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Abstract

The water cement ratio in any cement-based material imparts a very important role. The determination of water cement ratio for
quality control of fresh concrete, a new method has been developed named as “Electrical Resistivity”. This method isn’t very
much popular because not much work has been done yet. In the present work a total number of 3 mixes has been prepared, three
w/c ratio’s (0.4 ,0.5 & 0.6 ) has been taken. The water content is kept same during whole work (186kg/m3) as per IS 456:2000
guidelines. It is found that the resistivity of fresh concrete has a strong direct correlation with w/c. The resistivity probe used to
measure the w/c is found within +0.01 of the actual value for all the mixtures tested.
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|. INTRODUCTION

The wic ratio in concrete may enhance strength of concrete and minimize as well. There are many other factors on which the
compressive strength of concrete depends but the foremost factor is w/c ratio. To decide whether the wi/c ratio is correct in
proportion or not, the conventional procedure of destructive method is time consuming. Here the new method i.e., electrical
resistivity has been proposed which is a non-destructive method.

A. Electrical Resistivity Method:

In this method all the materials i.e., cement-sand, sand, aggregate and water has been considered separately in experimental
work. A non-conducting cuboid shaped mould is considered and the wenner array probes of instrument to be inserted into the
filled concrete in it. The spacing between the probes are constant. The symmetric diagram of arrangement is shown in figure
given below.
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Fig. 1: Schematic Representation of Four-Electrode Resistivity Test (Wenner Method)

Il. LITERATURE REVIEW

M. Mancio, J. R. Moore, Z. Brooks, P. J. M. Monteiro, and S. D. Glase[1] “Instantaneous In-Situ Determination of Water-
Cement Ratio of Fresh Concrete” described the importance of w/c ratio of fresh concrete for quality control for the construction
industries and a new technique to determine the same. Experiments were conducted on eight concrete mixtures designed
according to the ACI 211.1 procedure, with varying w/c (0.30, 0.40, 0.50, and 0.60) and fly ash percentages (0 and 25%). They
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also validated their estimated w/c ratio (by Archie’s law) results with the actual w/c ratio. Ozkan Sengul and Odd E. Gjerv[2]
“Electrical Resistivity Measurements for Quality Control During Concrete Construction” investigated the relationship between
chloride diffusivity and electrical resistivity of the given concrete based on the Nernst-Einstein equation. Then the chloride
diffusivity can indirectly be controlled by routine-based measurements of the electrical resistivity during concrete construction.
The test program was mainly based on the four-electrode (Wenner) testing of the electrical resistivity and included different
probe spacing and different geometry of the test specimens.

111.OBJECTIVE OF STUDY

1) To investigate the instantaneous wi/c ratio of fresh concrete.

2) To develop a new method of determining wic ratio for quality control.

3) To prepare a correlation between estimated w/c ratio with actual w/c ratio.

4) To establish a relationship between actual w/c ratio & bulk electrical resistivity.

IV. METHODOLOGY

There are some steps through which this study to be carried out. The properties of cement, sand & aggregate are to be carried out
separately. Similarly, the resistivities of all the ingredients are found by using resistivity probe method. The total number of three
concrete mixtures as per 1S concrete mixture design guidelines are taken in this study with varying w/c ratio (0.4,0.5 & 0.6).
Concrete with the same slump but different w/c ratio typically have similar water content per unit volume. Based on the IS
procedure, a non-air entrained concrete with a maximum aggregate size 20mm and slump(25-50mm), as used in this research,
will have a mixing water content of approximately 186 Kg/m3. The spacing between the probes are constant i.e., 3.5 cm.

The initial resistivity of the mixing water was measured and kept constant at 64 Q-m. Immediately after mixing, a portion of
each concrete was poured into a non-conducting chamber (25x 25 cm) to hold the sample as resistivity measurements were
conducted over time. Standard for all measurements, the probe was vertically immersed in concrete and centrally located within
the glass chamber. Before initial setting of the cement, resistivity was measured at 10-minute intervals for approximately 2
hours.

The electrical resistivity of the concrete p, a material property independent of sample geometry, is given by p = kR, where k is
the geometric factor (a parameter determined by the geometry of the probe used). the probe geometry factor k determined
analytically (k = 4ma), and experimentally determine the value of this constant, the probe was submerged in aqueous solutions of
known resistivity (ps = 0.1-0.4 Q-m, 1-4 Q-m, and 10-40 Q-m), and the expression k = ps /Rs as well. Rs is given by Vs/Io, that
is the potential measured across the two inner electrodes divided by the current driven through the circuit.

V. RESULT AND GRAPHS

A. Concrete mixing proportions:
Table- 1
Concrete Mixing Proportions

UNIT PROPORTIONS AMOUNT KG/M?
MIXTURE W/C

NO. RATIO FLY FINE COARSE | CEMENT | FLY FINE COARSE

CEMENT | 1o, AGG AGO (KG) ASH AGG AGG

(KG) (KG) (KG)
1 0.40 1.00 - 1.34 2.57 465 - 623.75 1195.89
2 0.50 1.00 - 1.869 3.29 372 - 687.54 1209.802
3 0.60 1.00 - 2.40 3.88 310 - 744.22 1203.92

Note: specific gravity of material: cement =3.15, fine aggregate =2.60, Fly ash = 2.77, coarse aggregate=2.804.

B. Probe‘s average geometric factor (K):

1) Empirical determination of probe ‘s average geometric factor (K)
Table — 2
Probe ‘S Average Geometric Factors

SOLUTIONTYPE | NO. | P(Q-M) | R (Q) Ky Ky
1 0.2380 | 0.50503 | 0.471 0.471
Low
p=0.1-0.4 (Q-m) 2 0.2387 0.5065 | 0.472 0.472
3 0.23951 | 0.50805 | 0.471 0.471
Medium
p=1 -4 (Q-m) 4 2.427 5.148 0.472 0.472
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5 2.42736 | 5.1487 | 0.4714 | 0.4714
6 242394 | 5.1478 | 0.4712 | 0.4712
High 7 24,53 52.0514 | 0.4723 | 0.4723
p=10-40 8 | 2465 |522880 | 0.4715 | 0.4715
(€-m)
9 24.6462 | 52.2801 | 0.4721 | 0.4721
Average geometric factor 0.471
Standard deviation 0.022

Probe geometrical factor was based on 18 measurements conducted with aqueous solution of low-medium and high electrical
resistivity (refer table 2). The average measured value for K was 0.471
2) Analytical Determination of Probe ‘S Average Geometric Factor (K)
k = 4ma ; k =0.439;
Geometrical factor for resistivity probe immersed in solution has been analytical determined as given above, where ‘a’ is spacing
between electrode i.e., 3.5cm.
error = 0.471-0.439 =0.032
The error between empirical & analytical geometrical factor for resistivity probe is 0.032.

C. Resistivity (Q-m) for Different Mixtures (0% Fly Ash):
Resistivity measurements were made at 10-minute intervals for each of the three different samples during the first 2 hours after
mixing. Two measurements were made at each time interval, and average values for each mixture were calculated including all
readings made during the testing period. All measurements were made using the probe apparatus described previously.

Table 3: Resistivity (©-M) For Different Mixtures

TIME (MINUTES) RESISTIVITY(Q-M) FOR DIFFERENT MIXTURES
0.40 0.50 0.60
0 22915 33.2458 31.92
10 25.9469 31.9104 33.624
20 25.7481 29.7846 32.464
30 24.6799 29.9785 33.280
40 27.710 28.8431 34.3417
50 30.246 33.8229 31.8299
60 33.0664 34.5520 37.138
70 31.71 36.521 38.783
80 34.012 38.1123 37.257
90 37.75 37.4386 39.344
100 35.781 35.450 38.176
110 36.0215 37.657 39.7230
120 37.824 38.248 39.2412
>0 y=0.1282x+ 23.342
40 R?=0.9229
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Fig. 2: Graph between P & Time (Minutes) for W/C Ratio 0.4
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Fig. 3: Graph between p & time (minutes) for W/C ratio 0.5
>0 y=0.070x+ 31.70
2 _
® pd#éiimg—_
30
Q
20
10
0 T T T T T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90 100 110 120 130

Time (minutes)

Fig. 4: Graph between p & time (minutes) for W/C ratio 0.6

Relationship between electrical resistivity and wic ratio for fresh concrete (0% fly ash)

Table—4
Electrical Resistivity and W/C Ratio for Fresh Concrete

S.NO. | W/IC | AVERAGE P(Q-M) | STANDARD DEVIATION | COEFFICIENT OF VARIATION ,%
1[040 31.03 4.755 0.226
2 | 050 34.27 3.23 0.104
3 | 060 35.93 3.12 0.097
37
—_ 36 \’!— 2 Ew 2149 3593
= R2=0.9665 _
c 35
Q34 =
© 33 V//
g 32 /
=
< 31 31.03
30
0.35 0.4 0.45 0.5 0.55 0.6 0.65
w/c ratio

Fig. 5: Graph between P & W/C Ratio
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Table -5
Comparison between Actual and Estimated Value of W/C

w/c actual value | w/c estimate | Standard deviation | Average error %
0.40 0.40 0.0071 1.85
0.50 0.50 0.0063 1.2
0.60 0.60 0.0093 1.66

Comparison between actual and estimated value of w/c ( 0% fly ash )

V1. CONCLUSION

A relationship between resistivity and the w/c was established and tested, and two equations were developed to correlate the
electrical resistivity of fresh concrete with its w/c.
The most significant findings are as follows:

1)
2)
3)

(1]
[2]
(3]
(4]
(5]
(6]
[7]
(9]

There is a strong direct relationship between the w/c of fresh concrete and the material’s electrical resistivity.

Time did not have a statistically significant effect on the electrical resistivity of fresh concrete before initial setting.

The average w/c estimates based on the electrical resistivity of fresh concrete were virtually identical to the actual w/c
values for all mixtures tested.
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