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FUNDAMENTAL STUDIES OF THE EFFECTS OF MINERAL FINES

ON THE STRENGTH OF CONCRETE

By Dr. Eng., Kanji Yamazaki, C.E. Member

This paper describes the results of funda-
mental studies on the physical effects of mineral
fines on the strength of concrete.

Mineral fines used in this test is fines of
siliceous sand, lime stone and gray wacke
ground to various fineness as inert fines in
cement paste, five samples of fly ash selected
from the typical kinds most widely used as
pozzolan in Japan, and fines of blast furnace
It is

natural that the chemical reaction of pozzolan

slag as reactive fines in cement paste.

and slag in cement paste has a marked influ-
ence on the strength of concrete. While the
variation of the water content, the air content,
the amount of bleeding water and the amount
of settling of concrete produced by the admixed
fines have also considarable influence on the
strength of concrete.

The fines such as rock fines which is inert in
cement paste increases the strength of concrete,
when a part of aggregate is replaced by it
without reducing the unit cement content. For
example, in case 8~10% of the fine aggregate
is replaced by fines, compressive strength at 28
days increased 20~50% for fly ash and 10~44
% increased for rock fines (lime stone fines or
gray wacke fines).

This increse of strength also depends on the
variation of the water content, the air content
and the settling volume by use of fines. On the
other hand, the literature has shown that the
alteration of inner structure of concrete due to
the decrease of bleeding water by use of fines
also causes the increase of strength. But this
increase of strength can not be completely ex-
plained with the above reasons. So further in-
vestigation of the problem of strength has been
performed.

When the fines is added, the strength of con-
crete and mortar can not be explained by the
usual theories such as the water cement ratio
theory, the voidcement ratio theory or the gel-

space ratio theory.

Therefore, observations were conducted on
the fundamental relations between the strength
of mortar and concrete and the properties of the
cement paste part in the mortar and concrete.
Results of these investigations are as follows.

In general, there is a definite relationship be-
tween the strength of mortar and concrete and
the net-void cement ratio, which is calculated
from the volume change due to settling of con-

crete. This relationship holds irrespective of air

content, water content, volume of bleeding
water, if the rate of hydration of cement is
constant.

Further, if the aggregate and testing methods.
are constant, regardless of the quality of cement
and admixtures (air entraining agent, dispers-
ing agent, accelerator, retarder, etc.), the unit
water content, the unit cement content, the
air content and age, the strength of mortar and
concrete can be expressed by a function of the
form,

0=K(Vz)"”

o=strength

Vie=unit solid volume in cement paste

where

part of the morter or concrete.
K,n=constant

A unit solid volume is the total volume of
unhydrated cement, hydration product and gel
water in a unit volume of cement paste part
in the mortar or concrete.

If the approximate volume of gel water is
considered to be equivalent to the absorbed
water at 80% relative humidity, the following
relationship is obtained between a unit solid
volume (Vi) and the compressive strength
of modified cube of mortar (s,).

0.=2280(Vieso)*

Then the observations were conducted on the
measurement of the combined water of cement
and the unit solid volume (Vj.,) of cement

paste part in mortars admixed various fines.
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‘“Test results show that even inert fines such as
rock fines, increases the combined water of
cement, the unit solid volume and the heat of
hydration of cement. For example, a part of
sand in mortar replaced by rock fines which is
equivalent weight to the 10~20% of cement
.content, combined water of cement increased
11~29% at age 3 days, and increased 1~9% at
age 91 days.

As described above, the strength of concrete
develops if a part of aggregate is replaced by
fines. Author points out as the reason for this
strength development that fines helps the rate

of hydration of cement, in addition to the usual

space takes place when fines gets into the flocks
of cement particles.

On this occasion, if fines is inert, the fines
can not be considered to be a part of the unit
solid volume which affects strength. From the
observation hy an electron microscope, the dis-
tinct boundary layer is observed between hyd-
ration products of cement and fines which has
not reacted yet. They are each other in a quite
different way from the adherence between hyd-
ration product and unhydrated cement or hyd-
ration product each other. However, a part of
unreacted pozzolans which produce a part of
pozzolanic reaction, is expected to be a part of

theories. solid phase which affects strength, as far as
The hydration will develop because of the pozzolans have strongly combined by pozzolanic
increase of the space for hydration products in action.
flocks of cement particles. This increase of
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