single Applied stress4(8kg/cmz)
materials). It is seen from the figures that the Flg.3a Lateral stress coefficlent
analytical and test results are congruent.

O SG (Test)

A FS (Test)
—-= 5G (Analysis)
—— FS (Analysis)

=
(=3
T

4. CONCLUSIONS

Conclusions can be made as follows;
1) A model for obtaining stress-strain relation-
ship of mixtures with mixed grading was intro-
duced based on the model of single materials.
2) The uni-axial confined compression tests of
various mixtures were conducted to verify the
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model and the comparison between the test and Strain (cm/cm)
. Fig.3b Stress-strain relationship
analytical results were proved satisfactory. Fig.3 Test and analytical results of mixtures
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