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QUALITY CONTROL OF DAM CONCRETE

By Dr. Eng., Susumu Nagata, C.E.Member

Three gravity dams, each of 150-meter-high
class with a concrete volume of 4,700,000 cubic-
meters in all, were completed in the recent five
years in Japan : 1,122,000 cu/m Sakuma Dam,
1,949,500 cu/m Tagokura Dam and 1,627,500
cu/m Okutadami Dam. Each of them was con-
structed of concrete quality different from each
other : Sakuma Dam, of concrete using modified
Portland cement exclusively, Okutadami Dam,
of concrete using modified Portland cement but
partly replaced by fly ash, and Tagokura Dam
by using the two types ef concrete stated above
in order to meet the structural requirement.

The actual states of control factors were gr-
asped on the basis of the actual results of the
quality control of this extraordinarily volumin-
The author hopes that the conc-
lusive statement based on this study as menti-

ous concrete.

oned below will contribute in the future to the
improvement of the manufacturing processes and
the quality control of concrete.

1. The Aggregates

(1) Cearse aggregates

As to coarse aggregates, Sakuma Dam and
Tagokura Dam were constructed by using river-
produced natural sands and gravels, and Oku-
tadami Dam by using crushed rocks, after all
of those aggregates having been classified into
four sizes fo 150-80 mm, 80-40 mm, 40-20 mm and
20-5 mm by means of screening plants of similar
description.

The results of numbers of the above-stated
screening into these four classes indicated that
the accuracy of such classification was sufficiently
high excepting the 40-20 mm classification, but
that the accuracy in classifying 40-20 mm was
discouragingly low and that this low accuracy
brought about a substantial deterioration to the
grading as such of the coarse aggregate for the
concrete.

Similar deterioration in the grading of the
coarse aggregate was found common to these,
three dams, which indicated that both of these

20 mm and 40 mm standard sieves must have
some sort of defect in them.

In view of it, the author proposes to enlarge
the aperture size of both the 40 mm and 20 mm
standard sieves and also to enlarge the total of
areas of these sieves, so as to correct such de-
fects.

(2> Fine aggregates

For the adjustment of grading of the fine
aggregates, hydraulic sizers were employed in
constructing Sakuma Dam with a remarkably
satisfactory result. According to the continuous.
screening tests on 5560 test pieces taken at the
batcher plant, the fineness modulus came out to.
be 2.71 at the maximum and 2.55 at the min-
imum, the average being 2.631. This remark-
able uniformity in the fineness modulus attrib-
utable chiefly to the facts that the grading of the
river-produced natural sand was so fairly uniform
and the amount of valiable sand was so ample
that the sand found unusable according to the
result of screening could be discarded freely.

It once happened that the uniformity in the
grading of the sand was lost, because the
aggregate pit was once shifted from one to
another and, as a result of it, the sizer lost its.
proper faculty. In consideration of it, the scope
of the application of the sizer has been treated
to some extent.

The crushed rocks used as aggregate for Oku-
tadami Dam has been left out of the treatment
in this paper, for its treatment had already been
published by Mr. S. Mimura, Project Manager
of Okutadami Power Project.

2. Quality of Concrete

The following conclusions have been drawn
from the results of compressive strength tests
applied to the test pieces taken from the concretes.
of the above mentioned three dams :

(1)

factors (rate of increase of compressive streng-

The relationship between the control

th, coefficient of variation of compressive stren-
gth, standard deviation, probability of errors}
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of the 91-day-age concrete and those of the 365-
day-age concrete, both of which concrete partly
using fly ash as one of the constituents, is an-
ologous to the relationship between the control
factors of the 28-day-age concrete and those of
the 91-day-age concrete, both of which concrete
This ind-

icates that the control of quality of concrete

not using fly ash as the constituent.

using fly ash as its constituent shall have to be
based on the compressive strength of the 365-
day-age one.

(2) According to the results of construction
work for completing these three dams, where
most modern and superior construction equip-
ment and processes were employed, the contro-
lling factors mentioned above have been found
to be quite satisfactory ; for instance, at Sakuma
Dam, where the 220kg of cement was used for
a cubic meter of concrete, the compressive str-
-ength of the concrete was found to be 369 kg/
sq+cm, the coefficient of variation 12.7% (total
number of test pieces 984) and that of 19 gro-
ups of test pieces (each group consisting of 50
test pieces) 10.7% on the average, the probab-
ility of errors 1/220.

(3) A study on the variation of the rate
of increase of the compressive strength on a
number of groups each consisting of 50 test
pieces has revealed that the rate of increase is
almost constant as predicted by the theory.
Based on this observation, the relationship bet-
ween the variation coefficient of compressive
strength of a 28-day-age concrete and that of a
91-day-age one is shown by the formula below:

A

Vo Soy 0oy
=21 X=—" b=
Vi s Sas s O3

where V,;, V,,=Coefficients of variation of comp-
ressive strengths of 28-day-age co-
ncrete and 91-day-age concrete
respectively.

85,85, =Standard deviations of compressive
strengths of 28-day-age concrete
and 91-day-age concrete respecti-
vely.

G,4,04,=Average values of compressive
strengths of 28-day-age concrete
and 91-day-age concrete respecti-
vely.

Of the above formulas, the value of £ may
be determined in accordance with the result of
investigation previous to the construction work,
and the value of Y is known when the value
The value of X, while being
affected by the aggregate available at the site

of X is given.

and by the construction equipment and proces-
ses employed, is affected chiefly by the unit
amount of cement used. Judging from the
actual results of constructing these three dams,
the value of X has been estimated to be betw-
een 1.1 and 1.2.
is to become equal to the value of £(=1.3-1.4)

The maximum value of X

according to the theory. But, as X<k, the value
of X estimated above is believed to be not far
from its true value.

When the value of X is given, the coeffiicient
of variation of 91-cay-age concrete, V,,, is dete-
rmied from the coefficient of wvariation of 28-

day-age concrete by the formula :

X

Vsn:_‘k‘vzs

The above is to orovide unfailing quality co-
ntrol of dam concrete by estimating the 91-day-
age variation coefficient based on the 28-day-age
variation coefficient.

(4) The above is to contribute certain data
to the future improvement of quality control of
concrete to be used for constructing dams, by
referring to the practical values of control fac-
tors concerning gravity dams ond arch dams,
based on the actual results stated in 2-(2) above.






