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Abstract

It is necessary to know and control inner factors which influence durability when structures
are designed and constructed. The most important factor is mix the proportions, especially the
water-cement ratio. Therefore, the accuracy of estimating the water-cement ratio is the most
important point in evaluating durability and estimating life time. However, in the case of
existiffg concrete structures, there is no documentation in most cases. Consequently, in many
cases estimation of the water-cement ratio from a hardened concrete sample is necessary for
existing structures. This method is shown in papers of CAJ and JSCE. But there are few
experiments and little consideration about the accuracy of estimating the mix proportions of
hardened concrete.

In this paper, accuracy in estimating mix proportions of hardened concrete is studied. And
the following results were attained.

(1) In order to improve the accuracy of estimating mix proportions, the accuracy of quanti-
fying CaO and measuring attached water must be improved.

(2) The test of attached water measurement must be conducted before strength tests on the
specimen for estimating mix proportions, because large errors in estimating the amounts of

attached water will influence the estimation of the water-cement ratio.

1. Introduction

It is necessary to know and control inner factors which influence durability
when structures are designed and constructed. The most important factor is the
mix proportions, especially the water-cement ratio. Therefore, the accuracy of
estimating the water-cement ratio is the most important point in evaluating
durability and estimating life time. However, in the case of existing concrete
structures, there is no documentation in most cases. Consequently, in many
cases estimation of the water-cement ratio from a hardened concerete sample is
necessary for existing structures. This method is shown in papers of CAJ and
JSCE. But there are few experiments and little consideration about the accuracy
of estimating the mix proportions of hardened concrete.

* Part of this report was presented at the CAJ conterence (May 1988).
## Department of Developmental Engineering, Faculty of Engineering, Kitami Institute of
Technology.

##% Department of Civil Engineering, Faculty of Engineering, Kitami Institute of Technology.
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2. Procedure

2.1. Procedures of Different Methods
A typical method of estimating the proportion of hardened concrete is clas-
sified and shown in Fig. 1.

~ Method with ignition loss.
" (CAJ method)

Estimating mix proportions Balance method
(Calculating) method " (CAJ method)

l
| . . .
—Method without ignition loss— | ggittgif (C]%I(l:sﬁiirrlg‘t%oag)r

~ Method without considering
air content (JSCE mtehod)

Fig. 1. Classification of estimating mix proportions.

2.2. Estimation Procedures of Mix Proportions Considering Accuracy
The CAJ [1] method by ignition loss was chosen to consider the accuracy
of estimating mix proportions of concrete.

2.3. Flow of Measuring Procedure
A flow-chart of the outline of the measuring method for estimating mix
proportions was given in reference [1] are shown in Fig. 2.
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Fig. 2. Flow-chart of measuring method for estimating mix proportions.
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2.4. Calculation of Estimating Mix Proportions

The calculation of estimating mix proportion was the method in which the
water content of concrete was calculated from attached water and ignition loss
of concrete given in reference [1].

2.5. Method of Consideration for Accuracy of Mix Preportions

The error in measuring and its influence on each item of analysis are clarified
to study the reliability of measured estimation for mix proportion. The calculating
expressions are readjusted and arranged into a single expression. The process of
calculating mix proportions is the estimate of the water-cement ratio which
is especially important for quantifying durability. Further more, the variables of
measured data are processed by total differential calculus. It is the expression
for the propagation of error of the water-cement ratio. Therefore, it expresses
the formula of error of measured data, which is substituted in the estimation,
and its weight. The process leading to the expression is indicated as follows.

(1) Estimating Eugation of Water Cement Ratio
The expression for the estimation of the water-cement ratio is shown in
equation (1).

(1.541 X W, —0.93) X C5 +(1.031 X L,+1) X W,

4100 xI;—1.2559 x I,—1.0498 X I, x Q

W/C="——""""15504xC,—0.006512 X, ' (1)

where 1, : Ignition loss (%), I,: Insoluble residue (%), C,: Content of Calcium
oxide (%), W, : attached water (%), Q: percentage of water absorbed aggregate.
Therefore, the measured data of ignition loss and insoluble residue of cement
and aggregate is referred to in the data of JIS and CAJ [1].

(2) The Equation of Water-cement Ratio
The equation (1) is treated with variables which are I,, I, C5, W, and Q
by total differential calculus, in order to induce error propagation of the water-
cement ratio. It is shown as follows:

GW/ C aW/ C GW/ C

dW/C =-

BW/C 8W/C
- Wi+ 5040 (2)

dl,+ dL+ — dC, +

Then, it is developed as follows :
W,;+100
1.5504+C, —0.006512-1,

(1.5984624 - W, —1.947147 — 1.6276099+ Q) . C,
[ 1 0.006512+((1.541 C, +1,) - W, +100+1,—0.93-C,) dI]
3 2

dW/C = [ =X dI ]

(—0.006512+1,41.5504+C,)?

0.00605616+I,— 0.0100349 - W, I, — 1.5504(1.031 -1,
W+, W, 4100-1,—1.2559 .1, — 1.0498-1,-Q)
o (1.5504-C, — 0.006512-1,)2

cac]
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1.541+C,+1.031-L+1;

1.5504.C,—0.006512-1,
—1.0498-1,

+[’ﬁ§oz.cj_o;ooa51zf1; X dQ] {3)

X dWl]

The parts of partial differential calculus in this expression are the weight
of each measured datum’s error to the error of estimation for the water-cement
ratio measured error. The product of error and the weight of each measured
item indicate the range of error in estimation for the water-cement ratio. The
mean square error (M) in estimating the water-cement ratio is shown as follows:

M= +\/<‘3W/9> dIp+ (a%(—;)?-dlﬁ@gg C) ch2+<aW/ C) dwlz+<a%c> aQ:
(4)

2.6. Experimental specimens

Standard specimens (H1, H2, H3) whose mix proportion is already known are
$10x20 cm as shown in Table 2. The mix time is 2 minutes. The fresh
concrete was placed in 2 layers into form of a cylinder. Each layer was com-
pacted by a vibrator. After 48 hours, the specimens were taken out from the
form and cured in standard curing water.

On the other hand, the specimens (K1, K2) were taken from an existing
concrete structure, and were extracted by a ¢ 120 mm diameter coring machine.

3. Results

3.1 Error in Estimating Water-Cement Ratio

The results of each specimen are shown in Table 1. The experiment results
of standard specimens in which the mix proportions are already known Jare
shown in Table 2. The result of error in estimating the mix proportions of the
standard specimens is shown in Table 3. According to Table 3, it is considered
as the following.

(1) The error of quantifying CaO is 4.67% in deviation and about 507, to
error of estimation for the water-cement ratio.

(2) The error of attached water before strength tests in weight of measured
datum error is 3.15%. After strength testing, that is 3.23% and the tendency
to be larger than that before strength test.

(3) The percentage of water absorption of aggregate is small compared to
the error of estimating the water-cement ratio because of the small weight of the
error.

(4) The weight of error of the ignition loss is large at 8.157%, but the error
of measured data is small and has little influence on the error of estimation for
the water-cement ratio.

(5) About accuracy of estimation of mix the proportion of the specimen
samples from an existing structure, the water-cement ratio in samples from on
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Table 2. The results of estimating the mix proportions of
standard specimens (H1, H2, H3)

T A ; Unit Unit .
Water Unit Unit \ : : Air :
Tter ‘ cement |weight of |weight of wexégrtlé of Weég:;e()f entrained CoAtlr ¢
ratio cement water aggregate|aggregate| ageant | 2y
, | (%) ] (kg/m3) | (kg/m?) | (kg/m3) | (kg/m¥ | (cc) | (%)
Mix proportion o \ = . p
Sk L 65.0 ,\7,22,‘\ B2 | 5 | 1221 | 382 | 49
Mix pro-| lgnition | - gg3 | 277 | 183 | 1942 28 a8
portion loss ’ ) -
of esti- | Balance “ 530 | 281 ‘ 148 l 1974 ‘ (il TGO,

mating | method

Table 3. Result of considering error of estimating the mix
proportions of standard specimens (H1, H2, H3)

[ R alisar Error of ‘ | (Error of
Item of analysis measurement mzssats;;g:;gnt ‘ Weight ‘ mia(%\l/?i;ftr)“)
il DR = ‘ (%) | deviation)(%) | | (%)

Ignition loss | 3.45 ‘ 0.09 \ 8.54 \ 0.77
Insoluble residue } 82.52 | 1.48 | o3 | 0.58

Ca0 B iy | 730 | 467
Attached water before y Ps-= T 2l 1l 2k |
strength test - ‘ 7.54 ! 0':_39 L 8.07 3.15
Attached water after 1 AT [T 2005
strength test e | g()O)i (07'40) 71 7(8 Ol) ‘7 (3.23)
Percentage of water j . i s ) s
absorption aggregate | V91 e I N i | P o
Water cement ratio 1 66.3(70.0) ‘ M (Mean error):5.7(6.0)

Note; ( ): calculation with attached water after testing.

Table 4. Result of considering errors in estimating the mix

proportions of sample specimen (K1, K2) *
Ressln ot Error of (Error of
Item of analysis measurement‘ m(essits;rfgﬁsnt ‘ Weight mea(%‘llzrgn;tr)n)
T it R e~ (%) _deviation) (%) o %)=
Ignition loss ‘ 3.48 | 0.21 \ 7.64 \ 1.60
Insoluble residue | 7954 | 1.23 | o4z | 0.52
Ca0 s Sl feotinBed®Bhim i 6.24 L 2.06
Attached water before ‘ 8 31 | 0.17 ‘ 7.03 ‘ 1.20
Strepitiiitest g1 = o 5| || =& == | | R Al s
"~ Attached water after \ \
R LT e e L
Lergiase of water 1 1.73 | 0.92 | = 5.86 5.39
Gidbsorption.aggregdtes — | M == o 0 7 1g S 06 0B
Water cement ratio ‘ 65.1(70.7) ‘ M (Mean error):6.1(6.6)

Note; ( ): calculation with attached water after testing.
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existing structure is 61.5%. When the error of measured data (standard deviation)
are imputed, the Mean error is +6.1%. These resuls are shown in Table 4.

3.2 Improvement of Accuracy of Estimation
(I) In order to improve the accuracy in estimating mix proportions, the
accuracy of quantifying CaO and measuring attached water must be improved.
(2) The test of attached water measurement must be conducted before the
strength test on the specimen for estimating mix proportions, because a large
error in the amount of attached water will influence the estimation of the water-
cement ratio.
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