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Fig. 1. One electrode method in electrical resistivity
measurement of concrete
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Chemical compounds (Weight percent) Physical characteristics

. pecific weight | Specific surface area
SiO, A|203 F6203 CaO MgO K,0 | Na,O 803 LOI kg/m3 mzlkg
Cement |21.42| 5.01 | 3.88 |63.18(1.55| 0.65 | 0.45 |2.31| 1.85 3120 293
Silica fume|85-95| 1.1 |04-2| - - 1076|017 | - 1 2246 1400
Zeolite [67.79(13.66| 1.44 | 1.68 |1.20| 1.42 | 2.04 |0.52|10.23 2268 320

Table (1) chemical compositions and physical specifications of cement and pozzolans

Syl STl 3l ek 5y slis o 5 b jeme sbaails Ko (g w13 (V) Jsdr

Sieve opening (mm) | 0.15 0.3 0.6 1.18 2.38 4.75 9.5 19
Coarse gravel (%) 0 0 0 0 0 0.20 1.00 98.30
Fine gravel (%) 0 0 0 0 0 0.20 15.43 100

Sand (%) 0.79 | 6.76 20.77 | 40.66 | 66.27 | 91.03 100 100

Table (2) Standard Seive analysis of aggregate
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Grading Volumetric portions of aggregates
No. Coarse gravel | Fine gravel | Sand
1 0.1 0.05 0.85
2 0.15 0.1 0.75
3 0.2 0.15 0.65
4 0.3 0.15 0.55
5 0.3 0.25 0.45

Table (3) Volume fraction of aggregate
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Fig. 3. Slabs and reinforcement places
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wic | Water |Cement|Pozzolan Coarse gravel| Fine gravel | Sand
Grading | (SSD) (SSD) (SSD) | Superplasticizer
No. | Name (by No (by weight)
weight) kg/m?® : kg/m?® y Welg
1 214-SP 0.35 131.3 375 - 4 587.1 293.8 1023.8 0.61%
2 224-SP 0.35 148.8 425 - 4 560.1 280.2 976.7 0.48%
3 213-SP 0.35 131.3 375 - 3 3914 293.8 1210.0 0.98%
4 223-SP 0.35 148.8 425 - 3 373.4 280.2 1154.3 0.58%
5 514-SP 0.45 168.8 375 - 4 556.9 278.6 971.1 0.45%
6 524-SP 0.45 191.3 425 - 4 525.8 263.1 917.0 0.43%
7 513-SP 0.45 168.8 375 - 3 371.2 278.6 1147.7 0.26%
8 523-SP 0.45 191.3 425 - 3 350.5 263.1 1083.7 0.21%
9 S-SP-114 0.32 121.4 | 346.9 28.1(s) 4 592.2 296.3 1032.7 0.60%
10 S-SP-124 0.32 137.6 | 393.1 31.9(s) 4 565.8 283.1 986.8 0.75%
11 S-SP-113 0.32 121.4 | 346.9 28.1(s) 3 394.8 296.3 1220.5 0.68%
12 S-SP-123 0.32 137.6 | 393.1 31.9(s) 3 377.2 283.1 1166.2 0.61%
13 S-SP-414 0.42 156.1 | 346.9 28.1(s) 4 564.2 282.3 984.0 0.50%
14 S-SP-424 0.42 176.9 | 393.1 31.9(s) 4 534.2 267.3 9315 0.32%
15 S-SP-413 0.42 156.1 346.9 28.1(s) 3 376.2 282.3 1162.9 0.51%
16 S-SP-423 0.42 176.9 393.1 31.9(s) 3 356.1 267.3 1100.9 0.46%
17 Z-SP-114 0.32 118.1 | 3375 37.5(2) 4 594.0 297.2 1035.9 1.03%
18 Z-SP-124 0.32 133.9 382.5 42.5(z2) 4 567.9 284.2 990.4 0.88%
19 Z-SP-113 0.32 118.1 | 3375 37.5(2) 3 396.0 297.2 1224.3 0.58%
20 Z-SP-123 0.32 133.9 382.5 42.5(z2) 3 378.6 284.2 11705 1.26%
21 Z-SP-414 0.42 151.9 | 3375 37.5(2) 4 566.8 283.6 988.5 1.05%
22 Z-SP-424 0.42 172.1 382.5 42.5(z2) 4 537.1 268.7 936.7 0.63%
23 Z-SP-413 0.42 151.9 | 3375 37.5(2) 3 377.9 283.6 1168.2 1.04%
24 Z-SP-423 0.42 172.1 382.5 42.5(z2) 3 358.1 268.7 1107.0 0.63%
25 | NoSP-211 0.35 206.3 375 - 1 175.5 87.8 14194 -
26 | NoSP-311 0.40 131.3 375 - 1 195.7 97.9 1582.2 -
27 | NoSP-511 0.45 150.0 375 - 1 190.7 95.4 15415 -
28 | NoSP-611 0.50 168.8 375 - 1 185.6 92.9 1500.8 -
29 | NoSP-711 0.55 187.5 375 - 1 180.6 90.4 1460.1 -
30 | NoSP-212 0.35 206.3 375 - 2 263.3 175.7 1252.4 -
31 | NoSP-312 0.40 131.3 375 - 2 293.5 195.8 1396.1 -
32 | NoSP-512 0.45 150.0 375 - 2 286.0 190.8 1360.2 -
33 | NoSP-612 0.50 168.8 375 - 2 278.4 185.8 1324.2 -
34 | NoSP-712 0.55 187.5 375 - 2 270.9 180.7 1288.3 -
35 | NoSP-213 0.35 206.3 375 - 3 351.1 263.5 1085.4 -
36 | NoSP-313 0.40 131.3 375 - 3 391.4 293.8 1210.0 -
37 | NoSP-513 0.45 150.0 375 - 3 381.3 286.2 1178.8 -
38 | No SP-613 0.50 168.8 375 - 3 371.2 278.6 11477 -
39 | NoSP-713 0.55 187.5 375 - 3 361.2 271.1 1116.5 -
40 | NoSP-214 0.35 206.3 375 - 4 526.6 263.5 918.4 -
41 | NoSP-314 0.40 131.3 375 - 4 587.1 293.8 1023.8 -
42 | No SP-514 0.45 150.0 375 - 4 572.0 286.2 9975 -
43 | NoSP-614 0.50 168.8 375 - 4 556.9 278.6 971.1 -
44 | NoSP-714 0.55 187.5 375 - 4 541.7 271.1 944.8 -
45 | No SP-215 0.35 206.3 375 - 5 526.6 439.2 751.4 -
46 | No SP-315 0.40 131.3 375 - 5 587.1 489.6 837.7 -
47 | No SP-515 0.45 150.0 375 - 5 572.0 477.0 816.1 -
48 | No SP-615 0.50 168.8 375 - 5 556.9 464.4 7945 -
49 | NoSP-715 0.55 187.5 375 - 5 541.7 451.8 773.0 -
Table 4. Mix designs
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Abstract
The purpose of this research is to develop relationships to predict the results of measuring the electrical
resistivity of the standard test method ASTM C1760 with assistance of other methods’ results. Comparative
Methods in this paper are Impedance spectroscopy method, one electrode method and four electrode method.
Impedance spectroscopy method is the most common in laboratory studies, ASTM C1760 method (Standard
Test Method for Bulk Electrical Conductivity of Hardened Concrete) only has a standard rule and use in
laboratory, one electrode method is a new technique in field and it’s application is in the reinforcement
structures, and four electrode measurements are more common in field. In laboratory methods, bulk
electrical resisitivity measured but in field, usually surface electrical resisitivty evaluated, that is why several
source of errors affecting on the results of this test methods. To reach the aim of this research, 49 mix
designs with a vast domination of electrical resistivity from about 40 (©2-m) to 290 (2-m) was intended and
for each of mix designs, 4 cylindrical and one reinforced slab specimen were made. reinforced slab specimen
for one electrode measurement and cylindrical specimens for the other test method measurments were
considered. Moreover, the electrical resistance of the aforementioned methods was measured at 28 days age.
The results showed that there is a negligible difference between the results of impedance spectroscopy and
ASTM C1760 methods; however, the electrical resistivity measured by ASTM C1760 method was slightly
higher than the results of impedance spectroscopy method in the concrete. As a result, we can use the results
of the impedance spectroscopy method instead of standard test method results in the lack of facilities with
accepting about 5% of error. In the four electrode method, a number of factors including the imbalance
among the distances between electrodes and structure dimensions can result systematic errors. That is why
the measurements’ results with the method is approximately 140% larger than the standard test method
results. Due to the lack of a comprehensive relationship for calculating the cell constant in the one electrode
method, the value of this constant was obtained by comparing the results of the standard test method. After
that, the electrical resistivity values were calculated. Electrical resistivity measurement results which was
obtained by this method had also little difference with the standard test method results. Finally 3
relationships separately developed for predicting the result of standard test method from results of the each
other test methods. Since the features and conditions of measuring by the standard test method are not
available in the entire projects, the current results are capable to predict the standard method’s results with
assistance of other methods’ results.

Keywords. Electrical resistivity of concrete, Impedance spectroscopy, ASTM C1760, One-electrode, Four-
electrode.
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